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ABSTRACT: The intensification of soil use, as in integrated crop-
livestock system (ICLS), might promote soil structural degradation.
A field method to evaluate the soil structural quality is the Visual
Evaluation of Soil Structure (VESS). Studies on the application of this
method to ICLS are few. This work aimed to evaluate the structural
quality of a Dystrudept under ICLS and different grazing intensities
through VESS. Thus, the soil structure was evaluated in light grazing
(LG) and heavy grazing (HG) in comparison to a neighboring native
forest (NF) as reference area. After the grazing period, 10 trenches
were dug in each area to collect soil monoliths. The identification

of structural differences and the attribution of visual scores were
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carried out according to the VESS. In NF and HG soils, up to 30 cm
deep, it was possible to identify 2 layers with distinct structures,
while, inthe LG, up to 3 layers were identified. The NF soil presented
the best structural quality. Regarding both grazing intensities, there
was degradation of the structural quality between soil layers when
compared to the NF. Theincrease in grazing intensity in ICLS promoted
in-depth degradation of the soil structural quality. The VESS method
was shown suitable to evaluate soils under ICLS management with
LG and HG.

Key words: cattle trampling, soil compaction, Visual Evaluation of

Soil Structure.
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INTRODUCTION

The growing demand in food production leads to
intensification of soil use in agricultural farming and
cattle raising integrated production systems, mainly in
the integrated crop-livestock system (ICLS) (Carvalho
et al. 2014). Nevertheless, the intensification in the soil
use might promote degradation of this natural resource
(Hamza and Anderson 2005; Drewry et al. 2008; Batey
2009).

Traditionally, soil structure evaluations have been
based on laboratory methods. However, careless sampling
might cause some deformation to the soil sample, which
compromises the reliability of the results (Pires et al.
2004). In this context, alternative methods to evaluate
soil structure in the field have been proposed, such as
the method suggested by Ball et al. (2007). This method,
called Visual Evaluation of Soil Structure (VESS), is based
on the visual distinction of the structures present in
different soil layers. Therefore, after the soil is sampled,
visual scores of structure quality (Sq) are assigned to the
layers, according to the aggregates size and appearance,
visible porosity, root presence, appearance after handling
and description of natural aggregates. The Sq are marks
given according to a reference chart (Ball et al. 2007), which
range from 1 to 5, that is, the best and worst structural
qualities, respectively. According to the reference chart,
a Sq between 1 and 3 indicates acceptable conditions of
management and soil physical quality, while a Sq from 4
to 5 requires changes in the soil management.

Due to the changes in the soil structure in ICLS and
the scarcity of information on VESS applicability in this
kind of system, our hypothesis is that the heavy grazing
intensity in ICLS negatively affects the soil structure,
and this can be evaluated by VESS. In such a context,
this study aimed to evaluate the structural quality of a
Typic Distrudept clayed under ICLS and different grazing
intensities through the VESS.

MATERIAL AND METHODS

The study was carried out in Castro, Parana, Brazil
(lat 24°51'49", long 49°56'61", and a mean elevation of
1,020 m), located in the First Parana Plateau. The climate
in the region, according to the Koppen classification, is

Ctb (IAPAR 2009). The average annual rainfall is about
1,600 mm, and August is the driest month, while January
is the wettest one.

Three areas were evaluated under different uses of a
Dystrudept (Soil Survey Staff 2013) or “Cambissolo Haplico
distrofico”, according to the Brazilian Soil Classification
System (Santos et al. 2013). The soil shown in the 0 - 20 cm
layer presented: 600, 227 and 173 g-kg™* clay, silt and
sand, respectively.

Two areas have been used under no tillage system
(NT) since 2004. The crop rotation includes black oat,
wheat or annual ryegrass in autumn-winter season as
well as soybean or corn in spring-summer season. From
2009, the ICLS was implemented with the N'T, with
different grazing intensities: (i) heavy grazing (HG) and (ii)
light grazing (LG). The crops implemented in rotation since
2009 were: black oat or annual ryegrass in autumn-winter
season and corn or soybean in spring-summer season.

The grazing method adopted in the areas under
ICLS during the autumn-spring season was in rotation,
in paddocks of 5,525 m? It was possible to obtain 4
grazing cycles in the areas throughout the period from
June to October 2012. In the HG area, the grazing cycles
started and ended when the forage (annual ryegrass cv.
FABCI1 together with cv. Jumbo) was 25 and 10 cm high,
respectively, comprising an occupation period of 6 - 7 days.
Regarding the LG, the grazing cycles started when the
annual ryegrass was above 40 cm, with an occupation
period related to the final height of the desired grazing
intensity (LG), which was 30 cm. In both areas, 15 Holstein
heifers, with an average weight of 300 kg, were used.

The third area evaluated was a fragment of native forest
(NF), taken as reference of soil structural quality. This area
(never used for agricultural purposes) is located around
400 m distant from the other 2 areas under study. The
forest formation was classified as Mixed Ombrophilous
Forest, with primary vegetation.

The VESS was carried out in the 3 areas in October
2012 — soon after the animals were removed from the grazing
areas. Ten trenches were dug in each area (HG, LG and NF),
measuring 25 x 30 x 40 cm long, thin and deep, respectively,
by using shovels. From each trench, a soil monolith of
around 15 x 15 x 30 cm long, thin and deep, respectively, was
collected. After extracted, the monoliths were deposited on a plain
surface, measured and manually disaggregated thoroughly in
order to separate them into natural aggregates only.
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According to the aggregate characteristic differentiation,
the monolith profile layers were identified, measuring the
thickness of each one, and then the Sq was given (Ball
etal. 2007). Taking the Sq and the thickness of each layer,
the monolith final Sq was calculated according to Giarola
et al. (2009).

In each grazing intensity and NF, 10 undisturbed soil
samples were collected into stainless steel volumetric rings
of 5 x 5 cm (external diameter and height), employing an
Uhland sampler in the soil layers (0 - 10 and 10 — 20 cm).
These soil samples were used to determine the bulk density
(BD) (Dane et al. 2002).

The Sq and BD means averages were compared through
the confidence interval (a = 0.05). Simple linear correla-
tion analyses were also carried out between Sq and BD.
Statistical analyses were performed using the software R,
version 3.0.2 (R Core Team 2013).

RESULTS AND DISCUSSION
Soil layers identified

In NF and HG, 2 soil layers were identified, with
distinct structures, while, in LG, up to 3 soil layers were
observed. However, it is important to highlight that, in
LG, the occurrence of 2 layers with 15.5 cm size was more
frequent (60%), as well as in HG (Table 1).

The first layer in NF was the one with the lowest Sq,
which means the best structural quality (Table 2). This Sq
was given to this layer because of the easiness to introduce
the shovel in the soil; besides, it presented high friability,
porosity and large number of small aggregates and roots
all over the soil. In addition, it was possible to observe
the richness of the characteristic macrofauna, including
annelids, arthropods and small rodents. It is relevant to
emphasize the biodiversity of this soil, as the presence
of invertebrates, mainly annelids, improves the structure
and processes occurring in the soil (Blanchart et al. 2004;
Capowiez et al. 2012).

The second layer identified in NF was given higher
Sq when compared to the first one (Table 2). However,
the value obtained indicates good structure, presenting
small-sized round aggregates, high porosity and the
presence of roots all over the soil. The results obtained
in this study confirmed those obtained by Giarola et al.
(2009; 2010), showing that the absence of mechanical
stress kept the structural uniformity of the soil.

Two monoliths from LG presented 3 layers (Table 1).
The differentiation of these layers was ascribed to the
following characteristics: (i) the first layer offered resistance
to disaggregation, being rigid, presenting cracks, with
roots accumulated and grouped around the aggregates as
well as low porosity; (ii) the second layer presented lower
resistance to disaggregation in comparison to the first one,

Table 1. Weighted means of soil layers identified by Visual Evaluation of Soil Structure due to the grazing intensity (light or heavy) in the

integrated crop-livestock system and under native forest.

. First layer Second layer Third layer Final
Soil use
cm
Native forest 10.15 16.85 2700
Light grazing 13.30 15.50 13.00 28.30
Heavy grazing 13.10 15.40 - 28.50

The means were calculated considering the number of monoliths (n = 10) that presented the layers identified. Light grazing is an exception in the second

(n=8) and third (n =2) layers.

Table 2. Score of structural quality and soil bulk density due to the grazing intensity (light or heavy) in the integrated crop-livestock system

and under native forest.

Structural quality

Soil use

First layer Second layer

Bulk density (g-cm-3)

0-10cm 10-20cm

Native forest 100c 175b l46¢ 095b 113a 104b
Light grazing 278b 2.49a 2.52b 0.98b 106b 102b
Heavy grazing 3.62a 2.85a 3.24a 114a 111a 113a
Cl +0.41 +0.21 +0.28 +0.032 +0.015 +0.019

CV (%) 13.64 1703 10.73 3.35 2.83 2.55

Cl = Confidence interval (a = 0.05); CV = Coefficient of variation; Means followed by the same letter in each soil layer did not differ from each other by mean
confidence interval.
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exposing smaller aggregates, few pores and few roots; and
(iii) the third layer was easy to disaggregate, using only
1 hand, and the aggregates were small and porous with
few roots but large number of annelids, which gave it a
lower Sq (Table 2).

It seems important to highlight that, for 2 mono-
liths evaluated in LG, there was no differentiation of
layers up to the total depth evaluated. In those sam-
ples, where the profile was uniform, there was a large
number of roots all over the soil and easily broken
small aggregates.

In general, very firm and hard aggregates, which
were difficult to break with 1 hand, with low porosity
and presence of cracks were found in the first layer of
monoliths in the superficial layer of HG. Roots were
mostly found accumulated in macropores inside and
around of the aggregates. However, the second layer of
HG showed similar characteristics to LG.

Structural quality alteration: relations
between Visual Evaluation of Soil Structure
and bulk density

There was influence of the grazing intensities in
both soil layers on Sq and BD (Table 2). For VESS, the
NF presented smaller Sq than LG and HG in both soil
layers identified. Among the grazing intensities, the HG
presented Sq higher to LG in the first soil layer. However,
in the second soil layer, the Sq values were similar between
both grazing intensities. The final Sq followed the same
trend as the first soil layer (Table 2).

Similarly, the BD at 0 - 10 cm of the HG was higher
than NF and LG, which did not differ from each other
(Table 2). In the 10 - 20 cm layer, the opposite results
were observed in the 0 - 10 cm layer. In this case, the
BD of HG was similar to the NF and the both upper LGs.
Just as observed for Sq, the BD average of 0 - 20 cm layer
followed the same trend as the more superficial soil layer
(0 = 10 cm) (Table 2).

Sq and BD showed strong correlations, mainly for
grazing intensities. There is any correlation between Sq
and BD in the first soil layer identified and 0 - 10 cm soil
layer for NF, as a consequence of the small variation in Sq
and BD in these layers. On the other hand, the increase in
the BD tends to increase the Sq in both grazing intensities
and all soil layers evaluated (Figure 1).

These results reinforce the common report in the
literature that the effects of animal trampling on soil
structure have been restricted to the most superficial
soil layer (Drewry et al. 2008; Carvalho et al. 2010;
Bell et al. 2011; Andreolla et al. 2014; Auler et al. 2014;
Silva et al. 2014; Veiga et al. 2014). However, it is important
to emphasize that Sq showed higher sensitivity in
detecting structural differences in the soil in relation to
BD, considering the greater depth of the first identified
soil layer (Table 1) against the sampled layer for the
determination of BD (0 — 10 cm).

These results demonstrate that the prior determination
of the soil layer to be sampled (0 - 10 and 10 - 20 cm, for
example) for the assessment of soil structure, as massively
used in research in Soil Physics, might not represent the real
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Figure 1. Correlations between score of structural quality (Sq) and
soil bulk density (BD) due to the grazing intensity in the integrated
crop-livestock system and under native forest: (a) First soil layer
versus 0 — 10 cm; (b) Second soil layer versus 10 — 20 cm; (c) Sq
final versus 0 - 20 cm.
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field conditions. These problems may be further aggravated
considering the soil moisture conditions and the sampling
method used in the collection of undisturbed samples, which
might cause deformation of the samples and compromise
the reliability of the results (Pires et al. 2004).

It is important to emphasize the advancement of studies
about VESS in recent years, especially in Brazil, which manifest
its applicability (Giarola et al. 2009; 2010; 2013; Miiller et al.
2012; Cherubin et al. 2016). Although the results of the VESS
have been highly correlated with other soil physical attributes
evaluated in laboratory (Mueller et al. 2009; Guimaraes
etal. 2011;2013), as also observed in this study (Figure 1), this
methodology provides only semi-quantitative information
about the state of the soil physical quality (Mueller et al. 2009).
Thus, the VESS does not dispense the use of a laboratory
method to assess soil structure.

In both grazing intensities, there was degradation of
the soil structural quality in relation to the NF, and the
most noticeable effects were in the HG (Table 2), differing
from the results found by Giarola et al. (2010; 2013) and
Guimaraes et al. (2011). Giarola et al. (2010) verified that,
even with the increase in Sq due to the soil use, the in-depth
gradient of 2 soils with different texture (clayey and sandy)
exclusively under NT was similar to that in the forest.
Guimaraes et al. (2011), evaluating several British soils
and 2 Brazilian ones, found results like those by Giarola
etal. (2010; 2013); from the 8 soils under evaluation, none
had been submitted to animal grazing. Thus, comparing
the results found in the literature with the ones obtained
in this study, it seems that changes in the soil structural
quality in soils under ICLS occur in a different way from
those exclusively under NT.

Thus, the highest Sq values of the first soil layer and
BD at 0 — 10 cm of the HG (Table 2) show the evidence of
compressive processes which promote the soil structure
degradation. These compressive processes might be
attributed to the conditions of intense trampling combined
with higher soil moisture during the winter season, which
tends to favor a more intense pressure in the soil and might
cause the compaction of the soil surface layer (Hamza and
Anderson 2005; Drewry et al. 2008).

Final considerations to the soil management

It seems important to highlight that, in their original study,
Ball et al. (2007) propose that systems with final Sq between

1 and 3 indicate acceptable conditions of soil management
and physical quality. In this case, only HG presented final
Sq higher than 3, while the NF presented the best structural
quality (Table 2). The LG presented suitable structural quality,
however, it needs periodical monitoring considering that the
final Sq found was close to the Sq = 3 (Table 2).

Results found for LG and HG confirmed the findings
from Drewry et al. (2008) and Bell et al. (2011). Those
studies highlight that the use of suitable intensity grazing,
with proper forage offer, does not reach levels that might
compact the soil. However, restrictions at the soil superficial
layer occur with heavier grazing (Flores et al. 2007). Thus,
the first measure to improve the structure of the soil under
HG would be reduction in the grazing intensity, since
grazing areas managed with suitable intensity might favor
the increment of organic matter in the soil (Souza et al.
2008) as well as the forage root system. Such factors, when
interlinked, tend to favor the soil structure, preventing
possible superficial compaction caused by the excess of
animal trampling (Flores et al. 2007; Drewry et al. 2008).

The effects caused by animal trampling to the most
superficial layer of the soil in both grazing intensities
might be reduced by the summer crop sowing operations
in ICLS (Batey 2009; Conte et al. 2011; Andreolla et al.
2014). However, for this, furrow openers mechanisms
should be used, acting in higher depth, such as tine or
runner types, to break this soil layer denser for the summer
crop establishment (Munir et al. 2012), considering the
greater depth of the first soil layer identified by VESS
(Table 1).

Therefore, in the LG and HG areas, periodical evaluations
of the soil structure should be carried out, aiming to measure
and plan properly the traffic of machinery on this area, as
well as the grazing intensity according to the soil capacity
and its humidity conditions.

CONCLUSION

The hypothesis in study was confirmed, demonstrating
that heavy grazing intensity in integrated crop-livestock
systems compacts the soil in relation to light grazing intensity.

The Visual Evaluation of Soil Structure method was
shown suitable to evaluate soils in integrated crop-livestock
systems with light and heavy grazing in relation to the
evaluation of soil bulk density.

554 Bragantia, Campinas, v. 76, n. 4, p.550-556, 2017



Cattle trampling effects on visual evaluation of soil

ACKNOWLEDGEMENTS

The authors would like to thank Daiani C. Hartmann,
for the help with soil bulk density data, as well as the
Coordination for the Improvement of Higher Education

REFERENCES

Personnel (CAPES), the National Council for Scientific
and Technological Development (CNPq), Araucaria
Foundation, ABC Foundation, Curimbaba Mining and
the International Plant Nutrition Institute (IPNI), from
grants and supports.

Andreolla, V.R. M., Moraes, A., Bonini, A. K., Deiss, L. and Sandini,
|. E. (2014). Soil physical attributes in integrated bean and sheep
system under nitrogen levels. Revista Ciéncia Agronémica, 45,
922-930. http://dx.doi.org/10.1590/S51806-66902014000500008.

Auler,A.C., Miara, S., Pires, L. F., Fonseca, A. F. and Barth, G. (2014).
Soil physico-hydrical properties resulting from the managementin
Integrated Production Systems. Revista Ciéncia Agronémica, 45,
976-989. http://dx.doi.org/10.1590/S1806-66902014000500013.

Ball, B. C., Batey, T. and Munkholm, L. J. (2007). Field assessment
of soil structural quality — a development of the Peerlkamp
test. Soil Use and Management, 23, 329-337. http://dx.doi.
0rg/10.1111/j.1473-2743.2007.00102.x.

Batey, T. (2009). Soil compaction and soil management — a
review. Soil Use and Management, 25, 335-345. http://dx.doi.
0rg/10.1111/j.1475-2743.2009.00236 .x.

Bell, L. W., Kirkegaard, J. A., Swan, A., Hunt, J. R., Huth, N. |. and
Fettell, N. A. (2011). Impacts of soil damage by grazing livestock
on crop productivity. Soil and Tillage Research, 113, 19-29. http://
dx.doi.org/10.1016/j.still.2011.02.003.

Blanchart, E., Albrecht, A., Chevallier, T. and Hartmann, C. (2004).
The respective roles of roots and earthworms in restoring physical
properties of Vertisol under a Digitaria decumbens pasture
(Martinique, WI). Agriculture, Ecosystems and Environment, 103,
343-355. http://dx.doi.org/10.1016/j.agee.2003.12.012.

Capowiez, Y., Samartino, S., Cadoux, S., Bouchant, P, Richard,
G. and Boizard, H. (2012). Role of earthworms in regenerating
soil structure after compaction in reduced tillage systems. Soil
Biology and Biochemistry, 55, 93-103. http://dx.doi.org/10.1016/j.
soilbio.2012.06.013.

Carvalho, P.C.F., Anghinoni, ., Moraes, A., Souza, E. D., Sulc,R. M.,
Lang, C.R., Flores, J.P.C., Lopes, M. L. T, Silva, J. L. S., Conte, O,,
Wesp, C. L., Levien,R., Fontaneli, R. S.and Bayer, C. (2010). Managing
grazing animals to achieve nutrient cycling and soil improvement

in no-tillintegrated systems. Nutrient Cycling in Agroecosystems,
88, 259-273. http://dx.doi.org/10.1007/s10705-010-9360-x.

Carvalho, P.C.F.,Moraes, A., Pontes, L. S., Anghinoni, ., Sulc,R.S.and
Batello, C. (2014). Definigbes e terminologias para Sistema Integrado
de Producédo Agropecuaria. Revista Ciéncia Agronémica, 45,1040-
1046. http://dx.doi.org/10.1590/S1806-66902014000500020.

Cherubin, M. R., Franco, A. L. C., Guimaraes, R. L. M., Tormena, C.
A., Cerri, C. E. P, Karlen, D. L. and Cerri, C. C. (2016). Assessing
soil structural quality under Brazilian sugarcane expansion areas
using Visual Evaluation of Soil Structure (VESS). Soil and Tillage
Research (In Press). http://dx.doi.org/10.1016/].still.2016.05.004.

Conte, C., Flores, J.P.C., Cassol, L. C., Anghinoni, I., Carvalho, P. C.
F., Levien, R.and Wesp, C. L. (2011). Evolucao dos atributos fisicos
do solo em sistema de integracao lavoura-pecuaria. Pesquisa
Agropecuaria Brasileira, 46, 1301-1309. http://dx.doi.org/10.1590/
S0100-204X2011001000026.

Dane, J. H., Topp, C. G. and Campbell, G. S. (2002). Methods of
soil analysis: Part 4 — Physical methods. Madison: Soil Science
Society of America.

Drewry, J. J., Cameron, K. C. and Buchan, G. D. (2008). Pasture
yield and soil physical property responses to soil compaction from
treading and grazing: a review. Australian Journal of Soil Research,
46, 237-256. http://dx.doi.org/10.1071/SR07125.

Flores, J. P. C., Anghinoni, I, Cassol, L. C., Carvalho, P. C. F,,
Leite, J. G. D. B. and Fraga, T. I. (2007). Atributos fisicos do solo
e rendimento de soja em sistema plantio direto em integracao
lavoura-pecuaria com diferentes pressdes de pastejo. Revista
Brasileira de Ciéncia do Solo, 31, 771-780. http://dx.doi.org/10.1590/
S0100-06832007000400017.

Giarola, N. F. B., Silva, A. P, Tormena, C. A., Ball, B. and Rosa, J. A.
(2010). Visual soil structure quality assessment on Oxisols under
no-tillage system. Scientia Agricola, 67, 479-482. http://dx.doi.
0rg/10.1590/S0103-90162010000400016.

Bragantia, Campinas, v. 76, n. 4, p.550-556, 2017 555



AC.Auleretal.

Giarola, N.F. B., Silva, A. P., Tormena, C. A., Guimaraes,R. M. L.and
Ball, B. C. (2013). On the Visual Evaluation of Soil Structure: The
Brazilian experience in Oxisols under no-tillage. Soil and Tillage
Research, 127,60-64. http://dx.doi.org/10.1016/j.still.2012.03.004.

Giarola, N. F. B., Tormena, C. A., Silva, A. P. and Ball, B. (2009).
Método de avaliacao visual da qualidade da estrutura aplicado a
Latossolo Vermelho Distroférrico sob diferentes sistemas de uso
e manejo. Ciéncia Rural, 39, 2531-2534. http://dx.doi.org/10.1590/
S0103-84782009000800041.

Guimaraes,R.M.L.,Ball,B.C.and Tormena, C. A. (2011). Improvements
inthe visual evaluation of soil structure. Soil Use and Management,
27,395-403. http://dx.doi.org/10.1111/j.1475-2743.2011.00354.x.

Guimaraes, R. M. L., Ball, B. C., Tormena, C. A,, Giarola, N. F. B.
and Silva, A. P. (2013). Relating visual evaluation of soil structure
to other physical properties in soils of contrasting texture and
management. Soil and Tillage Research, 127, 92-99. http://dx.doi.
0rg/10.1016/j.still.2012.01.020.

Hamza, M. A. and Anderson, W. K. (2005). Soil compaction in
cropping systems: A review of the nature, causes and possible
solutions. Soil and Tillage Research, 82, 121-145. http://dx.doi.
0rg/10.1016/j.still.2004.08.009.

Instituto Agronémico do Parana (2009). Cartas climaticas do
Parana: classificacao climatica — segundo Képpen [CD-ROM].
Londrina: IAPAR.

Mueller, L., Kay, B. D., Hu, C,, Li, Y., Schindler, U., Behrendt, A.,
Shepherd, T. G. and Ball, B. C. (2009). Visual assessment of soil
structure: evaluation of methodologies on sites in Canada, China
and Germany: Part |: comparing visual methods and linking them
with soil physical data and grain yield of cereals. Soil and Tillage
Research, 103, 178-187. http://dx.doi.org/10.1016/j.still.2008.12.015.

Miller, M. M. L., Tormena, C. A., Gend, A. M., Kramer, L. F. M.,
Michalovicz, L. and Caires, E. F. (2012). Structural quality of a no-tillage
red latosol 50 months after gypsum application. Revista Brasileira

de Ciéncia do Solo, 36, 1005-1013. http://dx.doi.org/10.1590/
S0100-06832012000300030.

Munir, M. A., Igbal, M., Munir, A., Ahmad, A. and Miran, S. (2012).
Evaluation of three seed furrow openers mounted on a zone disk
tiller drill for residue management, soil physical properties and crop
parameters. Pakistan Journal of Agricultural Sciences, 49, 315-321.

Pires, L. F., Bacchi, O. O. S and Reichardt, K. (2004). Damage to soil
physical properties caused by soil sampler devices as assessed
by gamma ray computed tomography. Australian Journal of Soil
Research, 42, 857-863. http://dx.doi.org/10.1071/SR03167.

R Core Team (2013). R: Alanguage and environment for statistical
computing. Vienna: R Foundation for Statistical Computing.

Santos, H. G., Jacomine, P. K. T,, Anjos, L. H. C., Oliveira, V. A,,
Lumbreras, J. F, Coelho, M. R., Almeida, J. A., Cunha, T. J. F. and
Oliveira, J. B. (2013). Sistema brasileiro de classificacao de solos.
Rio de Janeiro: Embrapa Solos.

Silva, H. A., Moraes, A., Carvalho, P. C. F,, Fonseca, A. F,, Caires, E.
F. and Dias, C. T. S. (2014). Chemical and physical soil attributes
in integrated crop-livestock system under no-tillage. Revista
Ciéncia Agronémica, 45, 946-955. http://dx.doi.org/10.1590/
$1806-66902014000500010.

Soil Survey Staff (2013). Simplified guide to soil taxonomy. Lincoln:
USDA-Natural Resources Conservation Service.

Souza, E.D., Costa, S.E.V.G. A,, Lima, C. V., Anghinoni, |., Meurer,
E. J. and Carvalho, P. C. F. (2008). Carbono organico e foésforo
microbiano em sistema de integracao lavoura-pecuaria submetidos
a intensidade de pastejo em plantio direto. Revista Brasileira
de Ciéncia do Solo, 32, 1273-1282. http://dx.doi.org/10.1590/
S0100-06832008000300035.

Veiga, M., Balbinot Junior, A. A. and Oliveira, D. A. (2014). Soil
physical attributes in forms of sowing the annual winter pasture
and intervals between grazing. Revista Ciéncia Agrondmica, 45,
896-905. http://dx.doi.org/10.1590/S1806-66902014000500005.

556 Bragantia, Campinas, v. 76, n. 4, p.550-556, 2017



