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ABSTRACT

Models were devdoped considering the physical parameters penetration resistance (RP), bulk density (Ds),
gravimetric moisture (U), clay content (Ag), sand content (Ar) and aganc matter (MO) colleded from a Yell ow
Red Latosol (Oxisl) medium texure under pasture from Rondonopdis courty district, Mato Gros® Sate.
Sampling was carried ou in 34fully randamized pantsin a 1 ha &ea to the depth of 0-20cm. The models were
created using the Satigtical Anaysis System program (SAS) through which linear multiple regressons and
correlations were made. Using the determination coefficient the following model was <leded: RP=-
12.134+0.004MO+7.618Ds+0.131AG (R*=0.78). The ewaluation d the orgaric matter and the soil clay content
were important tods to evaluate the physical qudity of the soils, along with ather physical soil properties that

indicate soil compaction.
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INTRODUCTION

In soils under pasture, the excessve compaction
due to the trampling d the cattle is the major
cause of its degradation. This compaction may be
asxciated to the high presaure exerted by the feda
of the animals and may be determined by the bulk
density and penetration resistance, among dher
variables (Imhoff et al, 2000. Sail resistance to
penetration is one of the physical properties that
express the degree of compaction, and
consequently, how easy the roats will penetrate the
soil. Among the parameters that are important for
the quantification d penetration resistance are
bulk density and moisture; bulk density presents a
direct rdation with the resistance (Bdtrame ¢ al.,
1981 Castro, 1995 Borges et al., 1999, and the
water content influences negativdy on the
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resistance (Bdtrame @ al., 1981, Correchd et al.,
1997 Tormena e al, 1998. These rdations have
been studied in the literature through the
establishment of regresson modds (Carter, 199Q
Smith & al., 1997, and see&k to modd compaction
through properties that indicate the physical
quality of the soil. However, the established
modds or functions were developed for temperate
regions, as the one developed by Carter (1990.

It is known that the process of soil compaction is
influenced by the texture (Larson & al., 1980,
because soils with dfferent textural classes present
distinct behavior in ther physical properties when
submitted to compaction. Ancaher important
factor that should be considered in the
compaction process is the organic matter content
(Asxouline @ al.,, 1997. Thus, pendration
resistance, along with the bulk density and the
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moisture, is considered important as an indcator
of the degree of compaction d cultivated soils.
However, studies that reate these properties and
consider the contribution d texture and aganic
matter in these modds are scarce for tropical sails.
The purpose of this gudy was to develop a modd
for the evaluation d the physical quality of a
Yelow Red Latosol (Oxisol) medium texture
under pasture considering the physical parameters
penetration resistance, bulk density and moisture,
along with the evaluation d the cortribution o
texture, represented by the content of clay and
sand and the evaluation d the participation d the
organic matter content.

MATERIALS AND METHODS

The eperiment was carried aut in a distroferric
Yelow Red Latosol (Oxisol) medium texture
(EMBRAPA, 1999, under pasture during the
month o April 200Q in a ore hectar in
Rond@polis, Mato Gros State, with its area
defined by the coordinates: 1557 47" to 1718 00"
- latitude south and 535200° to 550145’
longtude west of Greenwich, with an altitude of
320m, with rainy (summer/autumn) and dy
(winter/spring) climate. The area presents a
pasture composed o Brachiaria deaumbens and
B.humidicola with a present occupation rate of 2.5
animalsha. The pasture was implanted
approximately 20 years ago when the area was
tilled to implant the present pasture species.
Presently, signs of surface e@osion and the
invasion d weal gspecies are naticed. The
penetration resistance was assssd using an
IAA/PLANALSUCAR mode impact
penetrometer, as described by Stolf et al., (1983,
totaling 34 repdtitions. Stolf (1991 transformed
the data obtained in impacts/cm of sail in dyramic
resistance (MPa) using the formula proposed. At
the moment of the determination d the penetration
resistance, samples were taken for the
determination d gravimetric moisture,
granulometric  composition,  organic = matter
content, and the bulk density (EMBRAPA, 1997
The buk density was deermined by the
volumetric ring method (98 cm®) in undeformed
samples at the depth of 0.20 m. For deveoping the
modds, an analysis was carried out with five

independent variables represented by clay content
(X1), bulk density (X,), sand (X3) and aganic
matter (X4) and ore dependent variable
characterized by the penetration resistance (Y).
Normal distribution tests were applied for the
sdection d the variables to participate in the
modd, excluding those that didnt show a
normal distribution d values. Afterwards, simple
corrdation analysis were carried aut between the
variables and multiple regresson analysis using
STEPWISE through the PROC REG procedure of
the SAS System (1991 to modd the dfect of the
properties in these condtions. The degree of
significance for the F value of the variable
was 15% of probability for the inclusion and
exclusion d variables in the modd, according to
Diaset al. (1999.

RESULT S AND DISCUSS ON

The results of the variables sected for the
obtention d a modd that best estimated the
physical quality of the Yelow Red Latosol under
pasture are in Table 1, where a high variance
coefficient could be observed for the soil
resistance to penetration and clay content, due to
the high amplitude in values for these two physical
attributes. This variation could be eplained by the
influence of the management system because,
according to Imhoff e al., (2007, in intensive
pasture systems the probability of compactation by
animals at the exact same place increased, causing
a higher variation in the obtained results. The same
happened to the buk density because, in spite of
the variation coeficient nat beng hgh, the
difference between minimum and maximum
values found indicated compactation in certain
areas, probably because of the trampling d the
cattle. The high variation in clay content was
probably caused by lossof clay in the surface layer
caused by surface eosion die to trampling by
animals.
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Table 1 - Analytical Resultsfor the variables participating in the model

Variables Average Standard CV(%) Minimum | Maximum
Deviation
Resistance (M Pa) 2.27 1.23 54.13 0.88 6.29
Bulk Density (Mg cm™) 1.58 0.10 6.34 1.35 1.78
Gravimetric Moisture (kg kg 0.25 0.025 9.17 0.21 0.29
Clay (g kgh) 14858 52.67 34.35 87.0 2672
Sand (g kg™) 80924 67.31 8.31 656.6 8989
Organic Matter (g dm?®) 12.73 2.89 57.29 7.86 19.01

After the analysis of these variables for the
existence of a normal distribution for the exclusion
of thase that did na present this distribution it was
inferred that only the gravimetric moisture had to
be e&cluded. It is of common knavledge,
however, that soil moisture is ore of the important
parameters for the quantification d penetration
resistance and several studies have shown that the
water content influences negatively the resistance
(Bdtrame @ al., 1981 Correchd e al., 1997
Tormena e a., 1998. However in this
experiment, probably this relation was na found
due to the small amplitude of moisture that was
found (Table 1). Hence, a more detailed study
becomes important to explain the relation between
penetration resistance and soil moisture, because
in certain ranges of moisture, as in this case,
moisture itsdf does nat explain the variation in the
values of penetration resistance. Ribon (2000,
working with a small range of variation d
gravimetric moisture as the one obtained in this
experiment, using covariance analysis for the
correction d averages of penetration resistance
through gavimetric moisture, obtained corrected
values for the averages close to the non-corrected
averages, showing little influence of moisture on
the obtained penetrometry data. The modds
obtained for the variables with namal distribution
were sdected by the determination coefficient
(R?, which measured the proportion d the sum of
the squares of the dependent variable (YY), explained
by the regresson modd (Draper and Smith, 1981).
In the Stepwise analysis, the first modd proposed
for the estimation d the mechanical resistance of
the sail (Y) included ony the variable bulk density
with R?> = 0.6569 being the etimated modd
represented as seen on Table 2.

Table 2 - Single independent variable X, (Bulk Density)

Variables Parameter F Prob>F
Estimation

Intercept -135518 44.47 0.0001

X, (Mg m™) 9.9600 6129  0.0001

As per the proposed modd, there was a direct
relation between penetration resistance and bulk
density, with the bulk density explaining around
66% of this relation. This reation between the
resistance to penetration and density has been
discussed for modds or functions (Bdtrame & al.,
1981 Castro, 1995 Borges e a., 1999.
According to Arshad et al. (1996, peneration
resistance values considered high for the
restriction for roat development were found in the
rangefrom2to 4 MPa.

Adopting these values for these condtions a
critical density for the development of roats of
Brachiaria deaumbens and Brachiaria humidicola
could be stated in the range of 1.56 to 1.76 kg dm™
(Fig. 1).

Imhoff et al. (2001, using the Least Limiting
Water Range concept found values of bulk density
critical to the development of sugar cane roats of
1.56 Mg m® for a penetration resistance of 1.0
MPa and d 1.78 Mg dm® for a penetration
resistance of 3.0 MPain a Ydlow Red Podzolic.
The second \eriable included in the modd was
organic matter, which contributed for a significant
rise in the determination coefficient, obtaining a
value of 0.75, which helped us to propose the
modd seen onTable 3.

The simple linear relations obtained between this
property and penetration resistance and bulk
density (Fig. 2) could explain this result. Fig. 2
shows a low corrdation between arganic matter
and the physical properties penetration resistance
and bulk density, indicating a nonbeneficial eff ect
of the organic matter over soil.
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Figure 1 - Correlation between penetration resistance and bulk density for the Y ellow Red

Latosol under pasture.

Table 3 - Bulk Density (X,) and organic matter (X4) as
independent variables

Variables Parameter F Prob>F
Estimation

Intercept -11.2388 3568  0.0001

X5 (Mg em™) 7.1999 27.71  0.0001

X4 (g dm?®) 0.1626 1162  0.0018

These data were in accordance to those Carter
(1990 who, using Stepwise analysis to evaluate
the relations between the mechanical properties
shear strengtt, penetration resistance, bulk density
and macroporosity in soils of temperate regions,
found the best modd having a positive reation
between the content of organic carbon and the
dependent variable shear strenght, expressed by:
shear strenght=-13.0 + 29.89 buk density — 0.37
macroporosity — 0.29 fine sand + 0.67 clay +1.52
organic carbon.

Probably, the direct rdation dtained by the
organic matter and penetration resistance could be
explained by the fact that organic matter has a
cementing property on the particles facili tating the
formation of block structures, which results in an
increase of the penetration resistance of the soil.
Hence, through the results aobtained in this
experiment, the necessty of more detailed studies

ovea the dfects of organic matter on the
compaction d tropical soils becomes perceivable
and we could show that this property should be
taken into consideration in studies of modes for
the evaluation d the physical quality of the sails,
because according to Ekwue and Store (1995, the
influence of organic matter on agricultural soil
compaction depended nd orly on its percentage,
but also on the type of the organic matter.
However, for this gudy, more detailed studies
would be necessary to attribute this fact to the type
of organic matter present on the soil. The last
variable sdected for inclusion in the modd was
the soil clay cortent, presenting the modd shown
onTable4.

Table 4 - Bulk density(X,), organic matter(X,) and
Clay Content(X) asindependent variables

Variables Parameter F Prob>F
Estimation

Intercept -12.1348 4291 0.0001

§<2 (Mgem 0.0043 3.98 0.0553

X4 (g dm’?) 7.6187 3315  0.0001

X1 (g kg?) 0.1311 7.38  0.0109
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Figure 2 - Correlations between organic matter and bulk density (a) and soil resistance (b)
for the Yedlow Red Latosol under pasture.

Hence, for this soil, clay represented the textural
classthat most contributed to explain the nature of
the rdations among the other variables
participating in the modd, explaining around 78%
of these rdations. Carter (1990 also used the
Stepwise modd to establish regresson equations
on the study o rdations between the mechanical
properties dear strenhg, penetration resistance,
buk density and macroporosity in soils of
temperate regions and ditained a determination

coeficient of 0.78 with the inclusion d fine sand,
clay and aganic carbon.

Mapfuno and Chanasky (1998 reported that the
different textural classes of the soil modfied the
relations between penetration resistance and bulk
density. These authars observed that for clayey
soils, considering a critical resistance of 2.0 MPa
as impeding to the crop roa system, the critical
density was of 1.63 Mg m and for sandy sail s the
critical density ranged from 1. 54 to 2.07 Mg m*
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in function d moisture levels. In the modd,
besides the rdation d clay to physical properties
penetration resistance and bulk density, a straight
dependency of clay content with the organic
matter of the soils dould be considered. Pinatti
(1997 also reported through the Stepwise
procedure modds for the characterization d
physical, chemical and mineralogical attributes a
fine rdation between the texture represented by
the clay content and the organic matter in some
soils of S&o Paulo State. The sand cortent was
excluded from the modd probably because of the
levd of 15% of significance for the inclusion d
variables. Dias et al (1999, also in afidd study, to
relate sugarcane yidd through Stepwise, also used
the Stepwise modd considering a 15% default
adequate for the input and autput of the variables
of the modd. The simplicity on ditaining the
sdected parameters that made up the best modd
sdected by the higher value of R* made the
application d this modd viable, because it
included the physical properties bulk density and
penetration resistance which were obtained from
quick and simple asssamnents in the fidd and also
included arganic matter and clay content, which
were part of the routine analysis.

CONCLUSIONS

Under the condtions that this experiment was
carried out we concluded that:

1. The modd that best allowed the estimation o
the physical quality of the Ydlow-Red
Latosol medium texture under pasture was
the one that corrdated penetration resistance
(RP), bulk density (Ds), organic matter (MO)
content and clay (AG) content: RP=-
12.134+0.004M0O+7.618MDs+0.131AG.

2. The evaluation d the organic matter and clay
content of the soils were important tods,
along with the other physical properties that
indcated soil compaction onthe asssanent
of physical quality.

3. The moisture content didnt explain the
variation on the values of penetration
resistance obtained for the Ydlow Red
Latosol under pasture, making a more
detailed study nrecessry to explain the
relation between resistance and soil moisture.

RESUMO

Moddos ou fungdes que ewdvem variaves
indcadoras da compactacdo do solo (resisténcia
do solo & penetracdo, densidade do solo e
umidade) sdo importantes ferramentas na
avaliagdo da qualidade fisica dos los. Porém, sdo
escass 0s estudos que consideram também a
cortribuicdo da composicdo ganulométrica e
maté&ia organica nestes moddos em solos
tropicais. Neste sentido, foram eaborados modelos
considerando & par@metros fisicos resisténcia
mecanica (RP), densidade do solo (Ds), umidade
gravimérica (U), conteddo & argila (Ag),
contelido ce areia (Ar) e matéria organica (MO)
coletados em um Latoslo Vermeho-Amareo
textura média sob pastagem do municipio de
Rondonoalis — MT. Numa &ea de lha foram
realizados 34 portos de amostragem inteiramente
casualizados na profunddade de 0-20 cm. Os
moddos foram obtidos por meo do Programa
Statistical Analysis System (SAS) once foram
redlizadas corrdlacbes e regreses lineares
multiplas por Stepwise, considerando como
variavd dependente a resisténcia do solo a
penetracdo de raizes. Através do coeficiente de
determinagdo foi selecionado o0 seguinte moddo:
RP=-12,134+0,004M 0+7,618Ds+0,131AG
(R*=0,78). A matéria organica e a agila dos ®los
sd0 importantes ferramentas, juntamente com as
outras propriedades fisicas indcadoras da
compactacdo ma avaliacdo da qualidade fisica dos
solos.
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