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ABSTRACT: This study aimed to evaluate the spatial dependence of physical attributes in a soil
cultivated with Brachiaria grass. A 12-m regular sampling grid was established within an area of
3.500 m?. Thirty-five soil samples were collected at 0-30 cm depth for particle density, bulk
density, texture and total porosity analysis. These data were evaluated using statistical methods of
indicator kriging and the GS+ software. The GS+ software was used to develop three-dimensional
maps and evaluate semivariograms. The spatial dependence was evaluated using experimental
semivariograms. The analyzed attributes indicated the occurrence of spatial dependence when fit to
the exponential model. Areas with higher porosity occurred in the regions with lower bulk densities
and higher particle densities.
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ATRIBUTOS FiSICOS DE UM SOLO COM COBERTURA DE PASTAGEM
ANALISADOS POR MEIO DA GEOESTATISTICA NA REGIAO SUDESTE DE GOIAS

RESUMO: O objetivo deste estudo foi avaliar a dependéncia espacial de alguns atributos fisicos de
um solo cultivado com Brachiaria, antes da implementacdo de adubo verde como transicdo
agroecoldgica para o cultivo de cana-de-agucar organica. Atribuiu-se uma grade de coordenadas
para que as amostras pudessem ser georreferenciadas obtendo os valores de variabilidade espacial
da densidade das particulas, densidade do solo, teor de areia, argila e da porosidade total em uma
area de 3.500 m?. As amostras do solo foram coletadas em uma malha regular de 12 x 12 m,
totalizando 35 pontos, na profundidade de 0-30 cm. Os dados foram avaliados por meio da
geoestatistica, apoiado no software GS+ que possibilita, além do estudo do semivariograma, a
elaboracdo de mapas tridimensionais. A dependéncia espacial foi avaliada por meio de
semivariogramas experimentais. Os atributos analisados apresentaram dependéncia espacial,
ajustando-se ambos ao modelo exponencial. As areas de maior porosidade ocorreram em regides
com menor densidade do solo e maior densidade de particulas.

PALAVRAS-CHAVE: variabilidade espacial, sistema de gestdo, krigagem.

INTRODUCTION

In general, pastures can maintain or increase soil organic matter (SOM) concentrations (in
contrast with annual crops). In addition, pastures generally have large amounts of organic residues
and extensive root systems that are continuously renewed. According to SPERA et al. (2010), soils
under grazing areas can undergo physical changes due to animal trampling. This result is
exacerbated when soil humidity is favorable for plastic deformation, which occurs immediately
abowe its friability limit.

Soil bulk density and total porosity can indicate when soil conditions are adequate for root
development and exploration and if compaction problems occur (BONFIM-SILVA et al., 2012).
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According to GREGO et al. (2012), understanding the spatial distribution of soil attributes
and their relationships with a pasture can help pasture management. Animal management on
pastures results in medium- and long-term physical soil changes that vary spatially. According to
these authors, by considering that the physical and chemical soil conditions directly affect plant
development, investigations of the soil spatial variability and forage biomass production with time
can be used to support the planning and management of grazing areas. Therefore, applying
geostatistical analysis to these areas may be important for identifying spatial soil and plant patterns
that can be used to optimize the system’s production.

MIGUEL etal. (2009) indicated the spatial dependence of pasture soil attributes and observed
variations in water infiltration as a function of trampling intensity. Several techniques, such as the
Geostatistics, could be used to understand the spatial and temporal structures of this variable and to
estimate the correlated variables. In addition, Geostatistics can be used to examine experimental
data that are often misinterpreted when considering true randomness without the occurrence of
spatial dependence.

The interpolation technique is a procedure for estimating the value of an attribute at an
unsampled location from points that were sampled in the same area or region. Spatial interpolation
converts data from point-based observations to a continuous field, which produces a spatial pattern
that can be compared with other continuous spatial entities. Interpolation assumes that attributes
that are near each other have values that are more similar than attributes that are far from each other
(CARVALHO etal.,, 2012).

Kriging is a generic name that was adapted by geostatisticians for a family of generalized
least squares regression algorithms. Kriging methods rely on the spatial dependence that is
expressed in the semivariogram between the neighboring samples to estimate values at any position
in the field. Kriging methods do not use trends and have minimum variance, which makes them
excellent for estimating the spatial distribution of rainfall. Cross-validation is used to evaluate
alternative semivariogram models that will perform kriging. In cross-validation, each point
contained within the spatial domain is removed individually. In addition, the value of each point is
estimated by kriging as if the point itself did not exist. SILVA et al. (2013) considered several
evaluation methods and concluded that cross validation was the most adequate method for choosing
the best spatial variability model, which resulted in the most accurate thematic maps.

Geostatistics is an appropriate and essential tool for analyzing spatially variable attributes that
have some degree of organization or continuity that is detectable by spatial dependence measures
(VIEIRA & DECHEN, 2010).

Given the need to understand the behavior and relationships between physical soil attributes,
this study aimed to correlate the total porosity of a pasture soil with the bulk and particle densities
by considering spatial variability and using geostatistical analysis.

MATERIAL AND METHODS

The experimental data were obtained in October 2013 in an area that belongs to the Federal
Institute of Goias (Instituto Federal Goiano) - Urutai Campus (located at 17° 30" 35" S and 48° 12'
03" W). This area has a mean altitude of 800 m, a tropical climate with a dry season during the
austral winter and an average rainfall of 1860 mm (IAPAR, 2009). The soil in this region was
characterized as a dystroferric Red Latosol with a loamy soil texture containing 43, 41 and 16%
sand, silt and clay, respectively. The 3,500 m? area had been maintained under pasture for 5 years.

The soil was initially marked by stakes in the area where samples would be collected. A
digital theodolite was used to define a rectangular area with sides measuring 48 x 72 m. Thirty-five
soil samples were collected from a 12 x 12 m grid by using a volumetric ring in 0-30 cm depth, with
three replications. Next, the samples were analyzed for porosity, bulk and particle density and sand
and clay content.

Eng. Agric., Jaboticabal, v.36, n.1, p.143-151, jan./fev. 2016



Physical attributes of a pasture soil in southeast goias determined by geostatistics 145

The soil density was determined from undisturbed samples using the known volume and
particle density methods. With thin dry land to air (TFSA), it was determined particle density, the
balloon method volumetric using ethanol for measuring volume. The determination of the total soil
porosity was calculated from the ratio of the density particles and bulk density (EMBRAPA, 1997).

Position (mean, median), dispersion (standard deviation) and the distribution shape
(coefficient of variation, coefficient of skewness and kurtosis coefficient) were calculated using
exploratory data analysis. The coefficients of skewness and kurtosis were compared according to
the methods proposed by SILVA & COELHO (2014). The data normality hypothesis was tested
using the Anderson-Darling test with a probability of 5%. According to GOMES & GARCIA
(2002), the coefficient of variation (CV) was considered low when CV < 10% (homoscedasticity),
medium when 10% < CV < 20%, high when 20% < CV < 30% and very high when CV > 30%
(heteroscedasticity).

A spatial dependence study was conducted using geostatistical analysis to quantify and
examine the existence of spatial dependence among the soil attributes. All models were fit using the
GS+ software and by considering the least residual sum of squares, the highest coefficient of
determination R? and the correlation coefficient that was obtained using the cross validation
method. Next, the variograms were scaled according to the data variance.

The experimental semivariograms were obtained using the ordinary least squares (OLS)
fitting method and by adopting an isotropic model (unidirectional semivariogram) with a cut-off
distance of 50% of the maximum distance in the study area. The best model was selected using
cross-validation and the error comparison index (ECI, Equation 1). The ECI provides lower values
as the ER (Mean Error, Equation 4) approaches 0 and the RME (Reduced Mean Error, Equation 5)
approaches 1 during the selection of j models. Therefore, when choosing among several models, the
best model is the model with the lowest ECI.

ECli= A + B; 1)
where,
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where,

n is the number of values,
Z(si) is the observed value at the point s;,

Z(s@) is the value predicted by ordinary kriging at si without considering the Z(si)
observation, and
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o(Z(s@)) is the standard deviation of the kriging at s; without considering the Z(sj)
observation.

The degree of spatial dependence in the semivariograms was assessed by using the nugget
effect coefficient (E%, Equation 1) according to the following intervals proposed by
CAMBARDELLA et al. (1994): E% < 25 represents a strong spatial dependence, 25 < E% < 75
represents a moderate spatial dependence and E% > 75% represents a poor spatial dependence.

E%——"° X100 ©)
C, +C,

To assess the degree of correlation among the variables, the Pearson correlation coefficient
(R) was used and classified according to the interpretations of KOE et al. (2014). Thematic maps
were prepared using the parameters of nugget effect, plateau and range and were provided by the
GS+ software (Geostatistics for the Environmental Sciences). Cross-validation between the
variables was performed using the attributes that presented strong correlations based on Pearson’s
coefficient.

RESULTS AND DISCUSSION

The descriptive statistics results indicated data normality for all of the studied variables except
particle density (Table 1). With the exception of porosity, all variables showed platykurtic kurtosis.
Regarding symmetry, only bulk density and clay content followed symmetrical distributions.
According to the Anderson-Darling normality test, only particle density did not follow a normal
distribution at a probability of 5%.

All variables had CV < 10%, which indicated data homogeneity (CV < 10%) according to
GOMES & GARCIA (2002) and agreed with the results of SCHAFFRATH et al. (2008), who
studied cultivated and no-tillage systems. The bulk density values varied from 1.17 to 1.60 kg dm®.

TABLE 1. Descriptive statistics of the total porosity (%), bulk density (kg dm™), particle density
(kg dm®), sand content (%) and clay content (%).

Standard cv
Variables Minimum  Mean  Maximum Median Deviation (%) Asymmetry Kurtosis
(SD)
zz:s'(i’t'jmm 2.44 2.77 2.90 2.82 1.14 520  -1.32c)  0.73(B)
Soil density™ 1.17 1.38 1.60 1.37 0.1 7.10 0.44(a) 0.28(B)
Porosity™ 4052 49.79 59.03 50.70 4.43 8.90 -0.36(c) -0.37(C)
Sand™ 38.18 43.02 52.24 42 84 2.88 6.69 1.51(b) 3.68(B)
Clay™ 13.20 16.29 20.92 16.17 1.52 9.32 0.77(a) 2.00(B)

*Anderson-Darling normality test; (NN) - did not follow a normal distribution, (N) - normal distribution; Asymmetry - symmetrical
distribution (a) positive asymmetry (b), negative asymmetry (c); Kurtosis - mesokurtic (A), platykurtic (B), leptokurtic (C); SD -
standard deviation.

The Pearson’s linear correlations revealed strong correlations between porosity and particle
density and between porosity and bulk density (Table 2). In addition, a strong correlation occurred
between the sand and clay contents. The other variables showed no significant correlations, which
corresponded with the results of KIEHL (1979). KIEHL (1979) explained that a decrease in bulk
density indicates the predominance of fine particles in the soil, which results in a greater water
holding capacity and increased porosity. The strong and positive relationship between particle
density and porosity is related to smaller diameter of soil particles, which are denser and result in
greater numbers of micropores and greater total porosity.
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TABLE 2. The Pearson’s correlation coefficients for total porosity, bulk density, particle density,
sand content and clay content.

Variables Clay Particle density Bulk density Porosity
Particle density O(.r(])SS)O - - -
Bulk density (znlst)39 O(.r?38 - -
Porosit 0.177 0.601 -0.772 i
y (ns) (strong) (strong)
sand -0.606 -0.099 0.158 -0.192
(strong) (ns) (ns) (ns)

(ns) - not significant accordingto a t-test at a probability of 5%

All analyzed variables showed spatial dependence (Table 3). According to CAMBARDELLA
et al. (1994), the nugget effect coefficient (E%) showed strong spatial dependence for all attributes
(E% < 25). According to PANOSSO et al. (2008), range (r) is an important parameter when
studying semivariograms because it represents the maximum distance at which points of the same
variable are spatially correlated. Thus, for the sand content variable, the data dependency (r)
occurred at a radius of more than 14.25 m, which was greater than the soil collection grid (12 x 12).
Model selection was based on the lowest error comparison index (ECI) value that was obtained
from cross validation. The selected theoretical semivariogram models were exponential for the
particle density variable, Gaussian for the bulk density and clay content variables, linear for the
porosity variable and spherical for the clay content variable.

TABLE 3. The models and estimated parameters for the experimental semivariograms.
Co A

Attributes Model Co + C plateau E%*
nugget effect range

Particle density ~ Exponential 0.0026 0.023 21.78 0.888

Bulk density Gaussian 0.0000 0.009 14.96 0.999

Porosity Linear 20.2636 20.2636 39.20 0.000

Sand Spherical 0.0100 7.1260 14.25 0.999

Clay Gaussian 0.0010 2.1950 19.93 1.000

*E% - Nugget effect coefficient (Cy/ Cy + C) x 100

From the maps generated after data interpolation (Figure 1), the values for particle density
(Figure 1A) varied from 2.48 to 2.89 kg dm. In addition, the highest particle density values (2.81
to 2.89 kg dm®) covered most of the map and extended to the left and right edges of the area to near
totality. The lowest values (2.56 to 2.48 kg dm™) were mainly concentrated in the center, upper and
lower regions of the map.

The porosity varied from 41.8 to 57.3% in the total porosity map (Figure 1B). In addition,
intermediate total porosity values (from 48.9 to 51.1%) were dominant, with higher values (51.1 to
54.2%) occurring in a small area of the upper region. The low soil porosity was related to the lack
of soil disturbance because the soil had been covered with Brachiaria grass for over 5 years.

The bulk density values varied from 1.18 to 1.59 kg dm™, with the highest values (1.43 to
1.59 kg dm®) occurring over a large portion of the map and concentrated in the lateral regions
(Figure 1C). The lowest values (1.18 to 1.25 kg dm™) occurred in the upper and lower regions of
the map. In addition, most of the area had critical density values (more than 1.60 kg dm®). Above
the critical density value, roots cannot penetrate clayey soils (KIEHL, 1979). Thus, appropriate
management practices are required. JUNG et al. (2010) suggested a combination of management
practices for mitigating or delaying soil compaction. Such practices include controlled farm
machinery traffic and the use of crop rotations that include plants with deep roots that are strong,
able to penetrate relatively compacted soils and provide good coverage and soil organic matter to
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improve the physical soil properties and the chemical and biological soil conditions and help control
invasive plants.

This area has been occupied by forage for more than 5 years without proper management,
grading or plowing. According to ROSA FILHO et al. (2009), although the soil was subjected to
little machine traffic, it was not plowed or graded, which potentially resulted in densification of the

surface layer. Densification was confirmed based on the greater bulk density and lower total
porosity.

In the map of the soil sand content, the values varied from 38.2 to 52.2%, with lower values

(38.2 to 43.8%) in most regions and higher values (49.4 to 52.2%) in a small upper region of the
area (Figure 1D).

The clay contents varied from 13.5 to 20.6%, with the lowest values (13.5 to 16.3%) observed
in the central region (Figure 1E). The highest values (17.7 to 20.6%) occurred in a small region on
the left side of the map.
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FIGURE 1. Spatial distribution of particle density, kg dm™ (A); total porosity, % (B); bulk density,
kg dm™ (C); sand content, % (D); and clay content, % (E)

According to Table 2, cross correlations were only performed by using the geostatistics data
for the attributes that showed significant Pearson’s correlation coefficients.

The cross correlation graph of sand and clay content can be observed in Figure 2A. An
inverse relationship was observed between the variables, with a regression coefficient of 0.366.

From these data, 36.6% of the areas with predominant high sand contents (Figure 1D) had low clay
contents (Figure 1E).

Similarly, the cross correlation between porosity and particle density is shown in Figure 2B.
The regression index was 0.356, and the variables were directly related.
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The relationship between porosity and bulk density resulted in the highest regression
coefficient (0.596). This value corresponded with the results presented in Table 2, which presents a
Pearson's linear correlation of -0.772 (the largest index in Table 2).
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FIGURE 2. Cross correlation graphs between sand and clay content (A), particle density and

porosity (B) and bulk density and porosity (C)

CONCLUSIONS
Under the experimental conditions, the following conclusions can be drawn:

- Spatial dependence occurs among the studied variables within the established sampling area.

- The areas with greater porosity are in the soil regions with greater particle density and lower bulk

density.
- In addition,

the geostatistical method may be used to identify the spatial dependence between

porosity and bulk density.
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