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ABSTRACT - Soil is a natural resource that allows the maintenance of life on Earth, therefore, it is important to appreciate
techniques to assist the conservation of their quality, since the inadequate management of its use causes their degradation. In this
sense, the soil pH values of the city of Sorocaba (SP) were analyzed using a pHmeter and a GPS, with 112 points distributed
homogeneously in the study area and another 50 random points to verify spatial variability through geostatistical interpolators
of ordinary kriging and deterministic of inverse square distance (ISD). The predominant values of pH per soil class were also
determined. The pH values predominated between the ranges of 6.0 and 6.5; totaling 74.98% of the study area for the ordinary
kriging method and 75.93% for the ISD, observing a low variation among the methods, which result in a root mean square error
values of 0.349951 for ordinary kriging and 0.349019 for the I1SD. The concordance index for both methods was 0.9944 with
mean standard deviation of 0.0374 for ISD and 0.0369 for ordinary kriging. For the different soil classes, pH values ranged from
5.9 to 6.3. Therefore, both the theoretical models applied in the interpolation of the pH data efficiently explain the pH variability
of the Sorocaba soil.

Keywords: inverse square distance, ordinary kriging, spatial analysis.

INTERPOLADORES GEOESTATISTICO E DETERMINISTICO NA ANALISE DA
DISTRIBUICAO ESPACIAL DO pH DO SOLO EM SOROCABA (SP)

RESUMO - O solo é um recurso natural que possibilita a manuten¢do da vida na Terra, portanto, € importante prezar por técnicas
que auxiliem na conservagédo de sua qualidade, uma vez que o manejo inadequado de seu uso acarreta sua degradagdo. Neste
sentido, foram analisados os valores de pH do solo do municipio de Sorocaba (SP) utilizando um pHmetro e um GPS, sendo
coletados 112 pontos distribuidos homogeneamente no municipio e mais 50 pontos aleatérios para verifica¢do da variabilidade
espacial por meio de interpoladores geoestatistico da krigagem ordinaria e deterministico do inverso do quadrado da distancia
IQD). Também foram determinados os valores predominantes de pH por classe de solo. Os valores de pH predominaram entre
as faixas de 6,0 e 6,5; totalizando 74,98% da éarea de estudo para o0 método da krigagem ordinéria e 75,93% para o 1QD,
observando-se uma baixa variagdo entre os métodos, que resultam em valores de raiz do erro quadratico médio de 0,349951 para
a krigagem ordinaria e 0,349019 para o IQD. O indice de concordancia para ambos os métodos foi de 0,9944 com desvio padrao
da média de 0,0374 para o IQD e 0,0369 para a krigagem ordindria. Para as diferentes classes de solos, os valores de pH variaram
de 5,9 a 6,3. Ambos os modelos tedricos aplicados na interpolagdo dos dados explicam de forma eficiente a variabilidade do pH
do solo de Sorocaba.

Palavras-chave: inverso do quadrado da distancia, krigagem ordinaria, analise espacial.

INTRODUCTION

Soil is a natural resource of great importance for
life on the planet, however, its characteristics can be
influenced by vegetation, climate, and anthropic actions,
which can lead to its degradation. Thus, it is necessary to
value management measures for this resource, being the
potential of hydrogen (pH) one of the attributes of great
importance to the soil, which consists the acidity measure to
determine fertility (PRIMAVESI, 2002; KEMMITT et al.,
2006; THOMPSON; TROEH, 2007; LEPSCH, 2011; RAIJ,
2011; SIMONETTI et al., 2019).

Soil acidity is an important monitoring parameter
because it interferes with the absorption of nutrients by plant
root systems. In acidic soils, there is greater availability of
micronutrients for plants, which can cause damage to
production due to interference with their metabolism, and it
is necessary to employ acidity correction techniques, such
as liming (RAlJ et al., 2001; RAIJ, 2011).

With geoprocessing techniques applied to soil
management studies, it is possible to reduce resources and
the use of inputs, as well as the more detailed management
of agricultural production systems (CARVALHO et al.,
2002; MELLO et al., 2006; SALES et al., 2016; SILVA et
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al., 2016). However, due to the expensive cost of field
collection, it is not always possible to have data from large
areas, which the values of the non-sampled points must be
estimated for the generation of spatially continuous data. In
this case, the spatial interpolation methods make it possible
to estimate the unsampled data satisfactorily (SHI et al.,
2009; LI; HEAP, 2011).

For Li and Heap (2011), the spatial interpolation
methods have several applications, and the ordinary kriging
and inverse square distance (ISD) methods are the most
used in the environmental and agricultural areas. Silva et al.
(2010) used the geostatistical interpolation methods of the
ordinary kriging and deterministic of the inverse square
distance, comparing them in the representation of the spatial
variability of the soil pH in the coffee crop, which found
that the ordinary kriging proved to be more adequate in the
demonstration of pH changes.

However, the study by Robinson and Metternicht
(2006), which compared the kriging, Inverse Distance
Weight (IDW) and spline interpolation methods applied to
some soil properties, found that all methods had similar
values of mean square error. For Oshunsanya et al. (2017),
who carried out the mapping of the Ibadan University
campus to verify the distribution of soil properties, only the
IDW was used to interpolate the data.

Therefore, the estimation of soil pH values using
interpolation methods with Geographic Information
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Systems (GIS) allows the adoption of management
techniques that provide better availability of nutrients and
plant development. Thus, the present study aims to analyze
the spatial variability of soil pH values in the municipality
of Sorocaba (SP), and to verify through geostatistical and
deterministic interpolators, which theoretical model has a
more appropriate application to assess the spatial variability
of the collected data.

MATERIAL AND METHODS
Characterization of the study area

The study area corresponds to the municipality of
Sorocaba, S&o Paulo State, under latitude 23°30'06” South
and longitude 47°27'29" West (Figure 1), with a population
of 687,357 inhabitants (IBGE, 2021). From 2014, the
municipality became part of the Metropolitan Region of
Sorocaba, composed of 27 municipalities, having a
significant economic expression (OLIVEIRA et al., 2016).

The climate of the municipality, according to
Kdeppen-Geiger, is dominant of the Cfa type, characterized
as hot subtropical, whit not very dry winter, with an average
annual precipitation of 1,400 mm, also having a more
northerly strip area with characteristics of climate Cwa type,
characterized as hot and rainy temperate climate, with less
than 30 mm pluviometry in the predominantly driest month
(SMITH et al., 2014; SIMONETTI et al., 2018).
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FIGURE 1 - Location of the study area.
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Methodological procedure

The data collection of the potential of hydrogen
(pH) of the soil in the municipality of Sorocaba was
performed using the pHmeter (Sonda Terra, model PH-
220S) at 0-20cm depth. The distribution of the sampling
points occurred through a 2,000 m x 2,000 m square mesh
with the central points equidistant from each other, totaling
112 sample points (Figure 2A). Within the municipal limit,
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another 50 points were randomly chosen to verify and
compare the values obtained through the interpolators
methods (Figure 2B). The sampled values were transcribed
in an Excel table and exported to the ArcGIS 10.4 software,
while the vectorial limit of the municipality of Sorocaba was
extracted from the cartographic database of the Brazilian
Institute of Geography and Statistics (IBGE).
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FIGURE 2 - Points sampled in the municipality of Sorocaba.

For the analysis of the pH distribution of the soil,
the interpolators methods of ordinary kriging and
deterministic of inverse square distance (ISD) were used,
because according to some studies, these methods have
satisfactory results to estimate the distribution of physical
and chemical attributes of the soils (CORA et al., 2004;
SILVA et al., 2010; SOUZA et al., 2010). The ISD is a
deterministic method, which considers that the nearest
points have a greater resemblance when compared to the
farthest points. Thus, each point has decreased local
influence with distance as presented in Equation 1 (DRUCK
et al., 2004; ROBINSON; METTERNICHT, 2006).

ISD

1
a g%)
= (Equation 1)

n 1
(2)

Where:

ISD = inverse square distance,

Xi = value of the variable of the i-th neighboring
locality and

di = Euclidean distance between the i-th

neighboring point and the sampled point.

In the geostatistical method of ordinary kriging, the
information of the obtained values allows the calculation of
the distances between the observations through the
semivariogram (a function of the distance) relating the
variance of the obtained points with the distances between
them (ROBINSON; METTERNCHT, 2006; SILVA et al.,
2010). Therefore, to evaluate the spatial variability of the
potential of hydrogen (pH), the spatial dependence of the
data was expressed by the semivariance function y(h),
estimated by Equation 2:

N

y(h) = —1 Z 7 NG E ion 2
Py = 2N(h) ;[ (i) = Z(0x; + h)] (Equation 2)

Where:

y(h) = semivariance function,

N(h) = sampled values of a given attribute of the
studied soil and

Z(xi) e Z(xi+h) = separated by h distance.
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In the presence of spatial dependence between the
data, inferences were made to estimate the pH values of the
soil in non-sampled locations. For this, was used the
ordinary kriging interpolation method (YAMAMOTO;
LANDIM, 2013) defined by Equation 3:

n
Zgo(%o) = Z AiZ(x;) (Equation 3)

i=1

Where:

Z*K0 = estimator for a point (x0) in the region,
Ai (i=1,n) = weights used in the estimate and
Z(x;) (i=1,n) = set of n available data.

To assess the spatial dependence of the
phenomenon the Spatial Dependency Index (SDI) proposed
by Cambardella et al. (1994) which uses in its calculations
the nugget effect (Co) and the contribution (C), being
expressed by Equation 4, with the following classification
for its values: if SDI < 25% the phenomenon has strong
spatial dependence; between 25% and 75% have moderate
spatial dependence and > 75% have weak spatial
dependence.

Co
Co+C

SDI = ( ) x 100 (Equation 4)

Where:

SDI = Spatial Dependency Index,
Co = nugget effect and

C = contribution.

For the geostatistical analysis, the theoretical
models used for adjustment were the spherical, the
exponential and the gaussian, being presented in the results
the model that better fits in the study. The most appropriate
model validation and selection were based on the mean error
(ME), the mean standardized prediction error (MSE), the
square root of the mean of the square of the differences
between the estimated and true values (root mean square -
RMS), in the standard error of the prediction error (average
standard error - ASE) and in the square root of the mean of
the differences between the estimated values and the true
values standardized (root mean square standardized -
RMSS).

For predictions that represent the real value, the
ME and the MSE must have values close to zero, while the
RMS and ASE have values close to each other, which
reduces the uncertainty associated with the predictions. For
analysis of the RMSS, if the value is greater than 1 the
variability of the prediction is being underestimated,
otherwise it is overestimated, so the ideal value is as close
as possible to 1 (TATALOVICH et al, 2006;
GEORGAKARAKOS; KITSIOU, 2008; PASINI et al.,
2014).

For the analysis of the estimated values, the 50
points randomly collected were used and compared with the
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estimated pH values. For this comparison, the root mean
square error (RMSE) equation was used, being expressed by
Equation 5.

1
1% 2
- L 2
o D ogl
i=1

Where:

RMSE = root mean square error,

Ei = estimated value by the interpolation method,
Oi = value of the real observed variable and

n = number of observations.

RMSE = (Equation 5)

In addition to the RMSE, the agreement index (d)
was calculated, which expresses a measure of the degree to
which the estimated data are or are not free from certain
errors (Equation 6). This index ranges from 0 to 1, with 1
indicating a perfect agreement between the observed and
estimated values and O means total disagreement
(WILLMOTT, 1981).

d
_ in=1(Ei - Oi)z
i.(|E; = 0] +0; — 0])?

(Equation 6)

Where:

d = agreement index,

E; = estimated value by the interpolation method,
Oi = value of the observed real variable,

n = number of observations and

O = arithmetic mean of the observed values.

The average soil pH values were also calculated
due to the soil classes present in the municipality of
Sorocaba, considering the pedological map of the Sdo Paulo
State prepared by the Forestry Institute (ROSSI, 2017) on a
scale of 1:100,000 and 1:250,000. For this, the vector file
available was cut using the limit of the municipality of
Sorocaba as a mask, and the average soil pH value was
subsequently calculated for the two spatial distribution
methods of soil pH.

RESULTS AND DISCUSSION

The analyzed parameters using the exponential
model are shown in Table 1, being possible to observe that
the soil pH presented a strong spatial dependence through
the calculation of the SDI, which resulted in less than 25%
(CAMBARDELLA et al., 1994). Among the theoretical
models used, the exponential had best adjusted to the values
of ME and MS close to zero and with greater similarity of
RMS and ASE, which reduces the uncertainty associated
with the predictions. The RMS value was low, indicating
low variability between the predicted and true values. The
RMSS value found was close to the ideal equal to 1
(TATALOVICH et al., 2006; GEORGAKARAKOS;
KITSIOU, 2008; PASINI et al., 2014). Figure 3 shows the
experimental semivariogram of soil pH, adjusted to the
theoretical model mentioned in Table 1.
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TABLE 1 - Parameters of geostatistical analysis of soil pH distribution.

Model Co C R (m)

SDI (%)

ME MSE RMS ASE RMSS

Exponential 0.00 0.157 4700 0.00%

-0.009 -0.019 0.349 0.350 0.999

Co = nugget effect; C = contribution; R (m) = range; SDI (%) = spatial dependency index; ME = mean error; MSE = mean
standardized prediction error; RMS = root mean square; ASE = average standard error; RMSS = root mean square standardized.
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FIGURE 3 - Semivariogram of the soil pH sample.

Figure 4 presents the map with the spatial
distribution of soil pH in classes by the ordinary kriging
interpolation method and by the ISD method. It is noticed
that for both methods, the spatial distribution followed the
same pattern of distribution. The distribution of pH values

for the municipality, for both methods applied, is
predominantly in the range between 6.0 and 6.5, since the
ISD and ordinary kriging presented 6.24 of average value,
with deviation standard equal to 0.2307 for the ISD method
and 0.2336 for the ordinary kriging method.
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FIGURE 4 - Maps showing the pH distribution of soil samples.

Table 2 shows the area and the respective
percentage of each pH value classes. As noted, the areas of
each interval showed low variation between the methods.
The same can be observed in the calculation of the root
mean square error for both methods, which presented values
of 0.349951 for ordinary kriging and 0.349019 for ISD,
representing a percentage variation of only 0.27% in
relation to accuracy by the 1SD method. For both methods,
the agreement index (d) was equal to 0.9944, demonstrating
that there are no significant variations between the methods

used, and the value is close to 1, that is, there is perfect
agreement between the observed values and the estimated
ones (WILLMOTT, 1981).

The coefficient of variation obtained for the pH
values of the study area, which expresses the relationship
between the standard deviation and the mean, was 0.0374
by the ISD method and 0.0369 for ordinary kriging.
According to Robinson and Metternicht (2006), the smaller
is the coefficient of variation the more homogeneous the
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data are, as observed in the pH distribution maps using the
ISD and ordinary kriging method presented in Figure 4.
The ISD and ordinary kriging methods are widely
used in comparative studies that use the interpolation of data
from sociodemographic and demographic analyzes, in
which kriging presents more satisfactory results (RIGHI;
BASSO, 2016). For Robinson and Metternicht (2006),
kriging also showed better results for the interpolation of the
pH and electrical conductivity data in the soil, while the ISD
presented the best results for the pH interpolation in the
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subsoil. However, the authors conclude that there is not a
single method of interpolation that suits the properties of the
soil.

Souza et al. (2010) found that for the spatialization
of chemical attributes of the soil, the ordinary kriging and
the inverse of the distance square are efficient in the
inference of the non-sampled values, and do not present
great variations in the results, as observed in the present
study of the spatial distribution in the municipality of
Sorocaba.

TABLE 2 - Areas of the pH range sections, by ISD and kriging methods.

pH ISD Kriging

Area (km?) Area (km?)
50-55 3.34 (0.74%) 3.95 (0.88%)
55 6.0 101.62 (22.64%) 102.66 (22.86%)
6.0 6.5 340.90 (75.93%) 336.61 (74.98%)
6.5 7.0 3.08 (0.69%) 5.73 (1.28%)

Studies that address the spatial variability of the
potential of hydrogen (pH) are considered extremely
important, since they quickly provide information of soil
characteristics. According to Ribeiro et al. (1999), the pH
ranges for agronomic classification purposes have pH
values below 4.5 classified as very low; values between 4.5
and 5.4 are considered low; pH between 5.5 and 6.0 is
considered good; between 6.1 and 7.0 it is considered high;
and a pH greater than 7.0 is considered to be very high.

According to the Soil Fertility Commission of
Minas Gerais State, for agronomic classification, pH values
ranging from good to high are considered adequate
(RIBEIRO et al., 1999), as these ranges require little or no
pH correction measures for agriculture (RALJ et al., 2001).

Thus, it can be said that the soil in the municipality of
Sorocaba does not need pH correction, since for each
adopted method, more than 99% of the soil is in the range
of good to high, with no observed values greater than 7.0
(very high).

Figure 5 shows the average values of soil pH
depending on the soil classes present in the municipality of
Sorocaba. The average values of the pH depending on the
soil classes presented a variation of 5.9 to 6.3. According to
the classification by Ribeiro et al. (1999), the values found
are in the range of good and high, with Haplic Gleysol being
the only one classified as good. These soils are
hydromorphic and, therefore, are usually in areas subject to
periodic flooding because they have low drainage capacity.
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I Haplic Cambisol (6.3)
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FIGURE 5 - Average values of soil pH by soil classes.

The highest pH mean value found by soil class is
present in the region with the largest forest fragments in
medium and advanced successional stages, as Smith et al.
(2014), and classified as Haplic Cambisol, and according to

Spera et al. (2011), are considered dystrophic, presenting
base saturation below 50%, which gives it acidic
characteristics.
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The Red-Yellow Latosol and Red Latosol
presented pH mean values of 6.0. According to Spera et al.
(2011), the Latosols are characterized by having in their
granulometric fraction about 14 to 24% clay and having
good permeability. However, for the Red-Yellow Acrisol,
which had the second-highest average pH value (6.1), they
are characterized by presenting an average texture ranging
from 36% to 50% of clay fractions, and good drainage
capacity.

According to Sun et al. (2013), the effect of
urbanization is increasing worldwide and, as a result, soils
have been undergoing slight changes pH values post-
urbanization, a fact corroborated by the present study, since
the soil class of the Urban Area presented an average pH
value of 6.2, being slightly different from the found in the
surroundings, suggesting that the value found may be
associated with the accelerated urbanization process that the
municipality has been going through, however, it is
suggested to use other deterministic and geostatistics
methods, to verify the adjustment of spatial pH variability
in the municipality.

CONCLUSIONS

The distribution of pH values in the municipality
of Sorocaba was predominant in the range between 6.0 and
6.5; both by the ISD method and by the ordinary kriging
method, covering, respectively, 75.93% and 74.98% of the
municipality. The pH range between 5.5 and 6.0 covered
22.64% by I1SD and 22.86% by ordinary kriging.

The pH values estimated by the ordinary kriging
and ISD methods came close to the values obtained in loco,
as expressed by the values of the Root Mean Square Error
(RMSE) of 0.349951 for ordinary kriging, and 0.349019 for
the ISD method. The agreement index for both methods was
0.9944. Therefore, both theoretical models applied in the
interpolation of the municipality's pH data efficiently
explain the variability of soil pH in the municipality of
Sorocaba.

The average pH values for the different classes of
soils present in the municipality of Sorocaba presented a
variation between 5.9 and 6.3, being inserted in the range of
good and high values, therefore, they need little or no
application of acidity correction techniques for agricultural
production.

REFERENCES

CAMBARDELLA, C.A;; MOORMAN, T.B; NOVACK,
J.M; PARKIN, T.B; KARLEN, D.L; TURCO R.F;
KNOPKA, A.E. Field-scale variability of soil proprieties in
central lowa soils. Soil Science Society America Journal,
v.58, n.5, p.1501-1511, 1994.

CARVALHO, JR.P.; SILVEIRA, P.M.; VIEIRA, S.R.
Geoestatistica na determinagdo da variabilidade espacial de
caracteristicas quimicas do solo sob diferentes preparos.
Pesquisa  Agropecudria Brasileira, v.37, n.8,
p.1151-1159, 2002.

13
SILVA, D. C. C. etal. (2021)

CORA, JE. ARAUJO, AV. PEREIRA, G.T;
BERALDO, J.M.G. Variabilidade espacial de atributos do
solo para adocéo do sistema de agricultura de precisdo na
cultura de cana-de-aglcar. Revista Brasileira de Ciéncia
do Solo, v.28, n.6, p.1013-1021, 2004.

DRUCK. S.; CARVALHO, M.S.; CAMARA, G
MONTEIRO, A.M.V. Analise espacial de dados
geograficos. Planaltina: Embrapa Cerrado, 2004. 209p.
GEORGAKARAKOS, S.; KITSIOU, D. Mapping
abundance distribution of small pelagic species applying
hydroacoustics and Co-Kriging techniques.
Hydrobiologia, v.612, n.1, p.155-169, 2008.

IBGE. INSTITUTO BRASILEIRO DE GEOGRAFIA E
ESTATISTICAS. Brasil em Sintese. 2021. Disponivel em:
<https://cidades.ibge.gov.br>. Acesso em: 10 fev. 2021.
KEMMITT, SJ.; WRIGHT, D.; GOULDING, KW,
JONES, D.L. pH regulation of carbon and nitrogen
dynamics in two agricultural soils. Soil Biology and
Biochemistry, v.38, n.5, p.898-911, 2006.

LEPSCH, I.F. 19 li¢des de pedologia. S&o Paulo: Oficina
de Textos, 2011. 456p.

LI, J.; HEAP, A.D. A review of comparative studies of
spatial interpolation methods in environmental sciences:
performance and impact factors. Ecological Informatics,
v.6, n.3-4, p.228-241, 2011.

MELLO, G.; BUENO, C.; PEREIRA, G. Variabilidade
espacial de perdas de solo, do potencial natural e risco de
erosdo em é&reas intensamente cultivadas. Revista
Brasileira de Engenharia Agricola e Ambiental, v.10,
n.2, p.315-322, 2006.

OLIVEIRA, R.A;; SILVA, D.C.C.; SIMONETTI, V.C;
STROKA, E.A.B.; SABONARO, D.Z. Proposi¢do de
corredor ecoldgico entre duas Unidades de Conservagao na
Regido Metropolitana de Sorocaba. Revista do
Departamento de Geografia, v.32, [s.n.], p.61-71, 2016.
OSHUNSANYA, S.0.; OLUWASEMIRE, K.O.; TAIWO,
0O.J. Use of GIS to Delineate Site-Specific Management
Zone for Precision Agriculture. Communications in Soil
Science and Plant Analysis, v.48, n.5, p.565-575, 2017.
PASINI, M.P.B.; LUCIO, D.A.; CARGNELUTTI FILHO,
A. Semivariogram models for estimating fig fly population
density throughout the year. Pesquisa Agropecuaria
Brasileira, v.49, n.7, p.493-505, 2014.

PRIMAVESI, A. Manejo ecoldgico do solo: a agricultura
em regides tropicais. 9a. ed. Sdo Paulo: Nobel, 2002. 549p.
RAIJ, B.V.; ANDRADE, J.C.; CANTARELLA H;
QUAGGIO, J.A. Analise quimica para avaliacdo da
fertilidade de solos tropicais. Campinas: Instituto
Agrondmico, 2001. 285p.

RALJ, V.B. Fertilidade do solo e manejo de nutrientes.
Piracicaba: International Plant Nutrition Institute, 2011.
420p.

RIBEIRO, A.C.; GUIMARAES, P.T.G.; ALVAREZ V,
V.H. Recomendagdes para uso de corretivos e
fertilizantes em Minas Gerais. Vicosa: 5% aproximacéo,
1999. 359p.

RIGHI, E.; BASSO, L.A. Aplicacéo e analise de técnicas de
interpolacdo para espacializagdo de chuvas. Ambiéncia,
v.12,n.1, p.101-117, 2016.

Sci. Agrar. Parana., Marechal Candido Rondon, v. 20, n. 1, jan./mar., p. 7-14, 2021



Application of geostatistical...

ROBINSON, T.P.; METTERNICHT, G. Testing the
performance of spatial interpolation techniques for mapping
soil  properties. Computers and Electronics in
Agriculture, v.50, n.2, p 97-108, 2006.

ROSSI, M. Mapa pedologico do Estado de Sao Paulo:
revisado e ampliado. Sdo Paulo: Instituto Florestal, 2017.
118p.

SALES, J.C.A,; SILVA, D.C.C.; ROMAGNANO, L.F.T.;
BERTAGNA, R.; LOURENCO, R.W. Avaliacdo do
impacto ambiental causado pelas alteracbes espaco
temporal do uso do solo e da cobertura vegetal utilizando o
modelo das cadeias de markov. Ciéncia e Natura, v.38, n.1,
p.115-124, 2016.

SHI, W.; LIU, J.; DU, Z.; SONG, Y.; CHEN, C.; YUE, T.
Surface modelling of soil pH. Geoderma, v.150, n.1-2,
p.113-119, 2009.

SILVA, AF.,; LIMA, J.S.S.; OLIVEIRA, R.B. Métodos de
interpolac&o para estimar o pH em solo sob dois manejos de
café arabica. Idesia, v.28, n.2, p.61-66, 2010.

SILVA, D.C.C.; ALBUQUERQUE FILHO, J.L.; SALES,
J.CA,; LOURENCO, RW. Uso de indicadores
morfométricos como ferramentas para avaliagdo de bacias
hidrogréficas. Revista Brasileira de Geografia Fisica, v.9,
n.2, p.627-642, 2016.

SIMONETTI, V.C.; SABONARO, D.Z.; LOURENCO,
R.W.; ROSA, AH.; SILVA, D.C.C. Andlise da
Variabilidade Espacial Horizontal e Vertical dos Atributos
do Solo e sua Relevancia para o Parque Natural Chico
Mendes, SP. Revista Brasileira de Geografia Fisica, v.12,
n.7, p.2537-2550, 2019.

SIMONETTI, V.C,; SILVA, D.C.C.; OLIVEIRA, R.A;
SABONARO, D.Z; ROSA, AH. Andlise da
suscetibilidade do solo a processos erosivos do Parque
Natural Municipal Corredores de Biodiversidade
(PNMCBIO) de Sorocaba (SP). Raega-O Espaco
Geografico em Andlise, v.44, p.169-180, 2018.

SMITH, W.S.; MOTA JUNIOR, V.D.; CARVALHO, J.L.
Biodiversidade do municipio de Sorocaba. Sorocaba:
Prefeitura Municipal de Sorocaba, Secretaria do Meio
Ambiente, 2014. 272p.

SOUZA, G.S.; LIMA, JS.S.; XAVIER, A.C.; ROCHA,
W.S.D. Krigagem ordinaria e inverso do quadrado da
distancia aplicados na espacializagdo de atributos quimicos
de um argissolo. Scientia Agraria, v.11, n.1, p.73-81, 2010.
SPERA, S.T.; ESCOSTEGUY, P.A\V.; DENARDIN,
J.E.D.; KLEIN, V.A.; SANTOS, H.P. Atributos quimicos
restritivos de Latossolo Vermelho distrofico e tipos de
manejo de solo e rotacdo de culturas. Agrarian, v.4, n.14,
p.324-334, 2011.

SUN, X.L.; WU, S.C.; WANG, H.L.; ZHAO, Y.G,;
ZHANG, G.L.; MAN, Y.B.; WONG, M.H. Dealing with
spatial outliers and mapping uncertainty for evaluating the
effects of urbanization on soil: A case study of soil pH and
particle fractions in Hong Kong. Geoderma, v.195,
p.220-233, 2013.

TATALOVICH, Z.; WILSON, J.P.; COCKBURN, M. A
comparison of thiessen polygon, kriging, and spline models
of potential UV exposure. Cartography and Geographic
Information Science, v.33, n.3, p.217-231, 2006.

14
SILVA, D. C. C. etal. (2021)

THOMPSON, L.M.; TROEH, F.R. Solos e Fertilidade do
Solo. S&o Paulo: Andrei, 2007. 718p.

WILLMOTT, C.J. On the validation of models. Physical
Geography, v. 2, n. 2, p. 184-194, 1981.

YAMAMOTO, J.K.; LANDIM, P.M.B. Geoestatistica:
conceitos e aplicacdes. S&o Paulo: Oficina de Textos, 2013.
215p.

Sci. Agrar. Parana., Marechal Candido Rondon, v. 20, n. 1, jan./mar., p. 7-14, 2021



