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kriging This study aimed to evaluate the spatial patterns of physical and chemical properties of
geostatistics a soil in an experimental basin with an area of 149 km? located in the municipality of
Caatinga Pesqueira, in the semi-arid region of Pernambuco state (Brazil). Samples were taken in

the layers of 0-0.10 and 0.10-0.20 m, at 35 monitoring points distributed in an irregular
grid, encompassing the three soil classes present in the basin and commonly found in the
semi-arid region. For the attributes of soil texture, organic carbon and bulk density in the
layer of 0.10-0.20 m, spatial dependence from medium to strong was detected, ranging from
0.03 to 49.98%. Bulk density in the layer 0-0.10 m, as well as the electrical conductivity, in
both layers, showed pure nugget effect, possibly due to insufficient sampling distance to
capture spatial dependence. However, geostatistics represented well the spatial dynamics
of soil attributes at points where the mapping is possible.

Palavras-chave: Variabilidade espacial de atributos de solo em uma bacia
krigagem . <o .
geoestatistica experimental do Semiarido pernambucano, Brasil
Caatinga

RESUMO

Objetivou-se neste estudo avaliar os padrdes espaciais de variagdo de atributos fisicos
e quimicos do solo em uma bacia experimental com drea de 149 km?, localizada no
municipio de Pesqueira, semidrido Pernambucano (Brasil). As amostragens foram feitas
nas profundidades de 0-0,10 e 0,10-0,20 m, em 35 pontos distribuidos em malha irregular,
englobando as trés classes de solo presentes na bacia e comumente encontradas no semiarido.
Os dados foram analisados com base na estatistica descritiva e técnicas geoestatisticas.
Para os atributos textura do solo, carbono orgénico e densidade do solo na camada de 0,10-
0,20 m, foi detectado grau de dependéncia espacial de médio a forte, variando de 0,03 a
49,98%. A densidade do solo na camada de 0-0,10 m, assim como a condutividade elétrica,
nas duas camadas apresentaram efeito pepita puro, possivelmente devido a uma distincia
de amostragem insuficiente para captar dependéncia espacial. No entanto, a geoestatistica
representou bem a dindmica espacial de atributos de solo nos pontos em que o mapeamento
foi possivel.
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Spatial variability of soil attributes in an experimental basin in the semi-arid region of Pernambuco, Brazil

INTRODUCTION

Recent studies have demonstrated that soil is naturally
subject to variation of its physical and chemical properties in
space and time, resulting from the complex interaction between
pedology, topography and climate.

Understanding the spatial variability of physical and
chemical attributes, with either more static (e.g. texture and
granulometry) or dynamic (e.g. organic carbon and electrical
conductivity) behavior, is necessary to guiding strategies of
agricultural management (Cruz et al.,, 2011; Oliveira et al.,
2013), especially in semi-arid regions, where the natural
Caatinga vegetation has been replaced by unstable agricultural
systems, which cause alterations in soil properties (Barros &
Chaves, 2014).

One technique widely used to study spatial variability
is geostatistics, which has been applied in the investigation
of soil physical and chemical properties in the last years.
Montenegro & Montenegro (2006) conducted a study on the
spatial variability of soil textural classes, salinity and electrical
conductivity on an alluvial plain of the Pernambuco semi-arid
region, and found that geostatistics represented well the spatial
correlation between the studied attributes.

Likewise, in study carried out in an area cultivated with
sugarcane, Tavares et al. (2012) managed to model the spatial
variability of physical and mechanical attributes of an Argisol.
At watershed scale, many studies have been carried out,
validating geostatistics as an efficient tool to conduct research
on spatial variability, regardless of the dimension of the studied
area (Addis et al., 2015; Ferreira et al., 2015).

However, little information is available in the literature on
the spatial distribution of soil attributes in microbasins of the
Brazilian semi-arid region. This knowledge is essential because
it can be applied in the planning and adoption of agricultural
management practices, especially in small rural basins, where

Pernambuco state

" "
\""‘: g
l

. 4&"‘5’%‘

Municipality of Pesqueira

Source: EMBRAPA (2000)
Figure 1. Map of location and distribution of pedological
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the presence of housing clusters causes substantial changes in
their use and occupation. Hence, this study aimed to evaluate
the spatial variability of some soil physical and chemical
attributes in an experimental basin of the semi-arid region of
Pernambuco, Brazil.

MATERIAL AND METHODS

The study was conducted in the Jatobd River Experimental
Basin, located in the municipality of Pesqueira — PE, Brazil,
semi-arid region of Pernambuco (8° 34’ 17” and 8° 18 11”7
S; 37° 1’ 35” and 36° 47° 20” W). The basin has total area of
149 km?, with mean rainfall and temperature of 600 mm and
23 °C, respectively. Potential annual evapotranspiration is
approximately 2000 mm (Silva Junior et al., 2016).

The Jatoba River basin is typically rural, with hyperxerophilic
Caatinga as the predominant vegetation, which has been
replaced in the last years by different types of land use,
interfering with soil properties and altering the landscape. The
main soil classes found in the basin are Yellow Argisol, with
presence of rocky impediment; Litholic Neosol and Regolithic
Neosol (Figure 1).

Soil collection and laboratorial analyses occurred from
September to December 2015, with samplings in the layers of
0-0.10 and 0.10-0.20 m, in an irregular sampling grid of 35 points.

Analyses of physical properties (bulk density and texture)
and electrical conductivity (EC) of the saturated paste extract
were conducted adopting the methodologies proposed by
EMBRAPA (1997). Total soil organic carbon was determined
through the method adapted by Yeomans & Bremner (1988),
using dichromate in acid medium as oxidizing agent. To
maximize carbon oxidation by dichromate, an external source
of heat was used. After that, dichromate was titrated using a
ferroin indicator solution.

732000 733000 734000 735000 736000 737000
N 1 1 1 1 1

9069000 9070000 9071000
1 L I

9068000
—

9067000
1

9066000

<:§=-
m
T
9071000

T T
9069000 9070000

T
9068000

LEGEND

© Sampling points
—— Drainage

[ Yellow Argisol
I Litholic Neosol r
|:| Regolithic Neosol

T
9067000

0.9 1.35 1.8

9066000

0 0.2250.45
[ ="

Universal Transverse Mercator Projection - UTM
Datum: WGS 84 UTM Zone 24 S

T T T T T T
732000 733000 734000 735000 736000 737000

units in the Jatoba River Experimental Basin, PE, Brazil

R. Bras. Eng. Agric. Ambiental, v.22, n.1, p.38-44, 2018.



40

Descriptive statistical analyses consisted of measures of
central tendency, dispersion and distribution. Central tendency
measures allow to check for data fit to a possible normal
distribution, whereas dispersion measures give an idea about
the magnitude of data variability.

Data normality was verified by the Kolmogorov-Smirnov test
and, to characterize the degree of variability, the coeflicients of
variation (CV) were analyzed as suggested by Warrick & Nielsen
(1980), who consider: low variability for CV < 12%, intermediate
variability for CV from 12 to 60%, and high variability for
CV > 60%. Outliers were detected and removed using the
methodology proposed by Libardi & Melo Filho (2006).

Spatial dependence was evaluated through the fit of a
semivariogram, based on the assumption of stationarity of the
intrinsic hypothesis, as shown in Eq. 1:

1 N
2N(h) i=1

v*(h)= [Z(x,)-Z(x,+h)] (1)

where:

v*(h) - estimated semivariogram; and,

N(h) - number of pairs of measured values Z(x) and Z(x,
+ h), separated by the vector h.

After obtaining the experimental semivariograms, the
following models were tested: Gaussian, spherical, exponential
and pure nugget effect. The best theoretical model of
semivariogram was selected based on cross-validation (Mello
et al., 2005). Spatial dependence degree (SDD) was analyzed
using the classification proposed by Cambardella et al. (1994):
(a) strong spatial dependence, SDD < 25%; (b) moderate spatial
dependence, SDD between 25 and 75%; and (c) weak spatial
dependence, SDD > 75%. SDD expresses the proportion, in
percentage, of the nugget effect (C,) in relation to the sill (C +C).

Cross-validation was used to select the best model
considering the errors generated by ArcGis 10.3.1 in the
execution of the method, as recommended by Yang et al.
(2014), namely: Mean Squared Error (Eq. 2) and Root-Mean-
Square Error (Eq. 3).

N (Z(S].) ‘%)%
MSE = Z': O

n

()
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N (zm)‘Z(si)% 2
Zl Ssi)

RMSE = (3)
n
whe{e:
Z - estimated value in the site S;
Z - observed value for the same site S; and,
n - number of observations.

Ordinary kriging (statistical interpolator) was used to
estimate values of physical and chemical attributes in non-
sampled sites and generate isoline maps. This technique
considers the number of samples used, positions of the samples
in the area to be evaluated, distances between samples and the
zone to be estimated, as well as the spatial continuity of the
studied variable (Andriotti, 2013).

RESULTS AND DISCUSSION

All physical and chemical properties evaluated showed
normal distribution, according to the Kolmogorov-Smirnov
normality test, except electrical conductivity, in both layers,
which showed log-normal distribution of frequencies (Table
1). The same result was found by Montenegro & Montenegro
(2006) studying the spatial patterns of soil EC on an alluvial
plain of the Pernambuco semi-arid region. Gomes & Fizziola
(2006) pointed out that, in arid and semi-arid regions, EC
values above 4.00 dS m™ can cause severe limitations to crop
development. Thus, under the studied conditions, the soil in the
Jatobd River basin does not pose serious risks to agricultural
cultivation, provided that good practices of irrigation and crop
management are adopted.

Bulk density data showed low coefficients of variation (<
12%), according to the classification of Warrick & Nielsen
(1980). Except for EC, which exhibited high spatial variability in
the area, the other attributes fit in the category of intermediate
variability (< 60%). Hence, it was possible to fit semivariograms
to a model that represented the spatial distribution of these
attributes in the area, and they were mapped.

Table 2 shows the fit and validation parameters of the
theoretical semivariograms. For the attributes bulk density
in the 0-0.10 m layer and EC in both layers, the fit was not
possible. This type of problem, according to Andriotti (2013),

Table 1. Descriptive statistics of the soil physical and chemical properties in the Jatoba River basin

Depth

Attribute Unit (cm) Mean Median SD
L N I - N
g ok g0 gpie  ers  i0t0n
T L N 1 R
St sk g0 qye i et
0 e g qa7e 14l
o e SR SE mr e

CV

Kurtosis Skewness Min. Max. (%) FD
-0.60 -0.27 1.22 1.66 7.59 N
0.82 -0.38 1.27 1.65 5.69 N
-0.01 1.42 49580  884.60 13.46 N
-0.65 0.57 436.20  834.00 15.60 N
-0.02 0.31 88.80  298.20 27.20 N
0.14 0.32 8240  392.00 32.96 N
-0.57 -0.32 49.00 218.20 31.12 N
-0.65 -0.22 35.80 223.20 34.96 N
-1.31 0.29 6.86 24.65 32.13 N
0.08 0.45 3.17 22.88 29.96 N
7.37 2.44 12220 11720 60.65 L
1.68 1.49 87.09 791.60 63.70 L

BD - Bulk density; OC - Organic carbon; EC - Electrical conductivity; SD — Standard deviation; FD - Frequency distribution; N - Normal distribution; L - Log-normal distribution
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Table 2. Fit and validation parameters of the theoretical semivariograms of soil properties

Attribute Unit 'i:ﬁ:;' G, CotCy
BD kg dm 18:;8 0,003 0.03
Sand gkg' 18;8 18888 gggggg
Clay gkg" o0 L
silt g kg" i L ——
oc gkg" et b 2080
EC uS cmt 18;8

SDD

a Model %) MSE RMSE

- PNE - - -
1200.0 GAU 12.24 0.0078  1.0723
480.0 SPH 0.21 0.0083  1.0010
792.0 EXP 0.16 0.0036  1.0601
393.0 EXP 0.07 00225  1.2642
381.0 EXP 0.03 0.0143  1.2503
900.7 GAU 39.89 -0.0058  0.9623
1248.1 GAU 20.02 -0.0044  1.1269
486.0 EXP 49.98 0.0102  1.0783
848.0 EXP 34.03 0.0155  1.0732

- PNE - - -

- PNE - - -

C, - Nugget effect; C,+C, - Sill; a - Range; SDD - Spatial dependence degree (%); MSE - Mean Squared Error; RMSE - Root-Mean-Square Error; GAU - Gaussian model; SPH - Spherical

model; EXP - Exponential model; PNE - Pure nugget effect

may result from both inadequate sampling and factors inherent
to the studied attribute itself, which does not show spatial
dependence due to various factors. In the case of the Jatoba
River basin, the limitation in the number of points and little
comprehensive spatialization in the sampling grid distribution
probably caused this result. Souza et al. (2007), studying
EC spatial variability also in the semi-arid region, in area
irrigated with moderately saline water, detected the presence

of pure nugget effect until the 0-0.20 m layer in two out of four
monitoring times, as well as accentuated nugget effect in the
others in which spatial modeling could be performed.

The spatial dependence degree (SDD) was classified as
moderate for silt in the 0-0.10 m layer and for OC in both
layers. The other attributes showed strong SDD and none of
them was classified as with weak spatial dependence. According
to Avila etal. (2010), this indicates that the kriging interpolator
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Figure 2. Theoretical semivariograms of soil properties in the layers of 0-0.10 and 0.10-0.20 m, respectively: bulk
density - BD (A, B); Silt (C, D), Sand (E, F), Clay (G, H), organic carbon - OC (I, J), EC (K, L)
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will lead to good results, considering the good structure of
spatial dependence between the sampled points.

Regarding the models of theoretical semivariograms fitted
and selected (Figure 2), it can be noted that bulk density (Figure
2A) and silt (Figure 2D), in the 0.10-0.20 m, exhibited the
highest values of range, about 1200 and 1248.1 m, respectively,
both fitted to the Gaussian model.

For all cases in which it was possible to spatially model
the studied attribute, the generated maps were representative
(Figure 3), since the interpolation only considers sampling
points that are within the radius of influence of the range.
Gomes et al. (2007), studying the same attributes in a 477 ha
sub-basin in Minas Gerais, also found high values of range
for some properties, such as sand (A = 3000 m) and clay (A
= 1236.63 m). For the attributes bulk density and silt, these
authors found ranges of 425.90 and 291.48 m, respectively,
evidencing a smaller structure of spatial dependence.

In general, the maps of texture confirm the pedological
classification of the basin, with predominance of the clay
fraction upstream, where Yellow Argisol is present, and high

732P00 733P00 734|000 735IDDO 736'000 737IOOO 732900 733P00

734]000
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sand content downstream, where Regolithic Neosol and
Litholic Neosol are distributed.

Bulk density (Figure 3G), in the modeled layer (0.10-0.20
m), was more representative in the upstream portion of the
basin, where there is more predominance of the sand fraction.
This result is expected, because sand particles do not form
aggregates. Hence, the total quantity of pores is lower than in
the clay fraction, which consequently gives it higher mass due
to the smaller volume of voids (air), with more-representative
values of bulk density (Marcolin & Klein, 2011).

Yang et al. (2014), studying the spatial distribution of the
organic carbon in desert area in China, detected negative
correlation between bulk density and OC content. In the Jatoba
River basin, a similar behavior was observed, highlighting that
the fractions with higher clay and silt fractions present in less
dense regions retain greater quantity of OC. Adubuwaili et al.
(2012) also comment that OC spatial distribution is dynamic
in space and time, and strongly depends on anthropic action,
which constantly alters land use and eventually influences
this attribute.
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Figure 4. Prediction standard error maps of soil properties studied in the layers of 0-0.10 and 0.10-0.20 m, respectively,
for sand (A, B), clay (C, D), silt (E, F) and organic carbon - OC (H, I), as well as bulk density - BD (G) in the 0-0.10 m layer

Prediction standard error maps (Figure 4) also give an idea
about the magnitude of the uncertainties associated with the
kriging. In all attributes mapped in both layers, the standard
error was lower in 0-0.10 m, indicating greater stability in these
points. Furthermore, some soil properties exhibit higher spatial
dependence, with lower errors of interpolation, such as silt and
density, indicating the efficiency of the method in the present study.

CONCLUSIONS

1. The soils of the basin exhibit relatively low values of
electrical conductivity, which gives them a good agricultural
potential, especially in the central and upstream portions, due
to the higher contents of clay and organic carbon associated
with lower bulk density, thus requiring the adoptions of good
practices of irrigation and crop management.

2. Despite the reduced number of points, it was possible to
perform good analysis of spatial variability, with dependence
ranging from moderate to strong for all properties mapped.
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