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ABSTRACT: The soils presented heterogeneity of its chemical and physical attributes even in areas considered uniform.
The aim of this study was to analyze the spatial variability of the granulometric fractions and of the chemical attributes
of a sandy soil under no-tillage system. The work was developed at the Regional Pole of Agribusiness Technology
Development from Paulista northwest located in Votuporanga/SP, on an experimental area under no-tillage system.
The area measures about 1 ha with the sampling grid of 10 x 10 m. The area soil is a Red Latosol. The granulometric
fractions and the chemical attributes of this soil were determined at a depth of 0-0.10 and 0.10-0.20 m. The data were
analyzed using descriptive statistics and geostatistics tools for the spatial variability modeling. Most of the variables
presented a moderate degree of spatial dependence. The granulometric fractions, water pH, KCl pH , Ca, Na, H, and C
presented small variations of its levels in the two analyzed depths. The granulometric fractions and the soil chemical
attributes did not present spatial relations between them. There was similarity of the boundary lines for the attributes
related to the soil acidic reaction (pH, Al, and H). The spatial stability in the found depth for the granulometric fractions
and soil chemical attributes demonstrate the potential management for the area in specific zones.
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VARIABILIDADE ESPACIAL DAS FRACOES GRANULOMETRICAS E DE ATRIBUTOS
QUIMICOS DE UM SOLO ARENOSO SOB SISTEMA PLANTIO DIRETO

RESUMO: Os solos apresentam heterogeneidade dos seus atributos quimicos e fisicos mesmo em areas consideradas
uniformes. O objetivo deste trabalho foi analisar a variabilidade espacial das fragBes granulométricas e de atributos
guimicos de um solo arenoso sob sistema plantio direto. O trabalho foi desenvolvido no Pdélo Regional de
Desenvolvimento de Tecnologias do Agronegécio do Noroeste Paulista localizado em Votuporanga/SP, em éarea
experimental sob sistema plantio direto. A drea mede cerca de 1 ha com grade de amostragem de 10 x 10 m. O solo da
area é um Latossolo Vermelho. Foram determinadas as fragGes granulométricas e os atributos quimicos deste solo na
profundidade de 0-0,10 e 0,10-0,20 m. Os dados foram analisados pela estatistica descritiva e por ferramentas de
geoestatistica para modelagem da variabilidade espacial. A maioria das varidveis apresentou moderado grau de
dependéncia espacial. As fragGes granulométricas, pH agua, pH KCl, Ca, Na, H e C apresentaram pequenas variagdes dos
seus teores nas duas profundidades analisadas. As fracdes granulométricas e os atributos quimicos do solo ndo
apresentaram relacdes espaciais entre si. Houve similaridade das linhas de contorno para os atributos relacionados a
reagdo acida do solo (pH, Al e H). A estabilidade espacial em profundidade encontrada para as fragdes granulométricas
e atributos quimicos do solo demonstram o potencial de manejo da drea em zonas especificas.

Palavras-chave: textura do solo, geoestatistica, manejo do solo.
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1. INTRODUCTION

The sustainability of the agricultural
production system largely depends on the
adequate use of the natural resources,
especially of the soil. In this context, the no-
tillage system is considered the most
important ~ conservationist management
system of soil for the grain production of
modern agriculture, being cultivated in an
area of approximately 117 million hectares
worldwide, of which about 37 million hectares
in Brazil (FEBRAPDP, 2016). The cover
maintenance on the soil surface, protecting it
from erosion and, additionally conserving the
water in the soil and increasing the organic
carbon levels are some of the benefits that
make this a sustainable management system
of the soil (Lal, 2000).

Although, the soils

heterogeneity of its chemical and physical

presented

attributes even in areas considered uniform
as their field characteristics such as:
topography, vegetation and soil color
(Cambardella et al.,, 1994). To minimize the
effects of soil variability in cultures
productivity has been used geospatial analysis
tools so that, the agricultural production
systems be optimized, with the intention to
manage the spatial variability (Molin, 2000;
Guedes Filho et al., 2010).

In determining this variability, geostatistics
has been the most used tool, enabling the
interpretation of the results based on the
variability  structure obtained in the
semivariograms (Vieira, 2000; Vieira et al.,
2002). From the geostatistical analysis, it has
been possible to know the spatial variability of
chemical and physical attributes of the soil

under the soil management systems and of
the cultures production (Souza et al., 2008;
Zucoloto et al., 2011; Lima et al., 2014;
Castione et al., 2015).

Due to the high spatial and temporal
variability that the soil attributes may present
(Carvalho et al, 2003), the knowledge of the
spatial variability of the granulometric
fractions becomes important in relation to the
surface flow and water movement in soil
(Kitamura et al., 2007). While, the knowledge
of the spatial variability of soil chemical
properties is important because, it can
provide subsidies for rationalization of the
land use and of the inputs (Montezano et al.,
2006; Vieira et al., 2009).

The aim of this work was to analyze the
spatial variability of the granulometric
fractions and of the chemical attributes of a
sandy soil in experimental plots under no-
tillage system.

2. MATERIAL AND METHODS

The experiment was developed in an area
located in the Regional Pole of Agribusiness
Technology Development from Paulista
northwest located in Votuporanga/SP (20° 20
'S and 49° 58' W).

The area was cultivated under no-tillage
system and measures about 90 m wide by
100 m length. The sampling grid was 10 x 10
m, totaling 110 sampling points. The soil of
the area is classified as eutrophic Red Latosol
of sandy texture (EMBRAPA, 2013), with an
altitude of about 525 meters, the average
temperature of 24 °C and average annual
rainfall of 1,300 mm, irrigated by a central
pivot. The regional climate, according to the
Koppen classification, is Aw, defined as
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tropical humid with the rainy season in
summer and dry in winter.

For  the
granulometric

determinations  of  the
fractions and  chemical
attributes were collected samples of the
deformed soil in each of the sampling points
in the depths of 0-0.10 and 0.10-0.20 m. The
granulometric fractions were determined by
the pipette method (EMBRAPA, 1997). The
soil chemical attributes (water pH, KCI pH,
calcium, magnesium, potassium, sodium,
sulfur, hydrogen, aluminum and organic
carbon) were determined according to the
methodology described in Raij et al. (2001).

The data were analyzed using descriptive
statistics through the following parameters:
average, variance, the coefficient of variation,
skewness, and kurtosis, which allowed
verifying the existence of central tendency
and data dispersion.

To characterize the spatial variability of the
granulometric fractions and of the soil
chemical attributes, the data were analyzed
using geostatistical methods by calculating
the semivariograms (Vieira, 2000), from the
assumptions of the existence of intrinsic
stationarity hypothesis. The spatial
autocorrelation among neighbors sites was
calculated by the semivariance y(h) according

to the equation 1:

N(h)
y*(h)=2N1(h);[Z(xi)-2<xi+h>]2 "

wherein N(h) is the number of measured
pairs values Z(xi), Z(xi+h), separated by a
vector h.

The calculation of the equation 1
generates values of y(h) corresponding to
distances h and, according to Vieira (2000), it
is expected that measurements carried at
nearby locations look more like to each other

than those separated by large distances. This
way the y(h) increases with the distance to a
maximum value from which stabilizes at a
corresponding  level to the  spatial
dependence distance limit, which is the
range.

The adjustment of the experimental
models to the semivariogram were based on
the higher value of the coefficient of
determination and the lowest value of the
square root of the average error, and the
choice of the best fit was carried out using the
technigue known as "jack-knifing" according
to Vieira et al. (2002). From the adjustment of
a mathematical model to the data, the
semivariogram parameters were defined:
nugget effect (Co), which is the value of y
when h = 0; range of the spatial dependency
(a), which is the distance where y(h) remains
approximately constant, after increasing with
the increase of h; and level (Co+C1) which is
the value of y(h) from the range and that
approximates of the data variance, if it exists.

To express the spatial dependence of a
variable was used the degree of spatial
dependence (DD), which measures the
proportion of the nugget effect (Co) regarding
the level (Co + C1) and can be calculated by
the equation 2:

DD:( S )100 (2)

C,+C;

According to Cambardella et al. (1994), the
DD can be used to classify the spatial
dependence as strong (DD < 25 %), moderate
(26 % < DD < 75 %) and weak (DD > 75 %).

When proved the spatial autocorrelation
between the samples through the analysis of
the semivariograms, to reflect the spatial
distribution of the studied attributes was
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the
technique (Eqg. 3), which also allows the values

carried out kriging interpolation
estimation for unsampled locations without
trend and with minimum variance. With the
interpolated values were created isoline
This the

dependence neighbor

maps. technique uses spatial

between samples,
expressed in the semivariogram to estimate
values at any position within the area (Vieira,

2000).
Z(x,) = Y AZ()

The geostatistical analysis was carried out
with the set of GEOSTAT software (Vieira et
al., 2002). The construction of variability maps

(3)

was carried out using SURFER 11.0 software

(Golden Software, 2012).

3. RESULTS AND DISCUSSION

Table 1
statistics for

the data
studied variables.

shows descriptive

the The
coefficients of skewness and kurtosis give an
idea about the shape of the data frequency
distribution curve and according to the
adopted calculation procedure, the closer to
zero are their values, closer to a normal type
distribution.

Table 1. Descriptive statistics for the granulometric fractions and soil chemical attributes.

Variable Average  Variance  S.D. C.V. Minimum  Maximum Skewness Kurtosis
0-0,10 m
Sand (%) 84.04 2.46 1.57 1.87 78.00 87.00 -0.62 0.89
Silt (%) 7.20 4.27 2.07 28.71 1.00 13.00 0.29 1.94
Clay (%) 8.76 3.20 1.79 2042 4.00 13.00 0.23 0.75
Water pH 5.85 0.19 0.43 7.43 4.60 6.60 -0.45 -0.41
KCl pH 4.85 0.25 0.50 10.35 3.60 5.70 -0.49 -0.53
Ca (mmolc dm3) 2.70 1.18 1.09 40.23 1.20 6.00 0.88 0.25
Mg (mmolc dm3) 0.46 0.06 0.25 55.14 0.00 2.10 2.96 16.47
K (mmolc dm3) 0.15 0.00 0.06 40.44 0.05 0.42 1.67 4.74
Na(mmolc dm3) 0.03 0.00 0.02 5348 0.00 0.08 0.95 1.01
Al(mmolc dm3) 0.06 0.01 0.12 191.00 0.00 0.90 3.95 23.15
H(mmolc dm™) 1.21 0.26 0.51 42.22 0.30 2.90 0.93 0.93
C (%) 0.57 0.01 0.12 2041 0.30 0.90 0.53 0.13
0,10-0,20 m

Sand (%) 82.78 20.32 4.51 5.45 39.00 86.00 -8.63 84.03
Silt (%) 7.36 4.84 220 29091 2.00 19.00 1.21 6.73
Clay (%) 9.86 13.23 3.64  36.88 4.00 42.00 6.48 56.88
Water pH 6.02 0.16 0.40 6.67 4.90 6.90 -0.29 -0.09
KCl pH 5.00 0.23 0.48 9.60 3.80 6.10 -0.17 -0.33
Ca (mmolc dm3) 2.81 0.93 0.97 34.40 1.30 6.60 0.83 1.12
Mg (mmolc dm3) 0.54 0.22 046  86.17 0.10 5.00 8.29 80.05
K (mmolc dm3) 0.10 0.00 0.03 3190 0.03 0.20 0.33 -0.34
Na(mmolc dm3) 0.03 0.00 0.02  53.09 0.00 0.07 0.51 -0.62
Al(mmolc dm3) 0.04 0.01 0.09 232.70 0.00 0.50 3.24 11.33
H(mmolc dm™3) 1.07 0.21 0.46  43.00 0.40 2.70 1.26 2.16
C (%) 0.53 0.01 0.12  22.39 0.20 0.90 0.42 1.11

SD — standard deviation; CV — coefficient of variation; Ca- calcium; Mg — magnesium; K — potassium; Na — sodium; Al —aluminium; H — hidrogen; C —

organic carbon.
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The results of semivariographic analysis
can be observed in Table 2. All the variables
that presented spatial dependence, in both
depths, have adjusted to the spherical model.
The spherical model has been reported in the
literature as the most common adjustment to
the soil and plant data (Grego e Vieira, 2005;
Sigueira et al.,, 2008; Guedes Filho et al,,
2010; Vieira et al., 2010).

In the 0-0.10 m layer, Mg and K had Pure
Nugget Effect (PNE) and in the 0.10-0.20 m
layer was the K and Al. Probably, as this is a
very movable soil ion, associated to the fact
that the texture is sandy, has not been found
a spatial dependence structure for K chemical
attribute.

Table 2. Semivariogram adjustment parameters for the granulometric fractions and soil chemical attributes.

Variable Co C1 r(m) DD%
0-0,10 m
Sand (%) 1.0 1.65 23.0 38
Silt (%) 1.6 2.54 26.01 39
Clay (%) 1.4 1.90 21.0 42
Water pH 0.1 0.1 67.4 50
KCl pH 0.16 0.12 78.4 57
Ca (mmolc dm™3) 0.94 0.24 26.1 80
Mg (mmolc dm3) PNE
K (mmolc dm3) PNE
Na (mmolc dm3) 0.00014 0.00017 36.5 45
Al (mmolc dm3) 0.009 0.007 21.9 56
H (mmolc dm3) 0.07 0.21 27.4 25
C (%) 0.003 0.012 40.1 20
0,10-0,20 m
Sand (%) 12.1 15.3 23.0 44
Silt (%) 3.6 1.36 35.7 73
Clay (%) 4.6 12.4 23.0 27
Water pH 0.08 0.08 46.8 50
KCl pH 0.11 0.11 40.7 50
Ca (mmolc dm3) 0.65 0.35 64.4 65
Mg (mmolc dm3) 0.12 0.16 23.0 43
K (mmolc dm™3) PNE
Na (mmolc dm3) 0.00012 0.00014 45.7 46
Al (mmolc dm™3) PNE
H (mmolc dm3) 0.085 0.12 23.0 41
C (%) 0.003 0.014 23.0 86

Ca- calcium; Mg — magnesium; K — potassium; Na — sodium; Al — aluminum; H — hydrogen; C — organic carbon; Co- nugget effect; Ci- structured

variance; r- range; DD- Degree of spatial dependence; NE —pure nugget effect.

The nugget effect (Co) reflects the
variability not explained by the semivariogram
for distances smaller than the separation
distance between the samples (Vieira, 2000).
In general, all attributes showed low nugget
effect values, indicating a good spatial
continuity of  the data. However,

comparatively, Na, Al, H, and Corg in two

depths had greater spatial continuity than
other attributes, with exception to the Al ion,
which presented pure nugget effect in layer
0.10-0.20m.

Most of the variables presented a degree
of a moderate or strong spatial dependence,
except for Ca (0-0.10 m) and Corg (0.10-0.20
m) that presented weak spatial dependence.
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Curiously, the Corg attribute on the 0-0.10 m
presented a strong degree of spatial
dependence. Many studies have found a
structure of spatial dependence classified as
moderate or strong (Zando Junior et al., 2007,
Vieira et al.,, 2009). This result is mainly
important for being a sandy soil, where there
is a higher probability of losing nutrients by
leaching, associated with the high rainfall
index of the region, which could result in a
completely random distribution of the soil
chemical attributes.

The range of spatial dependence
expressed by the adjusted model is an
important parameter for the interpretation of
the semivariograms by indicating the
maximum distance to where the sample
points are correlated. The observed range
values were high, showing that the used
space in sampling was enough to express the
spatial variability of the soil granulometric
fractions and soil chemical attributes. The
range values ranged from 21 m for clay to
67.4 m for the pH in the water layer 0-0.10 m,
while the lower layer, the range varied from
23 m (sand, clay, Mg, Al, and Corg) to 64.4 m
(Ca). High range value for Ca was also
observed by Vieira et al. (2009) using a
sampling grid of 20 x 20 m. The lower range
values were found for clay (21.0 m) and Al
(21.9 m), both in the surface layer. Guedes
Filho et al. (2010) also found the lower range
values for Al using the same sampling grid of
the present study.

The boundary maps for the studied
variables are shown in Figures 1, 2, 3 and 4. It
is verified by the visual analysis of boundary
maps, the predominance of vivid spots and
well defined for the granulometric fractions
and soil chemical attributes. The maps of
granulometric  fractions silt  and clay

presented high similarity of boundary lines
between them in the layer 0-0.10 m, while for
the lower layer this similarity occurred
between the sand and clay fractions (Fig. 1
and 3). In the comparison between depths,
there was a wide variation of granulometric
fractions, except for the decrease in the clay
level in the 0.10-0.20 m layer. In 0-0.10 m
almost the entire area had sand levels higher
than 76 %, while in the layer 0.10-0.20 m
values greater than 81 %. This explains the
reduction in clay levels in this layer (Fig. 1 and
3).

The water pH, KCl pH , Al and H chemical
attributes , presented similarity of the spatial
distribution between them, showing that the
center-right of the area showed the highest
pH values and smaller Al and H in the 0-0
layer, 10 m (Fig. 2). There was some similarity
between the maps of clay and Corg in the 0-
0.10 m layer, coinciding the highest Corg
values with higher clay values. However, were
not observed similarities between the
granulometric fractions and the other soil
chemical attributes for the surface layer.
Probably for being a soil with a high sand level
(predominantly above 76%), there was a low
similarity to the chemical attributes, which
are more dependent on the soil clay fraction.

In the 0.10-0.20 m layer, there was
similarity of the distribution between the
water pH, KCl pH _, Na and H (Fig. 4). Once
again, the center-right part of the area
presented the highest pH values and lower Na
and H. Regarding the central part of the area
there was a spatial similarity between H and
Corg, where the smaller H values were
coincident with the largest Corg. However, in
this layer was not detected similarities
between the granulometric fractions and the

soil chemical attributes.
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Figure 1. Boundary maps of the granulometric fractions and soil pH in 0-0.10 m layer.

Journal of Geospatial Modelling, v.1, n.1, p. 67-78
ISSN 2526-1746

10.5

7.5

4.5



w

90 20+

80 80

704 O 704
3.25 0.047

60+ 504

0.04

50+ 504
275 0.033

404 104
25 0.026

304 304
20 2.25 204 0.019
104 2 104 0.012

0 0

T

0 1 20 30 4 5 6 70 8 9 100 0 10 20 3 4 5 6 70 8 9 100

Ca0-0.10 m Na 0-0.10 m

0.28 2
0.22 17
0.16 14
0.1 14
0.04 0.8
-0.02 05

~

9 100

0 1 20 30 40 5 6 70 80 0 10 20 30 4 5 6 70 8 9 100

Al10-0.10 m H0-0.10 m

0.75
0.68
0.61
0.54
0.47
04

T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Corg 0-0.10 m
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attributes presented stability in depth,
showing the distribution of similar boundary
lines in both depths analyzed. This shows the
spatial dependence relation also in depth for
these attributes. What makes this result
important in relation to the management in
specific zones, considering that the input
application at the surface will attend the
demands of both depths. Because it is a sandy
and chemically poor soil, these results will be
useful for the most rational management and
the varied rates of fertilization in this area.

4. CONCLUSION

The granulometric fractions and the soil
chemical attributes did not present spatial
relations between them. There was similarity
of the boundary lines for the attributes
related to the soil acidic reaction (pH, Al, and
H). The spatial stability in the found depth for
the granulometric fractions and soil chemical
attributes demonstrate the management
potential of the area in specific zones.
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