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Abstract 
 
Inceptisols are poorly developed soils with original material characteristics and high or low base saturation depending on the 
environment in which they developed. This study aimed to evaluate the spatial variability of chemical pedoindicators in an 
Inceptisol under different management systems. The study was carried out in three agricultural areas cultivated with cassava, 
sugarcane and an agroforestry system, with cultivation time of 15, 8 and 17 years, respectively. All the areas investigated were 
located in Southern Amazonas state, Brazil. In these areas, a square mesh was established measuring 70.00 x 70.00 m, with cross 
points spaced 10.00 m apart and a total of 64 sampling points in each grid. Soil samples were then collected at a depth between 
0.00 and 0.10 m to determine organic matter, pH, calcium, magnesium, potassium, available phosphorus, potential acidity, sum of 
bases, cation exchange capacity and base saturation, in addition to magnetic susceptibility in all the samples, using 10 cm

3
 of soil. 

Data were analyzed using multivariate, descriptive and geostatistics. It was found that magnetic susceptibility may be a 
pedoindicador for areas under cassava cultivation, potential acidity for the agroforestry environment, and pH for areas under 
sugarcane cultivation. The agroforestry area had higher data heterogeneity, since a nugget effect was encountered for all the 
properties analyzed. Based on the scaled semivariograms, the lower range values indicate greater spatial variability in the 
sugarcane and agroforestry systems, due to the specificities of the management system. 
 
Keywords: geostatistics, scaled semivariogram, principal component analysis. 
 
Introduction 
 
The absence or reduction of soil disturbance may lead to 
surface accumulation of nutrients (Merten and Mielniczuk 
1991), due to organic waste deposition on the surface, as 
well as the fertilizer application mode and low degree of 
fertilizer mixture (Pereira et al., 2009). However, native 
vegetation renewal for cropping systems can cause 
significant changes in soil chemical properties, in the first 
year of implementation (Lourente et al., 2011). 
In this context, the most common cropping systems in the 
Amazon region, such as cassava (Manihot esculenta), are 
generally small-scale; however, their cultivation plays an 
important role, both as a food source and job and income 
generator (Schons et al., 2009). On the other hand, 
sugarcane is socially and economically important in the 

ethanol and sugar chains, as well as in generating direct and 
indirect jobs (Marçal, 2009) in small molasses, brown sugar, 
brandy and forage feed companies. Moreover, agroforestry 
environments are a common form of land use in the region, 
in which perennial woody species (shrubs and trees) are 
planted with agricultural and/or livestock breeding, in order 
to provide environmental, socioeconomic and cultural 
sustainability (MacDicken and Vergara, 1990). 
A number of no-tillage systems have had a positive effect on 
soil organic matter content and quality, reflecting directly or 
indirectly on soil chemical characteristics (Frazão et al., 
2008). On the other hand, spatial distribution of these 
properties in natural and transformed areas is extremely 
important, because soil formation processes over time and 



 

1251 

 

current management systems emphasize these property 
variations (Cavalcante et al., 2007). Understanding them is 
critical to establishing management practices and evaluating 
the environmental effects (Cambardella et al., 1994). 
In order to adopt adequate management practices, magnetic 
susceptibility (MS) has been widely used in discriminating 
soil and plant properties (Marques JR et al., 2014). Siqueira 
et al. (2010a) found positive correlations between organic 
matter and clay content, cation exchange capacity, 
phosphorus adsorption capacity and hematite content, 
indicating its use in estimating these soil properties in a 
pedotransfer study. In sugarcane areas, Peluco et al. (2013) 
reported that SM exhibits a linear spatial correlation with 
the recommended doses of vinasse and the capacity of soil 
to withstand vinasse application. Peluco et al. (2015) 
mapped areas with different phosphorus adsorption 
potentials in soil under sugarcane cultivation and natural 
fertility conditions. These studies reveal the potential use of 
this technique in strategic management planning in 
agricultural production environments, indicating possible 
changes in soil chemical quality and demonstrating why the 
aforementioned authors consider MS an important 
pedoindicator. 
 In this respect, geostatistical techniques are used 
to study the spatial variability of soil and plant properties 
(Zanão Junior et al., 2007; Marins et al., 2008; Vieira et al., 
2011; Campos et al., 2012a, 2013; Bottega et al., 2013; 
Camargo et al., 2013). However, a previously planned 
sample collection is required and the exact spatial location 
of each sample point must be recorded (Montanari et al., 
2012). Thus, a number of studies applying geostatistical 
techniques have been conducted to determine the spatial 
variability of soil properties (Siqueira et al., 2010), using a 
scaled semivariogram (Aquino et al., 2014; Oliveira et al., 
2014) with Sanos software to help in sample planning 
(Montanari et al., 2012). Nevertheless, few studies on this 
issue have been performed in the Amazon region, despite 
being of paramount importance in mapping soil spatial 
variability and the use of alternative techniques to estimate 
soil properties, making it possible to exploit the local 
potential for crop production. 
Thus, we hypothesized that management systems, such as 
cassava, sugarcane and agroforestry, may cause changes in 
the spatial distribution and chemical quality of Inceptisols in 
the Amazon region. As such, the aim of this study was to use 
scaled semivariograms to evaluate the spatial variability of 
chemical pedoindicators of a Haplic Inceptisol under 
different management systems in Humaitá County, 
Amazonas state (AM), Brazil. 
 
Results and Discussion 
 
Influence of crop management on soil chemical quality 
 
The mean test values of chemical properties demonstrated 
differences between the environments under study (Table 
1).  H+Al, P, and CEC were higher for the agroforestry area, 
while pH in water was lower compared to cassava and 
sugarcane fields, which show poor soil fertility.  
For agroforestry, the low pH in water is likely due to intense 
leaching, since the region has intense rainfall and good 
drainage conditions (Campos et al., 2010-2012b). The H+Al 
ratio in clayey soils derives from OM decomposition and 

crop waste, showing the smallest OM contents in the 
agroforestry environment. OM decomposition releases 
organic compounds onto the soil surface, forming water-
soluble organic complexes of Ca and Mg with organic 
binders (Miyazawa et al., 1993), which facilitates cation 
percolation through the soil profile (Franchini et al., 1999), 
resulting in soil acidification. 
Higher pH, OM, Ca, Mg, BS and V% values were observed in 
the sugarcane field. The amount of liming and fertilizer 
application contributed to increasing base content. In 
addition, these values were influenced by plant residue 
management at harvest, as well as industrial organic waste 
applied to the crop, such as filter cake and vinasse, which 
increases OM levels in the soil (Ribeiro and Pesquero, 2010). 
However, in the cassava crop, only K showed higher content 
than in sugarcane, with values similar to those found in 
agroforestry. Moreover, MS was greater in the cassava field, 
followed by sugarcane, which might be related to the high 
clay content in both areas. 
Based on variations in chemical properties between 
management systems, we performed factor analysis (Table 
2). This procedure helped select properties with higher 
factor loading, as determined by the varimax method, 
whereby the properties that exhibit discriminatory power 
compatible with the management systems under study can 
be established. These attributes could be considered 
potential indicators of environmental changes. These studies 
are required for areas with high environmental sensitivity, 
such as those found in the deforestation arc of Southern 
Amazonas. 
The first two factors explained 79.3% of total variance, and 
OM, P and K did not have high factor loading. The pH, H+Al, 
Ca, Mg, BS, CEC and SB were the most relevant properties 
for Factor 1, explaining 66.42% of total variance, while MS is 
related to Factor 2, which explained 12.88% of the variance. 
Principal component analysis (PCA) was performed using 
high discriminatory power variables (Figure 1). The PCA 
explained 96.07% of the total variance in the first two 
components (PC1 and PC2) of the selected data. 
Furthermore, it was possible to evaluate interactions 
between properties and the management system. MS is 
directly related to cassava management, and CEC and H+Al 
with the agroforestry area. BS, V%, Ca, Mg and pH are 
related to the sugarcane area, which accounted for 
continuous lime and fertilizer applications, contributing to 
higher base contents. This indicates that these properties 
may be the most sensitive to change and, therefore, better 
able to reflect local balance alterations than other 
properties. sAs such, they can be considered indicators of 
environmental changes. 
SM was indicated for cassava management because this area 
has higher clay content, when compared to other locations 
(Figure 1). According to Siqueira et al. (2010), there is a 
positive relationship between clay content and MS, given 
that it is an intrinsic soil characteristic and reflects soil 
mineralogy. With respect to sugarcane, BS, V%, Ca, Mg and 
pH occur due to the continuous application of limestone and 
fertilizers that contribute to an increase in base content. In 
cassava, CEC and H + Al are linked to organic matter and 
plant waste decomposition, which forms water-soluble 
organic complexes of Ca and Mg with organic binders 
(Miyazawa et al., 1993), facilitating cation leaching along the 
soil profile. 
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Table 1. Mean test values of chemical properties at a depth of 0.00-0.10 m in the management systems studied in Humaitá County 
– AM, Brazil.  

Parameters Chemical properties  

 pH H+Al OM P K Ca Mg SB CEC  V MS 

 H2O cmolcdm
-3

 g dm
-3

 mg dm
-3

 ------------------cmolcdm
-3

------------------ % 10
-8

 m
3
 kg

-1
 

Cassava  
Mean 3.9b 15.77b 27.69b 6.03b 0.14a 0.23b 0.13b 0.51b 16.2b 3.26b 56.53a 

Agroforestry  
Mean 3.8 c 18.95a 20.58c 8.19a 0.11a 0.23b 0.13b 0.48b 19.43a 2.52b 20.73b 

Sugarcane  
Mean 4.4a 8.96c 30.48a 6.36b 0.05b 0.14a 0.81a 2.31a 11.27c 21.06a 5.78c 

* Means followed by the same uppercase letter in the column do not differ statistically according to Tukey’s test at 5% probability; H+Al = potential acidity; OM = organic 

matter; P = phosphorus; K = potassium; Ca = calcium; Mg = magnesium; SB = sum of bases; CEC = cation exchange capacity; V = base saturation 
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Fig 1. Principal component analysis (PCA) of chemical properties and magnetic susceptibility (SM) of the soil, with high 
discriminatory power of the areas under cultivation S = cane; C = cassava; A = agroforestry.  H+Al = potential acidity; Ca = calcium; 
Mg = magnesium; SB = sum of bases; CEC = cation exchange capacity; V = base saturation. 
 
 
 
Table 2. Factors extracted by principal component analysis, emphasizing the chemical properties of factor loading above 0.7 
(module) for the management systems in Humaitá – AM, Brazil. 

Variables Factor 1 Factor 2 

pH H2O 0.983813 0.035209 
Potential acidity -0.956561 0.103229 
Organic matter 0.574255 -0.163449 
Phosphorus -0.363696 0.678398 
Potassium -0.374322 -0.462004 
Calcium 0.959594 0.233058 
Magnesium 0.935195 0.224003 
Sum of bases 0.955261 0.201596 
Cation exchange capacity -0.915057 0.175811 
Base saturation 0.969095 0.168662 
Magnetic susceptibility -0.483930 -0.776340 

Eigenvalues 7.306691 1.416438 
% Total variance 66.42447 12.87671 
Cumulative eigenvalue 7.306691 8.723129 
% Cumulative 66.42447 79.30118 
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Fig 2. Scaled semivariograms adjusted to the soil chemical properties with highdiscriminatory power for the management systems 
evaluated in Humaitá - AM, Brazil. Sph. = spherical; [model (nugget effect - variance – DSD - R

2
 – range)]. DSD= degree of spatial 

dependence; R
2
 = coefficient of determination. 

 
 
 
 
Table 3. Descriptive statistics of soil chemical properties with high discriminatory power for the management systems studied in 
Humaitá County – AM, Brazil. 

Parameters Chemical properties  

 pH H+Al Ca Mg SB CEC V MS 

Cassava 

Mean 3.91 157.69 2.38 1.39 5.16 162.85 3.26 56.53 
Median 3.90 150.00 2.00 1.00 4.40 156.40 2.79 53.50 
SD 0.06 16.10 0.52 1.06 2.00 15.08 1.58 10.68 
Variance 0.00 259.23 0.27 1.13 3.99 227.49 2.49 114.09 
CV 1.53 10.21 21.87 76.47 38.69 9.26 48.19 19.00 
skewness 0.77 0.02 0.88 6.02 3.31 0.21 3.62 1.62 
d 0.39* 0.25* 0.41* 0.36* 0.23* 0.20* 0.21* 0.14* 

Agroforestry 

Mean 3.78 189.52 2.39 1.36 4.86 194.37 2.52 20.73 
Median 3.80 185.00 2.00 1.00 4.15 191.40 2.20 20.00 
SD 0.06 17.54 0.55 0.48 1.15 17.45 0.66 6.23 
Variance 0.00 307.78 0.31 0.23 1.33 304.44 0.44 38.77 
CV 1.53 9.26 23.11 35.58 23.73 8.98 26.24 30.00 
skewness -0.48 -0.51 1.03 0.60 0.67 -0.51 0.75 1.06 
d 0.06

ns
 0.05

ns
 0.09

ns
 0.10

ns
 0.28* 0.24* 0.18* 0.12* 

Sugarcane 

Mean 4.43 89.64 14.58 8.06 23.13 112.77 21.06 5.78 
Median 4.50 80.00 15.00 8.00 23.30 107.50 21.6 5.00 
SD 0.15 21.09 4.17 2.84 6.92 18.35 6.83 3.80 
Variance 0.02 444.68 17.42 8.06 47.85 336.85 46.70 14.43 
CV 3.39 23.52 28.63 35.21 29.90 16.27 32.44 66.00 
skewness -0.85 2.96 0.07 0.75 0.33 3.30 -0.12 3.23 
d 0.05 

ns
 0.15* 0.03

 ns
 0.07

 ns
 0.06

 ns
 0.19* 0.05* 0.25* 

SD = standard deviation; CV = coefficient of variation; d = normality test, *significant according to the Kolmogorov-Smirnov test. H+Al = potential acidity; Ca = calcium; Mg = magnesium; SB = sum of 
bases; CEC = cation exchange capacity; V% = base saturation; MS= magnetic susceptibility; *= significant; ns= non-significant. 

 
 
 
 
 



 

1254 

 

Soil with cassava

0        250      500                1000  km

Amazonas State

Soil with sugarcane

Soil with agroforestry

Southern Amazonas

A
lt

it
u

d
e 

(m
)

70

72

0           75          150                       300  km  0           75          150                       300  km  

 
Fig 3. Location map and digital elevation model of areas cultivated with cassava, sugarcane and agroforestry, located in Humaitá 
country - AM, Brazil. OBS: Mudar para ‘Direction of x-axis’ e ‘Direction of y-axis’. 

 
 
Table 4. Models and parameters estimated by semivariograms of soil chemical properties with high-discriminatory power for the 
management systems studied in Humaitá - AM, Brazil.  

Statistics pH H+Al Ca Mg SB CEC V MS 

 Cassava  

Model Sph. Sph. Sph. Sph. Sph. Sph. Exp. Exp. 
Nugget effect (C0) 0.01 83.20 0.10 0.07 0.41 2.98e

-003
 0.10 13.20 

Range (a) 28.82 41.20 54.35 49.05 31.50 44.20 41.40 28.50 
DSD 48.40 61.80 56.50 60.50 57.90 58.00 83.70 0.94 
R

2
 0.89 0.99 0.72 0.99 0.93 0.99 0.93 0.93 

 Agroforestry  

Model PNE Exp. PNE PNE PNE Sph. PNE Sph. 
Nugget effect (C0) - 3.9E

-004
 - - - 93.70 - 15.59 

Range (a) - 45.60 - - - 52.50 - 57.60 
DSD - 94.00 - - - 67.00 - 0.55 
R

2
 - 0.77 - - - 0.96 - 0.95 

 Sugarcane  

Model Exp. Sph. Sph. Sph. Sph. Sph. Sph. Sph. 
Nugget effect (C0) 1.18

-004
 14.14 0.03 0.001 0.13 9.31 0.001 0.56 

Range (a) 37.60 66.58 65.94 54.00 44.75 68.17 19.80 20.30 
DSD 0.82 0.94 0.90 1.00 0.88 0.95 0.69 0.96 
R

2
 0.60 0.96 0.49 0.90 0.34 0.97 0.94 0.83 

DSD= degree of spatial dependence; R2 = coefficient of determination; Exp. = exponential; Sph. = spherical; PNE = pure nugget effect; H+Al = potential acidity; Ca = calcium; Mg = magnesium; SB = 
sum of bases; CEC = cation exchange capacity; V = base saturation; MS= magnetic susceptibility. 

 
 
Spatial variability of soil properties 
 
To understand the interaction between pedoindicators and 
management systems, the latter were evaluated spatially. 
Most of the properties obtained values close to the mean 
and median (Table 3), indicating normal distribution, which 
is considered acceptable in geostatistical studies (Gonçalves 
and Folegatti, 2002). However, some properties exhibited 
values away from zero, indicating asymmetric distribution, 
which can be confirmed by higher asymmetry values, 
demonstrating the influence of extreme values. The results 
of the Kolmogorov-Smirnov test showed normality for some 
of the properties at the study sites (Table 3). However, most 
of the variables did not show data  normality in the different 

environments. The CV values indicated low variability (CV 
<12%) for pH in all crops, H+Al and CEC in agroforestry and 
cassava (Table 1). Mean CV values (12% <CV> 24%) for BS 
and Ca in agroforestry, H+Al, CEC in sugarcane and MS and 
Ca in cassava showed moderate variability. The other 
variables exhibited high values (CV> 24%). Sugarcane and 
agroforestry had more variables with a high CV, 
demonstrating high property variability in these areas. 
Montanari et al. (2012), Souza et al. (2004) and Wortmann 
et al. (2009) found low, moderate and high CV for a number 
of chemical properties, showing the influence of fertilization 
management in cropping systems. The coefficient of 
variation makes it possible to compare the sample variability 
of variables with different units, but does not analyze the 
spatial variability of soil properties or their spatial patterns 
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(Camargo et al., 2008). To that end, data with high 
discriminatory power underwent geostatistical analysis, 
showing spatial dependence, which is expressed by adjusted 
semivariograms (Table 4).  
The spherical model was predominant for the study areas. 
However, the exponential model was adjusted in cassava for 
V% and MS; in agroforestry for H+Al, and in sugarcane for 
pH. This same trend was detected for scaled semivariograms 
(Figure 2). Models fit to the variables describe property 
behavior, since, as stated by Isaaks and Srivastava (1989), 
exponential models are best fitted to small-scale erratic 
phenomena, while their spherical counterparts describe 
properties with high spatial continuity, or less erratic on a 
small-scale, i.e., value transition is less abrupt. According to 
Carvalho et al. (2002), the spherical model is prevalent in soil 
sciences. On the other hand, McBratney and Webster 
(1983), Bertolani and Vieira (2001) and Siqueira et al. (2010) 
highlight spherical and exponential models as the most 
widely used in soil and environmental sciences. 
Some properties showed no spatial dependence, 
characterized by the pure nugget effect (PNE), mainly for the 
agroforestry area (Table 4 and Figure 2). When the variable 
is spatially independent, C0 (nugget effect) is equal to C1+C0 
(sill). The PNE may occur due to measurement errors, 
sampling errors, or non-detected micro variations, 
considering the sampling space greater than needed to 
detect spatial dependence (Cambardella et al., 1994; Zanão 
Júnior et al., 2010). 
The degree of spatial dependence (DSD) for individual 
semivariograms, expressed by the ratio between the nugget 
effect (C0) and sill (C0 + C) (Cambardella et al., 1994), was 
classified as moderate for almost all the properties in all the 
environments (Table 4 and Figure 2). For scaled 
semivariograms, the variables also showed moderate DSD, 
possibly due to soil homogeneity. 
The range of semivariograms for individual and scaled 
properties showed that the sugarcane area has lower spatial 
dependence and greater variability, with range values of 23 
m. In this respect, range is an important measure in planning 
and experimental evaluation, since it may help establish 
sampling procedures (McBratney and Webster 1983; Souza 
et al., 2009).  
The characteristics of the agroforestry area, an environment 
in the recovery process, differ from those of sugarcane and 
cassava cropping areas, because recovery time was not 
enough to obtain a new equilibrium (Oliveira et al., 2015). 
Thus, these results may be the basis for further research 
aimed at soil mapping, since these environments are 
representative of the region and few studies are being 
carried out in these areas.  
 
Materials and methods 
 
Study area description 
 
The study was conducted on three farms located in Humaitá 
County, Southern Amazonas state. The cassava crop area is 
situated at geographical coordinates 7º 49' 42" S latitude 
and 6º 15' 05" W longitude, at an average altitude of 71 m. 
The sugarcane crop lies at 7º 54' 38" S and 63º 14' 27" W, at 
an average altitude of 70 m. The agroforestry area is located 
at 7º 28' 29" S and 63º 02' 07" W, with an average altitude of 
63 m (Figure 3). According to the Köppen classification 

system, climate is classified as tropical rainy, with a short dry 
season (Am), temperatures ranging between 25 and 27 ºC, 
average annual rainfall of 2,500 mm, a rainy season between 
October and June, and relative air humidity between 85 and 
90%. Soil source material comes from ancient alluvial 
sediments, which belong to the Holocene period (Brazil, 
1978) and the soil was classified as Plinthic Alithic Haplic 
Cambisol (Inceptisol), with moderate, medium texture 
(CXalf) (EMBRAPA, 2013). Physical characterization of 
management systems can be found in Oliveira et al. (2013). 
 Forest areas have two clearly distinct 
typologies: dense rainforest that evolved from a 
combination of climatic factors extremely favorable to the 
development of biological activities, such as abundance of 
light, water and temperature. On the other hand, open 
rainforest is characterized by the presence of widely spaced 
trees, allowing light to penetrate to the lower strata 
(Campos, 2009).  
In these areas, a regular square mesh measuring 70.00 x 
70.00 m or approximately 0.49 ha, was established, where 
soil was sampled at cross points spaced 10.00-m apart, at a 
total of 64 points in each grid (Figure 1). These points were 
georeferenced by a Garmin Etrex GPS device (South 
American Datum - SAD 1969).  
 
Characterization of study areas 
 
Three areas under different cropping systems were selected 
in this region of the Amazon:  
a) Cassava: Area under 15 years of continuous cassava 
cultivation; received liming and fertilization; and harrowed 
in the second year of cultivation. The crop was in the fourth 
month of cultivation. In the last year before planting, 
harrowing was carried out to a depth between 0.00 and 0.40 
m.  
b) Sugarcane: Area cultivated under sugarcane for over eight 
years, using manual harvesting after burning. In the last 
year, plants were cut and burned for crop renewal, and soil 
was harrowed, limed and fertilized once, according to crop 
needs.  
c) Agroforestry: Area under an agroforestry system for 17 
years using Amazonian fruit species (cupuaçu, cacao, açaí, 
bacaba, mango etc.). Liming and fertilization had never been 
performed; it was managed with hand tools (hoes and 
scythes).  
 
Chemical analysis 
 
Soil samples were collected between May and June 2011. 
Deformed soil samples were collected at a depth of 0.00-
0.10 m for chemical analysis. Analysis found amounts of 
exchangeable calcium (Ca), magnesium (Mg), potassium (K), 
available phosphorus (P) and potential acidity (H+Al), using a 
method developed by Raij et al. (2001). Based on the results, 
we calculated the sum of bases (SB), cation exchange 
capacity (CEC) and base saturation (V %). The pH was 
measured with a potentiometer at a 1:2.5 soil/water ratio 
(EMBRAPA, 2011). Total carbon was determined by the 
Walkley-Black method modified by Yoemans and Bremner 
(1988) and organic matter (OM) was estimated by organic 
carbon. 
 
 

http://www.linguee.com.br/ingles-portugues/traducao/scythe.html
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Magnetic susceptibility 
 
Magnetic susceptibility (MS) was determined using fine air-
dried soil samples (FADS) using a Bartington MS2 
susceptibility meter coupled to a Bartington MS2B sensor.  
Evaluation was carried out at a low frequency (0.47 kHz) 
(Dearing, 1994). A single reading is indicated for the more 
accurate results (Bartington, 2013); this methodology was 
adopted in the present study.  
 
Statistical analysis 
 
Data were submitted to variance analysis (ANOVA), and 
means compared by Tukey’s test at 5% probability, using 
Minitab statistical software (Minitab, 2000). However, 
considering the multivariate structure of the data, 
multivariate statistical techniques were applied to establish 
chemical properties with discriminatory power and can be 
considered as potential indicators of environmental changes, 
and to check similarities between management systems in 
order to group them according to their chemical properties.  
Factors were analyzed to relate a set of variables to be 
explained to a limited number of new variables. We chose to 
use the principal component extraction (Jeffers, 1978), 
calculated from the correlation matrix between variables. To 
facilitate interpretation, we used the orthogonal varimax 
rotation method (Hoffmann, 1992). 
Factor analysis was complemented by principal component 
analysis (PCA) to obtain a smaller set of linear combinations 
of the selected variables to analyze factors that have 
maintained most of the information provided by the original 
variables (Silva et al., 2010). This analysis makes it possible 
to assess how properties interact qualitatively at the same 
time. Original values were normalized to a mean of zero and 
variance of one to determine the variables used in PCA. 
Components were selected according to their eigenvalues, 
which had to be above 1.00 and able to synthesize a 
cumulative variance above 70% (Hair et al., 2005). These 
data were used to establish the chemical properties 
considered potential pedoindicators for environmental 
changes. 
Based on the interaction between the chemistry and the 
management systems under study, these data underwent 
exploratory analysis, calculating mean, median, standard 
deviation, variance, coefficient of variation (CV), skewness 
and Kolmogorov-Smirnov test for normality. The coefficient 
of variation (CV%) was calculated based on Warrick and 
Nielsen (1980), who classified CV as low (<12%), medium 
(from 12 to 24%) and high (> 24%). 
 
Geostatistical Analysis 
 
Spatial dependence was determined by modeling 
semivariograms using geostatistical analysis (Isaaks and 
Srivastava 1989). Under the theory of intrinsic hypothesis, 
Equation 1 estimated the experimental semivariogram: 
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where γ(h) is the semivariance value for a distance h; N(h) 
the number of pairs involved in semivariance calculation; 

Z(xi) the Z attribute value at point xi; Z(xi+h) - Z attribute 
value separated by distance h from point xi. 
A scaled semivariogram was built based on experimental 
semivariogram parameters of soil attributes. The 
experimental semivariogram was scaled dividing 
semivariances by statistical variance (Isaaks and Srivastava 
1989). In the present study, semivariograms were scaled to 
reduce them into a same scale, facilitating comparison 
between the results of different variables. Furthermore, 
several semivariograms were analyzed simultaneously to 
better understand similarity standards and the causes of 
spatial variability (Ceddia et al., 2009). 
The spherical (Equation 2) and exponential (Equation 3) 
models were fit to the experimental scaled semivariograms, 
identified in the figures as Sph. / Exp. (C0 - C1 -[(C0/(C0+C1)] - 
R
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(3) 
Where C0 = nugget effect; C0 + C1 = sill; h = distance between 
two observations; a = range of spatial dependence. The 
nugget effect represents unexplained variability, considering 
the sampling distance used (Vieira, 2000). 
We used the classification developed by Cambardella et al. 
(1994) to analyze the degree of spatial dependence  (DSD) of 
the study variables, in which [(C0/(C0+C1)*100] values lower 
than 25% are considered strong, between 25 and 75% 
moderate, and greater than 75% weak. 
 
Conclusion 
 
Magnetic susceptibility can be a pedoindicator for cassava 
crop areas, while potential acidity and pH serve this function 
in agroforestry environments and sugarcane fields, 
respectively. The agroforestry environment displayed 
greater data heterogeneity, with a pure nugget effect for 
almost all the properties assessed. Based on the scaled 
semivariogram, sugarcane and agroforestry areas had higher 
data variability and lower range values. 
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