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Abstract — The objective of this work was to assess soil quality indicators obtained with different datasets to
compare soil management systems in the Brazilian Cerrado. Three criteria were used to select soil physical,
chemical, and biological indicators: the full set of indicators obtained, with 36 parameters, for which all the
physical, chemical, and biological soil properties were determined; a subset of indicators selected by principal
component analysis (20 parameters); and a subset of indicators with some frequency of use in the literature (16
parameters). These indicators were obtained from the following management systems: no-tillage, conventional
tillage, and native cerrado vegetation. Soil samples were collected at 0.0-0.1-m soil depth, and soil quality
indicators were subjected to analysis of variance and their means were compared. The incorporation of soil
native cerrado into agriculture decreased soil quality. The most commonly used indicators in the scientific
literature are sensitive enough to detect differences in soil quality according to land use. Therefore, the selection
of a minimum set of representative data can be more useful than a complex set of properties to compare
management systems as to their soil quality.

Index terms: no-tillage, principal component analysis, soil functioning, soil health, soil management, soil
security.

Selec¢ao de indicadores da qualidade do solo para
diferentes sistemas de manejo do solo no Cerrado

Resumo — O objetivo deste trabalho foi avaliar indicadores da qualidade do solo, obtidos de diferentes
bases de dados, para comparar sistemas de manejo do solo no Cerrado. Trés critérios foram utilizados para
a selegdo de indicadores fisicos, quimicos e bioldgicos do solo: o conjunto completo de indicadores obtido,
com 36 parametros, entre os quais todas as propriedades fisicas, quimicas ¢ biologicas foram determinadas;
um subconjunto de indicadores selecionados por andlise de componentes principais (20 pardmetros); e um
subconjunto de indicadores com alguma frequéncia de uso na literatura (16 parametros). Esses indicadores
foram obtidos a partir dos seguintes sistemas de manejo: plantio direto, preparo convencional e cerrado nativo.
As amostras de solo foram coletadas a 0,0-0,1 m de profundidade, ¢ os indicadores de qualidade do solo foram
submetidos a analise de variancia e suas médias foram comparadas. A incorporagdo do solo de cerrado nativo a
agricultura diminuiu a qualidade do solo. Os indicadores mais comumente utilizados na literatura cientifica séo
suficientemente sensiveis para detectar diferengas de qualidade do solo de acordo com o uso da terra. Portanto,
a selegdo de um conjunto minimo de dados representativos pode ser mais ttil do que um conjunto complexo de
atributos, para comparar sistemas de manejo quanto a qualidade do solo.

Termos para indexagdo: plantio direto, analise de componentes principais, funcionamento do solo, satide do
solo, manejo do solo, seguranga do solo.

Introduction to its interactions with the ecosystem, and to the type of

land use or management. This implies some degree of

Soil chemical, physical, and biological attributes  subjectivity as to individual perceptions of what can be
(Karlen et al., 2001) have been used historically as  deemed “good quality” (Velasquez et al., 2007; Blanco
proxies to soil quality (Andrews et al., 2002), whichis & Lal, 2008). More recently, the discussion has been
a concept related to intrinsic characteristics of the soil,  centered on the concept of ‘soil health’, largely defined
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for soil biological properties (Doran & Safley, 1997;
Doran & Zeiss, 2000). Both concepts are focused on
assessing soil functions in the landscape, but there is
no explicit reference state to be used in a soil quality or
health framework.

Despite the large number of papers on soil quality
in the literature, the concepts and tools in the research
field are still being developed. McBratney et al.
(2014) introduced the more complex concept of ‘soil
security’, which deals with the conservation and
improvement of the soil resources to produce food,
fiber, freshwater, energy, and to help maintaining the
climate sustainability and biodiversity. Nowadays,
the research focus is on selecting, weighting, and
interpreting a consensual set of indicators to assess soil
quality (Lopes et al., 2013).

Soil quality indicators are normally chosen according
to the research focus. The dataset of indicators may
be constructed according to expert opinion (Andrews
et al., 2002; Sanchez-Navarro et al., 2015), based on
how often the parameters appear in scientific papers
(Rousseau et al., 2012), or it may be guided solely on
statistical criteria. Certainly, it can also consist of the
combination of both strategies (Lima et al., 2013).

Although most authors assess soil quality using
independent indicators, it is preferable to combine some
of them into models, in order to create a soil quality
index (SQI) that can provide integrated information
about soil processes and functioning (Van Leeuwen et
al., 2015). One of the approaches is related to the use
of complex indices generated with a current knowledge
of soil properties, obtained from a combination of
several variables based on threshold values (Blanco
& Lal, 2008). The SQI allows the determination of
management (Fernandes et al., 2011) and plant species
(Zhang et al., 2015) impacts on soil functions.

Many soil scientists have proposed more detailed
procedures to evaluate soil quality by combining and
integrating specific soil properties into soil quality
indices (Doran & Parkin, 1994; Karlen & Stott, 1994).
These procedures allow to weight various functions,
depending on the research focus and on socioeconomic
concerns. Proposed soil quality models are similar to
SQI procedures as for the concepts and approachs,
except that they include soil properties related
to soil functions (regulation of hydrologic cycle,
bioremediation of waste, carbon sequestration), in
addition to the ones related to agricultural productivity.
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Karlen & Stott (1994) suggested a simple additive
model that is widely used in the literature (Fernandes
et al., 2011; Lima et al., 2013; Askari & Holden, 2015;
Nakajima et al., 2015).

Due to the variety of soil properties that can act
as quality indicators, researchers should identify and
select the most suitable ones according to the research
goals (Nortcliff, 2002). However, comparing soil
quality indicators is not an easy task, since there is
neither a consensus as to the appropriate indicators to
compose the SQI (Rousseau et al., 2012), nor as to the
way that they should be selected to minimize personal
subjectivity.

The objective of this work was to select soil quality
indicators to be used in an additive model, in order
to compare native and cultivated areas of Brazilian
Cerrado.

Materials and Methods

The study was carried out in areas located in the
Cerrado biome, in the state of Piaui, Brazil. Samples
were collected from four distinct farms, in the following
counties: Bom Jesus (09°10'35"S, 44°50'36"W, at 600
m altitude), Sebastido Leal (07°39'14"S, 44°02'37"W,
at 450 m altitude), Urugui (08°14'07"S, 44°38'09"W,
at 550 m altitude), and Baixa Grande do Ribeira
(07°48'10" S, 45°00'60" W, at 600 m altitude).

The region’s climate is tropical savanna, Aw,
according to Koppen-Geiger’s classification, and the
predominant soil type of the sampled areas is Latossolo
Amarelo (Oxisol) according to Santos et al. (2013).
The predominant mineralogy consists of kaolinite, and
Fe and Al oxides (Pragana, 2011).

Soil samples were collected from each selected area
in March 2012, in two different management systems:
no-tillage (NT) and conventional tillage (CT); and, in
each farm, an adjacent plot of native cerrado (NC) was
used as reference. Each farm consisted of a replicate
for each soil management system with historic land use
(Table 1). Samples were collected at the 0.0-0.1-m soil
depth.

The analyzed physical properties were: BD, bulk
density; TP, total porosity; Mac, macroporosity; Mic,
microporosity; Ksl, saturated hydraulic conductivity;
0s, moisture saturation; Es, effective saturation; PR,
penetration resistance; AGI1, aggregates larger than
2 mm; AG2, aggregates between 2 and 1 mm; AGS3,
aggregates between 2 and 0.5 mm; AG4, aggregates
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between 0.5 and 0.25; AGS, aggregates smaller than
0.25; GMD, geometric mean diameter; and ASI,
aggregate stability index. The chemical properties
were: SOM, soil organic matter; pH; Ca’+Mg*,
exchangeable calcium plus magnesium; available
P; total N; SB, sum of bases; CEC, cation exchange
capacity; exchangeable acidity (AI*"); H+Al, potential
acidity; m, aluminum saturation; and V%, base
saturation. The biological properties were: MBC, C
in the microbial biomass; BR, basal respiration; gMic,
microbial quotient; qCO,, metabolic quotient; TOC,
total organic C; TON, total organic N; C Stk, carbon
stock; N Stk, N stock (N Stk); and C/N ratio.

BD was calculated by the volumetric ring method,
according to Donagema et al. (2011); PR was obtained
using a penetrometer with a 4 kg piston (standard)
impact, based on the transformation of rod penetration
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of the device into the ground (cm per impact); TP was
determined according to Santos et al. (2011); Mac was
calculated as the difference between total porosity of
soil saturation and volume in equilibrium with the
matric potential of -60 hPa (Santos et al., 2011.); Mic
was obtained by the difference between Mac and TP;
effective Mic was calculated according to Marchao et
al. (2007); Ksl was obtained according to Donagema et
al. (2011) and by the application of Darcy’s equation;
0s was equal to the moisture of saturated soil; and Es
was determined by the equation: Es = 0; - 0,5 105 75.

The aggregates were separated by the wet method,
according to Donagema et al. (2011), and aggregate
classes were separated using mesh sieves. This method
was also used to determine GMD and ASI. Particle
size analysis was obtained with the pipette method
(Donagema et al., 2011).

Table 1. Description of land use in the studied areas in the Brazilian Cerrado.

Description

Two years of millet (2010/2011) and soybean (2011/2012) cultivation. Disk harrow with dolomitic lime applied in two
seasons. Fertilized with NPK in the first year, and with NPK and FTE in the second year.

Cultivated for fourteen years, starting in 1997, managed with disk harrow, general harrow, and dolomitic lime application.
No-tillage started in 1998/1999. Cultivation of soybean from 1998 to 2000, millet in 2000/2001, and soybean again from
2001 to 2007/2008, followed by cotton in 2008/2009, maize in 2009/2010, and soybean until 2011/2012. Dolomitic
lime applied during the crop seasons 1998/1999, 2002/2003 (with gypsum), 2006/2007, 2008/2009 (with gypsum), and
2011/2012. Fertilized with: NPK and FTE, in the agricultural years 1998/1999, 1999/2000, 2001/2002; NPK and Zn, in
2000/2001; NPK, FTE, and KCl, in the crop seasons from 2002/2003 to 2007/2008, and in 2010/2011; SS, MAP, and

Three years growing rice, soybean/millet, and soybean, each crop per year. Application of dolomitic lime in the crop
seasons 2009/2010 and 2011/2012; and rock phosphate in 2010/2011. Use of disc harrow in 2009/2010, and subsoiler in

Thirteen years of cultivation, starting in 1999; soil managed with disc harrow, and application of dolomitic lime and NPK.
Growing rice in the crop seasons 2000/2001 and 2001/2002; soybean, from 2002/2003 to 2006/2007, and in 2009/2010;
soybean/millet in 2007/2008 and 2008/2009; maize in 2010/2011; and soybean/beans in 2011/2012. Application
of dolomitic lime, in the agricultural years 2001/2002, 2003/2004, and 2008/2009. Fertilized with NPK and KCI in
2001/2002, 2006-2007/2008; SS and KCl in 2004/2005, 2008-2009/2010, and in 2011/2012; and NPK, KCl, and urea in

Two years growing beans, starting in 2009. Application of dolomitic lime in 2010/2011, SS, and KCl in both crop seasons.

Cultivation started in 2002; soil managed from 2002 to 2005/2006 using conventional tillage. No-tillage started in
2007/2008. Millet was cultivated from 2006/2007 to 2008/2009, followed by annual soybean/millet succession.

Sixteen years of cultivation, from 1990 onward, growing rice; soil preparation with disc harrow and leveler up to
1994/1995 (year of lime application). Area fallow until 1999; from 2000/2001 to 2009/2010 soybean cultivation followed
by soybean/millet. Disc harrow and leveler used in all years, lime and gypsum applications in 2001/2002; and NPK
fertilizer applied from 2000/2001 until 2009/2010, followed by MAP and KCl in the last two years.

Cultivation started in 1990; the area was managed for four years under conventional tillage and left fallow between

Municipality Soil control
system
CT
Sebastido Leal
NT
KCl in 2008/2009.
CT
2010/2011.
Urugui
NT
2010/2011.
CT . . .
Use of disc harrow in 2010/2011, and harrow and leveler in 2011/2012.
Bom Jesus
NT
Application of SS and KCl in all growing seasons.
CT
Baixa Grande
do Ribeira
NT

1995-2006. From 2006/2007 onward, cultivation of soybean/millet in all years under NT. Application of dolomitic lime
in 2006/2007, NPK in 2010/2011, and MAP and KCl in 2011/2012

CT, conventional tillage; NT, no-tillage; FTE, fritted traced elements; Gafsa, natural phosphate of Gafsa; KCI, potassium chloride; MAP, monoammonium
phosphate; NPK, formulation with nitrogen, phosphorus and potassium; AS, ammonium sulfate; SS, single superphosphate.
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Chemical analyses were performed according to
Donagema et al. (2011). As to the biological properties,
MBC was determined by the irradiation-extraction
method, adapted from Islam & Weil (1998); BR was
determined according to Alef & Nannipieri (1995);
qCO, was calculated using the ratio between BR and
MBC; gMic was determined bythe ratio between
MBC and TOC; TON was determined by the Kjeldahl
method; C/N, C Stk, and N Stk were obtained by the
equivalent layer method, considering TOC, TON, and
BD levels according to Bayer et al. (2000).

The complete set of indicators consisted of a large
number of physical, chemical, and biological soil
properties representing indicators used in studies
carried out worldwide. In this set, 36 parameters were
used, among which all the physical, chemical, and
biological soil properties previously described.

A subset was obtained from a selection of indicators
based on the principal component analysis (PCA),
using all variables in the whole set. The first criterion
was to select variables with eigenvalues greater than
one; subsequently, we selected, in each principal
component, the variables with eigenvectors greater or
equal to 0.7 (Andrews et al., 2002), which represents
a high correlation with the respective principal
component. With this procedure, 20 variables were
selected, among which the soil physical properties BD,
TP, Mac, Mic, Ksl, 0s, Es, AG5, GMD, and ASI; the
soil chemical properties Ca?+Mg?*, K*, SB, CEC, and
AP**; and the soil biological properties MBC, TOC,
TON, N Stk.

A second subset was defined using indicators with
the highest frequency of use in 33 studies in the
scientific literature in the theme, including research
randomly obtained from different regions, on different
continents. This kind of data set is frequently used to
discriminate or to certify the SQ (Andrews et al., 2002;
Rousseau et al., 2012; Lima et al., 2013; Askari &
Holden, 2014). A selection of variables for this subset
was performed based on a minimum frequency of 30%
in the evaluated scientific papers. The subset consisted
of 16 variables, including the physical parameters
BD, Mac, Mic, Ksl, PR, GMD, and ASI; the chemical
parameters SOM, pH, P, SB, and T; and the biological
parameters MBC, BR, qCO, and N Stk.

The model proposed by Karlen & Stott (1994), with
modifications, was used to calculate SQI from the
distinct data sets. Initially, four functions expressing
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soil quality were established: RSSW, receiving,
storing, and supplying water; SSCN, storing,
supplying, and cycling nutrients; PRG, promoting
root growth; and PBA, promoting biological activity.
These functions were represented by indicators which
have intrinsic relationship with them. Because these
indicators are expressed in different units, they were
first converted into dimensionless values ranging
from O to 1. These values, or indicator scores, were
obtained from the following equation (Wymore, 1993):

V= 1/1 + [(B _ L)/x B LJZS(BHHL)

in which: v is the standard score; B is the indicator
critical value, or threshold-base; L is the lower
threshold; S is the slope of the tangent of the curve for
the indicator threshold-base; and x is the value of the
soil quality indicator parameter measured in the field.
An “S” value for each analyzed soil quality
indicator was obtained with the following equation:

S:[log(IJ—IJ/(B_EJXE(B+2X><L).
n X —

The S value can express two types of standardized
scores: the first one — “more is better” — was represented
by indicators that desirably have greater values, like
sum of bases; and the second one — “less is better” —
was related to indicators that desirably have smaller
values, such as soil density.

The upper and lower threshold values, equivalent to
the maximum and minimum values, were defined by
specific technical and scientific recommendations for
tropical soils (Kiehl, 1998; Ribeiro et al., 1999; Sousa
& Lobato, 2004; Blainski et al., 2008; Lopes et al.,
2013).

After the indicator scores (standardized scores)
were calculated, their weights were defined according
to the indicator function, according to Chaer (2001),
as: accommodating, retaining, and supplying water to
plants; stocking and recycling nutrients; supporting
plant growth; and promoting biological activity. These
functions were considered in two different models
(Table 2), one for the treatments (soil management
systems), and one for the native Cerrado; the latter was
aligned with the first, but without the soil chemical
properties (except for SOM) (Souza, 2011), since the
Cerrado soils have low pH and low nutrient levels, and
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show high levels of aluminum (Souza, 2011). Therefore,
36 SQI were calculated, which were composed of three
management systems, three datasets, and four farms
(replicates).

To weigh the indicators according to each function,
we adopted 0.25 as the same weight for all of them,
considering the same importance for all functions
(Souza, 2011).

To obtain the SQI, the function score has to be
calculated, which was done by adding the calculated
values for the indicators associated with each function,
which resulted in SQI ranging from 0 to 1.

For the statistical analysis of the generated SQI
with the three datasets, each farm was considered as
a block (four replicates). The effects of management
systems and procedures used to select the indicators
were considered as sources of variation. SQI data
were subjected to the analysis of variance, and their
averages were compared using the Tukey’s test, at 5%
probability. The statistical analysis was performed
using the XLSTAT 2013 software (Addinsoft, New
York, NY, USA).

Table 2. Functions and indicators for assessing the soil
quality index.

Function® Indicator ~ Score Weight  Product
Score  Weight Product
Accommodating, retaining, and supplying water

SF, WEF,  SF,..WF, 1.1 N WL,  SL,.WIL,
1.2 SLi, WL,  SLi.WI,
l.n Sk W1, SI0. Wl

> =SF,

Stocking and recycling nutrients

SF, WF, SF,.WF, 2.1 ST, W1, SL . Wl
22 ST, WL,  SL; Wk,
2.n STy, WL, SL,.WL,

> =EF,

Promote plant growth

SF; WEF;  SF;.WF; 3.1 SI;, WL,  SL,.WI;,
3.2 Sk Wi, SI;,. Wi,
3.n Sk Wi, Sls0. Wl

> =SF,

Promote biological activity

SF, WF, SF, WF, 4.1 Sly, W14, Sl Wiy,
42 Sl WL, Sk, WL,
4.n Sly, WL,  SL.,.WL,

2=8Ql Y =SF,

MAccording to Chaer (2001). SF, function score; WF, function weight; SI,
indicator score; W1, indicator weight; and SQI, soil quality index.

Results and Discussion

Soil quality indices for the three soil management
systems, obtained with the arithmetic mean of 12 SQI
(4 farms x 3 datasets), irrespective of the method used
to select the parameters are presented in Figure 1.

The management systems led to a soil quality
decrease, compared to the Cerrado soil, which showed
higher SQI than the disturbed areas. The incorporation
of native areas for agricultural purposes changes the
soil properties reducing soil quality, mainly in tropical
regions (Pragana, 2011). Inthe Cerrado, the replacement
of native forests for agriculture is usually accompanied
by a sharp decrease of the SOM levels. As a result, the
soil aggregate stability (Mataix-Solera et al., 2011) —a
sound indicator of soil physical quality (Marchao et al.,
2007) — reduces. The decline of soil quality observed
in this region due to agricultural management systems
are mainly related to these factors.

The no-tillage system did not show soil quality
statiscally greater than that of the conventional system.
According to the classification proposed by Marzaioli
etal. (2010), the area under NC showed the highest soil
quality (SQI>0.7) and the agricultural systems (NT and
CT) had an intermediate soil quality (0.55<SQI<0.7).
The quality of the CT, however, was very close (SQI
approximately 0.57) to the lower class. Areas under CT

1.0
A
038 T
B
5 ! ; T
E 061 i T
>
£ |
= 04
&
02
0.0 ‘ ‘ ‘
NC cT NT

Figure 1. Soil quality index (SQI) according to the soil
management systems, irrespective of the dataset. SQI means
followed by equal letters do not differ by the Tukey’s test, at
5% probability. NC, native area in Cerrado; CT, conventional
tillage; and NT, no-tillage.
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are negatively affected, mainly due to the reduction of
organic C (Osgoz et al., 2013).

The short adoption time of the treatments for most of
the assessed areas (Table 1) contributed to the absence
of differences between CT and NT, evidencing the
need for further studies, as pointed out by Nakajima
et al. (2015). In the Brazilian Cerrado, Costa et al.
(2006) and Pragana (2011) also reported that the short
adoption time for management systems were not
able to promote differences in soil quality between
conventional and conservation tillage systems.

Studies indicate that not tilling the soil favors the
sustainability of agroecosystems, with pronounced
effects on systems with long-term deployment
(Fernandes et al., 2011; Souza, 2011). In addition,
SQIs should be useful to differentiate between
degradion statuses of agricultural soils, and can be
used in monitoring and assessing the best agricultural
managements.

The SQI obtained from the 36 parameters
(complete indicator dataset, CD), as well as from the
subset formed with the most published parameters in
scientific literature, and from the subset built using
principal component analysis (PCA) are shown in
Figures 2 and 3.

The SQI analysis obtained with the CD dataset was
not able to detect differences between soil quality

A
B
I | ‘}
' SL ' PCA

Figure 2. Soil quality indices (SQI) obtained with the use of
each of the studied datasets, according to the soil management
systems. SQI means followed by equal letters do not differ
by the Tukey’s test, at 5% probability. CD, complete dataset;
SL, indicators selected according to the scientific literature;
PCA, indicators selected using principal component analysis

in CD; NC, native cerrado; CT, conventional tillage; NT,
no-tillage. Bars represent standard deviation of the mean.

= = o =
S N 0 =
R L

Soil quality index

=3
o

=
(=]
L

CD
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of the native Cerrado and that of the managed areas
(Figure 2). This dataset shows a high SQI variability
between sampled areas, including the NC ones. A
dataset with many variables, as in the case of CD,
complicates the determination of individual parameter
values, requiring a greater researcher subjectivity and,
therefore, increasing the risk of overestimating or
underestimating soil indicators, with great implications
on SQI. Moreover, many of soil properties are not good
indicators of soil quality and, therefore, should not be
included for obtaining the SQI (Rousseau et al., 2012).

The SQIs obtained by using a subset of commonly
used parameters in the scientific literature was able
to distinguish between native and disturbed areas
of Brazilian Cerrado. Furthermore, this subset was
able to synthesize complex information contained in
a large set of variables. Therefore, adopting a 30%
frequency level of presence in the scientific literature
is an alternative criterion for selecting the indicators
that would comprise the minimum dataset (MD) to
generate SQIs for the Brazilian Cerrado.

Among the analyzed datasets, that of the scientific
literature contains the smallest number of selected
variables, and a smaller and less complex MD is
desirable (Askari & Holden, 2015) for distributing and
weighing soil quality indicators within the detailed
functions in the model (Rousseau et al., 2012).

0.6 4

—
—
|—

04 -

Soil quality index

0.2 1

0.0

CD SL PCA

Figure 3. Soil quality index (SQI) according to the indicator
dataset, irrespective of the management systems. CD,
complete dataset; SL, indicators selected according to the
scientific literature; and PCA, indicators selected using
principal component analysis in CD. Bars represent standard
deviation of the mean.
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As previously stated, many variables complicate
the determination of individual parameter values,
depending on the employed subjectivity, which has
direct implications on the value assigned to SQI. In
addition, other practical benefits must be highlighted
by adopting a reduced MD, such as a reduction of the
sampling time and of the collection and analysis costs.

Several authors have shown that soil quality can be
assessed by selecting a smaller number of indicator
properties from a larger dataset (Rousseau et al., 2012;
Lima et al., 2013).

Similarly to what was observed with CD, the
dataset obtained with the PCA procedure was also
not sensitive to indicate differences of SQIs between
soil management systems. This dataset provided
high standard deviation for SQI, with high values
for minimum significant differences between land
use systems, which shows low sensitivity for the
discrimination of management systems in areas with
great complexity in their historic of use, such as in the
assessed farms.

Therefore, using the PCA for selecting soil indicators
to determine soil quality was not a successful procedure
in distinguishing soil quality due to the management
adopted, as it was highlighted in other instances
(Andrews et al., 2002). These authors showed that
the dataset of PCA was compared to expert opinion,
and both methods were able to represent variability
in the experimental conditions. Moreover, Askari &
Holden (2014) argue that this mathematical approach
of SQI determination has advantages. Although, in the
present work, PCA was not sufficiently sensitive to
differentiate SQI in the areas of Cerrado, this method
has been highlighted as a viable alternative to variable
selection, since it is used as a tool to “filter” data, and it
allows to visualize which parameters are more relevant,
permitting a reduction of the necessary data amount,
making it possible the use of MD, such as those used
by Askari & Holden (2014, 2015), Ngo-Mbogba et al.
(2015), and Sanchez-Navarro et al. (2015).

The different datasets used to select soil quality
indicators, considering all management systems
together, did not provide significantly different SQIs
(Figure 3). Maintaining soil quality at a desired level
is complicated because of the complex interactions
between soil, climate, vegetation, and management.
This fact stimulates studies aimed at generating and
validating models, in order to facilitate monitoring the
impacts of land use and management according to their

SQIs, which enables the early detection of changes of
soil quality (Sanchez-Navarro et al., 2015).

Conclusions

1. The combined analysis of soil quality indices
(SQI), irrespective of the dataset used for selecting
the indicators, shows that soil quality decreases with
the incorporation of native areas for agriculture in the
Brazilian Cerrado.

2. Among the studied datasets, the one that uses the
most common soil quality indicators in the scientific
literature is sufficiently sensitive to detect differences
in SQIs according to land use and management.

3. The selection of a minimum set of representative
indicators can be more useful than a complex set to
obtain adequate SQIs.
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