Hindawi

Applied and Environmental Soil Science
Volume 2022, Article ID 1243332, 6 pages
https://doi.org/10.1155/2022/1243332

Research Article

@ Hindawi

Large-Scale Assessment of Soil Physical Quality of Rural
Settlements in the Southeast of Goias, Brazil

Anderson Rodrigo Da Silva ,2 Weénio Vieira (,” and Italo Romulo Mendes de Souza

3

IStatistics and Geoprocessing Laboratory, Instituto Federal Goiano—Campus Urutai, Rod Geraldo Silva Nascimento, Km 2.5,

75790-000 Urutai, Goids, Brazil

2Conservation of Natural Resources Master Program, IF Goiano—Campus Urutai, Urutat, Brazil
3Agricultural Science PhD Program, IF Goiano—Campus Rio Verde, Rio Verde, Goids, Brazil

Correspondence should be addressed to Anderson Rodrigo Da Silva; anderson.silva@ifgoiano.edu.br

Received 18 July 2022; Accepted 30 September 2022; Published 8 October 2022

Academic Editor: Fedor Lisetskii

Copyright © 2022 Anderson Rodrigo Da Silva et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is

properly cited.

Land use and soil physical quality are related. In this work, the S index was used to evaluate the physical quality of the soils of three
rural settlement units located in the Brazilian Cerrado, with areas ranging from 700 to more than 4000 hectares, based on a novel
method. To map the S index, a set of pedotransfer functions for water retention curves was adapted according to a broad range of
clay content for Cambisols, in three depth layers. Some rural units presented associations with classes of land use. In general,
deeper layers presented higher values of S. In areas with less than 370 g/kg of clay, land uses that provide low soil cover should be

avoided to prevent physical degradation.

1. Introduction

In Goids, in the Center-West region of Brazil, there are more
than three hundred units of rural settlements across the state,
representing approximately 7204km” [1]. Some of these
units, however, have very different realities regarding the
technological level and technical profile of production
adopted by the occupants of the land, and in terms of the
natural resources available, in particular the soil. This di-
versity can make it difficult to identify similar production
units and, consequently, to define strategies for creating
public policies for the analysis of the ownership of the land, to
make the National Agrarian Reform Program (PNRA) viable.

Evaluating the use of natural resources and the dynamics
of soil coverage is of great importance for the definition of
public policy [2]. That is because land occupation rarely
requires the conversion of native areas into anthropized
areas, which changes the status of natural resources, vege-
tation, and water availability [3]. In addition, rural settle-
ment areas often inherit the environmental status of
monoculture. Nonetheless, there are reports [4, 5] of positive

impacts on the physical quality of soils over time due to the
land management adopted. However, this type of study may
not be feasible to be carried out in situ on large scale, given
the limitations of time and resources [6], but it can be
performed efficiently through remote sensing [7, 8].

In the Brazilian Cerrado (Savanna), smooth topography
favors soil management, but it can also lead to structural
degradation [9, 10]. Thus, it is of remarkable importance to
monitor the physical and structural quality of those soils to
avoid irreversible degradation. Dexter [11-13] has proposed
to assess soil physical and structural quality through the S
index, an attribute that can be determined from the soil water
retention curve (SWRC) as the slope at its inflection point,
with which higher values are associated with better pore
distribution. S index can be used to quantify the modifica-
tions to soil physical quality by management practices, with
the advantage of being comparable in different soils [14].
Tormena et al. [15] verified an inverse relationship between
the S index and soil compaction in a Brazilian Oxisol, where
it was also able to discriminate soil management systems. For
soils of southwest China, Xu et al. [16] suggest that the S
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FIGURE 1: Location of the study areas in the southeast of Goids, Brazil. Basemap: OpenStreetMap®.

index has the potential in indicating land management in the
catchment scale. S index was used to assess the structural
quality of Latosols cultivated with maize [17] and of soils in
the Cerrado cultivated with coffee [18].

Monitoring the physical status of the soil is, however, not
likely to be viable on large scale using traditional methods
originally dependent on laboratory analysis, which are usually
time demanding and costly. For the S index, soil samples
should be taken to obtain the SWRC in the laboratory. Other
attributes such as penetration resistance, bulk density, hy-
draulic conductivity, porosity, and aggregation can be used
[19, 20], but with the same practical restrictions. In an in-
novative work, Souza et al. [7] presented a remote sensing
approach to map soil load-bearing capacity using satellite data
combined with pedotransfer functions, thus unraveling zones
of risk of compaction. Similarly, the aim of the present work is
to present a novel approach to mapping the soil’s physical
quality in rural settlements in the southeast of Goias, for which
methodological details are given in Section 2.2.

2. Material and Methods

2.1. Study Areas. The data used in this study are from the
Rural Settlement Projects in the southeast of Goids state, as
presented in Figure 1 and described in Table 1.

The climate of the region is of type Aw (semihumid
tropical with summer rains), according to Koppen’s clas-
sification. In the last ten years, the mean annual air tem-
perature ranged from 22.7°C to 24°C, the mean relative air
humidity ranged from 60% to 70.7%, and the mean annual
rainfall varied from 964 to 1460 mm [21], with rains

concentrated from October to March. The native vegetation
consists of the Brazilian Cerrado (Savanna) domain with
physiognomies ranging from dense trees (Cerraddo) to
grassy woody plants.

According to IBGE [22], approximately 89% of “Olga
Bendrio” and 85% of “Madre Cristina” was classified as
natural pasture, and 67% of “Maria da Concei¢do” was
classified as a mosaic of forest with agricultural areas.
Dystrophic Haplic Cambisol (86-97%) and Red Acric
Latosol (2-14%) are the dominant soil classes of the three
rural settlements [23]. The landscape varies from flat to
smoothly undulating topography, with a mean slope of 9.4%,
which favors agricultural practices and conventional agri-
culture. The family production of domestic sustenance and
its surpluses persists in the three settlement units. Pro-
duction consists of the cultivation of crops such as corn,
cassava, rice, beans, soybeans, coffee, sugar cane, and veg-
etables [24].

2.2. Soil Physical Quality Assessment. The soil physical and
structural quality of the soils under study were evaluated
through the S index, which is usually based on van Gen-
uchten [25] equation (1) for the soil water retention curve, a
parametric function for the relationship between soil water
content (§, m*/m’) and matric potential (h, cm).

=0+ (6 — 0x)[1+(ah)"]™, (1)
where 0y, is the residual soil water content, 0 is the saturated

soil water content, « is a scale parameter and # is a shape
parameter; the parameter m is sometimes defined according
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TaBLE 1: Description of the study areas.
Study area Municipality Geographic coordinates Area (ha)
Maria da Concei¢do Orizona—GO 16.79544°S, 51.36882°W 790.88
Olga Bendrio Ipameri—GO 17.71977°S, 48.05414°W 4174.86
Madre Cristina Goiandira—GO 17.99450°S, 48.18018°'W 732.64
TABLE 2: Parameter estimates for water retention curves of Cambisols adapted from Oliveira et al. [27].
Clay content (g/kg) Or 0 a m N
L<270 0.077 0.406 0.946 0.063 2.680
270 < L<370 0.000 0.475 0.227 0.551 0.274
370<L <470 0.066 0.476 2172 0.066 3.789
470 <L <580 0.037 0.442 1.240 0.050 3.337
L>580 0.020 0.514 1.812 0.047 3.165

to the Mualem [26] restriction: m = 1 — (1/n). The S index
(equation (2), dimensionless) corresponds to the slope of
equation (1) at its inflection point. Its absolute value was
computed.

S:—n(GS—GR)[1+$]717m. 2)

The estimates of the parameters 0y, 05, &, m, and n used
to calculate the S index are given in Table 2. They were
retrieved from a set of pedotransfer functions fitted by
Oliveira et al. [27] for Haplic Cambisols, as that was the
dominant class found in the study areas. Estimates were
clustered according to a broad range of clay content, as
suggested by Souza et al. [7] and Severiano et al. [10]. Be-
sides, according to Dexter [11], the S index is influenced by
soil porosity, thus keeping a close relationship with texture.
Data on clay content were obtained from maps retrieved
from the Geolnfo platform by Embrapa Solos [28], for the
layers 0-5, 5-15, and 15-30 cm depth, with a spatial reso-
lution of 90 m.

Dexter [11] suggested that 0.035 can be taken as the limit
between good and poor structural quality and that a value
below 0.020 indicates very poor physical quality, based on the
evaluation of soils of Poland and England. In the present work,
those respective limits were taken as 0.045 and 0.025 to classify
the soils of the study areas, following the findings of Andrade
and Stone [29] for some soils of the Brazilian Cerrado.

Data management and analysis were performed in R
version 4.1.1 [30]. The S index is implemented in the package
soil physics [31], which was thus used for predictions on the
sampling grids.

3. Results and Discussion

Figure 2 contains the values of the S index for the three study
areas, in different depth layers. On average, the estimates of S
for the three layers of “Olga Benario” and “Maria da
Conceigdo” were around 0.07, considered high, but very
similar to the values found by Nascimento et al. [32] for a
Cambisol. On the other hand, S for “Madre Cristina” varied
from 0.029 (0-15cm) to 0.036 (15-30 cm), in average.

In the first layer, 0-5 cm, approximately 80% of “Olga
Benario” presented S above 0.045, while in layers 5-15 cm

and 15-30 cm, 82% and 91%, respectively, of the area pre-
sented at least good physical quality. There were no estimates
indicating very poor physical quality (S<0.025), which
would be restrictive to the development of roots of many
cultivated species. No association between the spatial dis-
tribution of S and land use was noticed—variations in S were
a function of clay content because it is known to affect S due
to changes in soil porosity, structure formation, and water
retention capacity [33, 34].

The first two layers of “Madre Cristina” presented poor
physical quality (S<0.045) in almost 95% of the area. In
layers 15-30 cm, only 19% of the area presented S> 0.045.
No association between the spatial distribution of S and land
use was noticed.

“Maria da Concei¢do” presented results similar to “Olga
Benario,” with 84% (0-5cm), 89% (5-15cm), and 96%
(15-30 cm) of good physical quality. The largest portion of
the area classified as a mosaic of forest and agriculture (data
not shown) presented higher values of S.

On average, “Madre Cristina” had lower values of clay
content, ranging from 317 (0-5 cm) to 348 g/kg (15-30 cm),
than the other two areas, which have values around 400 g/kg
(0-5cm) and 420 g/kg (15-30 cm). Nonetheless, in general,
deeper layers presented higher physical quality, which is
possibly a consequence of an increase in pore diameter in
more superficial layers due to mechanized soil preparation
(18].

In “Olga Benirio,” land uses that provide low soil cover
such as pasture should be avoided, particularly in fields with
less than 370 g/kg of clay. This is inferred from what was
found in regions with similar texture in “Maria da Con-
cei¢do,” probably due to the presence of native vegetation.
Studying Haplic Cambisols, Oliveira et al. [27] found that
preserved forest areas presented the best water retention
conditions, which is significantly correlated with S [35], thus
endorsing the conjecture in the present work. Moreover, as
illustrated in Dexter [11], the S index is mostly determined
by soil organic carbon, being positively correlated [36], since
organic carbon can increase water retention and improve
pore distribution [37]. In addition, the S index can be
particularly increased in the layer 0-5cm under carbon
deposition [14]. And, according to Shekofteh and Masoudi
[33], when the clay content is low, organic matter has a larger
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FIGURE 2: Estimates of S index for three rural settlement areas in the southeast of Goids, Brazil, in three depth layers: 0-5, 5-15, and

15-30 cm.

effect on the S index. That is probably the reason “Madre
Cristina” presented low values of S. In this case, one al-
ternative to improve soil structural conditions is to intro-
duce techniques of crop-livestock-forest integration.

4. Conclusion

In this study, the S index was used to assess soil physical
quality, based on the water retention curves of Cambisols. A
set of pedotransfer functions is adapted for prediction
according to a broad range of clay content, thus allowing the
mapping of soil’s physical quality even on large scales.

Three rural settlement units in the Brazilian Cerrado
were mapped in terms of soil physical quality for layers
0-5cm, 5-15cm, and 15-30 cm. In general, the latter pre-
sented larger estimates of S. One of the units was identified
to have a restricted physical condition of soils for agriculture.

Future works should move in the direction of dynamic
indicators of soil physical quality of rural settlements, with
different approaches, such as load bearing capacity and least
limiting water range.

Data Availability

Data are available on request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors would like to thank CNPq—Conselho Nacional
de Desenvolvimento Cientifico e Tecnologico (grant: 309733/
2021-9) for granting the scholarship to the first author and
Instituto Federal Goiano for the publishing support. This
work was supported by INCRA—Instituto Nacional de
Colonizagao e Reforma Agraria (TED 01-DD/2020).

References

[1] INCRA—Instituto Nacional de Coloniza¢io e Reforma
Agréria, The rural settlements in Goids, INCRA—Instituto
Nacional de Colonizagdo e Reforma Agraria, Brazil, 2017.



Applied and Environmental Soil Science

(2]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

T. S. Becker, M. S. Biudes, N. G. Machado, 1. O. Ivo,
A. L. Pedreira Junior, and L. O. F. Dos Santos, “Efeito da
implantagao E dindmica do USO do solo sobre pardmetros
biofisicos da superficie no assentamento rural roseli nunes em
mato grosso,” RA’E GA—O Espaco Geografico em Analise,
vol. 48, pp. 153-166, 2020.

V. M. Pavio, D. C. S. Nassarden, L. L. Pavdo, N. G. Machado,
and M. S. Biudes, “Impacto da Conversio da Cobertura
Natural em Pastagem e Area Urbana sobre Varidveis Bio-
fisicas no Sul do Amazonas,” Revista Brasileira de Meteor-
ologia, vol. 32, no. 3, pp. 343-351, 2017.

M. R. Cherubin, J. P. Chavarro-Bermeo, and A. M. Silva-
Olaya, “Agroforestry systems improve soil physical quality in
northwestern Colombian Amazon,” Agroforestry Systems,
vol. 93, no. 5, pp. 1741-1753, 2019.

A. D. C. Junqueira, M. N. Schlindwein, and J. C. Canuto,
“Agroforestry systems and changes in soil quality in agrarian
reform settlement,” Revista Brasileira de Agroecologia, vol. 8,
no. 1, pp. 102-115, 2013.

W. D.S. Mendes, L. G. Medeiros Neto, J. A. Dematté et al., “Is
it possible to map subsurface soil attributes by satellite spectral
transfer models?” Geoderma, vol. 343, pp. 269-279, 2019.
I.R. M. Souza, E. E. Sano, R. P. De Lima, and A. R. Da Silva, “A
remote sensing approach to estimate the load bearing capacity
of soil,” Information Processing in Agriculture, 2022, (In
press).

Z. Xie, Y. Chen, D. Lu, G. Li, and E. Chen, “Classification of
land cover, forest, and tree species classes with ZiYuan-3
multispectral and stereo data,” Remote Sensing, vol. 11, no. 2,
p. 164, 2019.

E. M. Bonfim-Silva, E. C. A. Anicésio, F. C. M. Silva,
L. G. A. Dourado, and N. F. Aguero Nf, “Soil compaction in
wheat culture in Cerrado Latosol,” Enciclopédia Biosfera,
vol. 7, no. 12, pp. 1-8, 2011.

E. D. C. Severiano, G. César de Oliveira, M. D. S. D. Junior,
N. Curi, K. A. D. P. Costa, and C. E. Carducci, “Pre-
consolidation pressure, soil water retention characteristics,
and texture of Latosols in the Brazilian Cerrado,” Soil Re-
search, vol. 51, no. 3, pp. 193-202, 2013.

A.R. Dexter, “Soil physical quality,” Geoderma, vol. 120, no. 3-
4, pp. 201-214, 2004.

A. R. Dexter, “Soil physical quality: part II. friability, tillage,
tilth and hard setting,” Geoderma, vol. 120, no. 3-4,
pp. 215-225, 2004.

A. R. Dexter, “Soil physical quality: part iii. unsaturated
hydraulic conductivity and general conclusions about S-
theory,” Geoderma, vol. 120, no. 3-4, pp. 227-239, 2004.

Z. Du, S. Liu, K. Li, and T. Ren, “Soil organic carbon and
physical quality as influenced by long-term application of
residue and mineral fertiliser in the North China Plain,” Soil
Research, vol. 47, no. 6, pp. 585-591, 2009.

C. A. Tormena, A. P. d. Silva, S. D. C. Imhoff, and A. R. Dexter,
“Quantification of the soil physical quality of a tropical Oxisol
using the S index,” Scientia Agricola, vol. 65, no. 1, pp. 56-60,
2008.

C.Xu, X. Xu, M. Liu, J. Yang, Y. Zhang, and Z. Li, “Developing
pedotransfer functions to estimate the S-index for indicating
soil quality,” Ecological Indicators, vol. 83, pp. 338-345, 2017.
K. D. V. Rossetti and J. F. Centurion, “Use of S-index as a
structural quality indicator for compacted Latosols cultivated
with maize,” Revista Caatinga, vol. 31, no. 2, pp. 455-465,
2018.

S. M. Barbosa, B. M. Silva, G. C. D. Oliveira et al., “Deep
furrow and additional liming for coffee cultivation under first

(19]

[20]

[21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

[33

(34]

(35]

year in a naturally dense inceptisol,” Geoderma, vol. 357,
Article ID 113934, 2019.

D. A. Reis, C. L. R. D. Lima, and A. L. Bamberg, “Developing a
soil physical quality index (SPQi) for lowlands under different
deployment times of no-tillage,” Scientia Agricola, vol. 76,
no. 2, pp. 157-164, 2019.

T. R. Schossler, R. L. Marchao, I. L. D. Santos, D. P. Santos,
J. C. A. Nobrega, and G. G. Santos, “Soil physical quality in
agricultural systems on the Cerrado of Piaui State, Brazil,”
Anais da Academia Brasileira de Ciéncias, vol. 90, no. 4,
pp. 3975-3989, 2018.

A. Sparks, “Nasapower: a nasa power global meteorology,
surface solar energy and climatology data client for R,” Journal
of Open Source Software, vol. 3, no. 30, p. 1035, 2018.
IBGE—Instituto Brasileiro de Geografia e Estatistica, Portal of
Maps, IBGE—Instituto Brasileiro de Geografia e Estatistica,
Rio de Janeiro, Brazil, 2014.

Embrapa—Centro Nacional de Pesquisa de Solos, Brazilian
System of Soil Classification [in Portuguese], Brasilia: Embrapa
Produgéo de Informagao, Rio de Janeiro, Brazil, 2013.

R. D. M. Monteiro, “Morar, crer e trabalhar: a (re) produgdo
das territorialidades camponesas nos assentamentos rurais do
sudeste goiano (GO),” Geo, vol. 25, no. 2, Article ID 144006,
2021.

M. T. Van Genuchten, “A closed form equation for predicting
the hydraulic conductivity of unsaturated soils,” Soil Science
Society of America Journal, vol. 44, no. 5, pp. 892-898, 1980.
Y. Mualem, “A new model for predicting the hydraulic
conductivity of unsaturated porous media,” Water Resources
Research, vol. 12, no. 3, pp. 513-522, 1976.

L. L. Oliveira, J. C. Portela, E. F. Silva, N. S. Dias, and
J. E. F. Dias, “Water retention in Cambisols under land uses in
semiarid region of the Brazil,” Journal of Arid Environments,
vol. 189, Article ID 104483, 2021.

G. M. Vasques, M. R. Coelho, R. O. Dart, L. C. Cintra, and
J. F. M. Baca, Soil Clay, Silt and Sand Content Maps for Brazil
at 0-5, 5-15, 15-30, 30-60, 60-100 and 100-200 Cm Depth
Intervals with 90 M Spatial Resolution, Embrapa Solos, Rio de
Janeiro, Brazil, 2021.

R.D.S. Andrade and L. F. Stone, “S. Indice S como indicador
da qualidade fisica de solos do cerrado brasileiro,” Revista
Brasileira de Engenharia Agricola e Ambiental, vol. 13, no. 4,
pp. 382-388, 2009.

R Core Team, A Language and Environment for Statistical
Computing, R Foundation for Statistical Computing, Vienna,
Austria, 2021.

A.R.DaSilvaand R. P. De Lima, “Soilphysics: an R package to
determine soil preconsolidation pressure,” Computers &
Geosciences, vol. 84, pp. 54-60, 2015.

D. M. D. Nascimento, K. M. V. Cavalieri-Polizeli,
A. H. D. Silva, N. Favaretto, and L. M. Parron, “Soil physical
quality under long-term integrated agricultural production
systems,” Soil and Tillage Research, vol. 186, pp. 292-299,
2019.

H. Shekofteh and A. Masoudi, “Determining the features
influencing the-$ soil quality index in a semiarid region of
Iran using a hybrid GA-ANN algorithm,” Geoderma, vol. 355,
Article ID 113908, 2019.

S. M. F. Rabbi, B. R. Roy, M. M. Miah, M. S. Amin, and
T. Khandakar, “Spatial variability of physical soil quality index
of an agricultural field,” Applied and Environmental Soil
Science, vol. 2014, Article ID 379012, 10 pages, 2014.

L. Borek, “The use of different indicators to evaluate cher-
nozems fluvisols physical quality in the odra river valley: a



[36

(37]

case study,” Polish Journal of Environmental Studies, vol. 28,
no. 6, pp. 4109-4116, 2019.

R. Ruan, Z. Zhang, Y. Wang et al., “Long-term straw rather
than manure additions improved least limiting water range in
a Vertisol,” Agricultural Water Management, vol. 261, Article
ID 107356, 2021.

H. Zhou, S. J. Mooney, and X. Peng, “Bimodal soil pore
structure investigated by a combined soil water retention
curve and X-ray computed tomography approach,” Soil Sci-
ence Society of America Journal, vol. 81, no. 6, pp. 1270-1278,
2017.

Applied and Environmental Soil Science



