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Abstract 
Due to the reduction of the vegetation cover, the exposed soil increases the erosive vulnerability, and reduces the 
organic matter content, factors that can aggravate with less production of vegetal mass and microbiological 
activity of the arable layers, rich in calcium carbonate and that increases the degradation of the soil structure 
leading to the formation of gullies. This study aimed to characterize and survey the physical, chemical and 
structural characteristics of soils of four gullies located in the sub-basin of Ribeirao Serra by means of 
physical-chemical parameters and subjected to multivariate analysis. Slope maps, hypsometry, drainage network 
and soil types were elaborated. Morphological description of the soil, georeferencing of the boundaries of each 
gullie, and collection of deformed soils samples for physical-chemical and structural analysis were performed. 
Soil samples were collected on the slopes of the gullies at three points of each erosion, with three replicates, one 
in each horizon (A, B and C) at depths ranging from 0 to 310 cm. Qualitative tests were also carried out to verify 
the presence of some substances in the soil, such as carbonates and manganese. The data were submitted to the 
multivariate analysis, by means of Discriminant Analysis of Partial Least Squares analysis to evaluate the 
grouping of gullies in relation to the analyzed elements (physical-chemical), identifying if the set of elements 
interact with each other and/or present similarities. There is a high degree of anthropization with the use of 
pasture cultivated around the four gullies studied. According to the multivariate analysis the gullies Barreiro, 
Vendinha and Capim, are different, while it resembles the gull of the Retreat with the gullies Vendinha and 
Capim. The chemical elements present greater weight than the physical ones, in the separation of the gullies 
through the multivariate model. 
Keywords: deforestation, remote sensing, gullies, multivariate analysis 

1. Introduction 
The central west of State of Goiás, Brazil, is characterized by dynamic changes in the use and occupation of the 
soil with the transition from natural areas to areas occupied by pastures, agriculture (soybean and corn) and 
sugarcane cultivation (Cunha et al., 2012; Loarie et al., 2011). These changes promote changes in the pattern of 
biophysical variables (Moraes et al., 2019), causing sedimentation of reservoirs, water courses and losses of 
fertile soils. Due to the reduction of the vegetation cover, the exposed soil is vulnerable to intense rains (Peter et 
al., 2014; Assis et al., 2017), reducing the organic matter content, effective soil depth, enriching layers calcium 
carbonate and soil structure degradation (Martinez-Cassanovas & Ramos, 2009). There is also acidification of 
soil, nutrient exhaustion and decrease of organic carbon content and socioeconomic and environmental 
biodiversity (Carneiro et al., 2009). 

Among the erosive features, the gullies constitute the most severe erosive feature of the soil and the one that 
causes the greatest damage, since they are of great destructive power and their recovery is slow and difficult to 
control (Kheir et al., 2008; Shuwen et al., 2015). Very degraded areas, such as gullies, hinder natural 
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Table 2. Classification of soil color of the gullies horizons acording of Munsell carta 

Third Horizon Barreiro Gullie Vendinha Gullie Retiro Gullie Capim Gullie 

Higher 

A 2.5YR 2.5/3 Dark reddish brown 7.5YR 6/3 Light brown 5YR 3/3 Dark reddish brown 7.5YR 5/3 Brown 

B 2.5YR 3/6 Dark red 10YR 6/4 Light yellowish brown 5YR 3/2 Dark reddish brown 5YR 3/4 Dark reddish brown

C 2.5YR 4/8 Red 10YR 7/6 Yellow 7.5YR 6/8 Reddish yellow 5YR 4/3 Reddish brown 

R 10YR 5/6 Yellowish brown - - - - - - 

Medium 

A 2.5YR 3/3 Dark reddish brown 10YR 5/2 Grayish brown 5YR 4/3 Reddish brown 7.5YR 4/2 Brown 

B 2.5YR 3/4 Dark reddish brown 7.5YR 5/1 Gray 2.5YR 3/3 Dark reddish brown 5YR 3/4 Dark reddish brown

C 7.5YR 5/8 Strong brown 2.5Y 8/2 Pale yellow 7.5YR 5/6 Strong brown 5YR 4/6 Yellowish red 

Bottom 

A 10R 4/3 Grayish red 2.5YR 5/3 Reddish brown 7.5YR 4/3 Brown 5YR 4/3 Reddish brown 

B 10R 3/2 Dusky red 10YR 5/2 Grayish brown 10YR 3/3 Dark brown 7.5YR 5/4 Brown 

C 2.5YR 3/3 Dark reddish brown 2.5Y 8/1 White 2.5Y 5/4 Light olive brown 7.5YR 3/4 Dark brown 

 

The consistency of the soil is conditioned by the adhesion and cohesion forces, being dependent on soil moisture. 
In this study, soil stickiness and friability were classified as loose, very friable, friable, firm, very firm, extremely 
firm (Table 3). The textural composition of the soil is an important factor for the study of erodibility due to the 
processes of disintegration and sediment transport. Soils with higher clay composition are more resistant to 
particle disintegration due to their plastic characteristics with greater cohesion between the particles and greater 
water retention capacity, avoiding soil wear through surface runoff (Spohr et al., 2009). Like fine sand, silt also 
presents textural composition vulnerable to erosive processes. The sand can be easily transported, has low water 
retention and facilitates drainage between the pores, and the silt has a higher percentage, increases the erosive 
susceptibility due to crust formation in the superficial part of the soil, reducing infiltration and increasing the 
surface runoff, a common example in the Cerrado Latosol (Belém et al., 2014). 

 

Table 3. Consistency of moist and wet soil by horizon of soils of the gullies of the Ribeirao Serra sub-basin 

Third Horizon Barreiro Vendinha Retiro Capim 

Higher 

A Crispy and slightly sticky Very friable and slightly sticky Very firm and not sticky Very firm and slightly sticky 

B Crispy and sticky Crispy and slightly sticky Very firm and not sticky Firm and slightly sticky 

C Very firm and very sticky Very friable and slightly sticky Very firm, plastic and sticky Extremely firm and slightly sticky

R Extremely firm - - - 

Medium 

A Crispy and very sticky Steady and sticky Crispy and sticky Very friable and payable 

B Crispy and very sticky Firm and slightly sticky Very friable and slightly sticky Crispy and slightly sticky 

C Steady and very sticky Firm and slightly sticky Crispy, slightly plastic and sticky Crispy and sticky 

Bottom 

A Crispy and not sticky Crispy and slightly sticky Very firm and sticky Crispy and sticky 

B Firm and non-sticky Firm and non-sticky Very firm, slightly plastic and sticky Crispy and slightly sticky 

C Steady and sticky Extremely firm and non-sticky Very firm, slightly plastic and sticky Crispy and not sticky 

 

3.3 Chemical Composition Analysis 

From the analysis of the laboratory results of erosions (Table 4), the level of calcium in the superficial layers of 
the horizons is high, except for Gullie da Vendinha, which has an adequate level of this nutrient. This is 
explained by the fact that calcium is essential for plant growth, however, in acid soils such as those studied, 
although the calcium level is high, it is not available to plants due to the chemical competition for the hydrogen 
ion (Silveira & Monteiro, 2011). 
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Table 4. Chemical composition of the soils by horizons of the Barreiro, Vendinha, Retiro and Capim gulls, in the 
Ribeirão Serra basin, Morrinhos, Goiás, Brazil 

Third Hor. 
Barreiro Gullie Vendinha Gullie 

pH  Ca Mg  CTC pH Ca  Mg  CTC  

  CaCl2 ---------- cmolc dm³ ---------- CaCl2 ---------- cmolc dm³ ----------

Higher 
A 5.7 12.6 1.5 16.56 5.1 4.7 1.4 9.80 
B 5.9 10.8 1.6 14.55 5.3 2.8 1.1 6.06 
C 6 6.6 1.8 10.16 5.2 1.0 0.4 2.41 

Medium 
A 5.7 12.9 1.2 17.11 4.8 2.7 1.0 7.86 
B 6 12.4 1.6 15.88 5.0 3.0 1.3 7.01 
C 6.2 12.7 2.1 16.4 4.5 1.1 0.6 5.58 

Bottom 
A 5.2 10 1.5 16.3 5.1 5.3 1.3 9.98 
B 5.7 10.8 1.6 14.66 5.4 4.4 1.6 8.20 
C 6.2 9.3 1.7 13 5.3 3.3 1.5 6.97 

Mean 5.84 10.90 1.62 14.96 5.08 3.14 1.13 7.10 
Standard deviation 0.29 1.95 0.23 2.08 0.27 1.41 0.38 2.18 

Third Hor. 
Retiro Gullie Capim Gullie 

pH  Ca  Mg  CTC  pH Ca  Mg  CTC  

  CaCl2 ---------- cmolc dm³ ---------- CaCl2 ---------- cmolc dm³ ----------

Higher 

A 5.4 15.1 1.4 20.50 5.4 16.4 1.5 21.72 

B 5.8 9.5 1.4 12.91 6.0 11,8 1.5 15.26 

C 6.0 9.7 1.8 13.73 5.8 12.8 1.6 16.78 

Medium 
A 5.6 19.5 1.4 23.55 5.1 16.3 1.7 21.22 

B 5.9 18.8 1.7 22.29 5.7 14.1 1.5 17.60 
C 5.8 15.6 1.5 19.05 5.6 10.5 1.9 13.88 

Bottom 
A 5.5 14.1 1.4 17.90 6.1 11.2 1.7 14.26 
B 5.6 12.9 1.5 16.36 5.1 11.5 1.6 15.48 
C 5.7 6.3 1.6 9.45 5.4 10.4 1.7 14.39 

Mean 5.70 13.50 1.52 17.30 5.58 12.78 1.63 16.73 
Standard deviation 0.18 4.14 0.14 4.37 0.34 2.19 0.12 2.77 

 

The lower pH values indicated the presence of free acids and the larger ones indicated the presence of saline or 
limestone soils. All samples indicated pH lower than 7, characterizing that all these sampled soils are considered 
acidic (Table 4). In relation to the soil organic matter analysis, horizon A was the horizon that presented the 
highest concentration of organic matter. Higher level of organic matter in horizon A is essential for plant 
productivity as an effective measure for the recovery of erosive processes (Bertolani & Vieira, 2001).  

The organic matter content in the A horizon of the Gullie do Capim was higher than the others, which presented 
values equal to or less than 3.5%. For the soil to be considered as erodible, the percentage of organic matter 
should not exceed 3.5% (Schaefer et al., 2002). The organic matter content in the most superficial horizons (A) 
was expected from the other horizons, due to the material made available to the soil with the fall of leaves of 
trees and of the undergrowth or by the drying of grass. 

The more intense the decomposition of organic matter, the greater the aggregating effect on the soil, because it 
gives rise to pluronic acids, which help in the formation of a more rigid soil structure. In addition to aggregating 
substances, organic matter provides soils with organic acids and alcohols, which are sources of carbon for 
microorganisms, thus favoring their life. The presence of these organisms in the soil helps in the decomposition 
of substances and the generation of compounds that support the healthy growth of plants (Primavesi, 2002). 

3.4 Analysis of Physical Composition 

The presence of clay is higher in the Gullies do Barreiro and the Retreat, being 46.7% and 43.2% respectively 
(Figure 5). Gullie da Vendinha has a lower percentage of silt, but the highest sand. Samples of Gullie and 
Vendinha, including that of the lower third of Gullie do Capim, were the ones that stood out due to the high 
percentage of sand and low percentage of clay. The samples with the highest sand content belong to the Franco 
Argilo Arenoso textural class. The others are represented by the textural class clay, that is, it has a moderate 
amount of clay, considering in this case as non-clayey and non-sandy soil. 



jas.ccsenet.

Figure 5

 

3.5 Multiv

Figure 6 
physical-c
73.8% of t
joint analy
while ther
According
chemical 
advanceme
anthropize
their spec
formation 

The eleme
of Potassiu
(Cation ex
elements (
physical o
considers 
cross-valid
accuracy a

 

 

org 

5. Average com

variate Analysi

presents the 
hemical analy
the total varian
ysis. It is poss
re are similarit
g to the multiv
and physical 
ent of gullies. 

ed in different 
ific characteri
of gullies 

ents with highe
um (K) and Or
xchange capac
(Figure 6b). In
nes (clay, silt 
the use and s

dation (10-fold
and performanc

mposition of th
S

is 

results of th
ysis of the soil
nce of the soil 
sible to verify
ties between t
variate analysi

parameters, 
It also highlig
levels. Accord
istics, both tr

er weights, to d
rganic Matter 
city ), Sat Ba
n the order of 
and sand), not
soil managem
d) performanc
ce (R2), result

Journal of A

he soils of the B
Serra basin, M

he multivariat
ls of the four 
profile that di

y that the mod
the gull of the
is, we can con
are considere
ghts that pract
ding to Marqu
raining and re

differentiate th
(OM), follow

ase (Base Sat
weight of the 

ting that not on
ment may inter
ce model of P
ting in average

Agricultural Sci

77 

Barreiro, Vend
Morrinhos, Goiá

te analysis a
gullies. The m

ifferentiates th
del differentiat
e Retreat with 
nsider that the
d for groupin
tically all the g

ues et al. (2014
ecovery, the a

he gullies, in o
ed by medium

turation) and 
elements, the

nly the soil typ
rfere with the 
LS-DA eleme

e overall perfor

ience

dinha, Retiro a
ás, Brazil 

ccording to t
main compone

he characteristi
tes the Barreir

the gullies V
e differences b
ng of areas a
gullies are in 
4), the gullies 
authors add th

order of high im
m importance, t

H (Hydrogen)
e chemical fact
pe can determi

anchorage of
ents considerin
rmance (Q2).

V

 
and Capim soil

the model ge
ents 1 and 2, 
ics of the gulli
ro, Vendinha a
endinha and C
between the g
and condition
areas surround
should be con
hat anthropiza

mportance hig
the elements C
), and finally 
tors are more 
ine the erodibi
f the gull. Fig
ng that the mo

Vol. 11, No. 11;

ls in the Ribeir

enerated from
together expla

ies, considerin
and Capim gu
Capim (Figure
gullies, through
s of formatio
ded by pasture
nsidered becau
ation enhances

hlight the elem
Ca (Calcium), 

the lower w
important tha

ility process, it
gure 6d show
odel presents 

2019 

rão 

m the 
ained 
g the 

ullies, 
e 6b). 
h the 

on or 
es, or 
use of 
s the 

ments 
CTC 

weight 
n the 
t also 
s the 
good 



jas.ccsenet.

Figure 6

Note. * at 
Base, H (H
the soil). 

 

There is a 
Vendor vo
most stab
compositio
the gullies
Barreiro, V
and Capim
through th

Acknowle
To the Pr
Researche
Postgradua

Reference
Alvares, C

classi
2013/

org 

6. Components
soils 1: Bar

where; K (Po
Hydrogen), Mg

 high degree o
oorah has a hi
le gullies wit
on of the soil a
s present a hig
Vendinha and 
m. The chemic
he multivariate 

edgements 
rogram of Gra
rs Pedro R Gi
ate Program E

es  
C. A., Stape, J.
ification map 
/0507 

s of the multiva
rreiro, 2: Vend

M

otassium), MO
g, Al phospho

of anthropizati
igher sand com
th presence o
are the one of 
gher concentra
Capim, are dif

cal elements p
model. 

ant of Incenti
iongo, Alessan
nvironment an

. L., Sentelhas
for Brazil. Me

Journal of A

ariate analysis
dinha, 3: Retre
Morrinhos mun

O (Organic Ma
orus), pH (hydr

ion with the u
mposition and 
of vegetation 
the Retreat an

ation of organi
fferent, while i
present greater

ive to the Re
ndro M. Santo
nd society, thro

s, P. C., Gonça
eteorologische

Agricultural Sci

78 

 PLS-DA, with
eat and 4: Gras
nicipality, Goi

atter), Ca (Cal
rogenation pot

use of pasture c
greater risk o
in their inter

nd the one of th
ic matter. Acc
it resembles th
r weight than 

searcher Gran
os and Clarice
ough Capes/Fa

alves, J. L. de 
e Zeitschrif, 22

ience

h chemical and
ss of the Ribeir
ias, Brazil 

lcium), CTC (
tential), sand, 

cultivated arou
of expansion t
rior and low 
he Capim. The
cording to the 
he gull of the R
physical ones

nt (PROBIP-U
 Backes; To t

apeg (Grant/Aw

M., & Sparov
2, 711-728. htt

V

d physical data
rão Serra sub-b

(Cation Excha
silt and clay (

und the four g
through erosiv
levels of san

e superficial la
multivariate a

Retreat with th
, in the separa

UEG) for the 
the financial su
ward Number:

vek, G. (2014)
tps://doi.org/1

Vol. 11, No. 11;

 

 

a set of the gul
basin, 

ange Capacity)
(physical facto

gullies studied
ve instabilities.
nd in the phy
ayers of the so
analysis the gu
he gullies Vend
ation of the gu

scholarship to
upport to the 
: 1656/2016).

. Koppen’s cli
0.1127/0941-2

2019 

llie 

), Sat 
ors of 

. The 
 The 

ysical 
ils of 
ullies 
dinha 
ullies 

o the 
UEG 

imate 
2948/ 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 11; 2019 

79 

Assis, A. P. O., Giongo, P. R., Silva, J. H. T., Pesqueiro, M. A., & Gomes, L. F. (2017). Suscetibilidade erosiva 
da bacia hidrográfica do Córrego da Formiga, Quirinópolis/GO. Revista Espacios, 38(42).  

Belém, R. A., Oliveira, C. V., & Sampaio, R. de A. (2014). Caracteristicas físicas do solo e susceptibilidade de 
deslizamento de talude na Avenida Sidney Chaves, Montes Claros/MG. Caminhos de Geografia, 15(51), 
52-59. 

Bertolani, F. C., & Vieira, S. R. (2001). Variabilidade espacial da taxa de infiltração de água e da espessura do 
horizonte A em um argissolo vermelho-amarelo sob diferentes usos. Revista Brasileira de Ciência do Solo, 
25, 987-995. https://doi.org/10.1590/S0100-06832001000400021 

Brookes, P. C. (1995). The use of microbial parameters in monitoring soil pollution by heavy metals. Biology 
and Fertility of Soils, 19, 269-279. https://doi.org/10.1007/BF00336094 

Carneiro, M. A. C., Souza, E. D., Reis, E. F., Pereira, H. S., & Azevedo, W. R. (2009). Atributos físicos, 
químicos e biológicos de solo de cerrado sob diferentes sistemas de uso e manejo. Revista Brasileira de 
Ciência do Solo, 33, 147-157. https://doi.org/10.1590/S0100-06832009000100016 

Cunha, J. E. de B. L., Rufino, I. A. A., Silva, B. B. Da, & Chaves, I. de B. (2012). Dinâmica da cobertura vegetal 
para a Bacia de São João do Rio do Peixe, PB, utilizando-se sensoriamento remoto. Revista Brasileira de 
Engenharia Agrícola e Ambiental, 16, 539-548. https://doi.org/10.1590/S1415-43662012000500010 

EMBRAPA (Empresa Brasileira de Pesquisa agropecuária). (2011). Manual de métodos de análise de solos (2nd 
ed., p. 230). Rio de Janeiro, Embrapa Solos. 

INPE (Instituto Nacional de Pesquisas Espaciais). (2017). Divisão de Geração de Imagens. Retrived October 1, 
2017, from http://www.inpe.br/acessoainformacao/dgi_ativ_sem1_2013 

Kheir, R. B., Abdallah, C., Runnstrom, M., & Martensson, U. (2008). Designing erosion management plans in 
Lebanon using remote sensing, GIS and decision-tree modeling. Landscape and Urban Planning, 88, 54-63. 
https://doi.org/10.1016/j.landurbplan.2008.08.003 

Loarie, S. R., Lobell, D. B., Asner, G. P., Mu, Q., & Field, C. B. (2011). Direct impacts on local climate of 
sugar-cane expansion in Brazil. Nature Climate Change, 1, 105-109.  

Marques, R., Souza, R., & Batalha, C. (2014). Fatores controladores da formação de voçorocas na microbacia 
hidrográfica Zé Açu, Parintins-AM. Revista Geonorte, 10(1), 380-385. 

Martínez-Casasnovas, J. A., & Ramos, M. C. (2009). Soil alteration due to erosion, ploughing and levelling of 
vineyards in northeast Spain. Soil Use Manage, 25, 183-192. https://doi.org/10.1111/j.1475-2743.2009. 
00215.x 

Metaboanalyst. (2018). A comprehensive tool for metabolomics analysis and interpretation. Retrived February 1, 
2018, from http://www.metaboanalyst.ca/ 

Moraes, V. H., Giongo, P. R., Mesquita, M., Cavalcante, T. J., Ventura, M. V. A., Costa, E. M., & Arantes, B. H. 
T. (2019). Analysis of the Impact of Land Use and Occupation on the Biophysical Variables of the Cerrado 
Biome in Southwest Goiano, Brazil. Journal of Agricultural Science, 11(1), 399-409. https://doi.org/ 
10.1038/nclimate1067 

Munsell Soil Color Company. (1950). Munsell soil color chats, Munsell color. Macbeth Division of Kollmorgen 
Corporation, Baltimore, Maryland, USA. 

Oliveira, B. E. N., Matricardi, E. A. T., Chaves, H. M. L., & Bias, E. S. (2013). Identificação dos processos 
erosivos lineares no Distrito Federal através de fotografias aéreas e geoprocessamento. Geociências, 32(1), 
152-165. 

Peter, K. D., Oltmanns, S. O., Ries, J. B., Marzolf, I., & Hssaine, A. A. (2014). Soil erosion in gully catchments 
affected by land-levelling measures in the Souss Basin, Morocco, analysed by rainfall simulation and UAV 
remote sensing data. Catena, 113, 24-40. https://doi.org/10.1016/j.catena.2013.09.004 

Peters, D. P. C., Mariotto, I., Havstad, K. M., & Murray, L. W. (2006). Spatial Variation in Remnant Grasses 
after a Grassland-to-Shrubland State Change: Implications for Restoration. Rangeland Ecology Manage, 59, 
343-350. https://doi.org/10.2111/05-202R1.1 

Primavesi, A. (2002). Manejo ecológico do solo: A agricultura em regiões tropicais (p. 549). São Paulo: Nobel. 

Santos,. R. D., Santos, H. G., Ker, J. C., Anjos, L. H. C., & Shimizu, S. H. (2015). Manual de Descrição e 
Coleta de Solo no Campo (7th ed., p. 101). Viçosa: Sociedade Brasileira de Ciências de Solo. 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 11; 2019 

80 

Schaefer, C. E. R., Silva, D. D., Paiva, K. W. N., Pruski, F. F., Albuquerque Filho, M. R., & Albuquerque, M. A. 
(2002). Perdas de solo, nutrientes, matéria orgânica e efeitos microestruturais em Argissolo 
Vermelho-Amarelo sob chuva simulada. Pesquisa Agropecuária Brasileira, 37(5), 669-678. https://doi.org/ 
10.1590/S0100-204X2002000500012 

Shuwen, Z., Fei, L., Jiuchum, Y., Kun, B., Liping, C., Wenjuan, W., & Yechao, Y. (2015). Remote Sensing 
Monitoring of Gullies on a Regional Scale: A Case Study of Kebai Region in Heilongjiang Province, China. 
Chinese Geographical Science, 35(5), 602-611. https://doi.org/10.1007/s11769-015-0780-z 

SIEG (Sistema Estadual de Geoinformações). (2017). Download de arquivos SIG. Retrived October 6, 2018, 
from http://www.sieg.go.gov.br 

Silveira, C. P., & Monteiro, F. A. (2011). Influência da adubação com nitrogênio e cálcio nas características 
morfológicas e produtivas das raízes de capim-tanzânia cultivado em solução nutritiva. Revista Brasileira 
de Zootecnia, 40(1), 47-52. https://doi.org/10.1590/S1516-35982011000100007 

Spohr, R. B., Carlesso, R., Gallárreta, C. G., Péchac, F. G., & Petillo, M. G. (2009). Modelagem do escoamento 
superficial a partir das características físicas de alguns solos do Uruguai. Ciência Rural, 39(1), 74-81. 
https://doi.org/10.1590/S0103-84782009000100012 

Werlang, M. K. (2000). Monitoramento de voçorocas em solos podzólicos da região de Rondonópolis-MT. 
Revista Ciência e Natura, 22, 177-195. https://doi.org/10.5902/2179460X27119 

Zanata, J. M., Piroli, E. L., Delatorre, C. C. M., & Gimenes, G. R. (2012). Análise do uso e ocupação do solo nas 
áreas de preservação permanente da microbacia Ribeirão Bonito, apoiada em técnicas de geoprocessamento. 
Revista Geonorte, 2(4), 1262-1272. 

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


