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SUMMARY

The use of a soil induces changes in the physical properties according to the
management, tillage intensity and type of crop. The objective of this work was to
measure the alterations of some of the soil physical properties and evaluate the
physical quality by the S index, an indicator proposed by Dexter (2004), comparing
the land uses: eucalyptus plantations at different ages, grazing pasture, annual
crops, and an area of preserved secondary vegetation with an area of preserved
native forest (National Forest Araripe - NFA) as control. The study was carried out
on an Oxisol on the Fazenda Redencdo, in Jardim, State of Ceara, Brazil. The
experimentwas arranged in a completely randomized design with seven treatments
and three replications in the layers 0-0.1 and 0.1-0.2 m. The soil was analyzed for
the following physical properties: bulk density, particle density, total pore volume,
micro and macroporosity, soil water retention curves and water availability. Based
on the S index, the hypothesis that the use of a soil deteriorates the physical quality
was accepted. Clearly, native forest (NFA) was the land use with the best conditions
in all physical properties studied, followed closely by the area reforested with 20
year-old eucalyptus. The use as grazing pasture affected the soil physical conditions
most, especially in the surface layer (0-0.1 m), as evidenced by increased bulk
density and a substantial reduction in soil porosity, mainly in macroporosity.
Microporosity was not influenced by any of the uses and in any layer studied.

Index terms: land use, soil physical properties, S index, soil degradation, Araripe
Plateau - Brazil.
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PHYSICAL QUALITY OF AN OXISOL UNDER DIFFERENT USES

RESUMO: QUALIDADE FISICA DE UM LATOSSOLO AMARELO SOB
DIFERENTES USOS

O uso do solo promove alteracdes em seus atributos fisicos de acordo com o manejo, a
intensidade de preparo e o tipo de cultura. Os objetivos deste trabalho foram medir as alterages
de alguns atributos fisicos do solo e avaliar sua qualidade fisica pelo indice S, um indicador
proposto por Dexter (2004), comparando usos com reflorestamento com eucalipto de diferentes
idades, pastagem utilizada para os animais, culturas anuais e uma area preservada de
vegetacdo secundaria em relagdo a uma area preservada de mata nativa (Floresta Nacional
do Araripe - Flona), a qual foi utilizada como controle. O estudo foi conduzido em Latossolo
Amarelo distréfico, em areas da Fazenda Redencéo, localizada no municipio de Jardim,
Estado do Ceard, Brasil. O delineamento experimental foi o inteiramente casualizado com
sete tratamentos e trés repeticoes, nas profundidades de 0-0,1 e 0,1-0,2 m. Os atributos fisicos
do solo analisados foram: densidade do solo e de particula, volume total de poros, micro e
macroporosidade, curvas de retencéo de agua no solo e agua disponivel. Com base no indice S,
a hipdtese de que o uso do solo piora a sua qualidade fisica foi aceita, ficando evidente que o
solo sob mata nativa foi o que apresentou as melhores condigdes fisicas em todos os atributos
estudados, seguido de perto pela area reflorestada com eucalipto de 20 anos. O solo utilizado
com pastagem para os animais foi o tratamento com os atributos fisicos mais alterados,
sobretudo na camada surface (0-0,1 m), fato evidenciado pelo aumento na densidade do solo
e pela reducéo do volume total de poros, especialmente da macroporosidade. A microporosidade
n&o se alterou em todos os tipos de usos e profundidades pesquisados.

Termos de indexacao: uso do solo, atributos fisicos do solo, indice S, degradacgéo do solo,
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Chapada do Araripe - Brasil.

INTRODUCTION

The Mesoregion Southern Ceara in Brazil covers
an area of 14,800 kmZ, consisting of 25 municipalities.
The most important morphostructural setting in this
region consists of the Araripe Plateau, a Mesozoic
sedimentary basin, at 800 to 900 m asl, distributed
in the States of Ceara, Pernambuco and Piaui
(Funceme, 2006).

The soil, climatic conditions and groundwater
availability (aquifers) make this area a prosperous region
for agribusiness. However, on the other hand, the soil
resources have been strongly affected by human
intervention. According to Oliveira & Araujo (2007), the
conservation status of the Araripe Plateau is rather
complex because of its higher population density,
compared with the drier surrounding areas, which means
that the soil has to support a high pressure of use.

The soil management related to different uses and/
or different agroecosystems, with greater or lesser
contributions of organic matter to the soil surface layer,
creates structural conditions that influence the
porosity, bulk density and penetration resistance,
making the soil receptive or not to water infiltration
and favorable or unfavorable to the growth and
development of root crops (Imhoff et al., 2000; Stone
et al., 2002; Tavares & Ribon, 2008). According to
Cheng et al. (2002), soils under forest vegetation, due
to their higher porosity, especially macropores,
facilitate water infiltration and consequently increase
aquifer recharge. Mapa (1995) found that the
compaction of Oxisols was reversed after some years

of land use with reforestation, because of the higher
organic matter input into the soil.

The microporosity of a soil seems to be less affected
by land use, and more influenced by the soil texture
and organic matter content. Aradjo et al. (2004) found
no significant differences between the microporosity
in the areas of native forest and cultivated land in a
field experiment with an Oxisol.

The long-term use as extensive cattle pasture
modifies the characteristics and physical properties
of a soil, since the trampling of the animals contributes
to a reduction of total porosity, especially of
macroporosity, and increases bulk density as well
(Souza & Alves, 2003). Collares (2005) found that the
average pressure of cattle is 0.17 MPa per head and
can penetrate the soil to about 12 cm.

The soil water retention curve shows the
relationship of the soil water content with the energy
of water in the soil which is useful for calculations
related to the water movement and availability to
plants. Silva et al. (1994) defined this condition of soil
water (availability) as the moisture range where plant
growth is little affected. In practice, for medium
textured soils, the parameter is defined as the moisture
retained in the soil between field capacity (33 kPa)
and the permanent wilting point (1,500 kPa).

An indicator of soil physical quality (Dexter, 2004),
the S index, was studied based on water potential and
soil water content at equilibrium, defined as being
equal to the slope of the tangent line at the point of
inflection of the soil water retention curve. However,
the S index does not directly address other soil
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properties that are essential to explain the behavior
of plants under water or physical stress. Dexter &
Czyz (2007) proposed applications considering the use
of S and concluded that S is suitable to quantify the
soil physical properties and correlated the soil physical
quality with plant growth. According to the authors,
the S index predicts the hydraulic conductivity,
compression, particle aggregation, root penetration
resistance, water availability to plants and soil
stability. Howeveer, further studies are required to
establish values that quantify changes in the soil
structure based on the application of the S index.

Based on the hypothesis that different land uses
and management affect the soil physical properties
differently and deteriorate the quality compared to a
soil under natural vegetation, the purpose of this
research was to assess changes in some physical
properties and calculate the S index of a representative
Oxisol on the Araripe Plateau, Ceara, Brazil.

MATERIAL AND METHODS

Soil, climate, experimental design

The study was carried out on a Latossolo Amarelo
Latossolo Amarelo distréfico (Embrapa, 2006) or Typic
Haplustox sandy clay loam, kaolinitic, iso-hyperthermic
(USDA, 2006), in areas of the Fazenda Redencao on the
Araripe Plateau, in the municipality of Jardim, Cear4,
Brazil (7° 3' 25" S and 39° 19' 30" W, mean altitude 867
m asl). Mendonca et al. (2009) mentioned that the climate
of the experimental location is Aw’ according to the
Koéppen classification, with average annual rainfall of
801.5 mm, average maximum temperature of 34 °C and
minimum of 18 °C, and relative air humidity with a
maximum of 80 % and minimum of 49 %.

The agroecosystems and/or uses studied were: (a)
native forest (National Forest Araripe - NFA, as
control), (b) secondary vegetation with native species,
preserved for more than 20 years, (c) annual crops
(Cassava - Manihot esculenta Crantz; corn - Zea mays
L.; bean - Phaseolus vulgaris L.), (d) pasture
(Brachiaria decumbens Stapf.), (e) reforestation with
eucalyptus for 20 years (Eucalyptus spp. L.), (f)
reforestation with eucalyptus 13 years (Eucalyptus spp.
L.), and (g) eucalyptus plantation 1 year (Eucalyptus
spp. L.), in an area previously used for sugar cane
(Saccharum officinarum L.) for about 10 years.

The types of uses and/or agricultural ecosystems,
management and some physical and chemical
properties in the 0-0.1 m layer, directly or indirectly
correlated with the physical properties studied, are
presented in table 1. Soil samples were collected in
June 2010 from the layers 0-0.1 and 0.1-0.2 m.

Particle size analysis and organic carbon

To determine the total clay (pipette method),
NaOH 1 mol L* was used as chemical dispersant,
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and organic carbon (oxidation by potassium
dichromate 0.4 mol Lt and titration of the excess with
ammonium ferrous sulfate 0.1 mol L1). Organic
matter was calculated by multiplying organic carbon
by 1.724. All tests and calculations were based on
Embrapa (1997).

Particle density (PD), bulk density (BD),
total porosity (TP), microporosity (Micro)
and macroporosity (Macro)

The particle density was analyzed by the
pychometer method and the bulk density based on
undisturbed soil samples of known volume (50 cm3).
The microporosity was determined by a porous plate
apparatus (Richards, 1948). According to Kiehl (1979)
and Danielson & Sutherland (1986), the microporosity
corresponds to the moisture retained up to a tension
of 0.006 MPa. The macroporosity was obtained by the
difference between total porosity (TP) and
microporosity, and TP was calculated from the values
of BD and PD, using the equation: VTP =1 - BD/PD
(Embrapa, 1997).

Water retention, soil water retention curve,
S index and water availability

Water retention was obtained by drying, using
undisturbed soil samples subjected to the following
tensions: 6, 8, 10, 33, and 1,500 kPa. For low tensions
(6, 8 and 10 kPa), the water content was determined
with porous plate funnels (Haines funnels), while for
the other tensions (33 and 1,500 kPa) a porous plate
apparatus was used, according to the method of Klute
(1986). To construct the soil water retention curve,
the total soil porosity, the total soil porosity was
considered as the water content of saturated soil and
a constant value of PD of 2.65 Mg m=3. The data,
calculated as means of three replications per point,
were adjusted to a mathematical model proposed by
van Genuchten (1980):

0=+ 2% _ -
1+ (ally’]

where 6r and 6s are, respectively, the residual water
content and saturation (m3 m=3), h the matric
potential of soil water and «, m and n (empirical
constants related to the shape of curve). For the S
index, Dexter & Czyz (2007) suggested, from the van
Genuchten equation, expressing the gravimetric water
content as a function of matric potential

w= w1+ ()| ",

and to simplify the calculation of the S index by means
of mathematical manipulations. Thus, one should
derive the equation of van Genuchten two times
compared to the logarithm of tension (In h), and
equating it to zero, establish the water potential (h;)
at the inflection point by:
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Table 1. Land use management and some physical and chemical properties in the 0-0.1 m layer
Soil use Management Clay Silt Sand Nat. clay =~ OC® omM® FD®
g kg* %

Eucalyptus (1 year)® Conventional 236 101 663 27 9.1 15.6 88
Eucalyptus (13 years)® Conventional 247 97 656 32 9.6 16.6 87
Eucalyptus (20 years)® Conventional 307 82 611 12 12.5 21.6 96
Fallow agricultural area®  Undisturbed

secondary

vegetation 290 110 600 20 12.5 21.6 93
Native forest® Forest 282 82 636 19 15.4 26.6 93
Annual crops Conventional 254 90 656 24 8.5 14.6 90
Pasture Cattle 226 113 661 11 11.9 20.6 95

@ Cultivation time in years; @ Preserved for 20 years; ® National Forest Araripe; ¥ Organic carbon (OC) and organic matter

(OM); ® Clay flocculation degree.

1
_ L[]
ey

Returning to the van Genuchten equation and
substituting the value of the modulus of the soil water
potential, the water content at the inflection point (w;)
is given by:

—m
— 1
W= (Wsat - w}re:) |:l + m + Wes

Thus, the inclination of the tangent line at the
inflection point (S index) was calculated based on the
parameters of the van Genuchten equation by the
equation:

7(1+m)
§ === w,0) 143

The available water was calculated as the difference
between the water content in the soil between tensions
of 10 and 1,500 kPa, due to the high sand content of
the soil.

The experimental design was completely
randomized with seven treatments and three
repetitions. The results were statistically analyzed
using the statistical software Assistat (UFCG, 2010).
The effects of different uses and management on the
soil physical properties at both depths were verified
by analysis of variance, and the results subjected to
the F test at 1 and 5 % and the treatment means
were compared by the Tukey test at 5 %.

RESULTS AND DISCUSSION

Bulk density (BD), total porosity (TP),
microporosity (Micro) and macroporosity
(Macro)

The results (presented in table 2) show that there
was no statistical difference between total porosity,

macro and microporosity in the 0.1-0.2 m layer among
all treatments when compared with the control (native
forest - NFA). No significant difference was observed
for microporosity either between treatments in the 0-
0.1 m layer, reinforcing the theory that this type of
porosity seems to be little affected by soil use and
management, but is more influenced by organic
matter (OM) content and soil texture. Similar results
were obtained by Araudjo et al. (2004) in a study on an
Oxisol.

Significant differences were found in the same layer
with regard to BD. In the layer 0-0.1 m, density was
lowest in the areas under eucalyptus (20 years), fallow
agricultural area (preserved for 20 years), annual
crops, and native forest. In the 0.1-0.2 m layer, the
BD of the native forest differed only from that of the
area reforested with eucalyptus after 13 years and
was statistically similar to the values measured in
the other treatments.

The depth of 0-0.1 m was the most sensitive to
changes by different types of land use on the physical
properties listed above. The lowest total porosity and
macroporosity and highest bulk density were found
in the pasture treatment, which can be explained by
the intensive trampling by cattle grazing in the area.
Furthermore, the values of the control treatment of
these properties were highest due to the higher content
of OM and the absence of agricultural machinery
traffic in the area, in agreement with the results
reported by Souza & Alves (2003), Collares (2005) and
Chengetal. (2002).

Macroporosity is considered an indicator of soil
compaction and was relatively low under pasture
only, statistically significant compared to other
treatments. The measured value (0.128 m3 m-3)
approaches the restrictive limit for soil aeration
(0.1 m3 m3). However, macroporoasity was higher
in the 0.1-0.2 m layer, not differing from other
treatments or land uses. This is evidence that the
animal trampling on the pasture compacts the soil
only at the surface.
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Table 2. Total pore volume, macroporosity, microporosity, bulk density (BD) and particle density (PD), at

two depths in the soil under different uses

Soil use Porosity BD PD
Total Macro Micro
m3m Mg m"

0-0.1 m
Eucalyptus (1 year)® 0.446 bc 0.194 hc 0.252 a 1.48 ab 2.67
Eucalyptus (13 years)® 0.477 abc 0.246 abc 0.231 a 1.39 abc 2.66
Eucalyptus (20 years)® 0.565 a 0.359 a 0.206 a 1.17d 2.69
Fallow agricultural area® 0.521 ¢ 0.282 ab 0.239 a 1.24 cd 2.59
Native forest 0.569 a 0.312 ab 0.257 a 1.13d 2.62
Annual crops 0.507 a 0.291 ab 0.216 a 1.32 bed 2.68
Pasture 0.394 ab 0.128 ¢ 0.266 a 1.60 a 2.64

0.1-0.2 m
Eucalyptus (1 year)® 0.464 a 0.248 a 0.216 a 1.43 ab 2.67
Eucalyptus (13 years)® 0.429 a 0.197 a 0.232 a 152 a 2.66
Eucalyptus (20 years)® 0.491 a 0.243 a 0.248 a 1.37 ab 2.69
Fallow agricultural area® 0.494 a 0.301 a 0.193 a 1.31 ab 2.59
Native forest® 0.523 a 0.315a 0.208 a 1.25b 2.62
Annual crops 0.489 a 0.239 a 0.250 a 1.37 ab 2.68
Pasture 0.447 a 0.218 a 0.229 a 1.40 ab 2.64

@ Cultivation time in years; @ Preserved for 20 years; ® National Forest Araripe. Means followed by the same letter do not differ

from each other by the Tukey test at p <0.01 and/or p <0.05.

In the areas under 13 and 20-year-old eucalyptus,
the thick layer of leaf litter accumulated on the soil
surface exerted a marked and positive influence on
total porosity, macroporosity and bulk density,
agreeing with Tavares Filho & Ribon (2008), Imhoff
et al. (2000), Stone et al. (2002) and Mapa (1995). It
was also found that in general, across the different
treatments, there was a direct relationship between
BD and microporosity and an inverse relationship
between macroporosity and BD. Similar results were
reported by Matias et al. (2009).

Water retention, soil moisture characteristic
curves, water availability and S index

The adjustment parameters of the van
Genuchten (1980) model for the soil water retention
curves in different situations of use are presented
in table 3, and the respective curves are shown in
figures 1 and 2.

In the layer 0-0.1m, the highest saturation water
content was found in native forest soil, followed closely
by soil under eucalyptus growing for 20 years. The
characteristic curve of soil moisture under eucalyptus
for 13 years was similar to the native forest, differing
only in total porosity.

Itis noteworthy that despite the large pore volume,
the water content of the soil under eucalyptus for 20
years was significantly reduced in the range close to
saturation, despite small increases in matric potential,
indicating the existence of a reasonable volume of pores
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in the domain of the macroporosity. The lowest water
content was found in soil under pasture, which must
be due to animal trampling that causes compaction
with a reduction of total soil porosity. Generally, in
spite of using the conventional system for eucalyptus
cultivation in this study, the soil physical quality in
the surface layer tended to improve over time.

In the 0.1-0.2 m layer, similar to that in the O-
0.1 m layer, the highest water content in saturated
soil was observed in the native forest, followed by soil
under eucalyptus for 20 years and annual crops. The
lowest water content at saturation was found in the
fallow agricultural area. It was observed that the total
porosity in this layer (0-0.1 m) was very sensitive to
changes caused by soil use.

In the layer from 0-0.1 m, the soil water available
to crops was lowest in soil under eucalyptus (20 years),
0.067 m3 m-3, and increased, in increasing order:
fallow agricultural area, annual crops, NFA,
eucalyptus (13 years ) and eucalyptus (1 year),
reaching the maximum in the pasture system, 0.127
m3 m-3. In the layer 0.1-0.2 m, water availability was
lowest in soil under NFA, 0.070 m3 m-3, and increased,
in increasing order: fallow agricultural area,
eucalyptus (13 years), eucalyptus (1 year), pasture
and annual crops, reaching the maximum in the
eucalyptus (20 years), 0.113 m3 m=3. In the figures 1
and 2, the available water is sufficient for irrigation.
However, in a modern concept, it is important to note
that these values can be modified by the definition of
the least limiting water range (LLWR), proposed by
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Table 3. Equations adjusted, with determination coefficients, to the soil water retention curves to obtain

water content
Soil use Depth, m Equation r’
ol D 0120+ 0446 — 0120 — 000
-0. [1+(0.0003 gy )03796] .
Eucalyptus (1 year) 04640096
0102 0= 0096+ 63373 1.000
.1-0. [1+00019]p, )03674] :
0.477 - 0108
6 =0108 +
0-0.1 01236 0.998
[1+(0.6634|¢m|)5'3316] %9
Eucalyptus (13 years) 0429 — 0128
0 =0128+ - -
24561
0.1-0.2 [1+(0A0447|¢m|)0445601 0.998
0.565— 0099
6=0.099+
0-0.1 0.1660 0.999
[1-+(7.0800] g )25575]
Eucalyptus (20 years) 0491-0.111
0.1.02 6=0111+ : —— 59537 0.998
1-0. [1+(0.001 ]|¢m|)0.4537] .
0.521- 0125
0=0125+
0-0.1 02817193992 1.000
Fallow agricultural area" (1000020 ]
L 1os 001035 0494 -0.103 n— L 000
.1-0. [1+(0.0005|¢m |)0A2961 ] : :
0.569-0123
6=0.123+
0-0.1 02248 0.999
| . [1+(1.5545] o] )2~4035]
Native forest D011 0523-0112
= o 02010
0.1-0.2 [1+(3‘3758|¢m|)2_3760] 0.999
00105+ 0.507 —0.105 —
0-0.1 [1+(040012|(pm|)0'3125] : 1.000
Annual crops
L 1os b oll0s 04559 —0.110 pa— L 000
. . [1 + 040068|(0m| )0.4559] ’ '
0394-0113
6=0.113+
0-0.1 7.6436 1.000
[1+(00016|| )0-536()]
Pasture 0 0,096 + 0447 — 0096
0.10.2 ' 70 1.000

[1+(0.0015]p,| )04065]

8 = volumetric moisture (m® m); gm= matric potential (kPa); V) Preserved for 20 years; @National Forest Araripe

Silva et al. (1994). The definition of available water,
unlike the definition of the LLWR, has the limitation
of not taking the properties related to soil moisture
into consideration, for example, aeration and soil
resistance, which can be limiting to plant growth.

Table 4 shows S index values evaluating the soil
physical quality, defined as the inclination of the
tangent line at the inflection point of the soil moisture
characteristic curve, i.e., a measure associated with
the porous soil structure (Dexter, 2004). According to
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Eucalyptus (1 year)
Eucalyptus (13 years)
Eucalyptus (20 years)

Falow agricultural area

g 035 Native Forest
< 0.30 - Annual crops
Pasture
025
0,20
0,15
0,10 -
0,01 0.1 1 10 100 1000 10000

Matric potencial, kPa

Figure 1. Soil water retention curves, adjusted by
the van Genuchten model, in the 0-0.1 m layer
as a function of soil use.

—s— Eucalyptus (1 year)
—— Eucalyptus (13 years)
—— Eucalyptus (20 years)
—— Falow agricultural area
—— Native Forest

—e— Annual crops

—— Pasture

0,01 0.1 1 10 100 1000

10000
Matric potencial, kPa

Figure 2. Soil water retention curves, adjusted by
the van Genuchten model, in the 0.1-0.2 m layer
as a function of soil use.

Table 4. The S index and soil physical quality (SPQ)
for an Oxisol as a function of land use

S index SPQ S index SPQ
Soil use
Depth
0-0.1 m 0.1-0.2 m

Eucalyptus (1 year) 0.031 Poor 0.032 Poor
Eucalyptus (13 years) 0.111  Very good 0.027 Poor
Eucalyptus (20 years) 0.106 Very good 0.044 Good
Fallow agricultural area 0.031 Poor 0.030 Poor
Native forest 0.119  Very good 0.091 Very good
Annual crops 0.033 Poor 0.042 Good
Pasture 0.033 Poor 0.034 Poor
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Dexter & Czyz (2007), the interpretation of the results
obtained for this index classifies the soil as being
physically very good (>0.050), good (0.050> S > 0.035),
poor (0.035> S > 0.02) and very poor (< 0.02).

The soil physical quality under native forest was
classified as very good, a fact confirmed by Matias et
al. (2009), and the soil physical quality under
eucalyptus for a longer time tended to be improved,
even approaching the conditions of preserved forest.
The physical quality in the area reforested with
eucalyptus for 20 years was also excellent according
to the S index, and was considered very good and good
in the layers 0-0.1 and 0.1-0.2 m, respectively.

In the fallow agricultural area, although preserved
for nearly 20 years, the physical quality was classified
as poor by the S Index. However, the index values
found are very close to 0.035, the value that separates
good from poor structural physical quality. According
to Dexter (2004), only values below 0.020 characterize
soils with very poor physical conditions.

CONCLUSIONS

1. Based on the S index, the hypothesis that the
use of a soil degrades its physical quality was
accepted. Clearly, the native forest (National Forest
Araripe) was the land use that preserved the best
conditions in all physical properties studied, followed
closely by the area reforested with eucalyptus for 20
years.

2. Grazing pasture was the treatment that most
affected the soil physical conditions, especially in the
surface layer (0-0.1 m), as evidenced by increased bulk
density and a substantial reduction in soil porosity,
mainly macroporosity. Microporosity was not affected
in any use types and layer investigated.
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