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Physical Quality of Soils in a
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under Livestock Activity in a
Watershed in South Brazil
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Giovana Milech Robe and Luiz Fernando Spinelli Pinto

Abstract

The conservation of native forests is fundamental to the preservation of hydric
resources in the landscape. The use of animals in forest fragments has resulted in
degradations in the soil, resulting in the grating of these. Thus, soil classes were
studied and physical parameters of forest soils were evaluated in areas without and
with cattle grazing in the “Arroio Pelotas” watershed, Pelotas, Rio Grande do Sul,
extreme south of Brazil. The results were submitted to statistical analysis with the
Kruskal–Wallis nonparametric test with a significance level of 5%. The means of the
physical parameters of soil in the same toposequence and layers with and without the
presence of livestock were compared. By analyzing soil physical attributes (density,
macroporosity, and microporosity) it can be seen that the structural quality of the soil
is affected by the access of animals inside the forest fragments, especially in the upper
layer of the soil (0–5 cm deep). In forest fragments without access to animals, the
physical structure of the soil presented the best conditions of macroporosity and,
consequently, greater protection of nutrients, microorganisms, and water resources.
Therefore, it is concluded that conservation by the isolation of protective forests in
rural property planning benefits the quality of forest soils.

Keywords: physical attributes of the soil, cattle grazing, forest soils, environmental
management, soil degradation
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1. Introduction

Forests are important for the conservation of water resources at the landscape
level. Thus, the need for conservation and recovery of forests in watersheds is
fundamental, according to the new Brazilian forest code [1]. Currently, forests
are negatively impacted in different ways. Livestock activity carried out
without planning in rural properties can determine negative environmental
impacts on the environment and production. The influences of livestock in forest
fragment part of the interference in vegetation until the degradation of forest soils,
where the animals travel in search of fodder and end up exploring part of the
fragments [2]. Soil degradation in livestock areas ends up resulting in low-quality
pastures by overgrazing, gullies, sanding, pasture compactions and in the path of
animals, floods, siltations, and loss of ravines on the banks of watercourses, among
others.

The access of animals in forest areas, as well as their exploitation, promotes a
grating and fragmentation of forest areas [2], with this there is a greater luminosity
input inside that stimulates the growth of grasses in these areas. These conditions
intensify the trampling of the animal and, consequently, soil compaction, due to
the demand for fodder in forest areas. Compaction is influenced by texture,
aggregation, soil moisture at the time of management practices, traffic and
frequency of vehicle trafficking, intentional soil manipulations, and the loss of
organic matter [3–5].

Compaction by animal trampled results in changes in soil physical properties,
with a rearrangement of mineral and organic solid particles due to the mechanical
force applied to the surface and transmitted mainly by soil solids [6]. Compaction is
defined as the process of soil porosity decrease, especially the macroporosity occu-
pied by air, increasing the density and resistance to root penetration in the soils. It
also decreases water infiltration along the soil profile, causing surface erosion and
removals of high soil volumes [7]. Compaction promotes the reduction of the pores
of the inter and intra-aggregates, resulting in a dense and massive porous system,
which may lead to more pronounced horizontal water flow, and consequently,
greater soil erosion [8, 9].

Forest growth is affected by compaction and, consequently, their productivity is
reduced, as well as impairs the protection and conservation of soils and water.
Increased compaction negatively affects seed germination of native species, root
growth of plants, and productivity of mature commercial plantations [5, 10]. This is
due to the restriction of root development, through low water infiltration and redis-
tribution, limitation of adsorption and/or absorption of nutrients in the soil, and the
precarious aeration of the soil [5, 11].

The main cause of compaction in forest soils is the trafficking of machinery for the
management and harvesting of forests, as well as the trafficking of people and animals
in the area [12]. Studies also show that anthropic soil compaction occurs with different
management practices according to each activity. For example, by the displacement of
agricultural machinery in the forest, grain and fruit harvest [9, 13, 14], in fallow areas,
no-tillage and no-tillage system of grains [15, 16], and trampled by large domestic
animals [17, 18].

The results of soil quality compaction are the breakdown and reduction of
macroporosity. In study on orange orchard, Lima et al. [19] found superficial
compaction by the farm and by the traffic of machines, affecting the shape and
distribution of the poorly space, and the most affected were the biopores.
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According to Han et al. [20], pores derived from biological activity (or biopores)
formed by the mineralization of the root system and organisms of the soil
macrofauna. It is important to understand that vegetables and animals produce
biopores and other various ecosystem services to the rural property ecosystem, as
shown in Table 1. In addition to the roots, soil fauna produces biopores. This soil
fauna includes microscopic organisms, such as nematodes, mites, and colêmbolos,
to easily visible organisms, such as earthworms, spiders, ants, termites, and
beetles [21].

With compaction, there are changes in the distribution of soil aggregate size,
changes in macroporosity and microporosity, increased mechanical impediment,
decreased pore continuity, loss of water retention and infiltration capacity, weak
internal drainage, and increased heat conduction. All these environmental impacts
promoted by compaction affect soil quality, whether an agricultural soil of cultivation
or pasture, as in the forest soils of this study.

Service

category

Service Ecosystem process Contribution of fauna

Provision Available
water

Infiltration and storage of
water in the soil

Bioturbation, increased infiltration, and
water retention in the soil.

Food Biomass production Food for humans and animals.

Support* Nutrient
cycling

Decomposition and
humification

Fragmentation, ingestion, stimulation of the
de-compositorcing microbial community.

Regulation of nutrient losses Mineralization prevents leaching and
continuous circulation of nutrients.

Primary
productivity

Stimulation of symbiont
activity and growth-
promoting microorganisms

Stimulation of symbiotes in the rhizosphere,
intestines and coprolites, and change in the
activity of microorganisms promoting plant
growth.

Protection against pests and
diseases

Production of repellent substances. Pest
control by increasing biodiversity and
population balance.

Regulation* Flood
control

Drainage, infiltration, and
storage of water in the soil

Change in roughness and soil structure,
increasing porosity and surface biopores that
increase retention and infiltration.

Climate
regulation

Carbon sequestration Formation of stable aggregates rich in organic
matter in the form of substances.

Pollination Pollination Insects with the phase of life in the soil
contribute to pollination.

Cultural Recreation Social and natural interaction Food for some organisms, creation or
collections as a hobby, theme for exhibitions,
art, literature.

Education It only cares who knows the
soil

Instrument for environmental education and
information in rural extension.

*Main services of soil animals (indirect).
Adapted from Parron et al. [21] according to Millennium Ecosystem Assessment (2005).

Table 1.
Ecosystem services of soil fauna.
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There are few studies on soil quality within native forests in Brazil. Thus, there is a
need to evaluate the environmental impacts of livestock on forest soils, in a context
of producing with good environmental practices and with social, economic, and
environmental sustainability. For this, the objective was to evaluate soil physics
parameters in soil toposequence shards in fragments of native forests with and with-
out livestock, on the banks of the watercourse toward the top of the hill in a part of the
Arroio Pelotas watershed, in the state of Rio Grande do Sul, and in the extreme south
of Brazil (Figure 1).

2. Material and methods

2.1 Study area

2.1.1 The watershed of the Arroio Pelotas

The study area in the municipality of Pelotas is inserted in the Arroio Pelotas
watershed (Figure 2). The hydrographic basin of this watercourse is located under
two phytogeographic regions: pioneer formation areas and the semidecidual seasonal
forest, according to the classification of the Brazilian Institute of Geography and
Statistics [22]. The two phytogeographic regions are distinct and conditioned by the
geomorphological characteristics of the relief. The areas of pioneer formations, as [23]

Figure 1.
Location map of the study area.
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called restinga are located predominantly in the internal and external coastal plain
with vegetation of dry and humid fields, bathed, riparian forests, and capons of
restinga forests. The other region, called semidecidual seasonal forest, was the site of
this study and forest vegetation is typical (Figure 3) [22].

Figure 2.
Hydrographic basin of the Arroio Pelotas map, Pelotas, RS, Brazil.

Figure 3.
Illustrative scheme of the topographic profile of the forest areas sampled along the relief in Pelotas, RS, Brazil. •=
quematic distribution of soil sample collections. Source: Adapted Image of Phytogeographic Manual of Brazilian
Vegetation IBGE [22].
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2.1.2 Soils in the Arroio Pelotas river basin

The area is inserted in the geomorphological province of “escudo Sul-Rio-
Grandense” besides being ancient, is geologically very complex, because it comprises
several plutonic igneous rocks, mainly of granite composition associated with belts of
metamorphic rocks, which were covered by sequences of sedimentary rocks and
volcanic rocks [24]. On the edges of this heterogeneous geological province, is
inserted approximately half of the area of the municipality of Pelotas. In this region,
three main soil units are found: association LUVISSOLO HÁPLICO Órtico with
NEOSSOLO REGOLÍTICO Distro-úmbrico, ARGISSOLO VERMELHO-AMARELO
Distrófico and PLANOSSOLO HÁPLICO Eutrófico associado with GLEISSOLO
MELÂNICO Tb Eutrófico, covering respectively the high, middle and low relief of the
slope of the Escudo Sul-Rio-Grandense [24].

2.2 Soil sampling

2.2.1 Description and collection of soil profiles

For soil classification, the environmental characteristics of the site (external char-
acteristics, such as relief, drainage, erosion, vegetation, and source material) were
described, which constitutes the general description, and the morphological charac-
teristics of the soil, such as thickness, arrangement, transition and characteristics
between horizons and horizon characteristics (color, texture, structure, and consis-
tency, etc.) as Santos et al. [25]. Soil profiles were described and collected at the top,
on the upper slope, on the middle slope, and on the lowered slope. Soil horizon
samples were physically and chemically characterized in the laboratories of the Soil
Department of FAEM/UFPel1 following the methodology set out in Teixeira et al.
[26], and were subsequently classified according to the Sistema Brasileiro de
Classificação de Solos, developed by the National Soil Research Center [27], and world
reference base for soil resources [28].

2.2.2 Survey of soil physical attributes along the toposequence

Deformed samples (unpreserved structure) and undisturbed samples (preserved
structure) of soil were collected in six different treatments distributed along two
environmental gradients of the toposequence in the Pelotas Stream. For each gradient
with three sample blocks distributed on the upper slope, on the middle slope, and on
the lowered slope on the margin of the watercourse (Figure 3). The low slope and top
relief sections were not sampled by the absence of adequate forest fragments in the
study region. The gradients were divided into an area with access to cattle grazing and
areas without grazing, witness for comparison. The control of areas of isolated forest
fragments without access to animals and in conditions of relief similar to treatments
with livestock access. The maximum distance between the areas is approximately
1400 m. The altitude of the plots ranged from 39 to 116 meters at sea level. Forest
fragments were distributed in three small rural properties.

The undisturbed samples (preserved soil structure) were collected using the volu-
metric ring method [26]. The rings were 3 cm tall and 4.8 cm in diameter, with an

1

FAEM: Faculty of Agronomy Eliseu Maciel of Federal University of Pelotas (UFPel).
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average volume of 54.9 cm3 per sample. For the collection in the field, the insertion
site of the ring was cleaned in the soil, removing the litter until the soil was fully
discovered for the insertion of the rings. After the rings were inserted, using shovels,
the ring was carefully removed from the ground, so as not to disaggregate the sample.
Subsequently, each ring was wrapped in aluminum foil, sealed and labeled. The
undeformed samples on the foil were carefully transported to avoid damage to the soil
structure contained inside the ring.

Fourteen samples were collected per sample block, totaling 42 total samples per
gradient, seven rings in the 0–5 cm layer and seven other rings in the 5–10 cm layer.
The sampling points were approximately 10 meters from each other, inside the sample
block of the collection of native forest vegetation (Figure 3). With the excess of soil in
the layers of 0–5 and 5–10 cm, the deformed samples were collected, where they were
placed in plastic bags, sealed, and labeled.

The deformed and undeformed samples were taken to the pedology laboratory,
sample preparation room, and to the soil chemistry and physics laboratories of Faculty
of Agronomy Eliseu Maciel of Federal University of Pelotas. The deformed samples
were placed to dry at room temperature in the sample preparation room. After 5–7
days they were destroyed with a wooden roll and passed in 2 mm sieves, and then
placed in plastic bags labeled and stored in the Pedology Laboratory/UFPel, constitut-
ing the air-dried soil samples. The undeformed samples were stored in the pedology
laboratory and taken to the soil physics laboratory FAEM/UFPel, for the preparation
and evaluation of attributes of soil density, microporosity (pores smaller than 0.05
mm), macroporosity (pores greater than 0.05 mm), and total porosity.

The determinations of the chemical attributes of the soil were made according to
Tedesco et al. [29] and Teixeira et al. [26]. The determinations of pH (H2O), pH
(KCl), Ca, Mg, K, Na, and Al e P available were carried out in accordance with
Tedesco et al. [29]. Organic carbon and H + Al were used in the study by Teixeira et al.
[26]. The texture of the soil profile layers was analyzed by the granulometry method
following the methodology proposed by Teixeira et al. [26].

The pH in water (active acidity) was determined at the ratio of 1:1 (soil:water) by
immersion of a glass electrode connected to a pot. The pH in KCl (potential acidity –H
+ Al) was extracted with calcium acetate and determined by titration with NaOH.
Calcium extraction (Ca+2), magnesium (Mg+2) e aluminum (Al+3) exchangeable were
made with KCl 1 mol L�1 and determined in the atomic absorption spectrophotometer
(Ca+2 e Mg+2) and by titration with NaOH (Al+3). Potassium content (K+) available
and sodium (Na+) were estimated by the double extractor method of Mehlich�1 and
analyzed by flame photometry. Based on the results of the analyses, the base satura-
tion was calculated (BS%), the cation exchange capacity (CEC), and aluminum satu-
ration (m%). Base saturation is calculated by the sum of the bases Ca+2, Mg+2, and K+ e
Na+. A CTC = (Sum of bases + H+ + Al+3). Aluminum saturation (m%) is calculated by
Eq. (1) below:

m %ð Þ ¼ Alþ3= SBþ Alþ3� �� �

� 100 (1)

SB = sum of bases
Soil physical attributes were determined by the volumetric ring method, using the

dry soil mass in a greenhouse to 105°C for 24 hours in the volumetric ring of known
volume [26]. To calculate soil density by mass, the equation was used (2):

Bd ¼ Dsm=Va (2)
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Bd = soil bulk density (g.cm�3)
Dsm = dry soil mass contained inside the volumetric ring (g)
Va = volumetric ring volume (cm3)
The determination of the porosity of the total soil was performed by the tension

table method, using volumetric rings [26]. Through total porosity, the microporosity
and macroporosity of the soil were determined, using the height of the suction water
column of 60 cm to obtain a 0.006 MPa. The total porosity was calculated by Eq. (3)
shown below:

Pt ¼ P1� P3ð Þ � P4=Va½ � � 100 (3)

Pt = total porosity (%)
P1 = saturated sample weight with fabric and rubber alloy (g)
P3 = weight of rubber alloy and saturated fabric (g)
P4 = weight of the kiln-dried sample (g)
Va = volumetric ring volume (cm3)
Microporosity (mp) was calculated from Eq. (4) below:

mp ¼ P2� P4ð Þ=Va½ � � 100 (4)

mp = micropores (%)
P2 = balance sample weight (g)
P4 = weight of the kiln-dried sample (g)
Va = volumetric ring volume (cm3)
Macroporosity (Mp) was calculated by the difference of total porosity by micro-

porosity (mp), through the Eq. (5):

Mp ¼ Pt–mp (5)

Mp = macroporosity (%)
Pt = total porosity (%)
In the soil physics laboratory, for each volumetric ring, the aluminum foil

packaging was first removed. After removal of the package, the sample toilet was
performed with the use of a stiletto, scissors, knife, and water spray. The toilet
consisted of the process of removing excess soil at the lower and upper ends of the
ring to equalize the ring volume with the volume of the soil sample. Following the
toilet procedure, at the bottom of the ring was placed a piece of appropriate fabric
fastened with rubber alloy [26]. The fabric has the function of handling possible
sections of soil that detach from the ring. In the sequence, each ring was numbered
and placed for saturation in trays by capillary rise, with water placed up to ¾ from
the height of the ring, outdoors in the laboratory environment for at least 48 hours
[26]. Subsequently, the rings were removed from the water and weighed on a
precision scale, and then the saturated rings were placed for drainage on a tension
table and a tension corresponding to 60 cm of water column height corresponding to
macropore drainage was applied.

The samples of the volumetric rings were placed in Richard's pressure chamber
and remained until the drainage of the excess moisture for each voltage ceased. After
the volumetric rings came out pressure chamber, these were weighed to obtain the
weight of the ring in balance and discounted the weights of the fabric and rubber alloy
saturated. Subsequently, the rings in equilibrium were placed to dry in a greenhouse
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for 48 hours at a temperature of 105°C [26]. The rings were removed from the
greenhouse and weighed on a precision scale to obtain the weight of the dry soil.

After obtaining the weight of the saturated soil, the balance soil weight and the dry
soil weight of each volumetric ring, the soil of the ring was removed, which was
washed, dried, and weighed to obtain the weight of the ring without soil to use in the
subtraction in the weight of the samples. For each volumetric ring, it was measured,
the diameter and height for calculating the volumetric ring volume, using the Eq. (6)
below:

Va ¼ д� r2� h (6)

Va = volumetric ring volume (m3)
д = pi = 3.1428
r = geometric radius of the ring (m)
h = height (m)
The results were submitted to statistical analysis, which was performed by the

PAST software with the Kruskal–Wallis nonparametric test with a significance level of
5%. The means of the physical parameters of soil in the same toposequence and layers
with and without the presence of livestock were compared.

3. Results and discussion

The pedological survey was carried out with a methodology that aims to identify,
characterize, and classify soil profiles [25]. Soil classification resulted in three soil
classes at the order level: Leptosol, regosol, and acrisol, according to the classification
proposed by IUSS working group WRB [28], and in two soil classes at the order level:
Neossolo and Argissolo, according to the classification proposed by Santos et al. [27]
(Table 2; Figure 4). It has been classified as Argissolo in the downloaded and
Neossolos on the middle slope, top slope, and top (Figure 5). Soil classification was
performed by means of analytical data interpretation (Tables 3 and 4), physic and
chemical attributes, and morphological description of profiles.

The class of Argissolos in general, are soils of varying depth, from strong to
imperfectly drained, with reddish or yellowish colors and rarely brunadas or grayish.
It has a sandy texture to clayey on horizon A and medium to very clayey on horizon B,
always having a textural gradient of clay from horizon A to B, which characterizes the
textural horizon B (Bt). The transition usually between horizons A and Bt is clear,
abrupt, or gradual. They are strong to moderately acidic soils, predominantly
kaolinitic with high or low base saturation [27].

Soil profile SiBCS WRB

P1 NEOSSOLO LITÓLICO Distrófico fragmentário (RLd) Dystric Leptosol (LPdy)

P2 NEOSSOLO REGOLÍTICO Distrófico leptofragmentário (RRd) Leptic Regosol (Rgle)

P3 NEOSSOLO REGOLÍTICO Eutrófico típico (RRe) Eutric Regosol (RGeu)

P4 ARGISSOLO AMARELO Distrófico típico (PAd) Haplic Acrisol (ACha)

SiBCS = Sistema Brasileiro de Classificação de solos [27]; WRB = World reference base for soil resources [28].

Table 2.
Equivalence of classification systems.
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In downloaded, profile P4 (Figure 4), the soil was classified as ARGISSOLO
AMARELO Distrófico típico, presenting sequence of horizons A-AB1-AB2-Bt, deep
soil (>100 cm), with yellowish color, indicating a sign of good drainage and low base

Figure 4.
Study area map. P1 – NEOSSOLO LITÓLICO Distrófico fragmentário (RLd) /Dystric Leptosol (LPdv), P2 –

NEOSSOLO REGOLÍTICO Distrófico leptofragmentário (RRd)/Leptic Regosol (RGle), P3 – NEOSSOLO
REGOLÍTICO Eutrófico típico (RRe)/Eutric Regosol (RGeu) and P4 – ARGISSOLO AMARELO Distrófico típico
(PAd)/Haplic Acrisol (ACha).

Figure 5.
Toposequence of the study area with the respective topographic profiles in the landscape and the respective soils. P1
– NEOSSOLO LITÓLICO Distrófico fragmentário (RLd)/Dystric Leptosol (LPdv), P2 – NEOSSOLO
REGOLÍTICO Distrófico leptofragmentário (RRd)/Leptic Regosol (RGle), P3 – NEOSSOLO REGOLÍTICO
Eutrófico típico (RRe)/Eutric Regosol (RGeu) and P4 – ARGISSOLO AMARELO Distrófico típico (PAd)/Haplic
Acrisol (ACha).

10

Forest Degradation under Global Change



saturation (<50%). These characteristics, together with the chemical attributes
described in Table 2, corroborate with Streck et al. [24] which gives these
soils parameters of low natural fertility, high acidity, and low cation exchange
capacity (CEC).

The second soil class identified was that of the Neossolos, present in the sampling
points P1, P2 e P3 (Figure 4). The Neossolos are characterized by being soils of recent
formation, consisting of mineral or organic material that does not present express
changes in relation to the source material, due to the low intensity of action of the
pedogenetic processes, and that does not present horizon B diagnosis [27]. Despite
having good natural fertility, this class has limitations in the production of annual
crops, since it has a strong restriction on the entry of mechanization due to stoniness
and rockiness, which impairs root development and water storage by low effective
profundiade [24].

Soil

profile

Hz pH H2O pH HCl Ca Mg K Na Al H CEC BS m OC P

cmolc.kg
�1 % g.kg�1 mg.kg�1

NEOSSOLO LITÓLICO Distrófico fragmentário

P1 A 7.3 5.4 3.5 1.4 0.2 0.0 0.1 2.9 8.2 62 2.8 11.8 9.9

A/CR/
R

6.4 4.4 2.9 1.4 0.2 0.0 0.7 5.1 10.3 44 13.2 10.1 3.5

CR/R 5.3 3.9 2.6 1.4 0.2 0.0 1.9 4.6 10.7 39 31.3 6.0 2.0

NEOSSOLO REGOLÍTICO Distrófico leptofragmentário

P2 A 4.9 4.1 3.8 0.9 0.2 0.0 1.1 7.1 13.0 38 17.8 25.7 2.8

AC 4.9 3.8 1.8 0.4 0.1 0.0 1.9 5.5 9.7 23 46.3 10.1 1.0

C 4.9 3.9 1 0.2 0 0.0 1.2 2.9 5.4 24 48.3 5.4 0.8

C/CR 5 3.8 1.2 0.3 0 0.0 1.4 2.6 5.6 29 46.6 4.9 1.1

NEOSSOLO REGOLÍTICO Eutrófico típico

P3 A 5.2 4.2 5.9 1 0.1 0.1 0.8 6.1 14.0 51 9.8 16.3 2.0

AC 5.6 4.2 3.8 0.4 0.0 0.1 0.5 3.1 8.0 54 11.0 6.4 1.1

C1 5.6 4.1 3.1 0.7 0.0 0.1 0.5 1.5 5.9 67 11.0 2.7 1.7

C2 5.6 4.0 3.2 0.8 0.0 0.1 0.6 0.9 5.7 73 13.1 2.0 1.4

ARGISSOLO AMARELO Distrófico típico

P4 A 5.5 4.7 2.2 0.6 0.1 0 0.6 1.4 4.9 59 16.6 7.0 24.5

AB1 5.3 4.1 1.4 0.7 0.1 0 0.7 2.3 5.1 42 23.9 5.8 21.9

AB2 5.2 4.0 1.8 0.7 0.0 0 0.4 2.9 6.0 44 14.1 5.6 7.0

Bt 4.9 3.8 2.9 0.9 0.1 0 1.2 3.0 8.0 48 23.2 5.2 4.3

P1 – NEOSSOLO LITÓLICO Distrófico fragmentário (RLd) /Dystric Leptosol (LPdv), P2 – NEOSSOLO
REGOLÍTICO Distrófico leptofragmentário (RRd) /Leptic Regosol (RGle), P3 – NEOSSOLO REGOLÍTICO Eutrófico
típico (RRe) /Eutric Regosol (RGeu) and P4 – ARGISSOLO AMARELO Distrófico típico (PAd)/Haplic Acrisol
(ACha). Hz= Soil profile horizon; CEC= cation exchange capability; BS= base saturation; m= aluminum saturation;
OC= organic carbon.

Table 3.
Chemical characteristics of the toposequence profiles in the Arroio Pelotas, RS, Brasil.
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At the top, profile P1 (Figure 4), the soil was classified as NEOSSOLO LITÓLICO
Distrófico fragmentário, presenting a sequence of horizons A-A/CR/R-CR/R, an
effective profunity less than 50 cm that configures with shallow soil, high base satu-
ration on horizon A (>50%) and lithic contact between 50 and 100 cm from the
surface of the soil.

On the top slope, profile P2 (Figure 4). The was classified as NEOSSOLO
REGOLÍTICO Distrófico leptofragmentário, presenting a sequence of horizons A-
AC-C-C/CR, an effective depth between 50 and 100 cm configuring as shallow soil,
low base saturation along the profile (<50%) and fragmentary lytic contact at a depth
greater than 50 cm and less than or equal to 100 cm from the soil surface.

On the middle slope the soil was classified, the P3 (Figure 4), in NEOSSOLO
REGOLÍTICO Eutrófico típico presenting a sequence of horizons A-AC-C1–C2, an
effective depth greater than 100 cm configuring as deep soil, high base saturation
(>50%) and lithic contact greater than 50 cm from the soil surface.

The average results for soil density determinations, total porosity, macroporosity,
and microporosity are presented in Table 5. Forest soil density varied between 1.00

Soil profile Horizon Depth Thick sand Fine sand Silt Clay

cm (g.kg�1)

NEOSSOLO LITÓLICO Distrófico fragmentário

P1 A 0–10/15 207 374 297 123

A/CR/R 10/15–16/25 182 339 328 151

CR/R 16/25–40+ 116 345 355 184

NEOSSOLO REGOLÍTICO Distrófico leptofragmentário

P2 A 0–20 298 260 276 167

AC 20–38 191 331 305 174

C 38–60/70 228 370 276 126

C/CR 60/70–85+ 343 245 268 144

NEOSSOLO REGOLÍTICO Eutrófico típico

P3 A 0–22 205 226 371 198

AC 22–42 284 228 364 124

C1 42–65/70 312 245 339 105

C2 65/70–100+ 290 262 344 104

ARGISSOLO AMARELO Distrófico típico

P4 A 0–25 296 554 113 37

AB1 25–50 204 530 201 65

AB2 50–80 130 553 234 83

Bt 80–100+ 23 464 392 121

P1 – NEOSSOLO LITÓLICO Distrófico fragmentário (RLd) /Dystric Leptosol (LPdv), P2 – NEOSSOLO
REGOLÍTICO Distrófico leptofragmentário (RRd) /Leptic Regosol (RGle), P3 – NEOSSOLO REGOLÍTICO Eutrófico
típico (RRe) /Eutric Regosol (RGeu) and P4 – ARGISSOLO AMARELO Distrófico típico (PAd) /Haplic Acrisol
(ACha).

Table 4.
Granulometric characteristics of the toposequence profiles in the Arroio Pelotas, RS, Brasil.
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Mg m3 and 1.45 Mg m3. Regardless of the position in the relief or access of the animals
inside the fragments, the density was lower in the upper layer (0–5 cm) ranging
between 1.00 Mg m3 and 1.21 Mg m3. While in the lower layer (5–10 cm), the density
varied between 1.20 Mg m3 and 1.45 Mg m3. Although forest areas with animal access
showed a soil density generally higher than the fragments without access, statistical
difference was detected only in the lower layer (5–10 cm) on the middle slope. The
critical density values found for sandy soils under agricultural use are cited and range
from 1.6 to 1.8 [19], well above that found in this study.

This lower soil density in the upper layer (0–5 cm) was found in studies in natural
forests [19, 30, 31]. This general pattern of natural or anthropic soils is caused by the
greater intake of organic matter in the most superficial layer of the forest soil. The
organic matter from the vegetation has a specific mass of lower density and greater
aggregation power among the mineral particles of the soil, resulting in the better
structural quality of the soils and, consequently, in the greater amount of pore space
and space for root growth.

The lowest soil density in areas occupied by native forests has already been found in
different Brazilian Biomes [15, 17, 19, 30–37]. In the same watershed, Flores et al. [32]
found in Argissolo Vermelho, that the density of native forest and native field soil was
lower than in the cultivation areas, with greater differences in the layer of higher
organic matter intake (0 a 0.05 m). In this layer, the native forest had the lowest density
(1.06 Mg m�3) while no-till was the largest (1.45 Mg m�3), and after five years, no-
tillage had half the organic matter of the surface layer of the native forest [32].

In the studies of different Brazilian biomes that used native forests as control of
edafica quality in agricultural properties, the density was always lower in native
forests compared to more intense land uses, such as annual crops of conventional
management, and no-tillage and pastures. It is important to highlight that the density
values of the forest soil studied, in all glebes, they had density below the appropriate
critical density for plant growth. However, densities close to or above the critical
boundary should probably occur on the animal tracks within forest fragments.

The pattern of the lower density of forest soils compared to other forms of land-
scape use, such as crops, orchards, and pastures, is a consequence of the lower or no

Position on relief Macroporosity Microporosity Total porosity Density

0–5 cm 5–10 cm 0–5 cm 5–10 cm 0–5 cm 5–10 cm 0–5 cm 5–10 cm

% Mg m�3

Upper slope SG 31.4a 25.5a 27.8a 24.5a 59.2 50 1.00a 1.24a

Upper slope CG 19.6b 21.5a 37.9b 29.3a 57.5 50.8 1.09a 1.27a

Middle slope SG 28.2a 21.0a 21.1a 23.2a 49.3 45.1 1.06a 1.26a

Middle slope CG 18.9b 21.4a 31.2b 22a 51.7 50 1.21a 1.45b

Lowland (ciliar) SG 19.8a 18.8a 32.5a 31.6a 52.3 50.3 1.06a 1.20a

Lowland (ciliar) CG 12.0b 21.4a 41.4a 30.8a 52.1 52.9 1.15a 1.23a

SG: no access of cattle in the forest and CG: with access of cattle to the interior of the forest. Means followed by the same
letter do not differ statistically from each other by the Kruskal–Wallis nonparametric test (p < 0.05).

Table 5.
Physical parameters of the forest soils in the 0–5 cm and 5–10 cm layers in toposequence in the Arroio Pelotas
Hydrographic Basin, Rio Grande do Sul, Brasil.
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soil revolving in these forest environments. Thus, the decompaction of forest soil is
largely influenced by the intense and constant activity of edafica fauna and woody
plants with a large volume of the root system. Edaphic organisms, mainly microor-
ganisms, have an important role to decompile biomass produced in the different strata
of the forest and deposited in the litter, which is incorporated into soil organic matter
and promotes better conditions in physical attributes, such as aggregation, porosity,
and rate of water infiltration, energy flow, as well as chemical attributes such as
nutrient cycling and increased cation exchange capacity [38] in forest soils.

Since then, soil density has been an indirect environmental indicator of the degree
of particulate ness. For soils of similar classes, the higher the soil density, the higher its
compaction, the lower its total porosity and, consequently, the greater the restrictions
on the development of the root system of young plants, water infiltration, and soil
aeration [5, 17].

The total porosity of forest soils ranged from 45% to 59%. However, macroporosity
and microporosity had different distributions between the relief segments and between
the soil layers. The areas without grazing presented nominally higher values in
macroporosity and with the statistical difference in the three parts of the relief in the
surface layer of the soil (0–5 cm). The forests with cattle access presentedmacropores in
a smaller proportion, ranging from 12–20% in the upper soil layer (0–5 cm) and close
values, in the three areas of the relief, to 21.5% in the lower layer (5–10 cm). In the
protected areas of grazing, the proportion of macropores was between 19–31% in the
0–5 cm layer and between 18–25% in the 5–10 cm layer. On the other hand, the
micropores were more abundant in forest areas with the entry of animals, between 31
and 41% of the porosity of the samples of the 0–5 cm layer and between 22–31% for the
5–10 cm layer. In the areas without the presence of the animals, the microporosity
values were lower, between 21 and 32% in the upper layer and 23–32% in the samples of
the lower layer. The microporosity was different between the areas with and without
the cattle, however, even with higher microporosity values, in the lowered, there was a
statistical difference between the middle and upper slope in the surface layer (0–5 cm).
There was no statistical difference in the lower layer (5–10 cm) in all parts of the relief.
The total porosity of forest soils ranged from 45 to 59% in the upper and lower layer.

Soil porosity is the intense result of biological activity and the diameter distribu-
tion of these pores reflects the condition to determine the physical-water behavior in
soils [39]. In the study of the toposequence in Pelotas, the size of the pores indicates
alteration due to the presence of animals inside the fragments of protective forests.
The macroporosity of the soil surface layer was the parameter that was impaired by
the compaction of cattle. The trampling of the animals is indicating a reduction in soil
quality, being favorable for greater compaction of the surface layer, due to the
increase in soil density and the reduction of macroporosity [40].

In relation to forest species, soil esthesity porosity is fundamental for seed germi-
nation and plant growth. A smaller volume of aerating space in the soil restricts the
full development of the root system. In this sense, data on critical values for plant
growth in different studies showed a minimum limiting value of soil aeration amount
(macroposority) of at least 10% [8]. The toposequence soils in Pelotas, despite the loss
of aeration space and water infiltration in the unfenced areas, showed macroporosity
values above minimum environmental quality values. Even the forest fragments with
the presence of the animals maintained adequate soil aeration conditions for plant
growth with adaptations to grazing and animal trampling, such as carne-de-vaca
(Styrax leprosus), embira (Daphnopsis racemosa), pitanga (Eugenia uniflora), Cestrum
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(Cestrum parquii) e mamica-de-cadela (Zanthoxylom fagara), spiny vines, among
other dominant.

Other land uses show less adequate conditions of aerated ground space. In
different management systems of agricultural property in Pelotas, CRUZ et al.
[41] found in conventional systems, no-tillage and native livestock field, lower aera-
tion values, between 8 and 13% macroporosity for Argissolo Vermelho. Already eval-
uating soil quality in cultivated areas a few kilometers from the study, FLORES et al.
[32] found greater aerate structure in the native forest and in the no-tillage system, 19
and 14%, respectively, already in the conventional planting system and in the native
field with high livestock grazing, 8% macroporosity occurred. In Argissolo Vermelho
distrófico in the same geological unit of this study, SUZUKI et al. [37] evaluated
pasture, production forest, and forest of anthropized native protection in relation to
compaction intensity. The authors found in the pasture with more than five years the
lowest macroporosity (3.6%), while in the planting of Eucalyptus saligna with 20
years, the best macroporosity (19.9%). An intermediate macroporosity and practically
below the minimum required plants occurred in the eucalyptus saligna forest in recent
formation (four years) and in the anthropized native forest and used as shelter by
cattle for five years [37].

4. Conclusions

The higher porosity of esthetic and water infiltration in forest soils, compared to
other uses of the landscape, such as crops, orchards, and pastures, is the result of less
soil revolving and its permanent vegetation cover. Forest vegetation constantly sup-
plies organic matter to the soil through the litter intake of the treetops, the rhizo-
sphere relationships in the root system, and its mycorrhizae relationships. The long
time without soil revolving in production forests or protective forests occurs the
action of organisms, plants, and animals in the incorporation of organic matter and
the structuring of soil aggregates promoting improvements in forest soil quality by the
stability of the environment.

The classification of the soils presented different classes in the toposequence,
with Neossolos at the top and on the slopes and Argissolos in the lowlands of the
relief, in the riparian forest. The presence of cattle inside the forest fragments,
regardless of the position in the relief, indicates a tendency to promote negative
effects and the loss of macroporosity in the surface layer of the soil. The soils of the
forest fragments with the presence of the animals presented lower significant values
of macroporosity in the surface layer, contributing to a certain compaction,
compromising the distribution of porosity, and generating negative effects on soil
physical quality.

This study evaluated the effects of cattle grazing on the physical quality of
forest soils in the extreme south of the Atlantic forest, resulting in technical-scientific
subsidies for the implementation of forest fragment isolation in landscapes
planned to improve soil quality in the protected forests of watersheds. Thus,
conservation by the isolation of protective forests in the planning of rural property
benefits the quality of forest soils. Further studies are needed in the Arroio Pelotas
watershed to characterize soil physics patterns according to the type of land use, to
mitigate environmental impacts of livestock, and encourage a more sustainable
activity.
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