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Abstract 
Pastures cover, in Brazil, around 165 million ha, most of them are at some degradation level. Recovering 
these pastures is essential. The objective of this study was to evaluate the sensibility of soil organic matter 
(SOM) and its physical attributes in pasture soil at different degradation levels (1 to 4), Capoeiras (1 and 2) 
and secondary Forest (Control). Samples were collected at four depths (0.00-0.05, 0.05-0.10, 0.10-0.20 and 
0.20-0.40 m). We verified higher values for SOM and hydraulic conductivity (Ko) in Forest, especially in the 
most superficial layer (0.00-0.05). We noted low values for macroporosity in this area. In all areas under 
Pastures lower values for Ko were observed in the superficial layer (0.00-0.05 m) when compared to layers 
0.05-0.10 and 0.10-0.20 m, which indicates that the pasture management and cattle trampling negatively 
affect the physical quality of the pastures. For field capacity and wilting point the average values were 
observed in Pasture 4 (more degraded), which caused higher values for water availability. According to the 
principal components analysis, except for SOM at 0.20-0.40 m, all variables studied presented correlation 
above 0.6. From grouping analysis, we separated 3 groups: Forest; Capoeiras 1 and Capoeira 2 and Pastures 
1 to 4. 
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1. Introduction 

Degradation of soil under pastures is a global problem, and in Brazil due to the unsuitable 
environmental conditions and management, most of these pastures are highly degraded (Zúñiga et al. 2015; 
Perreira et al. 2018; Sattler et al. 2018; Calegario et al. 2019). 

Soil degradation in these areas leads to a decrease of soil organic matter (SOM), resulting in a 
decrease of soil quality, reducing the ability of these areas to provide environmental services, and reducing 
the support capacity of these areas (Rocha Junior et al. 2020). Lower production capacity of pasture leads to 
lower production of protein (meat and milk), which is necessary required in developing countries to meet 
growing demand for food (Henchion et al. 2017). 

In general, pasture degradation is related to several causes, such as low soil fertility and lack of or 
excessive rainfall, inadequate pasture management practices and failure to establish pasture (Dias Filho 
2015). All these causes lead to direct impact on soil properties and, consequently, soil degradation. 
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Among the physical properties of the soil, properties related to aggregation, movement and retention 
of water are considered sensitive (Jat et al. 2018) and can be used to measure the impacts of pasture 
management (Rocha Junior et al. 2017a). We hypothesized that, even having a relatively stable physical 
structure, oxidic soils (Oliveira 2007), under different levels of degradation, can have their quality significantly 
compromised and, from the establishment of precise indicators of the disruption of soil functions, it would 
be possible to predict the path of degradation and establish strategies for their recovery. 

Currently, there are around 183 million hectares of pasture and, most of them, are under some level 
of degradation, especially in the Atlantic region (Rocha Junior et al. 2017a; MapBiomas 2020). The objective 
of this study was to evaluate the sensitivity of physical indicators of soil and organic quality in the separation 
of levels of degraded pastures in Red Argisols of the Atlantic Forest biome. Only in this biome there are about 
36 million hectares under pasture (MapBiomas 2020) and the establishment of indicators or levels of 
degradation for pasture management may guide the planning of livestock in several Brazilian states. 
 
2. Material and Methods 

Location and characteristics of the study area 

The work was carried out in the municipality of Governador Valadares-MG, Brazil. The study area is 
located in the Doce River basin, in the Doce River Valley, and the collections were carried out at the Guzerá 
Duas Meninas farm (Km-401 of BR-116) (Figure 1). 
 

 
Figure 1. Location of Governador Valadares - MG. 

 
The farm has as activity the beef and dairy cattle being formed with Brachiaria brizantha cv. Marandú 

having a herd with 180 animals. The management used is with Bos taurus grazing extensively. 
The soil under study was classified as argil texture Red Argissol (Embrapa 2018a). This soil is 

characterized by being a very developed soil and presenting a textural gradient between the horizon A/B. 
This characteristic makes this class of soil naturally more erodible because a drastic reduction of water 
infiltration occurs between the horizons. When under inadequate management, erosive processes are high. 
 
Treatments and samplings 

Disturbed and undisturbed samples were collected with volumetric ring at four depths (0.00-0.05, 
0.05-0.10, 0.10-0.20 and 0.20-0.40 m), with fifteen replicates within each land use, being: four pasture areas 
in different degradation levels, two capoeiras at different regeneration stages (capoeira 1 and 2) and a 
secondary forest (about 60 years old), which was used as control in establishing the best level of soil quality 
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for the studied variables. The pastures were categorized in the different degradation levels by the proportion 
of soil cover of the pasture introduced, of the broad and narrow leaf invaders and the percentage of exposed 
soil, according to Rocha Junior et al. (2017b) and classified according to the soil cover rate (Figure 2) (Rocha-
Junior et al. 2014). 
 

 
Figure 2. Soil rate of cover for different uses. 

 
The samples were collected in November (rainy season of the year), and all samples were collected 

in the middle third of a convex-covex pedoform, in a mean slope of 22°. 
To evaluate the organic matter content of the soil, the samples were air dried and passed through a 

2 mm sieve to obtain the air-dried fine earth. Afterwards, sub-samples were removed, macerated and all 
material was passed through a 0.250 mm sieve to determine the carbon content by dry oxidation in Perkim 
Elmer 2400 elemental analyzer (CNHS). After obtaining the total organic carbon contents, the values found 
were multiplied by the factor 1.724 to transform the carbon in soil organic matter (SOM). 

In undisturbed samples (volumetric rings) were determined: hydraulic conductivity (Ko) of the soil in 
a saturated medium according to Ruiz (2004) and the availability of water in the soil was determined by the 
water retention in a porous plate extractor with the pressures of work: 0.006 Mpa; 0.033 Mpa; 1.5 Mpa 
(Embrapa 2018b). Respectively, these pressures are equivalent to macroporosity (Ma), field capacity (FC) and 
wilting point (WP) of the soil. To determine the available water (WTC) in the soil, the moisture retained in 
the FC (m3 m-3) - WP (m3 m-3) was subtracted. 
 
Statistical analysis 

The means and mean standard deviations of the studied variables were calculated and the principal 
components analysis (PCA) was performed, trying to understand which were the most explanatory variables 
in the different vegetation coverages. 
 
3. Results 

Mean values of soil organic matter and soil physical attributes 

The mean values of soil organic matter (SOM) between the areas ranged from 1.39 to 4.8 dag kg-1. 
Numerically, the highest levels were observed in the superficial layer of the soil (0.00-0.05 m). In general, 
there was a rapid tendency to decrease SOM contents with a small increase in the soil exposure rate. This 
effect was more pronounced in the superficial layer (Figure 3). 
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Figure 3. Soil organic matter (SOM) of the soil in a Red Argissol at four depths: A – 0.00-0.05; B – 0.05-0.10; 

C – 0.10-0.20; and D – 0.20-0.40 m, under different soil exposure rates. 
 

Except for the area with 0% soil exposure (forest), there was a tendency to stabilize the levels of SOM 
after 2% soil exposure (Figure 3). 

The macroporosity data (Ma) are shown in Figure 4. The variation of Ma between the different 
exposure rates studied was 0.08 to 0.38 m3 m-3, and, in general, the highest averages were observed in the 
0.05-0.10 m layer. The Ma tended to decrease after the elevation of the soil exposure rate, except for the 
0.05-0.10 m layer, where the opposite effect was verified. The increase in soil exposure led to an increase in 
Ma, with the porosity increase rate being 13%, when evaluated from 0% to 35% (Figure 4). 
 

 
Figure 4. Macroporosity of soil (Ma) in a Red Argisol at four depths: A – 0.00-0.05; B – 0.05-0.10; C – 0.10-

0.20; and D – 0.20-0.40 m, under different soil exposure rates. 
 

The hydraulic conductivity data (Ko) are shown in Figure 5. For Ko, the mean amplitude of variation 
was 1.61 to 112.87 mm h-1. As in other soil attributes, soil exposure had a strong influence on Ko, since, after 
exposure, Ko decreased to the point of the order of 97.61% in the 0.00-0.05 m layer, 72.73% in the 0.05-0.10 
m layer, 75.87% in the 0.10-0.20 layer and 98.20% in the 0.20-0.40 m layer. 

With the exception of the value found at the 0.20-0.40 m layer at the 0% exposure rate, the highest 
Ko values were observed at the 0.05-0.10 m layer (Figure 5). 

Regarding the field capacity (FC) and wilting point (WP), the values varied between 0.35 and 0.24 m3 
m-3 for FC and 0.24 to 0.16 m3 m-3 for WP (Figure 6). In all depths, in general, a tendency to higher values of 
FC between soil exposure rates with 0-7% of exposed soil and 30-33% of exposed soil is observed. At these 
same soil exposure ranges a trend was observed for lower WP values (Figure 6). 

For water retention (WTF), the values varied between 0.10 a 0.04 m3 m-3. Among the soil exposure 
rates 8 and 29%, the lowest values of water retention were observed (Figure 6). 
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Figure 5. Soil hydraulic conductivity (Ko) in a Red Argisol at four depths: A – 0.00-0.05; B – 0.05-0.10; C – 

0.10-0.20; and D – 0.20-0.40 m, under different soil exposure rates. 
 

 
Figure 6. Capital letters field capacity (FC) and wilting point (WP) in a Red Argissol at four depths: A – 0.00-

0.05; B – 0.05-0.10; C – 0.10-0.20; and D – 0.20-0.40 m, under different soil exposure rates. Lowercase 
letters available water (AW) in a Red Argissol at four depths: a – 0.00-0.05; b – 0.05-0.10; c – 0.10-0.20, and 

d – 0.20-0.40, under different soil exposure rates. 
 
Multivariate analysis of principal components and grouping 

In the multivariate analysis for soil physical attributes and for SOM, components 1 and 2 explained up 
to 80.28% of the discriminant functions generated. With the exception of SOM in the depth 0.20-0.40 m, all 
other soil attributes studied with their respective depths showed a correlation with the principal components 
with values above 0.6 (Table 1). This result shows that the attributes and depths chosen largely explain the 
variability of the different areas studied. 
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Table 1. Correlation (%) between each principal component and soil attributes for the layers 0.00-0.05, 0.05-
0.10, 0.10-0.20 and 0.20-0.40 m of the dystrophic Red Argisol under different levels of degraded pastures, 
capoeiras and forest. 

Attributes 
1 \PC1 PC2 PC1 PC2 PC1 PC2 PC1 PC2 

0.00-0.05 m 0.05-0.10 m 0.10-0.20 m 0.20-0.40 m 
2\SOM -0.91 0.359 0.274 0.884 0.587 0.612 -0.584 0.577 

3\Ma 0.647 -0.014 0.974 0.025 0.917 -0.283 -0.954 -0.167 
4\Ko -0.901 0.373 -0.551 0.765 0.904 0.29 0.851 0.517 
5\FC 0.788 0.586 0.936 0.317 -0.772 0.54 0.973 -0.039 

6\WP 0.919 0.031 0.922 -0.328 -0.952 0.089 -0.812 0.499 
7\WTC 0.168 0.975 0.246 0.854 0.213 0.654 0.187 0.961 

8\CV (%) 85.22 90.31 80.28 90.29 
1\PC1 - first principal component, PC2 - second principal component; 2\SOM – Soil organic matter; 3\Ma - Macroporosity; 4\Ko - 
Hydraulic Conductivity in Saturated Medium; 5\FC - Field capacity; 6\Wilting point; 7\WTC - Available water; 8\CV - Cumulative 
Variance. 

 
4. Discussion 

With the decrease of soil organic matter content (SOM) with increased soil exposure we concluded 
that the replacement of vegetation cover for implantation of pasture and the inadequate pasture 
management reduce the soil quality (Rocha Junior et al. 2018a). It was clear that 6 and 8 years are not yet 
the time required to recover soil organic matter in areas that were previously degraded pastures, especially 
when dealing with deeper layers. Even recomposition with capoeiras. Possibly due to the magnitude of the 
impact previously suffered by the high trampling, the exposure of the soil and the erosive processes, the 
strategy of natural recomposition in the capoeiras may take a longer time than expected. Other alternatives 
to recover the soil may be viable, such as the adoption of exotic grasses with high growth potential in 
impacted environments, but with great potential to contribute to the soil with organic matter (Silva et al. 
2013). 

The greatest difference in SOM, observed in the 0.00-0.05 m layer, between soil exposure rates is 
possibly related to erosive processes occurring in pastures with higher soil exposure that may have promoted 
greater loss of SOM (Rocha Junior et al. 2017a; Rocha Junior et al. 2020) compared to forest. Although forest 
areas usually show higher root growth (Rocha Junior et al. 2017b), this characteristic did not influence the 
levels of SOM in depth. 

The subtle difference observed for the macroporosity (Ma) in the secondary forest in relation to the 
degraded pastures in the layers 0.00-0.05, 0.10-0.20 and 0.20-0.40m, as well as the smaller values of forest 
porosity in the layer 0.05-0.10m, is possibly related to a more significant relationship between macro and 
micropores (data not shown). In addition, frequent fires in these pasture areas may have influenced to this 
result, providing increased porosity with increased carbon input to the soil in the form of coal. 

The increase of the coal content in the soil related to the increase of soil porosity has been pointed 
out in the literature, especially in studies with biochar (Jien and Wang 2013). These authors have 
demonstrated a series of benefits with the increase of the contribution of C in the form of coal to the soil, 
such as the reduction of the soil density, the greater infiltration of water in the soil and the reduction of the 
erosive processes. Although there are benefits with the contribution of coal to the soil, due to the higher soil 
exposure in the areas of degraded pastures, this effect can be undone owning to the direct impact of rainfall 
with soil disintegration and surface sealing, reducing the infiltration rate of water in the soil and increasing 
the surface runoff (Rocha Junior et al. 2018b; Bombino et al. 2019). In addition, it is emphasized that the coal 
brought to the soil by vegetation burning raises the levels of SOM, because the coal is in a very stable form. 
Coal stays in the soil longer and is not oxidized in form of C-CO2 (Blanco-Canqui et al. 2020), a fact not 
observed in the present study. 

Although a direct relation of hydraulic conductivity (Ko) with macroporosity (Ma) (Centeno et al. 
2020) is pointed out in the literature, this aspect was not verified in the present study. The larger Ko in the 
forest area with lower Ma values is indicative of greater pore connectivity (possibly biospores) of the 
superficial layer with the deeper layers in this area. 
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The lower value of Ma in forest area is related to the better relation between macro and micropores. 
In addition, in Argisol, from the B horizon, micropores naturally predominates on macropores, typical of the 
densification that this horizon presents. 

In the other areas, Capoeiras (1 and 2) and Pastures (1 to 4), the results verified were contrary to the 
forest, where higher Ma and lower Ko were observed. Possibly the pores found in these areas, with higher 
soil exposure, are planar, which means, parallel to the surface, causing lower hydraulic conductivity and 
higher surface runoff, indicating that higher total porosity does not always means higher structural quality. 
This fact has been proven in a study developed by Oliveira (2000), which demonstrated a high macroporosity, 
based on micromorphological analysis in exposed soil areas, but with low hydraulic conductivity, justifying 
the arrangement of planar pores. 

In the present study it is clear that substitution of forest for pasture at any intensity reduces hydraulic 
conductivity in the soil, and the large discrepancy in the 0.20-0.40 m layer reinforces the potential that the 
root systems of a forest have in promoting deep structuring and increasing water recharge, reinforcing the 
importance of adopting rotational systems or systems integrated with pasture. Teague et al. (2011) 
demonstrated that light continuous grazing systems were the key to reduce runoff and, consequently, to 
increase soil water infiltration when compared to heavy continuous grazing area. Aguiar et al. (2010) 
demonstrated a direct relationship of silvopastoral systems with hydraulic conductivity and reduction of soil 
and water losses compared to pastures under conventional management. 

In the evaluation of FC, WP and WTC, it was verified that these attributes of the soil had no direct 
relation with the soil exposure rate, but with the intensity of the soil use. It was observed that the areas with 
lower intensity of use as forest area, capoeiras (1 and 2) and Pasture 4 were the areas that presented higher 
values of water retention. In Pasture 4, due lower availability of grass in this area and  higher density of 
invasive plants, the reduction of trampling has been observed, which, consequently, increased porosity and 
field capacity which may have increased the availability of water in the soil. In addition, a higher coal content 
in the soil was verified in this area (data not shown). As coal has a higher specific surface, higher content of 
coal in soil implies higher water retention capacity (Tanure et al. 2019). 

On the other hand, pastures 1, 2 and 3, because they have a higher availability of grass, may be 
suffering with higher intensity of trampling, reducing the capacity of retention of water in the soil. 

The results found for the water in the soil show that the areas of Forest and Capoeiras (1 and 2) 
present better relation between pores and water retention, but Pastures 1, 2 and 3, even with good soil cover 
compared to Pasture 4, need to have the soil management adjusted for presenting smaller rates of water 
retention, which may cause water loss by surface runoff and increase erosion processes and nutrient losses 
(Teague et al. 2011). 
 
5. Conclusions 

The structural quality of the soil varies with the degradation levels of pastures, observing better 
quality under Forest due to higher contents of SOM in all the depths studied, and, consequently, higher Ko. 

The water retention was influenced by the degradation levels. Pasture 4 presented higher retention 
of water, due to high carbon content in the soil, with contribution of higher presence of coal in this pasture. 
The higher level of degradation, the higher water retention. It also means higher risk of erosion, on the other 
hand. 

The Ko in the superficial layers varies inversely proportional with the degradation level, indicating that 
the effect of animal trampling is causing compaction, even in the areas with greater vegetation cover; thus, 
causing a greater risk of erosion. 

The attributes and depths chosen largely to explain the variability of the different areas studied. It is 
possible to separate three groups according to the attributes studied: Forest at depths 0.00-0.05, 0.05-0.10 
and 0.10-20 m; Pastures (1-4) and Capoeiras (1 and 2) at depths 0.00-0.05, 0.05-0.10; 0.10-20 and 0.20-0.40 
m; and Forest at depth 0.20-0.40 m. It was not possible to separate the pastures' degradation levels with the 
indicators used, but rather the reference (forest), areas in recovery (Capoeiras 1 and 2) and pastures with 
some degradation level. 
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