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Abstract: Concern about soil quality has increased significantly, as its use and intensive mobilization reduce the ability to maintain 

good production. Management systems with vegetation removal, soil exposure, use of chemicals, machine traffic and animal trampling 

alter the soil structure, decreasing physical quality. This study aimed to determine the soil quality in the municipality of Caçapava do 

Sul - RS, through the characterization of physical attributes, performing a comparative analysis in different uses: soybean cultivation 

and livestock (native field). The physical attributes determined were: soil density, particle density, total porosity and hydraulic 

conductivity. The analyzes were performed in four replications performed in quadruplicate and the results analyzed by the Statistica 7.0 

software. In the soybean planting area, in the layer between 0.25 and 0.35 m, the soil density showed higher values and lower porosity, 

evidencing the effect of soil compaction resulting from the transit of machinery. Regarding the particle density, the native field area had 

the lowest value in the surface layer. In hydraulic conductivity, both presented negative results. The results found demonstrate that the 

studied soils behaved in a similar way in relation to the evaluated parameters. 

 

Keywords: Soil Density; Soil Management; Soil Porosity. 

 

Resumo: A preocupação com a qualidade do solo aumentou significativamente, pois seu uso e mobilização intensa reduzem a 

capacidade de manter boa produção. Sistemas de manejo com remoção de vegetação, exposição do solo, uso de químicos, tráfego de 

máquinas e pisoteio de animais alteram a estrutura do solo, diminuindo a qualidade física. Este trabalho teve como objetivo determinar 

a qualidade do solo no município de Caçapava do Sul - RS, pela caracterização de atributos físicos, realizando análise comparativa em 

diferentes usos: cultivo de soja e pecuária (campo nativo). Os atributos físicos determinados foram: densidade do solo, densidade de 

partículas, porosidade total e condutividade hidráulica. As análises foram realizadas em quatro repetições realizadas em quadruplicata e 

os resultados analisados pelo software Statistica 7.0. Na área de plantio da soja, na camada entre 0,25 e 0,35 m, a densidade do solo 

apresentou valores maiores e a porosidade menores, evidenciando o efeito da compactação do solo resultante do trânsito de maquinário. 

Em relação à densidade de partículas, a área do campo nativo apresentou o menor valor na camada superficial. Na condutividade 

hidráulica, ambos apresentaram resultados negativos. Os resultados encontrados demonstram que os solos estudados se comportaram 

de forma semelhante em relação aos parâmetros avaliados. 
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1. Introduction 

The development of plants requires appropriate physical soil conditions, and these properties are related to the flow of 

water, heat, and gas, which in turn directly affect the growth and productivity of crops (LOPES; GUILHERME, 2007). 

Currently, the concern for soil quality has significantly increased, as its use and intensive mobilization can lead to a decline 

in its capacity to support large-scale production (COLLARES et al., 2006; CARVALHO et al., 2004). 

Soil quality refers to its ability to function within the ecosystem's limits, support biological performance, maintain 

environmental quality, and promote the well-being of plants and animals. This characteristic can be assessed through the 

monitoring of physical, chemical, and biological attributes (DE OLIVEIRA SILVA, 2021). Soil attributes commonly used 

as indicators of physical quality include density, porosity, hydraulic conductivity, mechanical resistance to root penetration, 

and infiltration rate, mainly due to their relative ease of determination and low measurement cost (SANTANA; BAHIA 

FILHO, 1998; MARCHÃO et al., 2007; BALBINOT JUNIOR et al., 2009). Soil physical quality degradation is manifested 

by low porosity, high resistance to root penetration, and reduced water retention capacity, which directly affects the 

fundamental functioning of the soil (AGUIAR, 2008). 

The implementation of agricultural systems can lead to changes in soil physical properties, reducing its quality and 

often complicating recovery. What occurs is the alteration of the balance in a natural environment, as it frequently involves 

vegetation removal, soil exposure, application of fertilizers and pesticides, machine traffic, and changes in the hydrological 

regime in watersheds (ARCOVERDE, 2013). 

Soil compaction caused by animal trampling is also widely cited as a cause of soil quality reduction, as it increases soil 

resistance to root growth (GURGEL, 2020). In compacted soil, it is also observed that the root system concentrates near 

the surface, reducing the plants' ability to absorb nutrients and water from sub-surface layers (LANZANOVA, et al., 2007). 

In light of the above, this study aims to determine the physical properties of the soil based on different types of land 

use and occupation (livestock and soybean cultivation) in an area in the municipality of Caçapava do Sul, RS.  

 

2. Methodology 

2.1. Location and description of study areas 

The present study was carried out on properties used for livestock and agriculture, located in the rural area of the 

municipality of Caçapava do Sul (localities of Passo do Souza and Dorasnal, respectively), located in the southeast of Rio 

Grande do Sul (Figure 1). The points analyzed in each area, as well as their respective coordinates, are also expressed in 

the figure.  

According to the Köppen climate classification, the region's climate can be classified as humid subtropical (Cfa), 

characterized by good water availability and an even distribution of rainfall throughout the year, without a well-defined 

dry season (ROSSATO, 2020). Caçapava do Sul has a total annual rainfall of 1727.4 mm, with April being the month with 

the highest average rainfall (177.6 mm) and August the month with the lowest rainfall (104.3 mm) (WREGE et al., 2012). 

In the locality of Passo do Souza, a study was carried out in an area destined to beef cattle ranching (native field), in which 

its entire size measures approximately 100 hectares. At the time of the experiment, the stocking was 80 animals with calves, 

in an area that had been used exclusively for grazing activities for approximately 30 years. 

The second locality, known as Dorasnal, corresponds to the soybean crop (summer planting), an area that during the 

winter is used for the planting of ryegrass. Aiming at soil correction, this area is treated with 3 tons of limestone per hectare.  
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Figure 1 – Location scheme including maps of the study areas (repetitions performed in the native field and soybean fild 

and their respective coordinates). 

Source: Authors (2022). 
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2.2. Soil sampling 

To characterize the physical attributes and consequent evaluation of the soil quality, soil samples were collected in 

each use system (soybean and livestock). In each of these areas, four sub-areas (considered repetitions) of approximately 

30 m2 were randomly delimited. For the analysis of density (Ds) and particle density (Dp), three different depths were 

considered, named Points 1, 2 and 3 (0.15 cm to 0.25 cm; 0.25 cm to 0.35 cm and 0.35 cm to 0.45 cm, respectively), 

following the methodology proposed by Aguiar (2008) with modifications. Then, the samples were sent for laboratory 

analysis.  

 

2.3. Determination of Physical Attributes 

Soil Density (Ds) and Particle Density (Dp) 

To determine the bulk density (Ds) the volumetric ring method was used, and to determine the particle density (Dp) 

the method used the volumetric flask and alcohol as a penetrating liquid. Both methodologies are described in the Manual 

of Soil Analysis Methods of the Brazilian Agricultural Research Corporation (EMBRAPA, 2017).  

 

Total porosity (Pt) 

The total porosity (Pt) was determined by the relationship between soil density (Ds) and soil particle density (Dp) 

according to Equation 1 (AGUIAR, 2001): 

𝑃𝑡(%) =
(𝐷𝑝−𝐷𝑠)

𝐷𝑝
 (𝑋100)                                                                        Equation (1) 

Where: 

Pt – total porosity; 

Dp – density of solid soil particles; 

Ds – soil density.  

 

Hydraulic conductivity (K) 

The determination of hydraulic conductivity (K) was based on the use of the Guelph Permeameter, using two pressure 

loads (H1=5cm and H2=10cm), as described by Aguiar (2001). To this end, the following steps were carried out: the hole 

was drilled and the depth reached was measured with the help of a ruler, and it was necessary to level the base and regularize 

the walls of the hole. The Guelph Permeameter was assembled, connecting the acrylic tube to the Mariotte bottle through 

malleable plastic hoses. The Permeameter was placed over the hole, adjusting the tripod legs so that the device was level. 

The solution was placed inside the acrylic tube, allowing the water to completely fill the hoses. The Mariotte tube was 

adjusted by means of the graduated ruler to establish the pressure height maintained inside the hole. Thus, the readings 

began to be taken at constant intervals of time, through the graduated ruler of the acrylic tube. When the differences in 

measurements between the readings became constant, the trial was stopped. 

The calculation of the hydraulic conductivity (K) was obtained by knowing the value of the infiltration rate and its 

association with the dimensions of the borehole and the height of the water column inside it, using the following equation 

(CELLIGOI et al., 2006): 

   𝐾 = [(0,0041)(𝑋)(𝑅2) − (0,0054)(𝑋)(𝑅1)   Equation (2) 

Where: 

K: Hydraulic conductivity (cm/s); 

R1 and R2: Stabilized infiltration rates corresponding to H1 (5 cm) and H2 (10 cm) respectively (cm/s); 

X: constant corresponding to the area of the pipe used (in this case 35.36 cm2). 

 

Statistical analysis 

The analyses were performed in four replications, which were conducted in quadruple. The results are expressed as 

mean ± standard deviation and submitted to analysis of variance (ANOVA). The means were compared with each other 
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using Tukey's test, considering a significance level of 95% (p<0.05). The results were analyzed using the Statistica 7.0 

software. 

 

3. Results and discussion 

3.1. Soil density 

According to Aguiar (2001), soil density is influenced by the structure, degree of compaction and the characteristics of 

soil expansion and contraction. Reichert and Reinert (2006) describe that if there is a change in the pore space, there will 

be a consequent change in the density of the soil, and its main use is as an indicator of compaction. The results of soil 

density (Ds) found in this study can be seen in Figure 2, presented below: 

 
Figure 2 – Mean values of soil density (Ds), expressed in g/cm3, found for the native field and for the area used for 

soybean planting, considering the three depths analyzed. 

Source: Authors (2022). 

Point 1 covers depths from 0.15 to 0.25m, Point 2 from 0.25 to 0.35m and Point 3 from 0.35 to 0.45m. The values are 

presented as an average of four repetitions, means followed by lowercase letters compare density levels in the different 

soils analyzed, while uppercase letters compare values found for the different layers in the same soil at the level of 5% 

probability by Tukey's test (p<0.05). 

From the results presented in Figure 2, it can be seen that for the three depths analyzed, the area used for soybean 

planting presented significantly higher density values (P<0.05) when compared to the native field, used for livestock. 

Similar results were found by Seron et al. (2013) when evaluating the soil density of livestock and crop systems at a depth 

of 0 to 0.20m. The authors state that even though there is no significant difference between the treatments, there is evidence 

of higher values in the tillage system and justify this behavior by the greater traffic of machines and implements that occurs 

in the tillage system when compared to pasture. However, the results presented do not agree with the theory cited by Kunz 

et al. (2013), who report that the pressure exerted by animals on the soil is greater than the pressure exerted by tractors. 

The authors point out that the high pressure exerted by the animals is due to the fact that their weight is concentrated in a 
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small area – the hoof, while agricultural machinery, despite having a greater weight, exerts less pressure on the soil surface, 

since its weight is distributed in a larger area (tires).  causing less compaction and consequently decreased density. 

Regarding the three different layers analyzed, the area used for soybean planting did not show significant difference 

(p<0.05), i.e., the depth of sampling did not influence the density of the soil studied. However, for the native grassland, 

the most superficial layer (Point 1), which encompasses the depth of 0.15 to 0.25 m, presented a significantly lower result 

when compared to the other layers analyzed. Azevedo and Dalmolin (2004) found similar results, with soil density values 

between 0.95 and 1.80 g/cm3, with an increase in these results with increasing depth. According to the authors, this occurs 

naturally due to the weight exerted by the upper horizons. 

According to Silva (2008) and Pequeno (2011), the study of soil density is important, as this parameter is recognized 

as a fundamental factor regarding the characteristics related to land use. Soils with a high degree of compaction (high 

density) are marked by resistance to root penetration, significantly hindering the absorption of water and nutrients by plants, 

due to the limitation of the area explored by the roots. 

 

3.2. Particle Density (Dp) 

Particle density, also called real density, is the ratio between the mass and volume of solids in a soil, without taking 

into account porosity (GUBIANI; REINERT; REICHERT, 2006). The particle density results found in this study are shown 

in Table 1. 

 

Table 1 – Mean values of particle density (Dp), expressed in g/cm3, found for the native field and for the field used for 

soybean planting, for the three depths analyzed.  

Particle Density (Dp) 

 Native Field Soybean Field 

Point 1 2,28±0,14a,A 2,53±0,24a,A 

Point 2 2,45±0,01a,A 2,60±0,24a,A 

Point 3 2,45±0,22a,A 2,59±0,24a,A 

Source: Authors (2022). 

 

The values are presented as mean ± standard deviation. Averages followed by equal lowercase letters in the row and 

uppercase letters in the column did not differ statistically from each other by Tukey's test at the 5% probability level 

(p<0.05). 

Through the results shown in Table 3, it can be seen that, taking into account the different layers studied, there was no 

significant difference between the two soils evaluated, and the difference in depth during sampling also did not influence 

the result of the analysis for each particular treatment (p<0.05). Soil particle density is a unique quality that is hardly altered 

by the way the soil is treated. Therefore, the result obtained was already expected. 

According to Gubiani; According to Reinert and Reichert (2006), the determination of soil particle density (Dp) is of 

renowned importance as an indicator of mineralogical composition, and can be used to calculate the sedimentation rate of 

particles in liquids and also for indirect determination of porosity. Studies developed by Kiehl (1979), Mello (2002) and 

Scherer et al., (2013) point out that particle density can be influenced by the density of minerals present in the soil and by 

the amount of organic matter, which has the ability to increase or reduce this parameter as the carbon content increases or 

decreases. Following this context, Kiehl (1979) also presented in his studies values of particle density that indicate the 

presence of some minerals in the soil. Among the minerals pointed out by the author, those that present values close to the 

results found in this study are montmorillonite (2.20 < Dp < 2.70) for the native field and orthoclase (2.50 < Dp < 2.60), 

haloisite (2.55 < Dp < 2.56) and microcline (2.54 < Dp < 2.57) for the soybean area. In this way, it is possible to induce 

the presence of these minerals in the respective soils and perhaps also corroborate their influence on the results found for 

this parameter. 

 

3.3. Total Porosity 

According to Aguiar (2001), soil porosity is the ratio between the volume of voids and the total volume of soil. Lorenzo 

(2010) states that the total porosity is reflected by the state of density of the soil, and these characteristics are changeable 
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depending on the management used. Table 2 shows the mean values of total porosity found in this study for the two types 

of soil analyzed. 

 

Table 2 – Mean porosity values expressed as percentages, found for the native field and for the field used for soybean 

planting, for the three depths analyzed.  

Particle Density (Dp) 

 Native Field Soybean Field 

Point 1 38,59±2,41a,A 37,74±1,74a,A 

Point 2 36,72±2,87a,A 34,55±2,49a,A 

Point 3 36,27±3,26a,A 34,98±1,51a,A 

Source: Authors (2022). 

 

The values are presented as mean ± standard deviation. Averages followed by equal lowercase letters in the row and 

uppercase letters in the column did not differ statistically from each other by Tukey's test at the 5% probability level 

(p<0.05). 

Through the mean values expressed in Table 4, it can be seen that the different sampling layers did not influence the 

results of the analysis, since there was no significant difference (p<0.05) for both the native field and the area with soybean 

plantation when taking into account the three layers analyzed (point 1, point 2 and point 3).  This was expected, since 

porosity is strongly influenced by soil density, and in this parameter the vast majority of the results, which took into account 

the difference in sampling in the same soil, did not differ statistically from each other (item 6.1). Similar results were found 

by Wendling et al., (2012) when they analyzed the porosity of the soil under no-tillage at two different depths (0 to 0.10 

m and 0.10 to 0.20 m) and by Pignataro Netto et al., (2009) when they studied pastures with different use histories, they 

also did not observe differences in the total porosity values regarding the sampling depth. 

Although there was no statistical difference in relation to Tukey's test, the area used for soybean planting showed lower 

average values of total porosity when compared to the native grassland in the three layers studied, with the layer from 0.25 

to 0.35 m (point 2) being the one with the lowest value. This result may show the phenomenon known as "plough foot" or 

"harrow foot", related to the formation of subsurface soil compaction just below the upturned soil layer by the implements, 

associated with the use of agricultural machinery for several consecutive years for soil preparation (LANÇAS, 2002). 

According to Andreolla (2010), for the same soil, the higher its density, the greater the resistance to penetration and the 

lower the porosity, which confirms the result found since in the analysis of soil density (Ds) the field with soybean planting 

presented higher values. 

According to Pauletto et al., (2005) and Camargo and Alleoni (1997), an ideal soil should have 50% of total pore 

volume, which, in field capacity, would have 33.5% occupied by water and 16.5% occupied by air. Therefore, in general, 

it can be stated that for all treatments, low values of total porosity were found when compared to the ideal values cited in 

the literature (Table 4), i.e., values below 40%. 

 

3.4. Hydraulic conductivity (K) 

According to Carvalho (2002), the hydraulic conductivity of the soil is a parameter that translates the ease with which 

water moves along the soil profile and its determination, especially in the field, becomes essential, since the movement of 

water in the soil is directly related to the production of agricultural crops. The results found for hydraulic conductivity (K) 

are shown in Table 3. 

 

Table 3 – Mean values of hydraulic conductivity (K) found for the native field and for the field used for soybean planting.  

Hydraulic conductivity (K) 

Native Field -4,0x10-4±0,0000187a 

Soybean Field -3,7x10-4±0,0000345a 

Source: Authors (2022). 

 

The values are presented as mean ± standard deviation. Means followed by identical letters did not differ statistically 

from each other by Tukey's test at the level of 5% probability (p<0.05). 
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It can be seen from the results shown in Table 5 that, both for the native field (livestock) and for the area used for 

soybean planting, the results of the hydraulic conductivity analysis originated negative values. Studies developed by Sousa 

and Celligoi (2011) showed similar results when evaluating hydraulic conductivity in agricultural and forested areas in the 

city of Londrina – PR using the Guelph permeameter and the technique of two load heights, the same method used in this 

work. 

Studies developed by Reynolds et al., (1985) justify the occurrence of negative results in the determination of hydraulic 

conductivity through the technique of two load heights by the following factors: presence of air trapped in the soil, errors 

in flow measurement due to the presence of air bubbles, small spatial variation in scale of the hydraulic properties of the 

soil or due to the disturbance of soil characteristics,  resulting in different measurement conditions. 

Although the results were negative, it can be seen that there was no significant difference between the values found for 

the two land uses analyzed, which was expected, since, according to Mesquita and Moraes (2004), hydraulic conductivity 

is strongly dependent on attributes such as total porosity, size and distribution of soil particles. It is noteworthy that in this 

study, the porosity parameter did not present results that differed statistically when comparing the different land uses (item 

6.3). 

The hydraulic conductivity of the soil (K) is a property that expresses the ease with which water moves in it, and its 

determination is important for soil management, crop production, and the preservation of the soil and the environment 

(GONÇALVES; LIBARDI, 2013). 

 

4. Final thoughts 

The area used for soybean planting showed higher values of soil density (Ds) when compared to the native field, used 

for livestock. For the area with soybean planting, the difference in sampling depth did not influence the density, and for 

the native grassland, only the most superficial layer (0.10 to 0.25 m) presented a lower value. 

Regarding particle density, both the two soils analyzed and the different layers sampled did not significantly influence 

this parameter. Although there was no statistical difference, the native field had the lowest value in the most superficial 

layer (0.10 to 0.25 m) while the soybean field obtained the highest result in the intermediate layer (0.25 to 0.35 m). 

Taking into account the total porosity, all treatments presented low values when compared to the values mentioned in 

the literature for ideal soils. The different soil types evaluated, as well as the different layers analyzed, did not show 

statistical difference in relation to this parameter, although the soybean field showed lower results in the 0.25 to 0.35 m 

layer (Point 2). 

The hydraulic conductivity (K), which represents the level of soil permeability, was also no different for the native 

field and for the soybean field, which presented negative results for this factor, showing that the technique used was not 

compatible for this determination. 

According to the results found, it is possible to affirm that the two different land uses (native field and area with soybean 

plantation) analyzed behaved in a similar way in relation to the parameters evaluated, and for the determination of hydraulic 

conductivity, it is necessary to use other techniques that possibly respond better to the determination. Therefore, the work 

developed may contribute to the elaboration and execution of other academic research aimed at evaluating the soil in 

relation to different uses.  
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