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Abstract: The use of land on small farms in subtropical regions varies with climatic conditions. 
Agricultural cultivation typically occurs during the spring and summer (southern hemisphere), with 
tobacco being the primary crop on most small farms. During these seasons, livestock graze in pastures 
and forest fragments. After the tobacco harvest (March), farmers plant winter cover crops, and by 
May, livestock is moved from pastures to agricultural areas. This study aimed to examine how 
grazing influences soil density and water infiltration rates across different land types (pasture, forest, 
eucalyptus reforestation, and agriculture) during the tobacco-growing season, and the off-season 
when grazing occurs on agricultural lands. It was found that forage availability and climatic 
conditions determined grazing duration in pastures and forests, under integrated crop-livestock 
(ICL) systems. Higher forage volume reduced grazing time and increased resting periods. Eucalyptus 
reforestation areas had the best soil conditions due to reduced grazing. Intense off-season grazing 
increased soil density and reduced water infiltration. Year-round ICL systems appear to enhance soil 
quality through fallow periods, improving forage availability, soil moisture retention, and water 
infiltration, as well. 
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1. Introduction 
In subtropical climates, land use in small farms is generally determined by agricultural activities 

practiced there [1]. These activities are mainly characterized by extensive agricultural systems, where 
technology and mechanization in farming are limited. Animals are raised extensively, typically 
grazing on pasture and forest lands, and during certain periods of the year (off-season), they also 
graze in agricultural lands. This system allows small properties to be utilized to their full potential, 
increasing profitability, and is characterized as an integrated crop-livestock (ICL) system. 

Worldwide, several alternative agricultural activities have emerged that are profitable for small 
properties, such as agroecological production [2], crop diversification [3], agroforestry systems [4, 5], 
and the cultivation of cash crops, such as tobacco [6]. In the subtropical zone, tobacco cultivation has 
become an important source of income for small farms, as with approximately 2.5 ha, it is possible to 
generate enough profit to sustain rural livelihoods in annual basis [6]. It is worth noting that tobacco 
cultivation is a seasonal activity in south hemisphere, with planting in September and harvest ending 
in March (this cycle may vary depending on the region). From April to August, the period is referred 
to as the off-season, during which agricultural activities decline, leading to changes in land use 
throughout the year; thus, leaving space for the implementation of ICL farming. 

During off-season, oats (like Avena strigosa) are seeded in agricultural land, in a density of 80 kg 
ha-1, approximately to serve as pasture during the winter. When preparing the soil for the next crop, 
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animals are kept in adjacent natural pastures and forest lands, and this rotation continues. This ICL 
farming system has been widely adopted in small farms; in southern Brazil, the system stands out, 
as most of summer croplands are left fallow during the winter due to climatic conditions [7]. 

It is important to note that ICL systems aim to develop interactions between their components 
(crops, pastures, and animals) [8] with the goals of improving environmental conditions and farm 
profitability [9]. The adoption of ICL land use can enhance production processes, including labor 
efficiency, economic stability, and risk reduction. This land use type shows potential for increasing 
profitability and improving environmental conditions [10]. 

Numerous studies have been conducted in recent years on ICL systems, addressing topics, such 
as carbon sequestration [11, 12, 13], carbon's role in soil aggregates [14], sustainable land use [15], soil 
quality [16, 17], soil properties [18], soil acidification [19], synergy between agricultural production 
and environmental quality [20], and economic profitability [21]. Therefore, the adoption of ICL 
systems have been proposed as a strategy for achieving agricultural sustainability, while maintaining 
productivity [22]. However, research which evaluates the changes in soil quality and infiltration rates 
throughout the year in subtropical agricultural, pasture, and forest lands that are experiencing ICL 
farming is still scarce [23].  

Therefore, this research aimed to identify how grazing influences soil density and water 
infiltration rates across different land-use types (pasture, forest, eucalyptus reforestation, and 
agriculture) during the tobacco growing season and the off-season (when grazing occurs in 
agricultural land) on a small property in the Boa Vista River Basin, Southeast Paraná region, Brazil. 
To achieve these objectives, it was necessary to: a) identify the behavior of animals during grazing; 
b) assess the availability of forage; and c) measure soil conditions before and after grazing. We 
hypothesized that the physical quality of the soil in subtropical areas, determined by the 
implementation of ICL farming, is influenced by variations in land use, particularly when animals 
are introduced for grazing exclusively in off-season crop cultivated land. 

2. Materials and Methods 
The research was carried out between May 2023 and April 2024. This period corresponds to the 

period for tobacco cultivation. Field activities were carried out every month; activities related to the 
estimation of forage availability, monitoring of animal behavior, collection of soil to assess soil 
density and moisture, and measurement of the water infiltration rate. These three parameters were 
measured in rotational grazing, as they are more easily affected and altered by animal grazing. 

2.1. Study Area 
The small farm used in this research is located in the Boa Vista River Basin, municipality of 

Guamiranga, S.E. Paraná region, Brazil, (25º08’22” S; 50º 53’30” W, elevation 815 m a.s.l.). The study 
area is located in the Paraná sedimentary basin and on the western edge of the Second Paraná Plateau. 
This condition contributes to the formation of steep reliefs and shallow soils. This farm was chosen 
due to its representativeness of the characteristic small farms in the basin, where approximately 75% 
of the farms rely on tobacco cultivation, as their main source of income. 

The area of the farm is 9 ha, consisting of 2.5 ha of Araucaria forest, 1 ha of Eucalyptus reforestation 
with perennial grassland, 2.3 ha of pasture (perennial grassland), and 3.2 ha of agricultural land 
(Figure 1). In the pasture, forest, and eucalyptus reforestation, animals are raised extensively, 
including 15 dairy caĴle and 2 horses used for animal traction in agricultural activities. 
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Figure 1. Location of the study area. Sampling points correspond to black dots. Different colors depict land uses. 

During the tobacco planting season, from September to March (spring and summer), the animals 
are confined to pasture and forest lands, with a stocking rate of approximately 2.5 AU ha-1. After the 
tobacco cultivation ends in March, the soil is tilled, and the annual bristle oat (Avena strigosa) is sown 
in a seed density ~ 60 kg ha-1. From May to August, the animals were confined to agricultural land in 
a rotational grazing system. The area is divided into 4 fenced plots of approximately 0.7 ha. The 
animals remain in each plot for about 10 days. The stocking rate in the agricultural area is 4.6 AU ha-

1. During this period, the pasture and forest lands are not subjected to grazing (Table 1). 

Table 1. Allocation of farming activities in the studied ICL system. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Cultivation 

Tabacco             
Avena             

Land type used by grazing animals 

Pasture              
Forest              
Agriculture             

Note: The changes in land use and occupation were carried out based on in situ monitoring and information 
provided by the farmer. 

The ICL system consists of a fragment of Araucaria forest, predominantly featuring tree species, 
such as Araucaria angustifolia, Campomanesia xanthocarpa, Casearia sylvestris, Ocotea puberula, and 
Rapanea ferrugínea. The pasture is composed of the subtropical perennial bahiagrass (Paspalum 
notatum) [24]. 

Growing Eucalyptus grandis is a common practice among local tobacco producers, as they use its 
wood to generate energy for drying tobacco leaves. The average wood consumption per tobacco 
harvest is approximately 60 m³ (50 trees approx.). Eucalyptus reforestation is typically organized on 
small plots, within the animal grazing areas. There is a rotation for cuĴing eucalyptus trees for 
firewood during the tobacco season, with a cycle of approximately 8 years (pers. com.). 

The region's climate is classified as CĠ – Humid Subtropical without a dry season, with summer 
temperatures below 22 °C, and frost occurring during the colder months (Figure 2). The cold period 
with the occurrence of frosts, influencing the agricultural dynamics of the region. Some physical 
characteristics of the examined property are presented in Table 2. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 May 2025 doi:10.20944/preprints202505.0415.v1

https://doi.org/10.20944/preprints202505.0415.v1


 4 of 15 

 

 
Figure 2. Pluviothermic diagram of monthly changes of average precipitation (mm) and temperature (oC) for the 
period 2000-2022. Vertical lines represent std error of the mean (n=23). 

Table 2. Characteristics of the study area (number of soil samples n=10, from 0-20 cm in depth). 

 
Variables 

Land type 

Forest Pasture Agriculture Eucalyptus 
reforestation 

Slope (%) 10 13 9 10 
Type of soil Cambisol haplic Cambisol haplic Cambisol haplic Cambisol haplic 
Sand (%) 25± 0.19 26± 0/21 26± 0/23 28± 0.21 
Silt (%) 37± 0.11 30± 0.16 29± 0.19 32± 0.17 
Clay (%) 38± 0.34 44± 0.29 45± 0.18 40± 0.15 
Soil pH 5.6± 0.02 5.9± 0.01 6.1± 0,01 5.8± 0.01 
Soil OM (g/kg -1) 
(%) 

42.1± 0.38 30.4± 0.12 31.6± 0,09 33.6± 0.1 

2.2. Experimental Design 
Two data collection campaigns were conducted, at the beginning (May) and the end (August) of 

grazing period. Soil density, antecedent soil moisture, and water infiltration rate in the soil were 
estimated. In both campaigns, 6 randomly selected collection points were identified in each land type. 
Soil density and moisture samples were collected at depths of 0-10, 10-20, 20-30, and 30-40 cm, 
totaling 40 samples per campaign for each land use type. The infiltration rate was measured at the 
same points where soil samples were collected, with 6 repetitions per area, totaling 18 infiltration 
measurements per campaign. 

2.3. Animal Grazing Dynamics 
Throughout the study, the animals’ grazing behavior was monitored. Two individuals (caĴle) 

were selected each day for monitoring, and their daily behavior was tracked by the means of GPS 
aĴached in collars. Horses were not evaluated, as they were primarily engaged in agricultural 
activities during most of the time. In each season, 4 monitoring days were selected, totaling 16 days 
of evaluation. The monitoring of animal behavior was conducted from the moment the animals leave 
the stables for the pastures (in the morning) until they return in the afternoon. The monitoring period 
was approximately 10 hours. The animals were observed throughout the day, and a stopwatch was 
used to record the time spent in each area (pasture and forest). Additionally, the locations and times 
when the animals rested were recorded. 
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2.4. Forage Availability 
Forage availability was expressed as above-ground biomass (AGB) of fresh forage. Throughout 

the year, data collection campaigns were conducted to assess AGB in native pastures, forest lands 
and oat crops. All available AGB within a 1x1 m² area were collected and immediately weighed. AGB 
was expressed in kg ha-1. Two data collection campaigns were conducted for each land type: one 
before livestock were introduced into pastures and forests (August) and another immediately after 
livestock were removed from pastures and forests (May). In agricultural land, data were collected at 
the beginning of grazing (May) and ending in August. In each campaign, samples were collected 
from 10 points in each land type. Oat volume was collected before livestock was introduced (May) 
and after the end of grazing activity (August). 

2.5. Soil Bulk Density 
To measure soil bulk density, samples were collected randomly at 6 points in each land type, 

totaling 24 samples for each land type in each campaign. Soil density was determined using the 
volumetric ring method [25]. Undisturbed soil samples were collected using an iron ring with a 
volume of 100 cm³. Each sample was taken to the laboratory for analysis, weighed, and placed in an 
oven to dry at 105 ºC. After 24 hours, the samples were removed and weighed again. To calculate the 
bulk density, the mass of the soil was divided by the volume of the ring (g cm-3). 

2.6. Water Infiltration and Antecedent Moisture 
The infiltration rate was measured near points where soil was collected for bulk density analysis. 

Six replicates were performed for each land use, totaling 24 replicates in each campaign. The 
collection periods were also the same (beginning and end of grazing). 

To evaluate water infiltration in the soil across different land types, a manual double-ring 
infiltrometer was used, consisting of two cylinders: one with a diameter of 400 mm and the other 
with 900 mm, along with a graduated bureĴe to measure the volume of water added to the inner 
cylinder (400 mm). The purpose of the outer ring (900 mm) is to generate only vertical flow in the 
smaller ring (400 mm), reducing the lateral flow of water into the soil. The measurement duration 
was 1 h, with readings taken every 5 min. The surface soil moisture on the data collection days was 
measured using a soil moisture sensor HOBOnet T11 model, with 10 repetitions at each measurement 
point. 

2.7. Data Analysis 
Analysis of variance (ANOVA one-way) was employed to compare bulk density, soil water 

infiltration, forage quantity, and livestock dynamics among land uses. The statistical significance of 
the comparison of means between groups was conducted through a Tukey test of a significance level 
below 5% probability. 

3. Results 

3.1. Animal Grazing Dynamics 
The change in land use of small rural properties throughout the year affects the dynamics of 

grazing animals. From September to March (spring to summer), tobacco is cultivated in agricultural 
land. During this period, animals graze in pastures and forests in daytime, while they return to stables 
and stay overnight. 

The grazing time in spring was 10.25 h. Of this total, 47.6% of the time was spent in pastures, 
29.9% in the forest, 5.3% in eucalyptus reforestation, and 17.2% in resting (lying down). Of the total 
rest time, 74% occurred in the pasture and 26% in the forest. The time spent grazing by animals during 
the summer was 10.42 h. In this period, 39.2% of the time was spent in pastures, 35.4% in the forest, 
10.3% in eucalyptus reforestation, and 15.1% in resting. Of the total resting time, 82% was spent in 
the forest and 18% in the pasture (Figure 3). 
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Figure 3. Time (h) animals spent for grazing in different land types and resting. Vertical bars represent std error 
of the mean, n=16. Same leĴers do not show statistical variation at the 5% level between the two grazing periods 
(spring and summer). 

In May, i.e. at the end of the tobacco cultivation and the beginning of oats cultivation, the animals 
were transferred to the agricultural land for grazing. They were left grazing until August, when the 
farmer prepared the soil for tobacco cultivation again. The daily routine of the animals grazing in the 
agricultural land was similar to that in native pastures. During the night, they were confined to the 
stables and in the morning, they were taken out to graze. The animals were confined only to the 
agricultural land, without contacting native pasture and forest. Grazing duration in the agricultural 
area during the autumn was 9.50 h. Of this total grazing time, 46.5% was for grazing, while 53.5% 
was for resting. The average grazing time for the animals during winter was 9.28 h (Figure 4). 

When comparing the behavior of the animals between the two seasons (Figure 3), it was 
observed that in autumn, the animals rested for a longer duration than in winter (2.08 h) However, 
in winter, the opposite happened, with the majority of the time to have been spent for grazing (1.06 
h). 

 
Figure 4. Time (h) animals spent for grazing and resting in the agricultural land. Vertical bars represent std. error 
of the mean (n=16). 

3.2. Forage Availability 
Forage productivity at the beginning of grazing period (September) showed a significant 

variation among land types (Figure 5). The eucalyptus reforestation indicated the lowest biomass 
values (0.61 t ha⁻¹), followed by the forest with an average of 1.11 t ha⁻¹, and pastures of 1.92 t ha⁻¹. In 
contrast, forage biomass, provided from oat cultivation, was 4.87 t ha⁻¹. 
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Figure 5. Forage availability, expressed as fresh AGB (t ha⁻¹) estimated at the beginning (A) and the end (B) of 
grazing period in four land types. Same leĴers do not show statistical variation at the 5% level between the two 
grazing periods. Lowercase leĴers compare the values of availability for each land type in the grazing period. 
Uppercase leĴers compare the values of availability for each land type between the two periods. Vertical bars 
represent std. error of the mean (n=16). 

After the end of grazing period (April), forage biomass showed a significant reduction in both, 
the pasture (1.01 t ha⁻¹) and the forest area (0.78 t ha⁻¹). In the eucalyptus reforestation, the biomass 
provided at the end of grazing was similar to that recorded at the beginning of grazing (0.57 t ha⁻¹).  

Forage availability in the pasture at the end of the grazing period was 92% lower compared to 
the beginning of the grazing. A significant reduction was also found in the forest between the two 
time periods. In contrast, no significant variation was observed in the eucalyptus reforestation 
between the two time periods (Figure 4). 

The greatest variation occurred in the agricultural land, where the availability of forage (oats) 
at the beginning of grazing period was 4.98 t ha⁻¹, while at the end it was 1.17 t ha⁻¹, i.e. 4.2 times 
lower (Figure 4). Our findings indicate that the forage availability at the end of grazing in the 
agricultural area was similar to the values found in the pastures after grazing. 

3.3. Soil Bulk Density 
The greatest variation in soil bulk density between the two periods was observed in the 

agricultural land, followed by the pasture, forest, and eucalyptus reforestation. The soil density after 
grazing in the agricultural land was 58% greater than the beginning of grazing. However, there was 
no variation starting from a depth of 20 cm. The lowest variation was observed in the eucalyptus 
reforestation, where the data did not show significant variation in the upper layers (0 to 20 cm depth) 
(Figure 6). 
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Figure 6. Comparison of soil bulk density between the beginning and the end of grazing. A) agricultural area; 
B) pasture; C) forest; D) eucalyptus reforestation. Equal leĴers horizontally, do not show statistical variation at 
the 5% level between the two grazing periods. Horizontal bars represent Std error of the mean, n=16. 

At the end of the grazing period, an increase in soil bulk density up to a depth of 30 cm was 
indicated for the pasture. At the soil surface, the increase was 83.2% compared to the fallow period. 
This variation decreased along the soil profile. The smallest variation between the two periods was 
observed in the eucalyptus reforestation. 

3.4. Water Infiltration and Antecedent Moisture 
The highest water infiltration rate was observed in the eucalyptus reforestation (76.8 mm h-1) 

at the beginning of the grazing period (September), while the lowest rate was found in the 
agricultural land at 29.8 mm h-1 at the end of the animals' grazing (March) (Figure 6). The 
agricultural area exhibited the greatest variation in total infiltration rate between the two periods. 
At the beginning of grazing, total infiltration in agriculture was 59.5 mm h-1, while at the end of 
grazing, it decreased to 29.8 mm h-1 (a reduction of 99.6%). The forest showed the least variation, 
with the infiltration rate at the beginning of grazing being 5.5% lower than during grazing (Figure 
7). 
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Figure 7. Water infiltration rate in soil under different land types. Vertical bars represent std. error of the mean, 
n=6. 

Infiltration rate showed significant variation for up to 40 min of monitoring in agricultural 
land; after this period, the values were similar. In forest and pasture, this variation occurred for up 
to 15 min, indicating similarity after that period. The eucalyptus reforestation did not show 
significant variation between the two collection periods (Figure 6). 

The total soil moisture throughout the profile did not show significant variation, at the 
significance level of 5%. The highest soil moisture rate was observed in the Eucalyptus reforestation 
(32 mm h-1), coinciding with the highest infiltration rates, followed by the forest (28.5 mm h-1, 
approx.), agriculture (27.3 mm h-1), and the pasture with the lowest soil moisture (22 mm h-1) 
(Figure 6). 

3.5. Relationships Between Variables 
Correlation coefficients revealed that forage volume appeared to be the factor with the greatest 

influence on grazing time (r = 0.852, p < 0.05), soil density (r = 0.784, p < 0.05) and infiltration rate (r 
= 0.795, p < 0.05) (Table 3). On the contrary, pasture availability did not present a significant 
correlation with soil moisture (r = 0.384, p > 0.05). 

4. Discussion 
Numerous studies around the world have indicated the influence of climate and geographic 

location on pasture availability [26, 27]. In subtropical regions, low temperatures during the colder 
months reduce pasture availability [28] leading animals to move more in search of food, thereby 
altering the environmental conditions of the soil. These conditions prompt small farmers to use 
agricultural lands as pastures during the colder months, leaving pastures and forests fallow. 

Table 3. Pearson correlation coefficients between parameters of forage volume (t ha-1), grazing time (h), rest time 
(h), soil bulk density (g cm-3), soil moisture (%) and soil water infiltration rate (mm h-1) in native pasture, forests 
and agriculture. 

Native pasture 
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 Forage 
(t ha-1) 

Animals 
grazing (h) 

Animals 
Rest (h) 

Bulk 
desnity 
(g cm-3) 

Soil 
moisture 

(%) 

Infiltration 
rate (mm h-1) 

Forage 100      
Animals 
grazing 

0.867*** 100     

Animals rest 0.821*** 0.721** 100    
Bulk density 0.621** 0.792*** 0.532* 100   
Soil moisture 0.761*** 0.442* 0.232 0.749** 100  
Infiltration rate 0.739*** 0.721** 0.314 0.813*** 0.843*** 100 

Forests 

 Forage 
(t ha-1) 

Animals 
grazing (h) 

Animals 
Rest (h) 

Bulk 
desnity 
(g cm-3) 

Soil 
moisture 

(%) 

Infiltration 
rate (mm h-1) 

Forage 100      
Animals 
grazing 

0.567** 100     

Animals rest 0.801*** 0.581** 100    
Bulk density 0.438* 0.492* 0.682** 100   
Soil moisture 0.259 0.029 0.309 0.891*** 100  
Infiltration rate 0.426* 0.293 0.207 0.828*** 0.813*** 100 

Agriculture 

 Forage 
(t ha-1) 

Animals 
grazing (h) 

Animals 
Rest (h) 

Bulk 
desnity 
(g cm-3) 

Soil 
moisture 

(%) 

Infiltration 
rate (mm 

h-1) 

Forage 100      
Animals 
grazing 

0.906*** 100     

Animals rest 0.873*** 0.688** 100    
Bulk density 0.647** 0.7,25** 0.482* 100   
Soil moisture 0.259 0.289 0.349 0.801*** 100  
Infiltration 
rate 

0.426 * 0.293 0.207 0.801*** 0.792** 100 

Significant correlations: * p < 0.05; ** p < 0.01; *** p < 0.001. 

In subtropical regions, tobacco is cultivated during spring and summer, and the animals are left 
grazing in pastures and forests. Our findings show that during spring and summer, animals exhibited 
different behaviors. The time they spent in pastures during spring was 8% higher than in summer. 
On the other hand, the time spent in the forest during spring was 6% lower. 

There was also a significant variation in the resting time, which was 92% higher in spring 
compared to summer. The resting locations were inversely related; in spring, most resting time was 
in open pastures, while in summer, most resting time was in the forest. This animal behavior is 
probably due to two reasons. Forage availability in summer is generally less than spring; animals 
spend more time for fresh green forage, and also are geĴing more relaxed in open pastures. The 
greater the pasture availability in spring, the lower the mobility of animals within the forest. 
Therefore, weather conditions such as climate conditions and pasture availability can affect caĴle 
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behavior in relation to the time dedicated to rest and grazing [29]. In summer, forage availability of 
pastures decreased, and animals used the forest more in search of food and also for protection [30]. 
Also, the thermal stress is higher in summer than in spring; animals are used to rest in forests. 

In summary, the variation in animal mobility among the seasons can be aĴributed to climatic 
conditions, as during the warmer periods, animals tend to use the forest for resting, alleviating 
thermal stress [31]. Pastures associated with forest fragments provide forage, shade, and shelter for 
animals, thus improving their thermal comfort during the hoĴest hours of the day [32], as well as on 
cold and rainy days [33, 34]. Forests, used for extensive livestock grazing, consist of small fragments 
with sparse trees and no lower strata (understory and herbaceous plants). 

The limited time that animals spent in eucalyptus reforestation was due to the lack of forage. 
The density of the planting, the layer of liĴer on the surface, and competition for water and nutrients 
hindered the development of grasses [35]. During the evaluation of animal behavior, it was observed 
that the eucalyptus reforestation was used mostly for shelter, during certain hours of the day. 

In agricultural land (autumn and winter), the behavior of animals differed in relation to native 
pastures. In autumn, the resting time of animals was higher than their grazing time. This condition 
is related to forage availability, which during autumn was four times higher compared to summer 
(end of grazing in agriculture). Therefore, forage availability affects grazing time [26, 37, 38]. 

The dynamics of animal grazing in different land uses altered certain soil parameters, such as 
soil density and water infiltration rate. Our findings indicate that at the end of grazing activity 
(summer) in pastures, there was an increase in soil density of about 83%, while in the forest, the 
alteration was only observed in the surface layer of the soil. In eucalyptus reforestation, the data were 
similar in both periods, due to the limited movement of animals, and also to low forage availability. 
During spring, the variation in soil density in pastures is indirectly regulated by the greater forage 
availability and longer animal presence. In summer, animal movement times have the same paĴern; 
however, soil density in the forest was lower than in pastures. 

The forest maintains soil moisture, and through the accumulation of liĴer and organic maĴer on 
the soil surface, it alters the physical, chemical, and biological properties of the soil [39]. Conventional 
soil preparation reduces soil density and surface compaction [40]. In the current study, a leveling 
harrow was used, which only disturbs the surface layer of the soil (~15 cm deep) [41, 42]. The findings 
showed that soil density, at the beginning of grazing in agriculture, was 53% lower than that at the 
end of grazing. However, this variation was observed only at a depth of up to 15 cm. Beyond this 
depth, the soil maintained the same density paĴern. 

Soil compaction, due to trampling and reduced pasture availability, can lead to higher exposure 
of the soil surface, interfering with hydrological and geomorphological dynamics. Changes in the 
physical structure of the soil affect the water retention rate in soils, reduce water infiltration, and 
enhance surface runoff and soil loss [43, 44, 45]. In agricultural land, the soil exhibited increased 
compaction and reduced infiltration rates at the end of grazing activity. The data appeared to be 
higher than those found in the literature under tobacco cultivation [46, 6]. Our findings suggest that 
agricultural machinery should be used to remove the compacted soil layer left by animal trampling 
in the preparation for the next crop. 

Rotational systems with grazing and fallow periods, like the regime imposed by ICL farming, 
could be a significant alternative for reducing the impact of grazing animals on soil physical 
properties. It seems to allow for greater recovery of forage compared to continuous grazing systems 
found in the literature [47], which could contribute to improving soil structure and hydrological 
dynamics. These improvements reflect on the profitability of herding activity, and underpin the 
significance of ICL as a sustainable farming system towards soil integrity in subtropical regions. 

Therefore, this study investigates the influence of animal behavior on soil quality within 
Integrated Crop-Livestock (ICL) systems, implemented on smallholder farms engaged in tobacco 
cultivation. Emphasis was placed on evaluating the effects of intermiĴent grazing, considering the 
unique characteristics of such systems. Observations focused on daytime animal behavior, as 
livestock were confined to stables during nighĴime hours. 

The findings underscore the importance of animal management practices in maintaining soil 
health and suggest that behavioral paĴerns can serve as indicators of system sustainability. The study 
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also highlights key directions for future research, including variations in stocking density, full-time 
behavioral monitoring, the role of vegetation structure in pasture quality and thermal comfort, pre-
grazing soil conditions shaped by tobacco cultivation, and the influence of forage diversity on animal 
behavior. These insights contribute to a deeper understanding of the complex interactions between 
livestock management and soil conservation in diversified agricultural systems. 

5. Conclusions 
Pasture availability and climatic conditions determined the grazing time in pasture and forest 

lands in subtropical areas, experiencing an ICL farming regime. The higher the volume of forage, the 
lower time animals spent grazing and the more time animals spent resting. 

The best soil conditions, in terms of soil density and water infiltration rates were found in 
eucalyptus reforestation. This improvement emerged due to the limited time animals spent in this 
land type. 

Intensive grazing in agricultural land during the tobacco off-season increased soil density and 
reduced infiltration rate. There was also a variation between the grazing time and resting time of 
animals. This condition can be aĴributed to forage availability and the lack of trees for animals to use 
as shelter and resting places. 

ICL farming systems applied throughout the year seems to create positive conditions for soil 
quality. The fallow periods improved soil condition, increased forage availability, and maintained 
higher soil moisture. These conditions helped to increase the water infiltration rate in the soil. 

Therefore, of the ICL systems in subtropical areas that include pasture rotation combined with 
forests and grazing in agricultural lands during the off-season on small farms appears to be a 
sustainable alternative for improving environmental soil conditions and maintaining pastures, as 
well as potentially improving her quality in order to increase profitability. However, further research 
is necessary to explore the impact of this farming system in other properties of the soils, like the 
chemical ones. 
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