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Abstract  
 

The objective of this study was to evaluate the effect of two sowing densities of oat crop, managed in an integrated crop-livestock 
system (ICLS), or the use of fallow during the winter period, on the soil physical properties, total carbon and soil carbon stock, in 
two years. A split-plot in a randomized block design, with additional treatment was used. It was found that the number of grazing in 
the year 2014 adversely affected the values of macroporosity and microporosity in the layer 0-0.05 m, besides the microporosity in 
the 0.1-0.2 m layer. The total porosity in the 0.1-0.2 m layer was positively influenced by the sowing density of oats only in the year 
2014. The soil penetrometer resistance (SPR) had changes after winter 2015, at 0-0.05 m due to the number of grazing. During 
2014, there were no changes in the total carbon and carbon storage of the soil. In 2015, the amount of grazing used, negatively 
affected the total carbon in layers 0-0.05 and 0.1-0.2 m. However, it positively affected the storage of carbon in soil in the layer 
0.05-0.1 m. The adoption of the lower density of the oat crop with realization of a grazing tends to improve the physical properties, 
total carbon and soil carbon stocks. 
 

Keywords: Soil porosity, penetrometer resistance, conservation management.  
Abbreviations: ICLS_Integrated crop-livestock system, SPR_soil penetrometer resistance. 
 

Introduction 
 
The cultivation of oat, whether single or consortium in 
integrated crop-livestock system (ICLS), is a technically and 
economically viable alternative used by farmers in the 
winter period in the south of Brazil. This cultivation makes it 
possible to obtain high-quality forage for animal feed, as 
well as straw to cover the soil for sowing summer crops 
under no-tillage system with good quality (Castagnara et al., 
2012). However, in areas where ICLS is used, inadequate oat 
crop management may result in lower straw production for 
soil protection and no-tillage of crops in succession 
(Demétrio et al., 2012) which may contribute to a decrease 
in productivity. Animal presence with or without high 
grazing intensity may reduce soil cover, and entry of animals 
with high soil humidity or even inadequate machine traffic 
may adversely affect the soil structure, causing, for example, 
soil compaction. Spatial variability of soil properties such as 
soil structure and soil penetrometer resistance (SPR) is 
relevant for identifying those zones with physical 
degradation (López de Herrera et al., 2016). In order to 
measure soil degradation, several indicators such as 
macroporosity, microporosity, total porosity (Castagnara et 
al., 2015), soil density (Collares et al., 2011) and 
penetrometer resistance are used (Fidalski and Alves, 2005), 

with inferences on soil structural stability throughout the 
years of cultivation (Foley et al., 2005). The high grazing 
intensity in ICLS can increase soil density and microporosity, 
as well as promote the reduction of macroporosity 
(Andreolla et al., 2014), as it promotes a structural 
rearrangement of soil particles (Reichert et al., 2010). 
Besides providing conditions that can increase the process of 
soil degradation (Tirloni et al., 2012), it could lead to changes 
in the functional quality of the agricultural system (Aziz et 
al., 2013). Changes in soil physical quality in ICLS can 
compromise grain and pasture productivity, especially under 
adverse climatic conditions (Moreira et al., 2012). Another 
important indicator of soil quality is the soil organic matter 
content (SOMC), because it is influenced by the soil 
cultivation system and it is positively related to soil physical 
attributes (Matias et al., 2012), leading to the formation and 
stabilization of the aggregates, providing better structuring 
of the soil (Gomes et al., 2015). Management systems that 
provide lower contributions of crop residues, besides 
directly affecting the SOMC, causing the decrease of carbon 
content (Silva et al., 2013) are not indicated. In addition, we 
must emphasize that the implantation of the oat crop, in 
ICLS is important to avoid the maintenance of the fallow in 
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the winter period. The fallow tends to favor agricultural 
areas subject to solar radiation, wind erosion, infestation by 
spontaneous plants (Balbinot Júnior et al., 2008) and to 
lower straw deposition. Due to the possibility of soil 
changes, influenced by sowing density the amount of 
grazing, the objective was to evaluate variations in 
macroporosity, microporosity, total porosity, soil density and 
penetrometer resistance, as well as total carbon and stock of 
carbon, of a clayey Red Latosol of Paraná western region, 
managed under an integrated crop-livestock system or 
under the maintenance of fallow. 
 
Results and Discussion 
 
Physical attributes of soil 
 
According to the results, at the end of the winter of 2014, 
the management of the animals (without grazing, one 
grazing and two grazing) influenced the values of 
macroporosity and microporosity in both, the 0-0.05 m layer 
and the 0.1-0.2 m layer. The seeding density (60 and 40 kg 
ha

-1
) affected the total porosity in the layer of 0.05-0.1 m. 

Soil density was not influenced by any of the factors 
evaluated in any of the studied layers. After the winter of 
2015, no significant differences were observed among the 
attributes studied, due to the influence of the treatments 
applied in the 0-0.05 m, 0.05-0.1 and 0.1-0.2 m layers. The 
evaluation performed after the winter of 2014 shows that 
the values found for the macroporosity in the 0-0.05 m layer 
for the treatment without grazed (0.21 m³ m

-3
) were higher 

than one grazing and two grazing (0.11 m³ m
-3

) (Table 1). The 
behavior of macroporosity is usually antagonistic to 
microporosity, that is, when the values of macroporosity 
increase, those of microporosity decrease, or vice versa. In 
the 0-0.05 m layer, the values of micropores found for the 
one grazing (0.46 m³ m

-3
) or two grazing (0.47 m³ m

-3
) 

presented a greater amount than the treatment without 
grazing (0.42 m³ m

-3
). A similar result was found by 

Lanzanova et al. (2007), in which the frequency of oat 
grazing altered the macroporosity of the soil in the 0.1-0.15 
m layer. Corroborating with the results Bertol et al., (2000) it 
is affirmed that the effects of soil management associated 
with animal trampling were concentrated in the soil surface 
layer (0-0.05 m). In addition, the consumption of oats by the 
animals reduces the amount of remaining residues on the 
soil surface, since the straw covering the soil attenuates the 
pressure applied instantaneously on the soil in the direct 
proportion of its quantity, dissipating part of the compaction 
energy (Braida et al., 2006). According to (Debiasi and 
Franchini, 2012) animal trampling can generate compaction 
zones in more superficial layers, hardly below 0.1 m from 
the soil surface. For the 0.05-0.1 m layer, seeding density 
influenced the total porosity, and the lowest sowing density 
(40 kg ha

-1
) promoted higher total porosity (0.55 m³ m

-3
), 

compared with the highest density (60 kg ha
-1

) (0.54 m³ m
-3

) 
(Table 1). This result may have been caused by the root 
system of oats, since, according to Bertol et al. (2000) in the 
ICLS the presence of roots of forage grasses improves the 
structure of the soil, mitigating the impact of trampling, 
through the root renovation (Castagnara et al., 2012). In 
addition, we have a dual purpose: crops are stimulated to 
develop the root system when grazed. However, in the 0.1-
0.2 m layer, the values found for microporosity in the 

treatment without graze (0.46 m³ m
-3

) were higher than 
treatments that suffered one grazing (0.43 m³ m

-3
) (Table 1). 

For Conte et al. (2011) in areas managed under ICLS, no 
change in soil compaction is expected through animal 
trampling below 0.1 m soil layer, so in this work the change 
in microporosity is not attributed exclusively to the presence 
of the animal in the area. For the soil density values, there 
was no influence of the factors studied in any of the years. 
Vieira and Klein (2007) affirm that the soil under no-tillage 
system generally presents higher density and lower porosity 
than soils submitted to conventional tillage. The values 
found for soil density (Table 2) are all below the values 
considered critical (1.60 Mg m

-3
) for crop development (Silva 

and Rosolem, 2001), or limiting (1.40 Mg m
-3

) for clayey Red 
Latosol (Klein and Camara, 2007). Most of the values for 
macroporosity fluctuate between 0.05 and 0.10 m

3
 m

-3
 

(Table 2), which are reported as restrictive for crop yield 
(Beutler and Centurion, 2004), as macroporosity directly 
affects soil aeration. In addition, soil microporosity values 
are above 0.33 m

3
 m

-3
 (Kiehl, 1979), which is considered 

ideal for plant development. This high value may be 
disfavoring the aeration and infiltration of water in the soil. 
Although the soil presents some compaction evidences, they 
may not always reflect the reduction in yield, since crops 
have different tolerances to compaction (Reichertet al., 
2009). In addition, in these cases, an important factor is the 
presence of moisture in the soil, which means that there is a 
complex interaction between the climatic and edaphic 
conditions of the soil (Girardello et al., 2011). The results 
confirmed the small changes caused by animal trampling to 
the physical properties of the soil in the studied layers, as 
found by other authors (Spera et al., 2009; Castagnara et al., 
2015). These changes do not reach critical levels for the root 
growth of the cultivated plants, since the pressure applied 
by the animal's feet to the soil is not stronger than the soil 
resistance to plastic deformation (Conte et al., 2011), 
besides that the entrance of the animals into the area was 
performed with a low soil moisture (Figure 1). Also changes 
caused by animal grazing become easily reversible by natural 
processes that occur in the soil, such as humidity, alternating 
drought cycles, the action of natural agents and sowing 
operations as the preparation located in the line (Conte et 
al., 2011) and the natural rearrangement of soil particles. In 
relation to the penetrometer resistance (PR) of the soil in 
the studied layers, there was no influence by the factors 
studied in the year 2014, and the lowest PR values were 
found in the soil superficial layer (Figure 2). The mean values 
of soil gravimetric moisture were 24% and 26% respectively 
for years 2014 and 2015. After the evaluation of year 2015, 
the amount of grazing influenced soil PR only in the first 
layer studied. The lowest values of soil PR were found when 
one grazing and no grazing were used and the highest values 
when oats were two grazed only in the first layer (0-0.1 m) 
(Figure 2). Different results from this study were found by 
Spera et al. (2010) who reported that there was no 
difference for soil penetrometer resistance, in the 0-0.05 m 
layer, with or without the presence of the animal in a clayey 
Red Latosol. Although the values for PR are in a range, in 
most of the layers, being below or slightly above 2.0 MPa 
that is considered limiting for the growth of the roots of the 
plants (Tormena et al., 1998), and those that are below the 
limit of 2.5 MPa impair plant growth (Caranache, 1990). 
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Table 1. Physical properties of a clayey Red Latosol in ICLS, with different management, after the winter crop of 2014. 

Management 
Macroporosity (m

3
 m

-3
) (0-0.05 m)  Microporosity (m

3
 m

-3
) (0-0.05 m) 

A40 A60 Mean  A40 A60 Mean 

Without grazing 0.19 0.23 0.21a  0.43 0.40 0.42b 
One grazing 0.11 0.12 0.11b  0.47 0.45 0.46a 
Two grazing 0.12 0.10 0.11b  0.47 0.47 0.47a 

Mean 0.14 0.15 
 

 0.46 0.44 
 

 
Microporosity (m

3
 m

-3
) (0.1-0.2 m)  Total soil porosity (m

3
 m

-3
) (0.05-0.1m) 

Without grazing 0.46 0.46 0.46a  0.55 0.56 0.56 
One grazing 0.45 0.42 0.43b  0.55 0.53 0.54 
Two grazing 0.45 0.44 0.44ab  0.56 0.52 0.54 

Mean 0.45 0.44 
 

 0.55A 054B 
 

Values represented by the different lower case in the column and upper case letters in the lines, show significant differences (Tukey test, p<0.05). A40 and A60: sowing densities, 40 and 60 kg ha-1 of 
seeds. 

 
 
Fig 1. Monthly average of the maximum, minimum and average temperatures (K) and accumulated rainfall during the months of 
the experimental period. OS oat seeding, SS soybean sowing and G winter grazing, respectively. 
 
Table 2. Physical properties of the soil in the 0-0.05 m, 0.05-0.1 m and 0.1-0.2 m layer in ICLS, with different management, after the 
winter crop of 2014 and 2015. 

Year 
Macroporosity (m

3
 m

-3
)  Microporosity (m

3
 m

-3
) 

0-0.05 0.05-0.1 0.1-0.2  0-0.05 0.05-0.1 0.1-0.2 

2014 0.15 0.10 0.10  0.45 0.45 0.45 
2015 0.06 0.06 0.06  0.50 0.48 0.48 

 Total soil porosity (m
3
 m

-3
)  Soil bulk density (Mg m

-3
) 

2014 0.60 0.55 0.54  1.10 1.28 1.29 
2015 0.56 0.54 0.53  1.23 1.31 1.33 

 

 
Fig 2. Soil penetrometer resistance (MPa), in the 0-0.30 m depth layer, after winter cultivation in 2014 and 2015. WG without 
grazing, 1G one grazing and 2G two grazing, respectively. Different measurements at each depth, show significant differences 
(Tukey test, p<0.05). 
 
Table 3. Total carbon in ICLS, with different management, after the winter crop of 2015. 

Management 
Total carbon (g dm

-
³) (0-0.05 m)  Total carbon (g dm

-
³) (0.1-0.2 m) 

A40 A60 Mean  A40 60 Mean 

Without grazing 7.62 7.55 7.59a  7.55 7.44 7.49b 
One grazing 7.43 7.44 7.43ab  7.60 7.84 7.72a 
Two grazing 7.46 7.39 7.42b  7.40 7.26 7.33b 

Mean 7.50 7.46 
 

 7.51 7.51 
 

Values represented by the different lower case in the column, show significant differences (Tukey test, p<0.05). A40 and A60: sowing densities, 40 and 60 kg ha
-1

 of 
seeds. 
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Table 4. Total carbon stock TCS (Mg ha¹), in the layer of 0.05-0.1m, after the winter of 2015. 

Fallow 
40  60 

WG 1G 2G  WG 1G 2G 

5.20 4.67
-
 4.77

-
 4.63

-
  4.81

ns
 5.14

ns
 5.14

ns
 

-
: Significant and inferior to fallow (Dunnett test, p<0.05); ns: Not significant (Dunnett test, p>0.05). 1G: one grazing; 2G: 2 grazing; WG: Without grazing. A40 and A60: sowing densities, 40 and 60 

kg ha-1 of seeds. 
 
Table 5. Soil chemical and textural characteristics, before the implantation of the winter crop of 2014. 

P e K –MEHLICH-1; Al, Ca e Mg = KCl 1 mol L-1; H+Al = pH SMP (7.5). 

 
Bertol et al., (2004) suggest that the effects of no-tillage 
cropping systems involving winter crops should manifest 
themselves after several years of adoption. However, the 
presence of plants and their root system can minimize the 
possible impacts to be caused by trampling of animals 
(Castagnara et al., 2012), result evidenced in this work, since 
all plots contained plants, even spontaneous on the fallow 
plots. 
Despite the low magnitude changes in the physical 
properties of the soil in 2014 and the non-alteration of 
properties during 2015, it cannot be said that these were 
solely due to the changes caused by the animals, since the 
control also had such behavior. Furthermore, in ICLS, the 
effects of machine traffic during summer cropping can cause 
structural changes in the soil and these can be observed in 
post-grazing data, so there is no way to separate the effects 
of trampling and machine traffic (Moreira et al., 2014). 
 
Total carbon and soil carbon stocks 
 
For the total carbon and soil carbon stock values evaluated 
at the end of the winter of 2014, the studied layers were not 
influenced by the management factors studied. However, 
the evaluation carried out in 2015 showed that the number 
of grazing influenced the TC in the layers of 0-0.05 and 0.1-
0.2 m and the interaction of factors (additional factorial) on 
the carbon stock at the 0.05-0.1 m layer. 
The highest TC contents were found in the 0-0.05 m layer, 
for the treatment without grazed, when compared to one 
grazed and two grazes (Table 3). A similar result was found 
by Sotiles, Savi, Tavares and Santos (2015) showing discrete 
variations in the TC content of the soil along the profile and 
that the variations are influenced by grazing and soil 
management. (Silva et al., 2011) such as the increase in TC 
caused by the use of plants (Pereira et al., 2010) or a 
decrease caused by non-conservationist management. 
Increases in TC contents require time, using conservation 
systems such as the no-tillage system (Guareschi et al., 
2012) or even the SILP, which sequester C from the 
atmosphere, contributing to the mitigation of the 
greenhouse effect. When managed correctly, 
integration/consortium systems can benefit C contends in 
the system, thereby increasing soil C levels (Bell and Moore, 
2012) since the amount of straw that enter in the system 
influences the rate of C addition to soil (Johnston et al., 
2009). The magnitude of this process also depends on the 
quantity and quality of the straw deposited on the soil 
surface (West and Post, 2002; Paul et al., 2013).  
Campos et al., (2013) evaluating different management 
systems, found higher levels of TC in the layers 0.05-0.1 and 

0.1-0.2 m when adopting no-tillage system for 5 and 9 years 
old. Similar carbon accumulations in conservation systems 
along the time were also found by Rosset et al. (2016) in the 
Paraná state. 
For the TCS in the soil, in the 0.05-0.1 m layer, after the 
winter cycle of 2015, significant values were shown in the 
interaction of factors (seeding density x fallow). The fallow 
and the highest sowing density (60 kg ha

-1
) provided a higher 

TCS, compared with the lowest sowing density (40 kg ha
-1

) 
(Table 4). The highest levels of TCS in the fallow were due to 
the seed bank of winter crops, mainly ryegrass (Lolium 
multiflorum) and turnip (Brassica napus L.), as the area was 
kept in this management system by two years. For the 
higher sowing density of oats, probably the greatest amount 
of roots per area, contributed to this result. 
It was expected that in the areas where the grazing was in 
the fallow, a lower deposition of dry mass occurred, which 
consequently would affect the carbon content, but this 
result was not observed. According to Souza et al. (2009) in 
areas with greater grazing intensity, there is a higher carbon 
output of the system, due to animal grazing and, 
consequently, there is a lower stock of this element in the 
soil. However, for Moreira et al. (2012), grazing treatments 
may have a balance between grazing and root system 
development with regrowth after grazing, however, 
reductions in organic carbon stock are common in cultivated 
areas where dry mass preservation does not occur Bayer et 
al. (2008). 
Souza et al. (2009) studying ICLS with black oats and ryegrass 
and soybeans in Rio Grande do Sul, found that intensities of 
moderate grazing (0.2-0.4 m of residue height) increased C, 
from 3.9 and 2.8 Mg ha

-1
 to 8.2 and 7.4 Mg ha

-1
, respectively. 

Matias et al. (2012), evaluating different management 
systems, observed that the largest stock of organic carbon 
was in the 0-0.05 m layer in no-tillage system. The 
equilibrium between the immobilization process and the 
mineralization of the organic matter in soil, which affects the 
carbon stock, occurs only five years after implantation (Sá et 
al., 2004), that is, the consolidation of effects, no-tillage on 
soil characteristics, takes time. 
 
Materials and Methods 
 
Location, climate and soil of the study area 
 
The work was developed at the experimental station 
"Professor Antônio Carlos dos Santos Pessoa" (24º 31 '58''S 
and 54º 01' 10'' W, with an approximate elevation of 400 m), 
belonging to the Universidade Estadual do Oeste do Paraná - 
Campus Marechal Cândido Rondon, in a clayey Red Latosol 

Depth P pH H+Al Al
3+ 

K
+ 

Ca
2+ 

Mg
2+ 

SB CTC V Clay Silt Sand 

m mg 
dm

-3
 

 
 
 
 
dm

-3 

CaCl2
 

------------------------cmolc dm
-3

-------------------- % ---------g kg
-1

---------- 

0.0-0.1 30.3 4.4 6.6 0.4 0.5 3.0 1.8 5.3 12.0 44.7 681.0 266.5 52.5 
0.1-0.2 20.2 4.4 6.8 0.3 0.5 2.7 1.4 4.6 11.4 40.1 751.5 199.1 49.4 
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(Santos et al., 2013). The area was being managed under 
integrated crop-livestock system (summer soybean and 
double purpose cereals in the winter) for two years and had 
the following physicochemical characteristics described in 
table 5. Due to the saturation by bases present values below 
to 50%, surface liming with 3 t ha

-1
 of calcitic limestone was 

performed 30 days before seeding the 2014 oat crop. The 
objective was to raise the base saturation to 70% (Table 5). 
The climate of the region, according to Koeppen's 
classification, is subtropical humid mesothermal type Cfa, 
with well-distributed rainfall during the year and hot 
summers. The average temperatures of the coldest quarter 
vary between 290.15 and 291.15 K, the one of the warmest 
quarter between 301.15 and 302.15 K and the annual 
temperature between 295.15 and 296.153 K. The climatic 
data regarding the experimental period were obtained from 
an automatic weather station distant about 50 m from the 
experimental area (Figure 1). 
 
Experimental design 
 
The experimental design was a randomized complete block 
design, in split-plot, with additional treatment (fallow, with 
natural ryegrass and turnip resemination), repeated four 
times, totaling 28 experimental plots. In the A bands (10 x 18 
m), two sowing densities of the oat crop (40 and 60 kg ha-1 
of commercial seeds) were allocated plus the fallow plot. In 
the B bands (5 x 20 m), transversal to the bands A, was 
allocated the management of the oats: without grazing, one 
grazing with a height of residue of 0.15-0.2 m and two 
grazing with a height of residue of 0.15-0.2 m. The plots for 
the oat crop were formed by the combination of bands A 
and B (5 x 10 m), having each block, an area of 540 m (18 x 
30 m). 
 
Implantation and management of oat crop 
 
The experiment was started in April 2014, and in this area 
during two years a treatment was done before sowing, using 
Isopropylamine glyphosate-salt in the dose of 3.0 L ha

-1
, 

commercial product, volume of 100 L ha
-1

 spray. 
The oat crop was seed on 04/25/14 and 04/24/15 with a 
fertilizer-seeding machine, coupled to a tractor, in an 
integrated crop-livestock system on soybean straw, with a 
spacing between rows of 0.17 m. 60 and 40 kg ha

-1
 of 

commercial white oat seeds, cultivar IPR 126, were used. 
Fertilization was carried out based on soil chemical analysis 
using 250 kg ha

-1
 of a 10-15-15 (N, P2O5 and K2O) for basic 

fertilization and, for cover fertilization, 120 kg ha
-1

 of N in 
the form of urea. The cover fertilization was done manually, 
divided in three times, at the beginning of the tillering of the 
oats and, immediately after each grazing, in the treatment 
that was grazed twice. However, for treatments that only 
was grazed and/or not grazed, the cover fertilization was 
divided in two times, in tillering and after grazing. No 
applications of agrochemicals were made during the oat 
development cycle. 
The oat managements, B bands, were initiated when the 
plants reached between 0.3 and 0.35 m in height. Seventeen 
animals of the lactating Dutch breed with an average weight 
of 650 kg ± 50 kg were used for grazing. The animals 
remained in the bands for four hours daily (two in the 
morning and two in the afternoon) or until the height of the 

oat had reached 0.15-0.2 m, so that there was no damage to 
the growth meristem (Neres et al., 2012). A high animal load 
was used for rapid grazing of the bands. Grazes were started 
at 65 and 113 days after sowing (DAS) in 2014 and 96 and 
127 DAS in 2015. 
 
Performed analyzes 
 
The soil physical characterization was performed by the 
volumetric ring method according to Donagema et al., 
(2011). The samples were collected in the useful area of 
each plot, in the 0-0.05 m, 0.05-0.1 m and 0.1-0.2 m layer. 
From the plots, undisturbed soil samples were taken with 
the help of metal rings with an internal volume of 
approximately 50 cm

3
 introduced vertically in the profile. 

The physical analyzes were performed at the UNIOESTE Soil 
Physics Laboratory. The evaluation was carried out at 150 
DAS in 2014 and at 157 DAS in 2015. 
The penetrometer resistance (PR) measurements were 
performed with an electronic penetrograph (penetroLOG-
Falker-PLG1020). Three random readings were taken, in the 
plot area, to compose an average of each plot, up to the 
layer of 0.3 m. On the day of the analysis, soil samples were 
also collected for the determination of gravimetric moisture. 
The total carbon and soil carbon stocks were evaluated at 
the end of winter. Four samples per plot were taken from 
the 0-0.05 m, 0.05-0.1 and 0.1- 0.2 m depth in order to form 
a representative composite sample. After the collection, the 
samples were conditioned in plastic bags, identified and 
transported to the laboratory, dried in the air and passed in 
2 mm sieves for analysis. Soil organic matter (SOM) was 
determined in muffle, following a method established by 
Goldin (1987), and modified by Rodella and Alcarde (1994). 
With the results of SOM, the total carbon contents (TC) in 
the soil were determined and estimated using the 
Bemmelen factor 1,724, based on the assumption that SOM 
contains 58% of organic carbon. For the total carbon stocks 
(TCS) the expression proposed by Freixo et al., (2002) was 
used:  

𝑇𝐶𝑆 (𝑚𝑔 ℎ𝑎−1):
𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝐶 (𝑔 𝑘𝑔−1) .  𝑆𝑑 (𝑆𝑜𝑖𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦: 𝑀𝑔 𝑚−3).  𝑒 (𝑙𝑎𝑦𝑒𝑟 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠: 𝑐𝑚)

10
 

 
Statistical analysis 
 
The data were submitted to analysis of variance and, 
according to the result of the F test, with significance the 
Tukey test was applied at the 5% probability level for 
comparisons between averages, or the Dunnet test at the 
level of 5% when the additional factorial was significant. 
 
Conclusion 
 
The number of grazing used in the oat crop adversely affects 
the physical attributes of the soil (macroporosity and soil 
microporosity), in the 0-0.05 m layer, as well as 
microporosity, in the 0.1-0.2 m layer. The lower sowing 
density of oats promoted a higher total porosity in the 0.05-
0.1 m layer after the winter of 2014. Oat crop in a system of 
integrating livestock farming with two grazing, promoted a 
greater soil penetrometer resistance, in the year 2015. 
During 2014, there was no influence on the total carbon and 
carbon stock of the soil. In 2015, the total carbon was 
influenced by the amount of grazing, layers 0-0.05 and 0.1-
0.2 m, and the use of grazing promoted the best results. 
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The interaction of the additional factorial promoted 
alterations on the carbon stock in the layer of 0.05-0.1 m, 
and the fallow had a carbon stock equal to the higher sowing 
density of oats. The realization of a grazing tends to improve 
the overall carbon and carbon stock in the ground, 
regardless of the seeding density. 
 
Acknowledgements 
 

We want to give thanks to the Coordination for the 
Improvement of Higher Education Personnel (CAPES) by the 
scholarship and resources for conducting the research and 
the National Council for Scientific and to Technological 
Development (CNPq) for the productivity scholarship 
granted to the researcher Dr. Paulo Sérgio Rabello Oliveira. 
 
References 
 
Andreolla VRM, Moraes A, Bonini AK, Deiss L, Sandini IE 

(2014) Soil physical attributes in integrated bean and 
sheep system under nitrogen levels. Rev Ciênc 
Agron. 45(5): 922-930. 

Aziz I, Mahmood T, Islam KR (2013) Effect of long term no-till 
and conventional tillage practices on soil quality. Soil 
Tillage Res. 131(7): 28-35.  

Balbinot Júnior AA, Moraes A, Pelissari A, Dieckow J, Veiga M 
(2008) Different winter soil uses and their relation with 
weed infestation in maize (Zea mays) in succession. Planta 
Daninha. 26(3): 569-576.  

Bell LW, Moore AD (2012) Integrated crop-livestock systems 
in australian agriculture: trends, drivers and implications. 
Agric Syst. 111(7): 1-12.  

Bertol I, Almeida JA, Almeida EX, Kurtz C (2000) Soil physic 
properties related to forage offer levels of dwarf elephant 
Grass cv. mott. Pesq Agropec Bras. 35(5): 1047-1054.  

Bertol I, Albuquerque JA, Leite D, Amaral AJ, Zoldan Junior 
WA (2004) Physical soil properties of conventional tillage 
and no-tillage, in crop rotation and succession, compared 
with natural pasture. Rev Bras Ciên Solo. 28(1): 155-163.  

Beutler AN, Centurion JF (2004) Effect of soil compaction in 
root development and in soybean yield. Pesq Agropec 
Bras. 39(6): 581-588.  

Braida JA, Reichert JA, Veiga M, Reinert DJ (2006) Mulch and 
soil organic carbon content and their relationship with the 
maximum soil density obtained in the proctor test. Rev 
Bras Ciên Solo. 30(4): 605-614.  

Campos LP, Leite LFC, Maciel GA, BrasiL EL, Iwata BF (2013) 
Stocks and fractions of organic carbon in an oxisol under 
different management systems. Pesq Agropec Bras. 48(3): 
304-312.  

Castagnara DD, Neres MA, Oliveira PSR, Meinerrz CC, 
Mesquita EE (2012) Use of conditioning in the production 
of black and white oat hay using two cutting heights. R 
Bras Zootec. 41(5): 1082-1092.  

Castagnara DD, Olivera PSO, Bulegon LG, Neres MA, Piano 
JT, Zoz T, Gerhardt IFS (2015) Physical properties of thodic 
hapludox (oxisol) soil under different oat managements of 
integrated crop-livestock system. Aust J Crop Sci. 9(8): 734-
743.  

Caranache A (1990) Penetrometer - a generalized semi-
empirical model estimating soil resistance to penetration. 
Soil Tillage Res. 1-2(16): 51-70.  

Collares GL, Reinert DJ, Reichert JM, Kaiser DR (2011) 
Surface compaction of oxisols with crops- dairy cattle 
production in northwest of rio grande do sul, brazil. Cienc 
Rural. 41(2): 246-250.  

Conte O, Flores JPC, Cassol LC, Anghinoni I, Carvalho PC, 
Levien R, Wesp C (2011) Evolution of soil physical 
attributes in an integrated crop-livestock system. Pesq 
Agropec Bras. 46(10): 1301-1309.  

Costa FS, Bayer C, Zanatta JA, Mielniczuk J (2008) Carbon 
stock and carbon dioxide emissions as affected by soil 
management systems in Southern Brazil. Rev Bras Ciên 
Solo. 32(1): 323-332.  

Debiasi H, Franchini JC (2012) Soil physical attributes and 
soybean production in a crop-livestock integration system 
with Brachiaria sp and Glycine max. Cienc Rural. 42(7): 
1180-1186.  

Demétrio JV, Costa ACT, Oliveira PSR (2012) Biomass yield of 
oat cultivars under different cutting management systems. 
Pesqui Agropecu Trop. 42(2): 198-205.  

Donagema GK, Campos DVB, Calderano SB, Teixeira WG, 
Viana JHM (2011) Manual de métodos de análises de 
solos. 2 ed. EMBRAPA, Rio de Janeiro, Brazil. 230 p. 

Fidalski J, Alves SJ (2015) Grazing height of brachiaria and 
stocking rate limited by soil physical properties three years 
into an integrated soybean crop-livestock system. Rev Bras 
Ciên Solo. 39(3): 864-870.  

Foley JA, Defries R, Asner GP, Barford C, Bonan G, Carpenter 
Snyder PK (2005) Global consequences of land use. 
Science. 309(5734): 570-574.  

Freixo AA, Machado PLOA, Guimarães CM, Silva CA, Fadigas 
FS (2002) Carbon and nitrogen storage and organic 
fraction distribution of a cerrado oxisol under different 
cultivation systems. Rev Bras Ciên Solo. 26(2): 425-434.  

Girardello VC, Amado TJC, Nicoloso RS, Hörbe TAN, Ferreira 
AO, Tabaldi FM, Lanzanova ME (2011) Changes in physical 
properties of a red oxisol and of soybean yield under no-
tillage affected by chisel plow types. Rev Bras Ciên Solo. 
35(6): 2115-2126.  

Gomes RLR, Silva MC, Costa FR, Lima Junior AF, Oliveira IP, 
Silva DB (2015) Propriedades físicas e teor de matéria 
orgânica do solo sob diferentes coberturas vegetais. FMB. 
8(5): 72-86. 

Goldin A (1987) Reassessing the use of loss-on-ignition for 
estimating organic matter content in noncalcareous soils. 
Commun Soil Sci Plant Anal. 18: 1111-1116.  

Guareschi RF, Pereira MG, Perin A (2012) Crop residues, light 
organic matter, carbon and nitrogen storage and 
remaining phosphorus under different management 
systems in the cerrado region of Goiás. Rev Bras Ciên Solo. 
36(3): 909-920.  

Johnston AE, Poulton PR., Coleman K (2009) Soil organic 
matter: its importance in sustainable agriculture and 
carbon dioxide fluxes. Adv Agron. 101: 1-57.  

Kiehl EJ (1979) Manual de edafologia: relação solo planta. 
Agronômica Ceres, São Paulo, Brazil. 262 p. 

Klein VA, Camara RK (2007) Soybean grain yield and least 
limiting water range in an oxisol under chiseled no-tillage. 
Rev Bras Ciên Solo. 31(2): 221-227.  

López de Herrera J, Herrero Tejedor T, Saa-Requejo A, 
Tarquis AM (2016) Effects of tillage on variability in soil 
penetration resistance in an olive orchard. Soil Res. 54: 
134–143.  



 

 

738 

 

Lanzanova ME, Nicoloso RS, Lovato T, Eltz FLF, Amado TJC, 
Reinert DJ (2007) Soil physical attributes in integrated 
cattle raising-crop production system under no-tillage. Rev 
Bras Ciên Solo. 31(5): 1131-1140.  

Matias SR, Correia MAR, Camargo LA, Farias MT, Centurion 
JF, Nóbrega JCA (2012) Influence of different management 
systems on soil physical attributes and organic carbon. Rev 
Bras Cienc Agrar. 7(3): 414-420.  

Moreira WH, Betioli Junior E, Pim Petean L, Tormena CAO, 
Alves SJ, Teixeira Costa MA, Soares Franco HH (2012) 
Physical properties of an oxisol in an integrated crop-
livestock system. Rev Bras Ciên Solo. 36(2): 389-400.  

Moreira WH, Tormenta CA, Betioli Junior E, Petean LP, Alves 
SJ (2014) Influence of the grazing height of ryegrass and 
oat on the physical properties of an oxisol after seven 
years of crop-livestock system. Rev Bras Ciên Solo. 38(4): 
1315-1326.  

Neres MA, Castagnara DD, Oliveira PSR, Oliveira E, Jobin CC, 
Tres TT, Mesquita EE (2012) IPR 126 white oat forage 
potential under free growth, cutting and grazing at two 
management heights. R Bras Zootec. 41(4): 889-897.  

Paul BK, Vanlauwe B, Ayuke F, Gassner A, Hoogmoed M, 
Hurisso TT, Koala S, Lelei D, Ndabamenye T, Six J, Pulleman 
MM (2013) Medium-term impact of tillage and residue 
management on soil aggregate stability, soil carbon and 
crop productivity. Agric Ecosyst Environ. 164(1): 14-22.  

Pereira MG, Loss A, Beutler SJ, Torres JLR (2010) Carbon, 
light organic matter and remaining phosphorus in different 
soil management systems. Pesq Agropec Bras. 45(5): 508-
514.  

Reichert JM, Suzuki LEAS, Reinert DJ, Horn R, Kansson IH 
(2009) Reference bulk density and critical degree-of-
compactness for no-till crop production in subtropical 
highly weathered soils. Soil Tillage Res. 102(2): 242-254.  

Reichert JM, Reinert DJ, Suzuki LEAS, Horn R (2010) 
Mecânica do solo. In: Van Lier, Q. J. (ed) Física do Solo. 
Sociedade brasileira de ciência do solo, Viçosa, Brazil. 30-
102 p.  

Rodella AA, Alcarde JC (1994) Evaluation of organic materials 
used as fertilizers. Sci Agric. 51(3): 556-562.  

Rosset JS, Lana MC, Pereira MG, Schiavo JA, Rampim L, Sarto 
MVM (2016) Chemical and oxidizable fractions of soil 
organic matter under different management systems in an 
oxisol. Pesq Agropec Bras. 51(9): 1529-1538.  

Sá JCM, Cerri CC, Piccolo MC, Feigl BE, Buckener J, Fornari A, 
Sá MFM, Seguy L, Bouzinac S, Venzke Filho, S. P. (2004). O 
plantio direto como base do sistema de produção visando 
o sequestro de carbono. Revista Plantio Direto. 84: 45-61.  

Santos HG, Jacomine PKT, Anjos LHC, Oliveira VA, Lumbreras 
JF, Coelho MR, ALMEIDA JA, CUNHA TJF, Oliveira JB (2013) 
Sistema brasileiro de classificação de solos. 3ed. 
EMBRAPA, Brasília, Brazil. 353 p.  

Silva RH, Rosolem CA (2001) Root growth of plants used as 
green cover as affected by soil compaction. Rev Bras Ciên 
Solo. 25(2): 253-260.  

Silva EF, Lourente EPR, Marchetti ME, Mercante FM, Ferreira 
AKT, Fuji GC (2011) Labile and recalcitrant fractions of soil 
organic matter under integrated crop-livestock system. 
Pesq Agropec Bras. 46(10): 1321-1331.  

Silva VE, Silva AC, Pereira RC, Camargo PB, Silva BPC, Barral 
UM, Mendonça Filho CV (2013) Lignocellulosic and isotopic 
composition of vegetation and soil organic matter of a 
tropical peat. I floristic composition, biomass and carbon 
stock. Rev Bras Ciên Solo. 37(1): 121-133.  

Spera ST, Santos HP, Fontaneli RS, Tomm GO (2009) 
Livestock-crop integration effects on physical attributes of 
a soil under no-till. Rev Bras Ciên Solo. 33(1): 129-136.  

Spera ST, Santos HP, Fontaneli RS, Tomm GO (2010) Soil 
physical characteristics of an Oxisol as affected by 
production systems lay farming, under no-tillage. Acta Sci 
Agron. 32(1): 37-44.  

Sotiles AR, Savi A, Tavares RAW, Santos LM (2015) Estudo da 
matéria orgânica de solos sob sistema de integração 
lavoura-pecuária por meio da espectroscopia de absorção 
de luz na região do uv-visível e análise elementar. 
Synergismus Scyentifica UTFPR. 10(1): 30-36.  

Souza ED, Costa SEVGA, Anghinoni I, Carvalho PCF, 
Andrigueti M, Cao E. (2009) Soil organic carbon and 
nitrogen stocks in an untilled crop-livestock integration 
system under different grazing intensities. Rev Bras Ciên 
Solo. 33(6): 1829-1836.  

Tirloni C, Vitorino ACT, Bergamin AC, Souza LCF (2012) 
Physical properties and particle-size fractions of soil 
organic matter in crop-livestock integration. Rev Bras Ciên 
Solo. 36(4): 1299-1310.  

Tormena CA, Roloff G, Sá JCM (1998) Soil physical properties 
in no-tillage influenced by liming, previous tillage and 
traffic. Rev Bras Ciên Solo. 22(4): 301-309.  

Vieira ML, Klein VA (2007) Hydro-physical properties of an 
Oxisol under different management systems. Rev Bras Ciên 
Solo. 31(6): 1271-1280.  

West TO, Post WM (2002) Soil organic carbon sequestration 
rates by tillage and crop rotation: a global data analysis. 
Soil Sci Soc Am J. 66(6): 1930-1946.  

 

 
 
 
 
 
 
 
 
 
 
 


