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This paper was made using the Stolf impact penetrometer to identify different levels of 
soil compaction and evaluate the impact of human activities on physical soil attributes by 
comparing areas with native vegetation and areas in which it practiced agricultural 
activity. For compression analyses were assessed four areas with different condition soil 
characteristics and/or uses. Subsequent to those assessments, data collection and analysis 
were proposed solutions and measures to soften the negative effects of anthropological 
activities undertaken in the tested areas. 

1. Introduction 
The soil anthropic compaction leads to changes in 

their physical properties, promoting increased soil density due 
to volume reduction, once the air present in the micro and 
macro pores is expelled and culminates in substantial 
increases in mechanical resistance, thereby providing, 
difficulties in developing, particularly, the root system of 
plants. 

The current production matrix highly dependent on 
inputs derived from non-renewable sources comes burdening 
production systems and impacting increasingly the 
environment. Thus, the current cultural practices must be 
rethought in order to install at the properties integrated 
farming systems economically viable, socially equitable and 
culturally acceptable, according to the specificities of each 
region (Lima & Carmo, 2006). 

Therefore, the monitoring of soil attributes becomes 
of great importance. Among these stand out from those of 
physical order, such as soil compaction, in which misuse by 
means of incorrect handling such as conventional preparation, 
transit of machines and agricultural implements lads to the 
formation of denser environments and with this, more 
resistant to root penetration (Stone & Silveira 1999). The 
result of the compaction is catastrophic for the growth of the 
culture of agronomic interse, that for not having acces to water 
in depth, has its growth limited (Freddi et al., 2007). 

Another attribute of soil quality is that of chemistry 
order, which in turn is greatly influenced by compaction 
processes, because once compacted the soil, not even a good 
fertilization can reverse slow growth and low productivity. 
This is justified by the law of the Law of Minimum that says 

that all factors are in their proper portions, the existence of a 
limitation to a vital process, such as the absorption of water , 
may reduce the growth os this individual, even if the other 
factors are present in satisfactory quantities (Kreuz et. al., 
1995; Araújo et. al., 2007; Gomes e Filizola 2006).  Biological 
attributes may also be impaired, as the deposition of organic 
matter in depth by the roots can be compromised, like the 
growth of these is (Buck et. al., 2000; Canbolat et. al., 2006). 

Thus, soil compaction becomes harmful to the 
maintain a favorable agroecosystem to the production of 
agronomic cultures, since water is of paramount importance 
for the maintenance of vital processes such as the turgescence 
of plants, transport of nutrients in the soil to the roots by mass 
flow and within the plant (Calonego et. al., 2011). Beutler et. al. 
(2006) show that when in severe water deficit agronomic 
cultures such as soybean, corn, cotton and rice, for example, 
show significant decreases in productivity, which in the great 
majority of cases can be explained by the reductions in the 
photosynthetic rates provided by stomatal closure (Kramer & 
Boyer, 1995). 

When compacted, the soil drainage capacity reduces 
substantially, as the rains in the cerrado is mostly 
concentrated and torrential (Mazurana et al., 2013), that water 
that does not percolate the soil can accumulate and according 
to local altitudes, can also carry soil particles and nutrients, 
thus triggering erosive processes in soils (Mazurana et al., 
2011). Thereby, in properties that have compacted soils, it is 
common to find signs of soil degradation, such as erosive 
processes like as grooves, ravines and even gullies (Mazurana 
et al., 2011). 
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In conditions of soil compaction, losses such as those 
provided by drought events can be enhanced, especially in 
regions of the country that have extremely concentrated rains 
such as the northeast of the state of Goias, where the Brazilian 
Cerrado is located (Piccolo et al., 2011). Still, because it is a 
region in full development and agronomic growth together 
with the West of the state of Bahia, studies are necessary carry 
aimed at the practice of a non-predatory agriculture that 
respects the limitations imposed by the environment (Heredia, 
2010). 

In this way, the study of the behavior of the soils in 
their state of compaction, in places where there is or not 
anthropic action, becomes a valuable tool to understand the 
dynamics of the soils and also, to prospect management 
methodologies that aim at its conservation. Thus, the objective 
of this study is to identify different levels of soil compaction 
and measure the impact of human activities on soil physical 
properties. 
 
2. Material and Methods 

The study was conducted on the property of the 
Instituto Federal Goiano located at 14º06'29.9 "S and 
46º19'39.6" W in the city of Posse, northeast of the state of 
Goiás. The treatments were conducted between March and 
May 2016. The data collected were obtained with Stolf impact 
penetrometer in four areas with different characteristics of 
condition and / or use of soil, in which each represents a 
treatment: Cerrado Intact (A);  Cerrado Discovered (B); Clayey 
Spot (Clay) (C) and  Cerrado Deforested + a past grid 18 (IF 
Goiano Meshed) (D) (all four belongings the future farm IF 
GOIANO Campus Posse) thus, each condition of soil cover and 
/ or management constituted a treatment, and all treatments 
were arranged in the field according to a completely 
randomized delimitation (CRD) with ten replications in each 
treatment. 

The area that was denominated as Intact Cerrado is 
characterized as an area in which there is no history of 
anthropic agricultural activity or any other strativist activities. 
The area called Discovered Cerrado, is characterized as an area 
where native vegetation existed and was removed, however, 
in this area there was no agricultural activity until then. The 
area designated as IF Goiano Meshed has as a background a 
conventional preparation, in which a soil glebe was revolved 
through successive plowing and harrowing operations that 
took place 18 months before the evaluation. Finally, soil 
patches of Argilous soil were analyzed in the IF Goiano Campus 
Posse area. These soil patches were collected in areas that 
were deforested adjacent to the native area, which at the time 
of the land was not used for agriculture or for preservation 
remained idle , thus suffering inclements which led to 
symptoms of degradation. 

In each of the treatments was previously defined a 
representative plot of the characteristics of each area and 
within this plot were taken 10 measures with an impact 
penetrometer in the following depths: 0-15; 15-30; 30-45; 45-
65 cm. Were withdrawn 10 single soil samples at 0-20 cm 
depth which later formed a representative composite sample 
that was sent to a laboratory and characterized physically. 
Each point taken was obtained through a completely random 
walk along each area that represented the treatments, and 
throughout this, soil penetration resistance data were taken. 

The data collected from the impact penetrometer 
model Stolf were converted to resistance (R) of soil from 
mounted equations in Excel spreadsheets whose details are 
described in Stolf et al. (2014). First, data were obtained in 
practical units of equipment, defined as N (impacts / dm) = 10 
× number of impacts / penetration (cm). The data were then 

converted to technical units, defined as R (kgf / cm 2) = 5.6 + 
6.89 × N (impacts / dm). Also, for purposes of publication data 
are converted into R MPa (MPa) = 0.56 + 0.689 × N (impact / 
dm). The above parameters were analyzed based on the data 
collected in each of the four treatments previously provided 
and subjected to analysis of variance, and the averages of each 
depth for each treatment were submitted to the Tukey test at 
5% probability. 

Soil moisture samples were not taken from the 
treatments. The soil used in the first three treatments have 
deep horizon with 85% sand, according to the analysis. While 
clayey spot has about 55% clay. 
 
3. Results and discussion 

In table 1, it was observed higher resistance values 
for the initial 15 cm of the treatment Clay (C), 6.38 MPa, 
whereas for IF Goiano Meched (D), only 0.56 MPa, lower 
average among the four treatments analysed. For the depth of 
15-30 cm, the treatments Cerrado Discovered (B) and Clay (C) 
presented the highest penetration resistance averages (4.92 
MPa and 6.22 MPa respectively), not statistically different 
from each other; for this depth the IF Goiano Meshed (D) was 
presented the lowest average (1.25 MPa). At the depth of 30-
45 cm, the Discovered Closed treatment (B) presented the 
highest mean (5.7 MPa), while Cerrado Intact (A) (2.7 MPa) 
and IF Goiano Meshed (D) (1.71 MPa) presented the lowest 
values. In the last layer analyzed, 45-65 cm, the Discovered 
Cerrado (B) continued to present the highest average 
penetration resistance, 6.36MPa. 

 
Table 1. Penetration Resistance Averages (in MPa) for the four 
land use and/or management methodologies**. 

**Capital letters compare within each management treatment the resistance at 
various depths, lower case letters compare the resistance to penetration at a 
depth for each of the soil management treatments. Treatments followed by the 
same capital letter or lower case letter do not differ from each other to 5% 
probability by the Tukey test. 

 

In Cerrado Intact treatment was low levels of 
compression, these being between 2 and 3 MPa as can be seen 
in Figure 1 A. The degree of compaction ranged along the 
profile and reached its peak in the 15-30 cm layer. Already in 
cerrado discovered treatment, Figure 1 B, penetration 
resistance levels demonstrated higher ranging from 3-7 MPa. 
There was a gradual increase in resistance over the soil profile. 
The 45-65 cm layer has a higher degree of compaction. In 
contrast, clay treatment, in Figure 1 C, there is resistance in the 
layer 0-30, but this gradually regresses when they are hit 
greater depths. The degree of compression started at 6.37 MPa 
to 15 cm deep and reached 3 MPa at 65 cm depth. This was the 
only treatment that the initial degree of compression is greater 
than the final study. In the  Cerrado Deforested + a past grid 18 
treatment, shown in Figure 1 D, the degree of compression was 
found to be the lowest, its peak was lower than the initial 
compaction treatment Cerrado Intact. Its pattern is similar to 
Cerrado Discovered treatment, with gradual increase in 

Depth 
(cm) 

Intact  
Cerrado 

Discovered 
Cerrado Clay 

IF Goiano 
Meche

d 

0-15 2,01 A cb 3,24 A b 6,38 A a 0,56 A c 

15-30 2,78 A b 4,92 A a 
6,22 AB 

a 1,25 B c 

30-45 2,7 A c 5,7 AB a 
4,46 BC 

b 1,71 BC c 

45-65 2,51 A b 6,36 B a 2,97 C b 1,94 C b 
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resistance over the soil profile; they are differentiated by the 
values of the degree of resistance. 
 

 
Figure 1. Soil Resistance degree in MPa as a function of 
depth in cm. 

 
 

Garcia (2012) states that root development is influenced by 
the physical characteristics of the soil such as compaction, 
which to a high degree makes it difficult to aeration which 
restricts the growth zone of the rhizosphere. Therefore, it can 
be concluded that the native cerrado soils have a low degree of 
compression, as well as the results obtained in this 
experiment. In their work, Reinert et. al. (2008) show that in 
compacted soils with penetration resistance greater than 2 
MPa, the growth of various cultures is already impaired. 
Furthermore, the results demonstrate the importance of 
management to support agricultural activities and the possible 
recovery of degraded areas, in which different strategies 
should be adopted for each treatment. 

The soil of the Cerrado while native, intact and without any 
anthropic influence is usually porous and well drained with 
little resistance to penetration (Figure 1A) (Oliveira et al., 
2008). These features facilitate the root system growth at 
depth (Oliveira et. Al. (2005), however, there is a series of 
variations in the superficial layers, which may increase the soil 
resistance (Figure 1 B and C) or reduce it (Figure 1.D). In fact, 
as clarified by Centurion et. al. 2006, the increase in 
penetration resistance is directly related to the success rate of 
different species of plants, mainly in areas destined for 
recovery and often the conditioning of the soil is necessary 
before the implantation of these species destined for recovery. 

 On the other hand, it is common to find degraded areas in 
depth, as found in Figure 1B, where a normal initial 
establishment of the culture is usually noted which may not 
express its maximum productive potential due to depth 
impediments (Foloni et al. 2003). Agronomic cultures and 
native species may be influenced equally by depth compaction, 
since drought events may limit their growth by causing these 
species to seek water in depth (Freddi et al., 2009). However, 
once compacted the soil in depth the cultivated plants may 
demonstrate some signs caused by lack of water, such as low 
growth, chlorosis and death (Letey 1985). In agro-ecosystems, 
these problems are usually bypassed and easily solved by 
breaking these compacted layers with the use of machines, 
especially submersibles (Drescher et al., 2011). But this 
artificial and mechanical solution does not work for natural 
environments, and thus, anthropic activity will result in 
damages that will naturally take decades or centuries to 
recover (Mazurana et al., 2011 and 2013). 

When the Cerrado is deforested and the soil is discovered, 
it becomes susceptible to compression, because there is no 
vegetation to reduce the force of impact of drops of water on 
the ground, then the density of the same increases. 
Furthermore, the absence of vegetation can increase the 
amount of soil lost through rains and winds, which can 
culminate in rivers silting, formation of erosions of various 
types, and destruction of the soil in all its layers (Mazurana et. 
al., 2011). 

According to studies conducted by Mendonça (2001), it was 
found an increase in the density of the soil and a reduction in 
organic matter, moisture, porosity and conductivity, in 
preserved areas in the National Forest Araripe (Flona). This 
description is similar to that found in the treatment Cerrado 
Deforested and Clay (Figure B and C). These results 
corroborate with those found by Freddi et. al. (2009), 
demonstrating that under these conditions agronomic 
cultures are harmed, thus having their productivity hampered 
since they can not break the compacted barriers in the soil and 
have access to the amount of water necessary to complete 
their cycle. Even native species that have slow initial growth 
may be harmed as they will find a completely different 
environment that constitute an impediment to their 
establishment. 

In studies of variability in the clayey soil profile made by 
Iaia (2006), there was gradual reduction of mechanical 
resistance to penetration (RMRP) with increasing depth where 
the highest levels of RMRP were verified to 25 cm. The same 
occurred in the clay treatment of the present study, where 
there was resistance check in 0-30 layer and gradual reduction 
of this behavior after the 30 cm deep. These results can be 
explained by the superficial sealing provided by the rain 
impact, animal trampling and sporadic transit of machines and 
implements that over time can make the most superficial layer 
compacted and resistant to penetration (Mazurana et al., 
2011). Further, the penetration resistance may decrease 
according to depth, Drescher et. al., 2011 explain that the 
pressure applied to the soil distributes along its profile, 
causing greater compaction problems in the surface layers, 
which can keep the subsurface layers free of compaction and 
any resistance to root growth. However, for these specific 
cases, mechanical intervention may be required to 
decompress the surface layers of the soil. 

According to Santiago (2007), the conventional tillage of 
soil is the disturbance of the surface layers to reduce 
compaction. It was the situation of the Cerrado deforested + a 
past grid 18 treatment, made in the area of IFGoiano campus 
Posse, where there was practically no resistance to 
penetration. Since most of the soils of the Cerrado are 
classified as Dystrophic Latosol, and still with low content of 
clay and sandy by nature, conventional soil preparation 
activities such as plowing and grazing are currently 
questionable (Mazurana et al.). Among the points that can be 
mentioned the numerous reports of the benefits of 
conservation management of soils such as no-tillage, which 
guarantees productivity identical to conventional 
management methods, preserving the soil structure, without 
exposing the organic matter to oxidation, allowing increase of 
the biological activity in the soil and also, preserving the 
productive activity even when under dry conditions 
(Matsuoka et al., 2003; Oliveira et al., 2008). 

The results obtained in this work confirm that the soils of 
the Brazilian Cerrado need careful and detailed studies before 
any activity is implemented, since when comparing A and B, a 
similar penetration resistance curve is observed, differing only 
in the layer of 0-15 cm, that is, an effect only of soil 
preparation, which according to Mazurana et. al. (2011) is 
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dispensable, since the culture can be developed and produced 
using no-tillage. 

 In this way, by comparing the four treatments, it can be 
stated that the ideal condition from a conservation point of 
view is the one closest to the one found in the native Cerrado, 
thus other preparations that aim to condition the soil for the 
development of the plant become negligible, since under 
tropical conditions the spraying of soil aggregates, exposure of 
organic matter and soil compaction caused by inadequate 
management can only transform agriculture into a predatory 
and unsustainable activity over time. 
 
4. Conclusions 

The results obtained were as expected, known the 
physical characteristics of the soil. Because of this behavior, 
this soil will require a management aiming at its conservation 
and structure. For this, it should be prioritized the increase of 
organic matter, especially in meshed soil because this is an 
area that will be used later. This addition of organic matter will 
help improve the physical chemical and biological composition 
of this area and improvement in soil moisture retention and 
fertility, will favor the activity of microorganisms, among other 
factors, which will require other studies so that dynamics of 
the use of Cerrado soils is understood, and thus, its use is done 
in a conscious and sustainable way. 
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