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ABSTRACT
The objective of this work was to evaluate the penetration resistance (PR) of a red-yellow latosol 
submitted to two subsoiling depths for implanting a forest plantation. The subsoiling was evaluated 
at 40 cm (S-40) and 50 cm (S-50) of depth by determining the soil moisture and soil density, 
while soil PR was evaluated before and after subsoiling at five points transversely to the subsoiling 
line (furrow) up to a depth of 60 cm using an electronic penetrometer. The soil density in both 
treatments was not altered by soil management. Before soil preparation, the soil presented PR 
values above the critical limit in the 0 cm to 30 cm layers, and after subsoiling a reduction in 
those values was verified at depth. It can be concluded that the 50 cm (S-50) subsoiling depth 
is the most suitable for soil preparation in a forest stand implantation. 
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1. INTRODUCTION AND OBJECTIVES 

Soil compaction is a problem faced by companies 
when establishing new forest plantations. This is mainly 
due to the intense traffic of wood harvesting machines 
in the previous stage, which may cause negative impacts 
on the ecosystem such as productivity losses in stands 
and changes in soil physical properties, highlighting the 
increase in soil penetration resistance (Pincelli et al., 
2014; Rodrigues et al., 2018).

Penetration resistance (PR) describes the physical 
resistance that the soil offers to an external factor that 
tries to move through it, such as a growing root or a soil 
preparation tool (Pedrotti et al., 2001). It is an important 
physical property in the study of soil quality, and even 
though it provides an indirect indication, it enables 
comparative evaluation of the structural compaction 
variability in different management systems and soil 
types (Ralisch et al., 2008).

Several studies have shown the direct relationship 
between PR and soil density, with high density values 
reducing voids, increasing soil mechanical resistance, and 
consequently hindering crop root system development. 
Moreover, soil PR is highly dependent on moisture, as 
the water content inversely influences the soil resistance 
due to the lubricating effect of the water around the 
soil particles, and with the decrease there is an increase 
in PR (Almeida et al., 2008).

Texture also interferes with the penetration resistance 
values and normally, soils with higher sand content have 
low resistance, low soil mobilization area and lower 
working depth and width. In evaluating the subsoiling in 
two different soils with different textures. Bentivenha et al. 
(2003) observed that the medium texture red-yellow 
oxisol presented worse results compared to the clayey 
Quartzite Neosol in relation to the variables of depth, 
work width, area and mobilized volume of soil.

Although penetration resistance is affected by 
density, soil moisture content and soil texture, PR 
values between 1.5 MPa and 4.0 MPa are considered 
limiting for crops, while 2.0 MPa is considered a critical 
limit (CL), preventing the root growth of most crops 
(Ribon & Tavares Filho, 2008). The authors also state 
that soil penetration resistance directly influences 
plant root and shoot growth, which are directly 
related to overall plant growth, and are modified by 
soil tillage systems.

Subsoiling is currently mentioned among the 
various available soil preparation techniques and has 
been widely used by forestry companies, due to the 
action of breaking the compacted layers, reducing 
root penetration resistance, increasing aeration and 
internal drainage, and decreasing the surface runoff 
of soil water (Grotta et al., 2004).

It is important to emphasize that when planting 
forests, subsoiling is the main method implemented 
to prepare the soil at depths of 40 cm to 50 cm, and in 
some cases, is carried out at up to 60 cm. Preparation 
costs are significantly reduced when it is carried out at 
the lower depths; however, when there is a compacted 
layer, the operation is difficult and can cause damage 
due to a decrease in the yield of the installed crop.

Therefore, it is necessary to carry out studies under 
field conditions to evaluate the appropriate subsoiling 
depth for planting forests in different soil types, as well 
as to determine the soil preparation effect in rupturing 
the compacted layer and in the volume of tilled soil. The 
proposed hypotheses are that the different subsoiling 
depths influence the soil PR values; and there is a 
decrease in PR values below the subsoiler working 
depth due to the action of the equipment rod.

The objective of this work was to evaluate the 
penetration resistance of a sandy red-yellow latosol 
submitted to two subsoiling depths for planting forest 
stands, aiming to show the importance of this parameter 
in evaluating the effects of the preparation systems on 
the compacted layer and on the volume of tilled soil.

2. MATERIALS AND METHODS 

2.1. Characterization of the study area 

The study was conducted in the operational 
areas of a forest company located in the municipality 
of Telêmaco Borba, Parana state, between the 
geographical coordinates of latitude 24°21’24” South 
and longitude 50°37’18” West. The soil of the study 
area was classified by the company as sandy texture 
red-yellow latosol (RYL).

The stand installed in the study area prior to the 
subsoiling operation consisted of Pinus taeda, with 
a cutting age of 32   years, basal area 44.3  m²  ha-1, 
2.5 × 1.7 m spacing, diameter at breast height (DBH) of 
41.3 cm and average volume per hectare of 667 m³ ha-1.
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2.2. Subsoiling

The subsoiling operation was carried out by a crawler 
tractor with gross power of 170 HP, an operating weight 
of 19,000 kg, ground track pressure of 53 KPa and fitted 
with a V-shearing blade 3.86 m in length and 1.16 m in 
height. The tractor was coupled to the single rod trawling 
subsoiler weighing 5,390 kg, lifting rod adjusted to reach 
depths of 40 cm and 50 cm at the midpoint of the furrow, 
straight rod and wing tip, curve discs, compression roller 
and reserve fertilizer container with a capacity of 700 kg. 
The operation was performed in conjunction with the 
base fertilization with the tractor-subsoiler assembly.

2.3. Sample procedure 

The experiment was carried out in a randomized 
complete block design, three blocks per treatment. 
The treatments were defined as the different subsoiling 
depths: S-40 – subsoiling depth of 40 cm; and S-50 – 
subsoiling depth of 50 cm.

The sampling procedure adopted in this study 
considered each soil preparation line as a composite 
sample unit. Ten lines systematically distributed in the 
area were sampled in each treatment, and 15 points were 
collected, thereby forming a mesh of 150 sample points. 
The starting point position was determined by drawing 
the distances to the carriers, and only the preparation 
lines with more than 200 m length were considered in 
the draw. The plots were installed from a minimum 
distance of 20 m from the carriers in order to allow for 
the equipment to stabilize in performing the operation.

The soil PR was determined in two moments: 
before subsoiling at depths of 40 cm and 50 cm (BS-40 
and BS-50) and after subsoiling at the same depths (AS-40 
and AS-50), with five sampling lines obtained. A transect 
was allocated transversely to the furrow in each of the 
lines using a measuring tape, and it was composed of six 
collection points. The collection points were obtained at 
the central point of the furrow (CP) and two points on the 
left (P −20 and P −40) and on the right (P +20 and P +40), 
with equidistant intervals 20 cm from each other, in 
addition to a point located between the furrow (BFP).

2.4. Physical properties of the soil

To determine the volumetric moisture (Vm) and soil 
density (Sd), 10 samples with preserved structure were 

randomly collected per plot using a soil sampler and 
volumetric rings of 100 cm³ obtained from the center of 
the layers from 0 cm to 10 cm, 10 cm to 20 cm, 20 cm to 
40 cm, and 40 cm to 60 cm. These samples were collected 
at two moments, before and after the soil preparation in 
the study area. However, after preparing the area, care 
was taken to remove the samples outside the subsoiling 
line, where the soil had been tilled.

After collection, the samples were stored in plastic 
bags and kept at a temperature of ± 5 °C for laboratory 
analysis. The current moisture and volumetric ring method 
was used for determining Vm and Sd, according to the 
methodology proposed by the Brazilian Agricultural 
Research Corporation (Embrapa, 1997).

2.5. Evaluation of soil penetration resistance 

In the PR evaluation, a 06.15.SA Eijkelkamp digital 
electronic penetrometer was used equipped with a cone-
shaped tip, with a vertex angle of 60 ° and a base of 1 cm² 
(11.28 mm nominal diameter). A penetration velocity 
of 2 cm.s-1 was applied, controlling the force applied at 
the moment of penetration by a load cell. The data were 
obtained according to the recommendations of the Asae 
Standard 313, and the readings were performed in intervals 
of 1 cm to the depth of 80 cm, obtaining two readings 
for each sampling point, and later using the mean value 
obtained between the two readings.

After obtaining the mean PR values, only the values 
up to the 60 cm layer were used in the laboratory because 
it is necessary to know the Vm and Sd values of the 
evaluated soil layer in order to relate the PR values to 
the soil compaction. According to Ribon & Tavares 
Filho (2008), soil penetration resistance is related to 
several soil attributes indicating the compaction degree, 
such as soil moisture and soil density. In using the 
aforementioned mean PR values, values higher than 
2 MPa were determined as the critical limit (CL), as the 
authors mention that values of 2.0 MPa prevent root 
growth, therefore is considered the critical PR value.

2.6. Statistical analysis

The mean values of Vm, Sd and PR obtained at the 
different subsoiling moments (BS and AS) of the S-40 and 
S-50 treatments were submitted to analysis of variance, and 
the means were compared by the t-test at 5% probability 
when significant using the Statistica 7.0 program.



4/6 Floresta e Ambiente 2019; 26(4): e20170549Gonçalves SB, Lopes ES, Cavalieri-Polizeli KMV, Fiedler NC, Stahl J

3. RESULTS AND DISCUSSION

The mean values of Vm and Sd in the S-40 and S-50 
treatments at moments before and after subsoiling at the 
0 cm to 60 cm depth layers are presented in Figure 1.

There was a significant difference between the mean 
values of soil moisture at the BS-40 and AS-40 moments. 
The soil in the study area was moister before subsoiling 
when PR was evaluated. This fact demonstrates that the 
soil moisture conditions may influence higher PR values 
at the AS-40 moment in relation to the BS-40 treatment. 
According to Souza et al. (2006), PR presents an inverse 
relationship with soil moisture, meaning that as the 
moisture increases, a PR decrease occurs. No significant 
difference was observed between the mean values of 
the AS-40, BS-50 and AS-50 moments, and therefore it 
could be stated that the soil moisture did not influence 
the penetration before and after the 50 cm subsoiling or 
between the treatment values at 40 cm and 50 cm depth.

Regardless of the subsoiling moment, the soil density 
did not present a difference for either treatment. Thus, 
the density conditions in the area did not influence 
the PR values between the penetrometry performed 
before and after the soil preparation.

Figure 2 shows the curves resulting from the mean 
PR values as a function of depth at the BS-40 and 
BS-50 moments of the AS-40 and AS-50 treatments.

Prior to the subsoiling operation, mean PR values 
ranged from 1.23 MPa to 2.38 MPa (BS-40) and from 
1.56 MPa to 2.36 MPa (BS-50) at depths of 0 cm to 60 cm. 
All values above the critical limit of 2 MPa were found 
in the superficial layers of the soil (0 cm to 30 cm), and 
this result can be explained by the mechanized wood 

harvesting activity previously carried out in the study 
area, where the main forces causing compaction of forest 
soils are machines.

In Figure 2, it is possible to observe that all the curves 
at the time before subsoiling in both treatments behaved 
in a similar way, with increasing PR values up to the 40 cm 
layer and decreasing in depth for all the sampling points. 
After the subsoiling, the AS-40 and AS-50 treatments 
showed a reduction in the PR values at depth compared 
to the values found at the BS-40 and BS-50 moments.

It is noted that there was an increase in PR values 
in the BS-40 treatment below the subsoiler working 
depth (40 cm). There was no increase in PR in the 
BS-50 below the working depth of 50 cm. This fact 
can be explained by the difference in soil moisture 
conditions in the AS-40 area when the soil was drier 
(Figure 1) than the BS-40 moment.

After the subsoiling (AS-40 and AS-50), mean PR 
values that were above the CL in the 0 cm to 30 cm layer 
decreased at all sampling points, except for the BFP, where 
the subsoiling rod did not work. This fact demonstrated 
the positive effect of subsoiling on reducing PR values, 
not only in depth (vertical), but also in the width of the 
furrow line (horizontal).

The PR curves at the CP, P+20 and P −20 were those 
that showed the greatest reduction in soil PR values in 
comparison to the AS moment. This fact is due to the 
proximity of the sampling points at the center of the 
furrow, where the subsoil rod was more active, causing 
greater rupture of the compacted layers and mobilization 
of the soil, thus contributing to better soil preparation. 
Therefore, this fact demonstrates the importance of 
greater soil mobilization in sandy texture conditions.
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Figure 1. Soil moisture (m³m-3) and density (Mgm-3) at depths of 0 cm to 60 cm, in the moments before (BS) and after 
(AS) the subsoiling treatments. The bars indicate the values of standard error of the mean and the overlap of these 
denotes the absence of differences between the means of the different tillage moments. BS-40: before subsoiling at 
40 cm; AS-40: subsoiling only at 40 cm; BS-50: before subsoiling at 50 cm; AS-50: subsoiling only at 50 cm.
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Figure 2. Curves resulting from mean PR values as a function of soil depth at the BS-40 and BS-50 moments of 
the AS-40 and AS-50 treatments.
Sample points = CP: Center point of the furrow; P +20: point 20 cm to the right; P +40: point 40 cm to the right; 
P −20: point 20 cm to the left; P −40: point 40 cm to the left; BFP: between furrow point; CL: critical limit.

4. CONCLUSIONS

The different subsoiling depths influenced the 
soil PR values, with their reduction in depth of work 
(vertical) and width of the furrow line (horizontal).

There was a decrease in PR values below the subsoiler 
working depth in the AS-50 treatment caused by the 
subsoiling equipment’s rod action.

The subsoiling depth at 50 cm was more suitable for 
preparing the soil aiming at planting forest stands in 
sandy red-yellow latosol due to the lower PR values in 
the soil and the greater soil tillaging in the planting line.
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