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INTRODUCTION

ABSTRACT

Soil resistance to penetration is an indicator of easy measurement which can be used to
make scarification / subsoiling recommendations in areas that work with localized
management. The objective of this study was to evaluate the spatial variability of soil
resistance to penetration (RP) in the area of direct sowing system, and to carry out the
recommendation of scarification / subsoiling in a localized way through precision
agriculture. The research was conducted in commercial area, in a field of 49.12 ha. The
RP collection was with an electronic penetrometer in a sample mesh of 47 points
distributed regularly in the area, with georeferenced points. The data were analyzed every
0.10 m being collected up to 0.40 m depth, in addition to obtaining the mean and
maximum RP values in the profile (0 - 0.40 m), and the depth value of the maximum RP
in the profile. Soil samples were collected randomly in the area to characterize the water
content at the time of RP collection. Data were analyzed using descriptive statistics and
geostatistics. The resistance to penetration (RP) presents moderate to strong spatial
dependence in the evaluated layers. The RP is in most of the area below the critical limits
which demonstrates that there is no need to perform a scarification / subsoiling in the total
area, only in a localized way.

RP being related to other attributes that indicate the degree

The intensive use of the soil for large-scale food
production has generated some problems related to its
capacity to maintain production. Modern agriculture has
evolved into management systems that promote less soil
tillage by favoring improved soil structure, water retention,
nutrients, and conservation of natural resources. These new
concepts promote a new dynamic in agronomic studies with
the objective of evaluating its benefits and technological
challenges found in this management model (Lin et al.,
2014).

Machine traffic and soil management systems can
cause changes in its physical structure, increasing density,
increasing resistance to penetration, retention of water,
aeration, and decrease of total porosity (Carvalho et al.,
2012; Montanari et al., 2012; Oliveira et al., 2013).

The resistance to penetration (RP) is widely used as
measure for mechanical impedance in the root or drying
experience or compacted soils (Whalley et al., 2012) with
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of compaction, such as texture which influences the
behavior of soil subjected to external pressures (Stefanoski
et al., 2013). The quantification of RP in commercial areas,
due to its practicality can be performed with penetrometers.
They measure the RP by means of a cone-tipped stem with
an angle equal to 30° simulating the soil resistance to root
penetration (Almeida et al., 2012; Whalley et al., 2012;
Campos et al., 2013, Lima et al., 2013a).

The compaction identification can be done
considering the precision agriculture techniques which
takes into account the spatial variability of attributes
(Motomiya et al., 2012), and is important to define specific
management areas (Alves et al., 2014; Rosalen et al., 2011).
The use of these techniques provides better management
and understanding of the productive process of agricultural
properties (Oliveira et al., 2013; Assumpcéo et al., 2014).

It is assumed that over time, without soil
mobilization, the area reaches critical compaction values in
certain locations, generated by the traffic of machines. As
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the use of management in total area leads in high cost and a
lot of time to execute the operations, the use of sampling
strategies and localized management can help in decision
making, as it allows to know the spatial variability and to
generate maps for localized corrections. In this context, the
objective was to evaluate the spatial variability of resistance
penetration (RP) of the Distroferric Red Latosol in the
layers of 0-0.10; 0.10-0.20; 0.20-030; 0.30-0.40 m, and to
generate scarification / subsoiling recommendation maps in
an area with direct sowing system.
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MATERIAL AND METHODS

The study was conducted in the year 2016, at Santa
Hilda farm in the municipality of Dourados, MS. The place
is situated at latitude 22°17’S, longitude of 54°91’W and
altitude of 460 m. The climate is type Am, monsoon, with
dry winter, average annual rainfall of 1500 mm, and average
temperature of 22°C (Alvares et al., 2013). The soil of the
area is Distroferric Red Latosol (EMBRAPA, 2013), which
granulometric data are presented in Table 1.

TABLE 1. Latosol granulometry of Fazenda Santa Hilda, Dourados, MS, 2015.

] Layers (m)

Attributes 0.00-0.10 0.10-0.20
Sand (g kg-1) 19.78 26.56
Silte (g kg-) 29.24 37.60
Clay (g ky-) 50.98 S

The experimental area received conventional soil
preparation in 1996 and was then conducted for twenty
years on direct sowing system with soybean (summer) and
corn (autumn / winter) crops in succession. The field used
for scientific research consisted of approximately 49.12 ha.

In the experimental area, using a navigation system

500 m

FIGURE 1. Sample mesh and the altitude of the experimental area.

The soil resistance to penetration (RP) was
determined by means of an electronic penetrometer
(FALKER, 2011), equipped with rod with type 2 cone and
10 mm collection resolution with a storage capacity of 910
measurements mounted on a quadricycle.

model FBX3050 (FALKER, 2013), a sample mesh of
approximately one point per hectare was constructed, 47
points (Figure 1) which had their coordinates determined by
the navigation system using the WGS84 (World Geodetic
System 1984). The navigation system was also used to
generate the contour of the area and navigation during the
data collection for resistance to penetration (RP).

Altitude (m)
H Bigger than 446.53

In between 444.27 to 446.53
In between 441.83 to 444.27
In between 439.30 to 441.83
B | between 436.71 to 439.30

u Smaller than 436.71

The RP data were collected up to the depth of 0.40
m on October 27", 2015 and evaluated at each 0.10 m in
layers: 0-0.10; 0.10-0.20; 0.20-0.30; 0.30-0.40 m. The
samples were taken from the crop line at three replications
per point. After measurements we obtained RP average
values of the profile, besides the maximum RP value and
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the depth of the maximum RP of the profile, considered as
the maps for the soil decompaction, since they indicate the
maximum values of the RP and the depth that shows. Thus,
the determination of the maximum penetration resistance
(RPmax) will serve to describe the maximum RP that the
soil offers.

Deformed soil samples were taken in layers 0.0-
0.10; 0.10-0.20; 0.20-0.30 and 0.30-0.40 m depth, randomly
in the area to determine soil water content after drying in an
oven for 24 h at 105 °C by the gravimetric method.

The RP data were analyzed through descriptive
statistics: mean, median, maximum, minimum, standard
deviation, coefficient of variation, asymmetry and kurtosis.
The adjustment to the normal distribution was verified by
the Ryan-Joiner Test at 5% probability.

Geostatistics was used to analyze and quantify the
existence of spatial dependence of variables, and elaborate
semivariograms. The adjustment of the mathematical model
for the semivariograms of each variable provided the

parameters: Nugget Effect (C0), Baseline (CO + C) and
Range (A) (Vieira et al., 1983). The selection of the models
was performed based on the smallest sum of squared residue
(SSR) and best coefficient of determination (R2). The
models are validated by the use of cross validation.

The prediction of RP values for the non-sampled
sites was performed by interpolation using the ordinary
kriging method, using spatial variability information and
semivariogram parameters.

RESULTS AND DISCUSSION

The values of soil water content (Table 2) were
above the friable range, as reported by Bottega et al. (2011)
when doing researches in the same area. It can be verified
that the water content in the soil may have influenced the
RP readings, but in a homogeneous way in the area. Thus,
any change in the RP value of the area is due to the changes
in RP behavior caused by the management over the years.

TABLE 2. Soil water content (WC) at the time of penetration resistance sample collect.

Layers (m) 0.00-0.10

0.10-0.20

0.20-0.30 0.30-0.40

WC (%) 29.00

25.80 27.01 28.56

The critical RP values can be described from 2.0 MPa for the conventional tillage system, minimum tillage should be 3.0
MPa and 3.5 MPa in direct sowing (Moraes et al., 2014). Thus, the average RP values in the layers are classified as low
(Table 3). However, there was large amplitude between the maximum and minimum values in the layers below 0.20 m, which
indicates that the area under study needs to be managed differently, since critical points have been detected and may be aggravated
in the future, mainly by observing the maximum values and each layer.

TABLE 3. Descriptive statistic for soil resistance to penetration (MPa).

Layers (m)

Parameters 0.0-0.1 0.1-0.2 0.2-0.3 0.3-0.4 aIU:rgéi RPMax DF;E_'V('?;)
Average (MPa) 0.87 2.15 2.26 1.89 1.78 2.96 20.47
SD 0.36 0.34 0.41 0.55 0.31 0.57 4.79
Variance 131.48 119.50 170.18 302.96 0.09 327.24 23.03
Minimum 0.33 1.38 1.61 1.35 1.20 1.94 10.33
Maximum 2.11 2.90 3.67 4.41 2.76 4.70 34.00
CV (%) 41.36 16.06 18.21 28.98 17.35 19.31 23.44
As 1.34 0.21 1.30 2.84 112 1.20 0.26
Curtose (k) 2.10 0.19 2.67 10.53 1.68 1.69 0.82
Normality <0.01 >0.10* <0.01 <0.01 <0.01* <0.01% >0.10*

*

. significant distribution, asymmetric data. ™: non-significant distribution, symmetric data. CV: coefficient of variation. SD: standard

deviation. As: Asymmetry. RPMax: resistance to maximum soil penetration; RPMax Dep.: RPMax depth.

A coefficient of variation greater than 35% reveals
that the series is heterogeneous and the average has little
meaning; if it is greater than 65% the series is very
heterogeneous and the average has no meaning, but if it is
less than 35% the series is homogeneous and the average
has significance and it can be used as a representative of the
series from which it was obtained (Nogueira, 2007).
Following this classification, only the layer (0.00-0.10 m)
presents a heterogeneous series and the average has little
meaning which can be explained by the more superficial
layers being those that suffer the most effect of the anthropic
action in such a way that higher CVs can be expected. The
other layers and other values can be used because their
results represent the area in a reliable way.

The observed values of asymmetry and kurtosis
suggest that the data do not present normal distribution for
the layers 0.0-0.10 m; 0.20-0.30 m; 0.30-0.40 m and for the
mean and maximum RP variables (Table 3) in which the
higher the correlation, the greater the probability of not
rejecting normality (Soares, 2006). The other layers and
variables presented significant normal distribution,
explained by the mean and median values, agreeing with the
values found by Bottega et al. (2011) who evaluated the
spatial variability of soil resistance to penetration in a
Dystroferric Red Latosol.
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The coefficient of kurtosis (k) is classified as a flat
or flattened distribution (k> 2.63) and as leptokurtic or
elongated (k <2.63), (Coelho et al., 2012). In this case,
except for the layers of 0.20-0.30 m and 0.30-0.40 m (Table
3), the others had kurtosis coefficient k <2.63 which
classifies them as leptokurtic or elongated, or in other
studies, the data present smaller variation and more
pronounced modal frequency. When closer to zero, closer
to normality and the normal curve, but not required for the
application of geostatistics. When normality occurs it tends
to facilitate semivariogram adjustment.
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The experimental semivariograms were adjusted to
the theoretical spherical models for all layers seeking the
highest value of the coefficient of determination and the
smallest the sum of squared value deviations (Table 4)
which corroborated the researches results that indicate this
model as the one of higher occurrence for soil attributes
(Cruz et al., 2010; Campos et al., 2012; Corado Neto et al.,
2015). Coelho et al., (2012) in a Haplic Vertisol in the
Northeastern semi-arid region also verified that the
spherical model was the one that best fit the RP data in the
studied layers.

TABLE 4. Semivariogram data, spatial dependence and cross-validation for soil resistance to penetration in the evaluated layers.

Parameters Layers (m)
0-0.1 0.1-0.2 0.2-0.3 0.3-04 Average I?II\D/:\I_{,':)X RPMax Dep.

Semivariogram

Model Sph. Sph. Sph. Sph. Sph. Sph. Sph.

Co 0.0429 0.0523 0.0341 0.0584 0.0193 0.0764 0.0100

Co+C 0.1658 0.1396 0.1602 0.2938 0.0953 0.3238 26.32

Range 290.80 275.70 162.30 153.00 215.00 182.00 227.00

R? 0.99 0.77 0.46 0.74 0.93 0.91 0.92

Spatial Dependence Evaluator (SDE)

SDE 0.74 0.62 0.79 0.80 0.80 0.76 1.00

Class Mod Mod Strong Strong Strong Strong Strong
Cross validation

B 0.42 0.48 0.47 0.66 0.73 0.02 0.16

Line M M M M M A A

Co = nugget effect; Co + C = baseline; R? = coefficient of determination; Sph.= Spherical, SDE = spatial dependence evaluator; Mod: Moderate.
B: cross-validation coefficient, A: straight line (<0.4); M: straight line half open; F: closed line (> 0.8). RPMax: resistance to maximum soil

penetration; RPMax Dep.: RPMax depth.

In the analysis of spatial dependence (SDE) the
results indicated moderate to strong values in the layers as
proposed by Landim (1998): weak <25%, moderate
between 25 and 75%, and strong > 75%.

The range indicates the boundary distance between
points correlated with each other. Collected points greater
than the reach is independent, and for their analysis, we can
use classical statistics (Vieira, 2000). The ranges in the
studied layers ranged from 153 to 290.80 m in the layers
with the greatest reach in the superficial layer (Table 4). In
practice, the reach indicates the sample mesh that could be
used in the next sampling. It is evident that the used mesh
was adequate to capture the variability of the area, since the
reach was greater than 100 m.

With the exception of the 0.20-0.30 m layer, all
others presented coefficient of determination (R2) above
0.70 (Table 4), that is, at least 70% of the variability in the
estimated semivariance values are explained by the adjusted
models (Campos et al., 2007; Campos et al., 2012). This
was confirmed by the use of cross validation that identified
the adjustments of the lines in moderate, except for RPMax
and RPMax Dep.

It is verified that in the layer 0.00-0.10 m the RP was
below 2 MPa in most of the area (Figure 2a) which
demonstrates no compacting problems in the superficial
layer, due to the frequent use of the furrow rod during the
sowing of soy and corn that happens every year in the area.
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FIGURE 2. Spacialization of soil penetration resistance (MPa) in the evaluated layers: (a) 0.00 -0.10 m; (b) 0.10 - 0.20 m; (c)

0.20-0.30 m; (d) 0.30-0.40 m,

The layers 0.10-0.20 m and 0.20-0.30 m presented
the highest RP values between 2 and 3 MPa and the layer
0.30-0.40 m showed most part of the area between and 1
and 2 MPa which indicate favorable soil conditions for
cultivation in areas with no soil disturbance. Borges et al.,
(2004) report that the most pronounced increase in RP in
deeper layers is due to, among other factors, the pressure of
the surface layers on the underlying layers and the pressure
exerted by the used machines. According to Lima et al.,
(2013b) and Vogel & Fey (2016), the use of agricultural
machinery promotes lower porosity and higher soil density,
probably because the intense traffic of machines which can
result in compaction and consequently greater resistance to
penetration. In areas where the direct sowing system (DSS)
is applied, it is usually verified that the highest compaction
values are found in the intermediate layers (Guedes Filho,

(a) Mean profile

\

0 1 2 3 4 5

Y

H [ 2§

2009). In this research the highest RP values were in the
layers 0.10-0.20 and 0.20-0.30 m, in agreement with the
authors mentioned above.

Analyzing the maps of the mean, maximum RP and
depth of occurrence of maximum RP (Figure 3), it is
verified that the area has low compaction values, smaller
than 2.0 MPa with mean profile data (Figure 3a). But when
checking the map of the maximum RP (Figure 3b) part of
the area presents values above 3.0 MPa and small portion
above 4.0 MPa. Thus, only the portion of the area that is
above 4.0 MPa should be decompacted (Moraes et al.,
2014). In this range with high RP values the depth of
compaction is 0.20-0.40 m. Therefore, in this area, it will be
necessary the subsoiling in the minimum depth of 40 cm,
since the compacted layer is not a thin line in the soil
(Figure 3c).

(c) Depth of RPmax (cm)

FIGURE 3. Spacialization of the average resistance (MPa) in the profile (a), maximum resistance in the profile (b), and the depth

(cm) of the maximum resistance (c).
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The use of the average value of the layer or the soil
profile to indicate the need or not to remove compacted
layers leads to misunderstandings in the interpretation of the
results as it is evident when comparing Figures 3a and 3b
that there are differences between the spatialization, being
one classified as low RP and the other as medium RP and
some points as high RP, respectively. Therefore, it is
recommended to use the maximum values to estimate RP in
the soils and to predict the maps of the areas where the
decompaction is necessary, as well as to predict the depth
of scarification / subsoiling.

CONCLUSIONS

The resistance to penetration (RP) presents moderate
to strong spatial dependence in the evaluated layers.

Geostatistical methods allow to define specific
regions with higher resistance values to penetration (RP)
which enables the appropriate localized management of the
area.

The use of spatialization of RP by average means
should be avoided, and the recommendation of scarification
/ subsoiling should be by the maximum RP value of the
profile or the soil layer.

The RP is found in most of the area below the critical
limits which demonstrates that there is no need to perform
a scarification / subsoiling in the total area, only in localized
form.
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