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Abstract: This paper aims by changes in field soil compaction in dependence on time and weather conditions, like current air
temperature, current weather conditions, average monthly air temperature and average monthly rainfall. Experimental data were taken from
11th November to 10th March 2017 nearby Ceské Budé&jovice, the Czech Republic. The soil compaction was measured by penetrometer up
to 80 cm at thirty different places. The average temperature in November was 2.1 °C and in December was -0.9 °C, which are common
temperatures in this season in the Czech Republic. Magnitudes of the compaction are almost similar up to the deepness of 30 cm, whereas the
soil compaction grows significantly from 20 cm of depth. There is a break-point at about 30 cm of deepness, where the magnitude of soil
compaction stops growing and starts falling. The soil compaction from 30 cm and deeper decreased according to elapsed time after tilth.
Interpretation of this data could assist in deciding on agricultural machinery passes over plowed soil with minimal undesirable compaction of

the subsoil.
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1. Introduction

Soil consolidation, in primary plant production, is an
undesirable phenomenon, which is the root cause of number of
negative phenomena, such as reducing crop yields or worsening
water retention in the countryside. The process of pedocompaction
is defined by the most of authors as the reduction of air porosity and
permeability through the process of physical degradation of soil.
Nowadays, one of the most important factors, that influences
pedocompaction, is the movement of agricultural technology
on a land [1].

Methods of assessing and observing soil compaction are as
diverse as individual directions that can be investigated when soil is
compacted. Compaction can be detected by visual or laboratory
methods (eg [2]). Sandin et al. [3] used X-ray tomography for soil
structure and saturation after soil treatment. Naveed et al. [4] used
even more modern, computerized, tomography when observing the
soil structure. Shahgholi and Abuali [5] measured field soil
compaction using potentiometers located in the soil profile. Soil
penetrometer resistance measurements can also be used to quickly
assess soil compaction. This method was used by Taghavifar and
Mardani [6] while they were assessing the effects of speed and load
and number of land crossings, on soil compaction. Barik et al. [1]
based their observations on uninterrupted soil sampling, after
a number of agricultural technology crossings. Then the samples
were examined for changes in soil physical properties such as soil
aggregate stability, bulk density, total porosity, penetration
resistance and moisture content. The biggest changes in these
parameters were recorded at a depth of up to 10 cm below the
surface. Radford
et al. [7] conducted their observations on a specific sample
of agricultural technology. They monitored changes in soil
properties, after using harvesting techniques.

Such as other science disciplines, computer models have been
recently used for better understanding of the processes which take
place in soil, during the transition of agricultural technology. These
models allow for example to estimate the decomposition
of compressive forces induced by agricultural technology. One of
the first models was designed by Lozano et al. [8]. Keller and
Arvidsson [9] used computer models to design measures that will
lead
to reduction of pedocompaction, using track and half-track chassis.
The input parameters of the model are load on the track, track
width, track length, number of support rollers, wheel and roller
diameter.

Currently the method of permanent tracks is considered to be
the best accessible technology, leading to minimization of negative
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effects of agricultural technology crossings to soil. Bennett et al.
[10] conducted their comparative research of conventional and
controlled agricultural technology crossings and its impact on soil
sources. Accordingly to their conclusion, there is less plants per
hectare in the system of controlled crossings of agricultural
technology, when compared with the use of system conventional
crossings. Nevertheless the yield from the land is higher. However,
the technology of controlled crossings is not sufficiently tested in
terms of long-term time.

Natural soil compaction can also be called as soil consolidation.
It is the gradual dismantling of the soil and increase of its
penetrometer resistance. According to Sabetamala et al. [11],
the dynamic porous environment behaves accordingly to Biot's
theory, and the solid phase of the soil, if not behaving linearly, is
controlled by Mohr-Coulomb theory or Modified Cam-Clay model.
The assessment of the methods for predicting volumetric changes
of expansive soils per time was performed by Adem and
Vanapalli [12]. They concluded that the predictions are based on
three methods - consolidation theory, methods of volume moisture,
and suction methods.

2. Materials and Methods

Measurement of spontaneous soil compaction was taking place
from November 2016 to beginning of March 2017, on the
experimental land in Ceské Budgjovice, whose position is captured
in Figure 1. The area of the experimental land was 0.37 ha. The
time before the first and last measurement was 119 days.

The land is located in a slightly warm and slightly humid
climatic region, characterized by an average annual temperature of
7-8 ° C and an average annual rainfall of 550-650 mm. The land is
flat, slightly sloping and is not significantly oriented to some world
side. The soil layer on the experimental land is middle-deep (40-60
cm) to deep (> 60cm). The soil on the land is medium-porous, non-
skeletal to lightly skeletal and is moderately to lightly inclinable to
hardening. The soil type of the land is up to 40 cm of a depth sandy-
loam and in deeper layers it passes into loamy soil. The texture of
the experimental land in three different layers of the soil horizon is
shown in Table 1. The experimental land was ploughed two days
before the first measurement. The data was taken from [13].
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Figure 1: A photo of the experimental land

Table 1: Percentage representation of individual soil fractions on

experimental land depending on depth
Depth beneath the surface [cm]
0-20 20-40 40-60
Sand [%]
(particles’ diameter 52,3 50,7 339
>0,05 mm)
Silt [%]
(particles’ diameter 25,2 235 23,8
0,001-0,05 mm)
Clay [%]
(particles’ diameter 22,5 258 42,3
<0,001 mm)

Spontaneous compaction of soil was measured through the
penetration resistance of the soil against penetrating it with a cone
apex of a penetrologger. This device counts the penetrometer soil
resistance R, [MPa] according to:

F
@ Ry = oo

where F [N] represents the force captured by the device and
S [cm?] is surface of the base of the apex used for penetration.
During the measurements, the surface of the cone’s apex base was 1
cm? and the penetrometer resistance was recorded up to 80 cm of a
depth. During all other measurements the surface moisture, air
temperature, characteristics of weather and average surface
moisture of soil were stated. The measurements took place 2, 9, 16,
37, 114 and 121 days after the soil was ploughed. The received

values are presented
in table 2.
Table 2: Weather description during measurements
Air Average
Days after | Measurement temperature Weather surface
plough date F"C] character. moisture of
soil [%]
2 days 11.11.2017 25 cloudy, 19,6
drizzling
9 days 18.11.2017 3 clear 23,7
16 days 25.11.2017 6 cloudy 24,6
37 days 16.12.2016 0 partly cloud 20,6
114 days 3.3.2017 5 clear 18,7
121days | 10.3.2017 4 cloudy, 25,6
drizzling

3. Results and discussion

Comparison of the penetrometer resistance recorded during
individual measurements is presented in Figure 2. The most
significant increase of penetrometer resistance values up to 50 cm
of a depth, seen in the figure 2, was recorded during the fifth and
sixth measurement. After the first measurement, the soil compaction
in less than 40 cm of a depth, was reduced.
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Figure 2: Penetrometer resistance received out of individual measurements

The changes of penetrometer resistance during individual
measurements, which took place on different days, are presented in
table 3. Table 4 presents percent changes of penetrometer resistance
compared to values received during the first measurement.

Table 3: Change of penetrometer resistance after individual
measurements (%)
0-30 31-40 | 41-50 | 51-60 | 61-70 | 71-81
cm cm cm cm cm cm
9 days -13,62 0,62 -22,98 | -26,40 | -30,06 | -17,12
16 days 39,28 -6,63 -1,55 -3,34 -4,67 -3,89
37 days 2,31 -1,91 -0,56 12,46 | 28,37 | 26,74
114 days 43,21 35,34 23,98 -1,03 -15,93 | -19,57
121 days 14,80 2,35 -5,49 0,86 1,11 -0,44

The results show gradual increase of the penetrometer
resistance (i.e. soil compaction) at a depth of 0-40 cm. The only
exception is the second measurement, carried out 9 days after the
land was ploughed, where the surface moisture, which was 5%
higher, could have affected the results. On the contrary, at a depth
of 41-80 cm during the second (November 18, 2016) and the third
measurement (November 25, 2016), there was gradual reduction of
the penetrometer resistance, which was probably caused by soil
regeneration after the soil was ploughed.

The fourth measurement (December 16,2016), which took place
37 days after the land was ploughed, shows increase of
penetrometer resistance in its entire depth, except for a depth of 31-
50 cm, where the penetrometer resistance is practically the same as
in the previous measurement. This phenomenon can be explained
by lowering average daily air temperatures and freezing of the soil.
The air temperature at this measurement was the lowest of all
measurements. The fifth (March 3, 2017) and the sixth (March 10,
2017) measurements were carried out in the spring, after thaw of the
soil. The trend of increasing penetrometer resistance, at a depth of
50 ¢cm and on the contrary, its reduction from a depth of 51 c¢cm, is
noticeable in the measured values. The increase of penetrometer
resistance at depths up to 30 cm was also noted during the last,
sixth, measurement. For depths greater than 60 cm the differences
between the measurements are no longer significant.
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Table 4: The percent change of penetrometer resistance related to the first
measurement (%)

0-30 31-40 | 41-50 | 51-60 | 61-70 | 71-81

cm cm cm cm cm cm
9 days -13,62 | 0,62 | -2298 | -26,40 | -30,06 | -17,12
16 days 12,05 | -6,09 | -24,20 | -28,88 | -33,35 | -20,30
37 days 9155 -7,78 | -24,67 | -20,14 | -14,47 | 0,73
114 days | 59,25 | 24,91 | -6,75 | -21,12 | -28,17 | -18,97
121days | 77,12 | 28,08 | -11,80 | -20,51 | -27,42 | -19,32

The table 4 shows changes of penetrometer resistance in upper
layers of soil up to a depth of approx. 50 cm. This process is a result
of spontaneous compaction of ploughed soil up to borders near
to values of natural penetrometer resistance.

Based on the values presented for depths of 41 -81 cm, it can be
presumed that during the first days after the crossing, it comes
to regeneration of the soil compacted by crossing with agricultural
technology. Nevertheless, the percent values presented indicate, that
the referential measurement (day 2) was significantly negatively
affected by air conditions (rainy weather). That is reflected by
decrease of penetrometer resistance already after 9 days since the
soil was ploughed, however it can be presumed that values
measured
as comparable, were affected by moisture or by other effects.

4. Conclusions

In conclusion, it can be said that soil is a constantly changing
nature formation formed from the surface residues of the earth's
crust under the influence of soil-forming factors and organic
remains of dead plants and animals. Soil is the environment of soil
organisms and habitat for both crop and weed plants. By human
activity the land is transformed into a space, reserved for cultural
crops but it is also severely damaged. These negative impacts are, to
a large extent, eliminated by the regeneration processes that take
place in the soil. The experiment conducted on the lands of the
Agricultural Faculty, University of South Bohemia, showed not
only the differences in penetrometer resistance between the
different layers of soil, but also its changes accordingly to weather
and weather conditions. Understanding the regeneration processes
can help to improve soil condition and farming on it.
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