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ABSTRACT

Investigations of horizontal and vertical changes of soil moisture and soil compaction on eroded loess slope,
were the aim of the work. The study was performed on a farm in the municipality of Brzeznica [N50°8°33,03,
E18°13°16,31] (Province of Silesia, Poland). The research and collection of soil samples were carried out on
20.07.2017. On the day of the measurement, the slope was covered with winter wheat. The soil moisture and
compaction degree were monitored at 36 points in the experimental area. The distance between the points along
the slope were: 25 m (points: 1, la, 1b — 6, 6a, 6b), 50 m (points: 6, 6a, 6b — 11, 11a, 11b) and 200 m (points:
11, 11a, 11b — 12, 12a, 12b), while across the slope, the distances were 2 m apart. The vertical changes were
determined based on the measurements at depths: 0-5, 5-10, 10-15, 15-20, 20-30, 30-40, 40-50 and 50-60
cm. Soil moisture were carried out using device of the TDR HH2 type. The soil moisture was ranged between
2.8% and 28.0%. The degree of compaction was determining using the Eijkelkamp manual penetrometer up to
a maximum depth of 80 cm. The statistical analysis includes depths up to 30 cm. The soil compaction values
ranged between 0.24 and 2.66 MPa. There were large differences between the values of examined parameters
both horizontally and vertically in relation to the location on the slope. The horizontal and vertical distributions
of the investigated parameters were elaborated using the analysis of variance, three-way, where the independent
factors were: road and location 2 and 4 m from it (factor A), depth (factor B), and position along the slope (fac-
tor C). The analysis of variance showed that in the case of compaction, there is a statistically significant effect of
the technical path and distance from it, and depth, on the formation of this property. In the case of soil moisture,
the analysis of variance showed a statistically significant effect of the technical road and distance from it, as well
as the depth, on the shaping of this property.
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INTRODUCTION

The increase in the level of agricultural treat-
ment and aspiration for yield growth caused the
appearance of modern tractors and corn combines
with large working width in agriculture. The pro-
cess of transmission of energy to basis, which in
most cases causes its compaction, has become the
unintended effect. The compacted soil layer makes
plant rooting, water and mineral compounds lead-
ing difficult, increases the risk of erosion and
leaching of pesticides and nutrients to ground-
water [Li et al. 2006, Halecki et al. 2018], which
causes a decrease of the plant production capac-
ity [Matecka et al. 2012]. In developed countries,

all the soils exert a high level of compaction.
Compaction is one of the most widespread form
of soil psychical degradation in the Middle and
East Europe. Over one-third of soils in Europe are
very receptive to compaction in the bottom lay-
ers. In their investigations, Bulinski and Marczuk
[2009] showed that in corn breeding, in the tra-
ditional system of aggregates movement in field,
trails of wheels covered from 54.5% to 61.4% of
field area, while the total length of trails left on
an area of 1 ha, according to investigations car-
ried out by Powatka [2009] in the case of spring
oat was 30 km [Zbytek and Talarczyk 2012]. At
present, soil compaction can be counteracted by
introduction to cultivation some simplifications,
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among others reducing the number of treatments
and scarifying intensity, and even their total lig-
uidation [Biskupski et al. 2009, Price and Theriot,
2003, Wesotowski and Cierpiata 2011]. One of the
ways to limit soil compaction is movement of an
aggregate along technological roads. As a result
of this treatment, an area of field becomes covered
by wheel trails. At present, the vehicular paths are
presently the technical standard in achieving high
and stable yields. The width of a path should be
selected in such way, so that the width of a tire
does not compact side rows and degrade plants.
Broken plants have a tendency to weaker growth,
uneven maturity and are prone to fungal diseases.
Soil compaction is one of the most important
information needed for efficient soil and plant
management and for wheel movement in a field.
Proper analysis of the compaction process is en-
abled by the possibility to determine the tempo-
rary characteristics of soil for the comparison
of various technical and technological solutions
of field plant production. In this scope, the pen-
etrometer measurements are of particular signifi-
cance [Lejman et al. 2010]. The most frequent
way to evaluate the soil reliability is to use the
ground penetrometer, which characterises the
force needed to stick cone of a given size. Numer-
ous investigations were carried out to understand
influence of bulk density and water content on
the resistance of soil penetration in a laboratory
[Busscher et al. 1997], which yielded both empir-
ical and theoretical relationships. The resistance
of soil to penetration is one of the most frequent
used indices of the physical quality of soil in ag-
ronomical evaluations [Medeiros et. al. 2010]. It
is one of the physical properties, directly influ-
encing the root growth and yield. It is also used as
the indicator of soil management systems influ-
ence [Dexter et al. 2007, Andrade et al. 2013].
For the negative influence of soil compaction
connected with the limitation of air diffusion, the
availability of water and nutrients and increased
the mechanical resistance to root growth to be
measured. Numerous scientists used the term of
the least limiting water scope, in which the limi-
tations of plant development regarding air, water
availability and resistance to penetration are sig-
nificantly decreased [Beutler et. al. 2014]. How-
ever, many others investigators defend a simpler
concept, establishing critical values for the physi-
cal properties, such as bulk density and resistance
of soil to penetration. In this way, when these
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properties exceed critical values, the growth of a
plant is highly limited. Thus, determination of the
compacted soil layers using simpler and portable
penetrometers would be a proper and cheaper al-
ternative. Similarly, various devices were tested
to check deadweight load of soil [Ajayi and Horn
2016]. The latest achievements in the field of in-
formation technology significantly improved the
ability of collection, transforming and analyzing
of data from penetrometer. Digital data recorders
and devices for depth measurement mobilized
in real time connection of raw output data with
penetration depth and calibration coefficients.
Presently, there density, compactness, moisture
and soil color can be forecast without the neces-
sity of collecting soil samples. The changes of
soil compaction are caused by the changes of soil
wetness and bulk density, which is essential for
planning agricultural treatments in proper values
of these parameters, or if bulk density is reduced
by a decreased amount of organic materials in
soil or in cultivation.

Soil wetness is the yield creating agent con-
nected with agricultural activity. Its proper lev-
el conditions the plant development, as well as
changes the sensitivity to compaciton by wheels
of agricultural machines [Bulinski and Sergiel
2011]. It is pointed [Szeptycki 2003] that wetness
influences the tension and its scope of propagation
in the arable layer under the wheels of vehicles.
Therefore, every soil has its own concrete wet-
ness, at which its resistance to mechanical forces
is the lowest. This wetness fluctuated between
about 14% for loamy sand and sandy loam and
26% for silt and heavy loam. It was also stated
[Wtodek 2000] that the highest decrease of bulk
density and decrease of porosity as a result of
wheels movement occurs in the upper layer, and
changes in the intensity were strictly connected
with soil wetness [Bulinski and Sergiel 2011].

In amodern approach of precision agriculture,
producers can identify the changes and irregulari-
ties in a farm, and then undertake the activities
aiming at increasing the yield by controlling such
changes. In another ways, the modern agriculture
is a strategy of management, which uses detailed
information of every part of field and utilizes pre-
cise disbursals management.

The aim of the work was to assess the influ-
ence of technological road on the spatial change
of soil compaction and volumetric wetness.
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MATERIALS AND METHODS

The study was performed on a farm in
the municipality of Brzeznica [N50°8°33.03,
E18°13°16.31] (Province of Silesia, Poland)
(Figure 1). Investigations and sampling were car-
ried out on 20 July 2017. During the field mea-
surement, the slope was covered by winter wheat.

The measuring points were located on the
slope of eastern exposition, characterized by the
mean decline of about 5%. The following scheme
of description was adopted in the work:

e for the points located along technical road:
P1-P12;

e for the points located in a distance of 2 m from
technical road P1-P12: P1a-P12a;

e for the points located in a distance of 4 m from
technical road P1-P12: P1b-P12b (Figure 2).

Soil moisture and compaction degree were
monitored at 36 points in the experimental side.
The distance between points along the slope was:
25 m (points 1, 1a, 1b — 6, 6a, 6b)), 50 m ((points
6, 6a, 6b — 11, 11a, 11b) and 200 m (points 11,
11a, 11b — 12, 12a, 12b), while across the slope,
the points were 2 and 4 m far off the technical
road. The volumetric water content was deter-
mined at the depths: 0—5 cm, 5-10 cm, 10-15 cm,
15-20 cm, 20-30 cm.

The compaction degree was determined by
means of a CBR penetrologger produced by Ei-
jkelkamp. The measurements were carried out by
cone type 1.0 cm? 60°, with penetration speed
2.0 cm-s! at maximum penetration depth 80 cm
(Figure 3). In statistical analysis, only the depth
up to 30 cm was taken into consideration.
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Figure 2. Location of measuring points
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Figure 3. Compaction values in experimental side

The soil samples were taken in 12 points (P1-
P2, P6, P10-P12; P1,-P2,, P6,, P10,-P12)), at 5
depths (0.5 cm, 5-10 cm, 10-15 cm, 15-20 cm
and 20-30 cm), using soil auger. The particle size
analysis was performed by the Casagrande meth-
od [Mocek 2015]. Texture was classified accord-
ing to PTG [2008].

The three-direction analysis of variance was
used for the analyses of influence of technologi-
cal road on soil compaction and volumetric water
content; the independent factors were: road and
distance 2 and 4 m (factor A), depth (factor B),
location along the slope (factor C). It can be de-
scribed by the following model:

xi,j,k,l = U + a; + b] + Ck + (ab)i,j +

(1)
+ (ac)jr + (be)jx + (abc)ijx + €ijri

where: p—mean value of population,
a, b]., ¢, — effects of the following factors,
(ab),,, (ac),, (bc),, — interaction effects

of two following factors,
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(abc)i]. — interaction of three factors,
€~ influence of random peculiar fac-
tors for I-th element in subgroup (i.j,k)

Verification of the hypothesis of statistical
essentiality of the following factors and their in-
teractions was carried out based on the F (Fisher-
Snedecor) test, at the essentiality level a=0.05.
Zero hypothesis was the equality of means in the
particular groups and sub groups [Rudnicki 1992].

RESULTS AND DISCUSSION

The investigations did not show the occur-
rence of groundwater within soil profile. The
investigated soils did not include skeleton par-
ticles (¢ > 2 mm), and regarding sand, ..
(15-32%), silt) o s (58-78%) and clay_ o,
(7-14%) fraction content, they were classified to
the following granular subgroups: loam silt (P1-
P2, P6, P10, P12; P1 -P2, P6,, P10, P11, P12,
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Table 1. Texture of soil

Depth % fraction with diameter, mm
Profile number 2.0-0.05 0.05-0.002 <0.002
em P1 P1, P1 P1, P1 P1,
0-5 22 22 69 68 9 10
5-10 22 22 70 68 8 10
1 10-15 19 20 71 70 10 10
15-20 19 21 70 69 11 10
20-30 16 17 74 74 10 9
P2 P2, P2 P2, P2 P2,
0-5 22 18 69 73 9 9
9 5-10 22 17 70 74 8 9
10-15 21 23 70 68 9 9
15-20 17 22 73 69 10 9
20-30 16 18 74 74 10 8
P6 P6, P6 P6, P6 P6,
0-5 17 16 75 75 8 9
5-10 17 16 75 75 8 9
6 10-15 15 18 78 73 7 9
15-20 17 19 76 73 7 8
20-30 18 17 75 75 7 8
P10 P10, P10 P10, P10 P10,
0-5 19 17 71 74 10 9
10 5-10 19 16 70 75 11 9
10-15 16 18 73 72 11 10
15-20 16 17 73 75 11 8
20-30 15 18 75 75 10 7
P11 P11, P11 P11, P11 P11,
0-5 20 16 71 75 9 9
11 5-10 21 16 70 75 9 9
10-15 17 18 69 72 14 10
15-20 17 17 69 75 14 8
20-30 13 18 75 75 12 7
P12 P12, P12 P12, P12 P12,
0-5 22 28 69 61 9 11
12 5-10 21 27 70 63 9 10
10-15 20 29 70 61 10 10
15-20 16 32 74 58 10 10
20-30 16 28 75 61 9 11

and clay silt (P11, ., P11, ). The loca-
tion of P11 measuring point in relation to others
caused a change of the soil subgroup from clay
silt in 3 and 4 level into loam silt, respectively,
as a result of transportation of soil material along
the slope. This point was located at the end of
the breakdown of the slope. Hence, the location
of this point could have influenced the results
(Table 1). The values of volumetric water con-
tent fluctuated between 2.8 (point 12, . ) and
28.0% (point 1, ) (Table 2). The highest val-
ues were in layer 20-30 cm in point 12, while the
lowest one was in point 1, in the layer 0-5 cm.
The values of compaction ranged between 0.24
(point 8 . ) and 2.66 MPa (point 4

X a0-5cr . b20-30 cm)
(Figure 4) The highest values were observed at

the depth between 20 to 30 cm in point 4, while
the lowest one at the depth to 5 cm in point 8.

The analysis of variance (Table 3) showed
that in the case of compaction, there is a statisti-
cally significant influence of technical road and
distance from it and as well as depths on shaping
of this property. A statistically significant interac-
tion between road and distance from it and depths
was noted as well. The interaction between all the
factors was also statistically significant.

In the case of the volumetric water content,
the analysis of variance showed a statistically
significant influence of technical road and dis-
tance from it and depths on shaping this property.
A statistically significant interaction of all the
three factors was obtained (Table 4).
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Table 2. Values of volumetric water content

Profile numer | | 5 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10| 11| 12 | Min,% | Max, % | Mean, %
Depth, cm
0-5 28.0104 (153|123 |14.2|16.7 [17.2|19.1 185 | 20 | 257 | 21 104 28.0 18.2
5-10 2281281421134 |145|16.8|17.3]119.5/19.2 174|194 |16.8| 12.8 22.8 17.0
- 10-15 257 | 9.7 |116.3 154|153 |10.6|18.2|19.819.8|15.7| 27 |20.9 9.7 27.0 17.9
15-20 2791139174 |116.2|16.2| 83 |19.1/120.2|204| 9.9 | 26.5| 15.6 8.3 27.9 17.6
20-30 217 | 113197 | 171 |16.8| 6.9 [194 211|214 | 6.2 | 268|154 6.2 26.8 17.0
0-5 195|147 | 138145152174 |16.8 | 188 | 17.2|18.0 | 27.3 | 10.4 104 27.3 17.0
5-10 192173157 132|151 (174|157 | 165|152 |18.8| 26 | 5.2 52 26.0 16.3
a 10-15 240156 |16.8|13.8|14.4|16.3|13.1 157|142 189|278 | 3.2 3.2 27.8 16.2
15-20 1741145154121 |13.8 120 | 12 | 144 ]13.2|13.1|26.5| 3.2 3.2 26.5 14.0
20-30 10.7| 7.7 | 153|117 |124| 6.0 | 11.7 125|111 | 9.2 | 13.8| 2.8 2.8 15.3 104
0-5 16.51124 124|121 |13.2 (151|142 |16.5|15.1|16.2|21.3| 95 9.5 21.3 14.5
5-10 1541108 | 115105112142 ]13.2| 152|152 |151|18.3 | 84 8.4 18.3 13.3
b 10-15 142114 118|11.0 124 (134 125|142 135|142 (174 | 8.1 8.1 17.4 12.8
15-20 1.1 95 [10.7| 95 [10.2|10.7 | 114 | 135|141 143|152 | 7.2 7.2 15.2 1.5
20-30 10.81104 | 9.1 | 86 | 96 [ 10.1]10.4|10.1 123 | 11.2 134 | 6.5 6.5 134 10.2
12b 11b  10b 9b &b 7b  6b 5b 4b 3b 2b 1b
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Table 3. Analysis of variance for compaction

Source of variation Sum of squares Freedom degrees Mean square Fosu Foos
Factor A 5.83 2 12.91 3.07* 3.04
Factor B 13.63 4 3.41 3.59* 2.42
Factor C 11.09 11 1.01 1.06 1.85

A-B 616.61 8 77.08 81.13* 1.98
A-C 16.63 22 0.76 0.80 1.6
B-C 3.62 44 0.08 0.09 1.44
A-B-C 612.44 88 6.96 7.33* 1.33
Error 171.82 180 0.95 - -
Total 226.80 359 — - -
Table 4. Analysis of variance for volumetric water content

Source of variation Sum of squares Freedom degrees Mean square F o Foos
Factor A 6.78 2 3.39 3.90* 3.04
Factor B 17.5 4 4.38 5.03* 242
Factor C 10.25 11 0.93 1.07 1.85

AB 187.12 8 23.39 26.89 1.98
A-C 18.7 22 0.85 0.98 1.60
B-C 5.34 44 0.12 0.14 1.44
A-B-C 287.52 88 3.27 3.76* 1.33
Error 156.02 180 0.87 - -
Total 2653.51 359 — - -
* differences are statistically essential
CONCLUSIONS REFERENCES

1. Soil compaction showed the greatest values
in the bottom part of the slope and in one
point in upper part on the bend of the slope in
the case of technical road, while in the case
of the soil under wheat, the highest values
occurred in the bottom part. In turn, while
analyzing the values along the slope regard-
ing depth, the highest ones were in the layers
at the depth of 20-30 cm.

2. The volumetric water content attained the
highest values in the bottom and upper part of
the slope in the case of the technical road and
the same situation occurred in the case of soil
under wheat. Generally, in comparison to the
soil under wheat, higher values were found in
the road at all depths.

3. The analysis of variance showed a statistically
significant influence of the technical road as
well as the distance from it and depths on the
compaction and volumetric water content. A
statistically significant difference in the inter-
action of all the factors was noticed.
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