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Abstract. Operating devices for soil cultivation in arid conditions should
not carry the lower layers to the surface of the field, since this leads to the
loss of moisture due to its evaporation. Purpose of work is to determine the
moisture content in the soil after using new operating devices. There been
developed technique of determining the moisture content in the soil after
exposure to operating devices by studying the movement of soil layers in
the vertical direction and comparing their moisture. The movement of soil
in the vertical direction is quantified by a comparative study of the
moisture content in the upper and lower layers of the treated formation
before and after exposure to operating devices. Using appropriate
equipment, there were determined the moisture content in the most
susceptible to evaporation surface layer of 0–5 cm and then the average
value of the layer-by-layer measurement up to a depth of 25 ÷ 35 cm,
depending on the selected operating modes of the operating device.

1 Introduction
In conditions of dry farming, the available moisture reserves inside the soil are of
particular importance for the growth and development of agricultural crops [1, 2].
Therefore, the operating devices for soil cultivation in these conditions should not take out
the lower layers on the field surface, since this leads to the loss of moisture due to its
evaporation.
The authors of [3] noted that the ratio of actual evaporation to potential one is directly
controlled by the moisture content in the soil inside the treated formation. In arid
conditions, the yield of grain crops increases slightly with a moisture reserve inside the soil
layer [4]. According to studies [5], the yield of grain crops has a positive correlation
coefficient with the development of their shallow and deep root systems in drought
conditions. Therefore, the soil layer must have a loose structure for the development of the
root system of crops. This is confirmed by the authors of [6], who developed a biophysical
model that establishes the relationship between the actual evapotranspiration and the
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moisture content in the soil of the root zone with the predicted yield in arid conditions, that
is suitable for use in analyzing the causes of spatial and temporal variability in grain
production and the consequences of future scenarios, such like climate change [7]. The
deformation of the formation in interaction with the operating devices is considered basing
on the analysis of the viscoelastic and plastic properties of the soil [8, 9]. Purpose of work
is to determine the moisture content in the soil after using new operating devices.

2 Materials and methods
Measurement of soil moisture must be carried out directly in the field, since in the
laboratory the natural structure of the sample is destroyed. The space between the microand macro-aggregates of the soil inside the formation is represented by air pores, hollows
and cracks with other thermophysical characteristics; therefore, any change in the natural
structure of the processed medium significantly affects the measurement results.
The measurement of the sought-for values in the field presents certain difficulties. In
addition to complexity and cumbersomeness, as well as large investment of time (for
example, with the gravimetric method for determining moisture), gross errors may arise due
to the action of local random factors. There has been developed technique for studying the
moisture content in the soil immediately after exposure to working organs. The
methodology is based on a method for comparing the moisture content of various soil
layers in the vertical direction. Using this method, the movement of soil layers after
processing and the unwanted moisture removal to the field surface are also determined. The
movement of soil in the vertical direction can be quantified by comparative study of the
moisture content in the upper and lower layers of the treated formation before and
immediately after exposure to operating devices.
In this case, using the appropriate equipment (Figure 1), there are determined the
moisture content in the most susceptible to evaporation surface layer of 0–5 cm and then
the average value of the layer-by-layer measurement up to a depth of 25 ÷ 35 cm,
depending on the selected operating modes of the operating device. To control the
measurement depth, the probe has a scale with a division of 5 cm (Figure 1). Measurements
are taken immediately after the passage of the operating devices. Soil moisture, according
to the recommendations of normative documentation, can be determined by any method,
the measurement error of which does not exceed  1 % . The design of the electronic
device for measuring humidity (Figure 1) allows getting data to a depth of 35 cm or more.
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Fig. 1. Soil moisture meter.

3 Research results
Change in moisture content after exposure of working bodies to the soil layer
determined depending on the humidity of the corresponding layer to



Wbefore and after

Wafter passage according to the:
The change in moisture content after exposure to operating devices of the soil layer
is determined depending on the moisture content of the corresponding layer before
and after



Wbefore

Wafter passage according to the formula:



Wafter  Wbefore
Wbefore

100%.
(1)

The studies were conducted on three different backgrounds:
- on stubble of winter wheat with preliminary disking in one trace (I);
- on stubble of winter barley with preliminary disking in one trace (II);
- on bare fallow (III).
Humidity before the passage of the operating devices in the cultivated soil layer was
determined to a depth of 0–5 cm and up to 25–35 cm on average, according to the research
methodology, and amounted to:
- background I: 0–5 cm – 24.8%; 5–25 ÷ 35 cm – 27.8%;
- background II: 0–5 cm – 22.4%; 5–25 ÷ 35 cm – 25.3%;
- background III: 0–5 cm – 18.7%; 5–25 ÷ 35 cm – 20.1%.
Humidity is normal (up to 30%).
The new operating devices are designed for layer-by-layer subsurface tillage in arid
conditions, have a transformable structure containing a stand with a deep ripper in the form
of a chisel, and are equipped with subsurface cultivator or curvilinear ripper or polymeric
materials depending on the physicomechanical properties of the processed medium and the
weediness of the field. The results of the study are presented in Table 1.
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Table 1. The results of the studying moisture content in the soil after the passage of new operating
devices operating on different backgrounds.

The variant of the
new operating device

with
subsurface cultivator
with curvilinear ripper
with polymeric
materials

Indicator value
Humidity in the
Change in moisture
layer of 0–5 cm
content in the layer
after tillage Wafter ,
of 0–5 cm
,%
%

Background

background I
background II
background III
background I
background II
background III
background I
background II
background III

22.5
21.6
18.1
23.4
22.0
18.3
25.0
22.1
17.9

reduced by 9.3
reduced by 3.6
reduced by 3.2
reduced by 5.6
reduced by 1.8
reduced by 4.6
increased by 0.8
reduced by 1.3
reduced by 4.3

The analysis of the data in Table 1 indicates that when the operating devices function
according to the stubble backgrounds of winter wheat and winter barley after one-track
disking and bare fallow , the removal of the lower soil layers to the surface is not observed,
since in almost all variants and modes the humidity does not increase after processing.
Slight increase (by 0.8%) in the moisture content in the surface layer within the
experimental error (1.01%) was observed during the functioning of the operating device
with polymeric materials against the stubble background of winter wheat. The most
significant decrease in moisture content in the surface soil layer against the stubble
background of winter wheat for other operating devices is explained by the nonequilibrium
state of weather conditions (strong wind after precipitation on the eve).
There was compared moisture content in the soil after the passage of new operating
devices and moldboard plough as performing the main tillage. General view of the
processed field with a moldboard
plow (right) and new operating devices (left) is
presented in Figure 2.

Fig. 2. Comparison of the background after the plow and new operating devices.
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Studies have shown that when processing the soil with moldboard plow, wet layers are
carried out from the depths to the soil surface due to the turnover of the formation. The
process of moistening the soil surface after processing with moldboard operating device (on
the right in Figure 2) is visually determined, quantitative assessment is presented in
Table 2.
Table 2. The results of the study of the moisture content in the soil after the passage of new operating
devices and the mouldboard plow at operating on different backgrounds.

The variant of the
new operating
device
Operating devices
for layer-by-layer
tillage
Moldboard plow

Background

Indicator value
Change in moisture
Humidity in the layer
content
in the layer of
of 0–5 cm after tillage
0–5 cm
Wafter , %
,%

background I
background II
background III
background I

22.5–25.0
21.6–22.1
17.9–18.3
30.9

reduced by 0–9.3
reduced by 1.3–3.6
reduced by 3.2–4.6
increased by 11.1

From the analysis of the data in Table 2, it follows that when operating with moldboard
operating device the moisture of the field surface after processing increases by 11.1% due
to the observed movement of the layers. The topsoil is immediately subjected to desiccation
due to evaporation of moisture with an unprotected mulch covering from plant and crop
residues of the field surface. Accordingly, drier soil from the surface with moldboard plow
moves deeper into the formation with a general loss of moisture in the treated layer.
Comparing with new operating devices, the total decrease in moisture content using
moldboard plow reaches up to 19.4%, without taking into account losses inside the
formation. Agrotechnical requirements differ for subsurface and moldboard tillage,
therefore, the possibility of further use of sowing machines without additional processing
was considered as a criterion, while the insignificant moisture reserves inside the formation
in arid conditions should be preserved. Removal of wet layers to the field surface after soil
cultivation with a moldboard plow and subsequent loosening to destroy blocks and soil
surface leveling before sowing lead to desiccation of the formation and worsening
conditions for the emergence of thick seedlings, growth and development of crops, which
ultimately negatively affects productivity.
Basing on the results of the studies, using the developed modeling techniques [10-14],
the layer-by-layer summation method based on the divergence theorem to calculate the
internal dissipation rate [15], it is planned to determine the optimal parameters of the
operating devices and establish rational modes of functioning of the technical equipment
taking into account physical and mechanical properties of the processed medium (moisture
and soil hardness).

4 Conclusion
Methodology has been developed to study the moisture content in the soil immediately after
exposure to operating devices, basing on method for comparing the moisture content of
different soil layers in the vertical direction.
The obtained results of the study indicate that the new operating devices ensure the
conservation of subsoil moisture, do not carry out wet layers to the field surface, in contrast
to the moldboard plow, the total decrease in moisture content reaches up to 19.4%, without
taking into account losses inside the formation.
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