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Abstract. The absence of a clear position on the application of a particular method of basic tillage and the use
of post-harvest residues in crop rotation draws attention to the minimisation of tillage. Therefore, the need to
substantiate and develop efficient energy-saving tillage technologies and the use of by-products in crop rotation
is quite important and remains relevant. The aim of the research is to study the impact of by-products and soil
cultivation, which will create optimal conditions for the development of winter rape in the Western Forest-Steppe
of Ukraine. The research was carried out during 3 rotations of 4 crop rotation in a stationary field experiment of
the Institute of Agriculture of Western Polissya of the National Academy of Agrarian Sciences in 2009-2020.Against
the background of soil cultivation, including ploughing, disc cultivation to a depth of 10-12 and 6-8 cm, two
methods of using crop residues of crop rotation were studied - diversion and use as fertiliser with the addition of
compensatory nitrogen in the amount of N, per 1 tonne. The results showed that when growing winter rape with
the removal of the predecessor straw from the field during ploughing to a depth of 20-22 cm and disc cultivation to
a depth of 10-12 and 6-8 cm, the soil density at a depth of 0-10 cm was 1.22-1.28,1.23-1.28 and 1.23-1.35 g/cm?,
respectively, and at a depth of 10-20 cm - 1.26-1.30,1.30-1.35 and 1.32-1.36 g/cm>.The use of straw as an organic
fertiliser led to a decrease in the bulk mass of all the studied soil layers under any method of treatment, but at
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the same time contributed to an increase in the number of weeds, which increased with a decrease in the depth
of treatment. On average, over the three years of crop rotation, the seed yields for ploughing by 20-22 cm, disking
by 10-12 cm and disking by 6-8 cm against the background of straw alienation were 2.91, 2.83 and 2.59 t/ha,
respectively, and for incorporating it into the soil - 3.04, 2.88 and 2.72 t/ha. As noted in the studies, tillage and
fertilisation using non-commodity crop residues increase the soil protection effect, significantly reduce the
negative impact of weeds in crops, improve soil fertility and increase the productivity of crops in the rotation

Keywords: crop rotation; soil density; ploughing; disking; weediness

INTRODUCTION

The transition of agricultural production to a mar-
ket-based system is accompanied by significant chang-
es in crop cultivation technologies due to the need to
increase their competitiveness. One of the important
reserves for reducing technological costs and improv-
ing the environmental condition of soils is the transi-
tion to no-till tillage methods (Kartashov et al., 2019).

Mechanical tillage measures have a more intense
impact on soil structure density than natural process-
es. Progressive soil compaction is a disadvantage of
intensive tillage, which negatively affects its physical
properties and reduces crop productivity (Orzech et
al,, 2021). Therefore, in modern agricultural production,
simplified tillage, reducing the number and intensity
of operations to mitigate the negative impact on the
soil while maximising crop yields in crop rotation, is
becoming more common (Augustin et al., 2020).

In addition, due to the impact of global warm-
ing since the 2010s, in particular in the Western For-
est-Steppe zone, in the summer months and in Septem-
ber, there is an increasingly frequent lack of productive
moisture reserves in the one-metre soil layer, which
prompts the need to switch to moisture-saving and
conservation tillage systems (Novokhatsky et al., 2019).
Conservation agriculture is a farming system that in-
cludes minimal mechanical disturbance of the soil, its
permanent organic cover, and diversification of plant
species in crop rotation (Kassam et al., 2020). Currently,
in Ukraine, most by-products remain on the field as or-
ganic fertiliser. Its positive effect is primarily due to the
recycling of a significant part of the nutrients removed
from the soil by crops to form the crop, as well as a
positive impact on the humus state of the soil (Tka-
chuk, 2020). However, minimising tillage is not effective
in all soil and climatic conditions and not for all crops,
and can sometimes be inferior to ploughing in terms of
its impact on yields. For example,J. Xu et al. (2019) point
out that the introduction of rotational tillage is vital
for grain production. The authors K. Orzech et al. (2021)
also note that when growing winter rape, compaction
and simplified tillage did not cause significant changes
in bulk density, soil moisture, and yield.
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Minimising tillage, including the use of no-till, can
significantly increase weed infestation and, as a result,
reduce crop yields. Therefore, the use of ploughing is
primarily driven by the need to control weeds, for which
sufficient moisture conditions are extremely favourable
(Snizhok & Shevchenko, 2022). Therefore, it is impor-
tant to track changes in soil physical properties, phy-
tosanitary condition of agrocenosis under the influence
of straw preservation under different tillage practices
and their impact on crop productivity for a particular
soil type and growing conditions. The aim of the article
was to compare the effect of ploughing and different
depths of disc cultivation and by-products on the vol-
ume mass of dark grey podzolic soil, weediness of crops
and yield of winter rape in the Western Forest-Steppe.

LITERATURE REVIEW

Creating optimal agrophysical indicators of soil fertility
for each crop in the crop rotation remains an impor-
tant problem in agriculture as of 2023 (Yevtushenko et
al., 2018; Tsyuk et al., 2021). Soil tillage is a key ele-
ment of crop production technologies. It should provide
favourable conditions for seed placement and germi-
nation and active growth of the root system, produc-
tion of nutrient residues and phytomass, fertilisers and
chemical ameliorants, accumulation and preservation
of soil moisture, control of soil erosion, weeds, diseases,
crop pests, etc. (Kolomiiets, 2000). In addition to many
other functions, it should ensure optimal soil density,
which directly or indirectly affects the conditions for
seed placement and germination, root growth, aeration
and soil moisture accumulation, microbiological activi-
ty,and other indicators (Biberdzic et al., 2020). Thus, soil
tillage is carried out mainly to optimise soil produc-
tivity by changing its chemical, physical and biological
properties (Gaweda & Haliniarz, 2022). The most popu-
lar method of pre-sowing tillage is still the traditional
system, which includes ploughing. However, the authors
highlight its disadvantages, such as the destruction of
the topsoil structure, a decrease in microbial biodi-
versity, and increased production costs (Li et al., 2019;
Yadav et al., 2020; Afshar & Dekamin, 2022).



Therefore, traditional ploughing is being replaced
by other cultivation methods, such as disking and no-till.
In the current climate change context, with the short-
age of traditional organic fertilisers and the regime
of saving material resources, so-called resource-sav-
ing technologies are gaining momentum (Pooniya et
al.,2021). Conservation tillage practices, such as no-till
(NT) or reduced tillage, are widely used to mitigate the
negative impacts caused by intensive tillage methods.
One of the key principles of these technologies is the
presence of permanent organic mulch on the field (crop
residues, cover crops) aimed at optimising soil health
(Jat et al., 2023). The results of a study in conservation
agriculture showed that plant residues stored on the
soil surface have a greater impact on soil aggregation
and organic matter retention (Mondal et al., 2021).

The choice of tillage system is determined by the
goal of creating optimal conditions for high crop yields
with favourable quality indicators. However, the impact
of tillage systems on yields remains uncertain. The re-
sults of tillage are largely influenced by environmental
conditions and the specific types of crops grown (Ga-
mayunova & Garo, 2017). In their works, most scientists
and practitioners believe that the main reason for sig-
nificant fluctuations in crop yields in 2023 is a decrease
in potential soil fertility, deterioration of its structure
due to excessive physical impact during annual plough-
ing (Poliovyi et al., 2023). In crop rotations of different
soil and climatic regions of Ukraine, it is necessary to
carry out multi-depth cultivation, taking into account
the agrophysical properties of the soil and biological
characteristics of crops, using both shelf and non-shelf
type tools (Kartashov et al., 2019).

It is known that the decrease in crop yields occurs
due to deviations in soil bulk mass, both in the direction
of its decrease and increase, and it decreases sharp-
ly with compaction. The plough sole, which is formed
as a result of constant ploughing to the same depth,
negatively affects most soil processes (Havrylov, 2017).
R. Zayats (2018) notes that soil density is significantly
affected by the return of crop residues in the crop rota-
tion and their distribution in the soil layers under dif-
ferent methods of tillage. In the Western Forest-Steppe,
a limited number of studies have been conducted on
the impact of minimising tillage and by-products of
predecessors on the yield of winter rape.

MATERIALS AND METHODS
In the course of the research were used: field experi-
ment to assess the impact of tillage and by-products on
the yield of winter rape seeds and weediness of crops;
laboratory methods to determine agrochemical (humus
content, basic nutrients) and physical (bulk soil mass)
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indicators; accounting methods by counting the num-
ber and weighing the mass of weeds, seed yield from
the experimental plot; comparative analysis to compare
quantitative features of soil density, weediness of crops
and yield of winter rape seeds obtained depending on
the effect of the studied factors; statistical methods to
assess the reliability of research results.

Field studies were conducted in a stationary ex-
periment of the Institute of Agriculture of Western
Polissya of the National Academy of Agrarian Sciences
from 2009 to 2020 on dark grey podzolic soil. The ar-
rangement of the variants in the experiment was se-
quential, replicated three times, and the area of the
accounting plot was 50 m2. The winter wheat was the
predecessor of winter rape in the crop rotation, with a
crop rotation of winter wheat - corn for grain - spring
barley - winter rape.

The soil cultivation methods under study (fac-
tor A) included the following technological operations:
ploughing at 20-22 cm,diskingat 10-12 and 6-8 cm.The
experimental design also included two options for the
use of the predecessor’s by-products (factor B): aliena-
tion and use for fertilisation with a compensatory dose
of N,, per 1 tonne of straw. Mineral fertilisers, which
served as a background for nutrition, were applied to
winter rape at a dose of N, P, K, in the form of am-
monium nitrate, ammophos and potassium chloride.

For the agrochemical analysis of the soil, an av-
erage sample was prepared by mixing five diagonal-
ly collected samples and determined by the following
methods: humus content by Tyurin, easily hydrolysable
nitrogen compounds by Kornfield, and mobile phos-
phorus and potassium compounds by Kirsanov (Yesh-
chenko et al., 2005). The soil was characterised by the
following indicators: humus content of 1.93%, easily
hydrolysable nitrogen content of 99 mg/kg of soil, mo-
bile phosphorus content of 238 mg/kg and potassium
content of 85 mg/kg of soil.

The winter rape protection system involved the
use of pesticides with different mechanisms of action,
namely a mixture of soil herbicides Clodex Pro (cloma-
zone, 480 g/l) - 0.15 l/ha + Proxanil (propizochlor,
720 g/l) - 2.5 l/ha, against annual and perennial cere-
al weeds, herbicide Oreol Maxi KE (chisalofop-p-ethyl,
125 g/l) - 1.2 I/ha; insecticides Karate Zeon (lambda-cy-
halothrin, 50 g/l) - 0.15 l/ha, Mospilan (acetamiprid
200 g/kg) - 0.12 kg/ha; fungicide Amistar Extra (cipro-
conazole, 80 g/ha + azoxystrobin, 200 g/ha) - 0.75 I/ha.

Before harvesting the winter rape, the soil compac-
tion density was determined in triplicate diagonally by
the method of 100 cm? cutting rings in the modification
N. Kachynskyi (State Standard of Ukraine..., 2002) at a
depth of 0-10, 10-20, 20-30 cm, the number of weeds
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and their weight were determined from an area of 1 m?
by the method of S.Trybel et al. (2001). The yield of win-
ter rape was determined by weighing the seeds from
the plots and then recalculating them per 1 ha of area.
The results of the research were analysed using mul-
tivariate analysis of variance (MANOVA) in Microsoft
Excel software, followed by the F-test to determine the
significance of differences at p<0.05.

RESULTS AND DISCUSSION
The density of soil compaction largely determines its
water, air and nutrient regime and its biological activity,

so it is considered one of the most important indicators
of the physical condition of the soil. The experimental
data obtained during three rotations of crop rotation
indicate a significant effect of different methods of till-
age for winter rape and vegetative mass of predeces-
sors as fertiliser on the formation of its bulk (Table 1).
Against the background of alienation of by-products
from the site, ploughing 20-22 cm, disking 10-12 and
6-8 cm, the density of soil compaction in the 0-10 cm
layer was 1.22-1.28,1.23-1.28 and 1.26-1.35 g/cm?, re-
spectively, and in the 10-20 cm layer - 1.26-1.30, 1.30-
1.35and 1.32-1.36 g/cm®.

Table 1. Soil compaction density under winter rape depending on tillage methods and use of by-products, g/cm?

Soil cultivation (factor A)

alienation
Ploughing at 20-22 cm

for fertiliser

alienation
Disking at 10-12 cm

for fertiliser

alienation
Disking by 6-8 cm

for fertiliser

HIP, factor A

Factor B

Interactions AB

Source: compiled by the authors

That is, the lowest values of this indicator both
in the 0-10 cm layer and in the 10-20 cm layer oc-
curred during ploughing. Replacing it with disking was
accompanied by an increase in the volume mass of
not only the 10-20 cm layer of soil, which was not
loosened, but also the 0-10 cm layer, which indicates
worse loosening of the cultivated soil layer by disking
compared to ploughing. The density of the 20-30 cm
soil layer under all tillage options was significantly
higher compared to the upper layers, which may indi-
cate the tendency of the soil of the experimental plot
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The use of the predecessor’s
by-products (factor B)

Crop rotation
Soil layer,cm

0-10 1.22 1.28 1.23
10-20 1.26 1.30 1.29
20-30 1.42 1.39 1.40
0-10 1.20 1.24 1.20
10-20 1.23 1.27 1.26
20-30 1.40 1.36 1.37
0-10 1.23 1.28 1.28
10-20 1.30 1.35 1.34
20-30 145 143 143
0-10 1.19 1.25 1.24
10-20 1.27 1.33 1.33
20-30 1.43 1.41 1.38
0-10 1.26 1.32 1.35
10-20 1.32 1.36 1.36
20-30 1.46 1.49 1.48
0-10 1.22 1.30 1.25
10-20 1.27 1.34 1.32
20-30 1.42 1.46 1.45
0-10 0.03 0.02 0.04
10-20 0.02 0.03 0.03
20-30 0.03 0.02 0.02
0-10 0.01 0.01 0.02
10-20 0.01 0.02 0.02
20-30 0.02 0.02 0.02
0-10 0.02 0.02 0.03
10-20 0.02 0.03 0.03
20-30 0.03 0.03 0.03

to form a plough sole. During the three rotations of
crop rotation, the lowest, in the range of 1.39-1.42 g/
cm?, was for ploughing. In the variants with disking at
10-12 and 6-8 cm, the value of the indicator increased
to 1.43-1.45 and 1.46-1.49 g/cm?, respectively.

The use of crop residues as organic fertiliser, re-
gardless of tillage methods and soil depth, contribut-
ed to a decrease in the volume mass of all soil layers
studied: 0-10, 10-20 and 20-30 cm. In particular, in the
20-30 cm layer, the soil density in the variants with
by-products compared to its alienation from the field



decreased by 0.02-0.03, disking by 10-12 cm - by 0.02-
0.05, and disking by 6-8 cm - by 0.03-0.04 g/cm?®.

The study in a stationary field experiment of the
influence of different variants of soil tillage and the
use of straw of the predecessor for fertilisation on the
weediness of winter rape crops showed that, despite
the use of herbicides, it significantly depended on the
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factors under study. During the three rotations of crop
rotation, the number of weeds in the variants with straw
alienation for ploughing varied within 5.0-9.0 pcs./m?,
disking by 10-20 cm - 17.0-27.0 pcs./m?, disking by
6-8 cm - 35.0-47.0 pcs./m?, and for the use of straw for
fertilisation, respectively, 9.0-17.0, 28.0-39.0 and 46.0-
57.0 pcs./m? (Table 2).

Table 2. Influence of tillage and methods of using straw of the predecessor on weed infestation of winter rape crops

The use of the
predecessor’s
by-products (factor B)

Soil cultivation
(factor A)

pcs/m?

) alienation 9.0
Ploughing at 20-22 cm

for fertiliser 17.0

L alienation 27.0
Disking at 10-12 cm .

for fertiliser 39.0

L alienation 47.0
Disking at 6-8 cm -

for fertiliser 570

HIP,, factor A 2.17

Factor B 2.22

Interactions AB 3.50

Source: compiled by the authors

These data show that minimisation of tillage for
winter rape was accompanied by an increase in weed
infestation of its crops. After all, most of the weeds ac-
cumulate in the upper soil layer of 0-5 cm, while dur-
ing ploughing they are in deeper layers: 5-10 and 10-
20 cm. Also, a higher percentage of perennial weeds
was observed with minimal tillage. The use of spring
barley straw for fertilisation, which was the predeces-
sor of winter rape, led to a significant increase in weed
infestation of the latter compared to its removal from
the field, especially in the variants with disking and
reduced depth. Among the crops in the crop rotation,
which included winter wheat, corn for grain, spring bar-
ley and winter rape, the latter had the least yield reduc-
tion from the transition to minimum tillage.

The obtained experimental data on the influence
of the studied factors, namely the methods and depth
of tillage, the use of by-products on the yield of winter
rape seeds and its dynamics in crop rotation, indicate

Crop rotation
Il ]

gm/m? pcs/m? gm/m? pcs/m? gm/m?
8.2 5.8 6.1 5.0 4.5
14.9 10.0 9.6 9.0 7.2
22.5 20.0 16.0 17.0 14.2
30.1 35.0 28.0 28.0 221
40.6 420 38.4 35.0 30.1
479 53.0 42.8 46.0 39.7
0.81 1.72 0.89 1.89 0.70
0.60 1.45 0.54 1.76 0.46
0.83 2.86 0.86 3.29 0.81

its rather high stability over time. Only when disking
to a depth of 6-8 cm, without the use of by-products
for fertilisation, a decrease in seed yield was observed
from 2.81 t/ha in the first rotation to 2.46 t/ha in the
third rotation of crop rotation. However, without aliena-
tion of by-products in this cultivation variant, the yield
during crop rotation varied only within 2.68-2.77 t/ha.
When ploughing by 20-22 cm and disking by 10-12 cm
in the variants with alienation of by-products, the seed
yield during the rotation of crop rotation varied within
the range of 2.85-2.96 and 2.62-2.94 t/ha, respectively,
and when incorporating by-product biomass into the
soil —= 2.98-3.11 and 2.85-3.1 t/ha. The yield of winter
rape seeds averaged 2.91, 2.83 and 2.59 t/ha for three
rotations of crop rotation for ploughing by 20-22 cm,
disking by 10-12 cm and disking by 6-8 cm for aliena-
tion of the previous year’s straw from the field and 3.04,
2.88 and 2.72 t/ha for its use as organic fertiliser, re-
spectively (Table 3).

Table 3. Yield of winter rape under different methods of tillage and use of by-products, t/ha

Soil cultivation The use of the predecessor’s

by-products (factor B)

(factor A)

X alienation
Ploughing at 20-22 cm -
for fertiliser

alienation
Disking at 10-12 cm o
for fertiliser

Disking at 6-8 cm alienation

for fertiliser

Crop rotation Average for

three rotations

2.96 291 2.85 291
3.04 311 2.98 3.04
2.94 2,62 2.94 2.83
2.85 2.79 3.01 2.88
2.81 2.49 2.46 2.59
2.77 2.68 2.70 2.72
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Soil cultivation The use of the predecessor’s

by-products (factor B)

(factor A)

Table 3, Continued

Average for
three rotations

Crop rotation

HIP,, factor A
Factor B
Interactions AB

Source: compiled by the authors

That is, the by-product vegetative mass of the pre-
decessor provided an increase in the yield of winter
rape seeds, depending on the methods of tillage, of
only 2.0-5.0%.

Modern agricultural production provides for the
possibility of replacing energy-intensive ploughing
with simplified tillage, reducing the number and inten-
sity of tillage operations (Orzech et al., 2021). Although
this impact, according to Z. Wang et al. (2020), has a
protective effect on the conservation of the ecosystem’s
natural value, it needs to be studied in terms of agro-
cenosis productivity. Different methods of soil cultiva-
tion are an important factor in regulating its physical
parameters. In the study by M.Jat et al. (2023), minimis-
ing tillage led to a degradation of the exchange density
index. The volumetric density of the soil in the system
of minimised tillage is particularly high with little or
no plant residues. The results of the analysis of this
study show a statistically significant decrease in den-
sity from ploughing by 20-22 cm to disking by 6-8 cm.
At the same time, the highest values of 1.36-1.49 g/cm?
were obtained at a depth of 20-30 cm, depending on
the method of cultivation, which is 12.7-14.8% high-
er than in the soil layer 0-10 cm deep. A similar trend
was found in studies with winter wheat by M. Biberd-
zis et al. (2020). Soil compaction in all tillage systems
increased with increasing depth, reaching its highest
value at 30-40 cm.

One of the ways to prevent soil degradation during
cultivation is to apply straw. The reduction in bulk den-
sity in conservation tillage compared to conventional
tillage is due to less soil disturbance and preservation
of crop residue mulch, which improves organic matter
content, aggregation, porosity, and fauna activity. S. Ja-
yaraman et al. (2021) and J. Dhaliwal et al. (2020) also
reported that the residual retention of wheat residue
reduced bulk density by 1.8% compared to no residue
in the 0-15 cm layer. In the experiment with winter
rape, straw incorporation contributed to a decrease in
soil density in all cultivation options at all depths. At
the same time, the greatest changes from straw har-
vesting for fertilisation were obtained for disking at
6-8 cm. On average, the use of straw allowed to reduce
the bulk density of the soil under this tillage method
in the soil layer 0-10 cm by 0.05 g/cm?, 10-20 cm by
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0.17 0.15 0.19 0.17
0.12 0.16 0.13 0.14
0.26 0.28 0.24 0.26

0.04 g/cm® and 20-30 cm by 0.03 g/cm?® compared to
the options for its removal from the field, which is sig-
nificant at the p=0.05 significance level. The positive
effect of straw on reducing soil density is explained by
J. Chen et al. (2020) by the greater storage of organic
carbon (SOC) in the soil,improvement of the proportion
of macroaggregate state and its stability in the arable
layer. In their experiments, the bulk density decreased
by 1.22-8.74% compared to the straw removal option,
which is similar to the current figures.

Tillage is one of the main weed control measures.
However, due to the growing use of herbicides, expan-
sion of their range and improvement of quality indica-
tors, this tillage function has significantly narrowed. In
particular, some authors note that there is no statistical
difference in the intensity of weed infestation depend-
ing on the treatment, but point to significant changes in
the species composition of weeds (Winkler et al., 2023).
While others have pointed out that minimising tillage
increases weed infestation, leading to a greater reli-
ance on herbicides compared to conventional tillage
(Steponaviciené et al., 2021). The latter statement was
true in the current research. In particular, during three
rotations of crop rotation, the number of weeds in the
alienation of the predecessor’s by-products with mini-
mal tillage increased significantly compared to plough-
ing. At the same time, reducing the depth of disking to
6-8 cm on average increased the weed infestation by
almost 2 times, and their biological mass increased by
1.8-2.4 times, depending on the period of research.

According to the results of research on weed in-
festation, the leaving of crop residues in the field also
had a significant impact, regardless of the method of
tillage. However, an analysis of studies by different
authors shows a contradictory result regarding the
impact of crop residues on the spread of weeds. Ac-
cording to S. Fonteyne et al. (2020), only the combina-
tion of three components of conservation agriculture -
minimal soil disturbance, constant presence of organic
residues and species diversity in crop rotation when
using herbicides - reduced weed biomass by 81-91%
compared to conventional tillage. In studies of winter
rape cultivation, leaving straw in the field and incor-
porating it into the soil at different depths led to an
additional significant increase in the number of weeds.



The highest number of weeds was found at the lowest
depth of disking. N. Verhulst et al. (2011) noted that
without retention of residues on the field surface, the
soil degrades, showing worse fertility and infiltration.
Conversely, treatments with crop residue retention in-
creased the ability of maize plants to compete with
weeds, leading to higher yields.

Agricultural practices, such as tillage and crop ro-
tation, are the main factors that have a significant im-
pact on soil quality, crop productivity and, ultimately,
the sustainability of cropping systems. A decline in
soil physical quality, characterised by excessive topsoil
compaction, is considered to be the main reason for the
decline in yields of uncultivated soil. Studies conducted
on sandy soils by the Lithuanian Research Centre of Ag-
riculture and Forestry showed that the most favourable
physical properties of the soil, including density, shear
strength and air permeability, were achieved by conven-
tional (deep) ploughing (Steponaviciené et al., 2020).

In studies with winter oilseed rape, neither alien-
ation nor straw harvesting of the predecessor had a
significant effect on seed yield within a particular culti-
vation method on average over three rotations of crop
rotation. Variations within the rotations were largely
due to climatic conditions. However, the comparison
of different tillage methods indicates the advantage
of ploughing compared to shallow disking by 6-8 cm.
D. Gaweda & M. Haliniarz (2022), in a four-year study,
also found that both seed and straw yields of winter
rape were significantly higher under conventional till-
age compared to no-till. Ploughing to a depth of 20-
22 cm and disking to 10-12 cm with the harvesting of
the predecessor’s by-products resulted in significant
increases in rape seed yields at a significance level of
p=0.05 compared to disking to 6-8 cm.

The obtained results of the research are generally
consistent with the data of other authors on the impact
of minimising tillage on soil bulk, crop weediness and
crop yields. Despite a certain increase in soil density
and weediness of winter rape crops, the minimisation
of tillage resulted in almost the same seed yield for
ploughing and disking by 10-12 cm, which indicates
the possibility of introducing more energy-saving and
soil-protective tillage systems in the Western For-
est-Steppe, which is in line with global trends.

CONCLUSIONS
Studies have shown that the replacement of shelf till-
age for winter rape by disking by 10-12 and 6-8 cm led
to an increase in soil density in the layers 0-10, 10-20

Poliovyi et al.

and 20-30 cm, respectively, amounting to 1.28-1.32,
1.35-1.36 and 1.43-1.49 g/cm?. It should be noted that
the soil density in the 20-30 cm layer for all treatment
options was significantly higher compared to the up-
per layers, which may indicate the soil’s tendency to
form a tilthy sole. The introduction of straw of the pre-
decessor into the soil contributed to its reduction, but
as soil tillage was minimised, its bulk mass increased.
Weed infestation of winter rape crops after replacing
ploughing with disking by 10-12 and 6-8 cm, regard-
less of the use of herbicides, increased from 5.0-9.0
to 17.0-27.0 units/m?, and to 35.0-47.0 units/m? when
removing the straw of the predecessor from the field,
and from 9.0-17.0 to 28.0-39.0 and 43.0-57.0 units/
m?, respectively, when using it for fertilizer. On aver-
age, over three rotations of crop rotation, the yield
of winter rape against the background of removal of
by-products of the predecessor by replacing plough-
ing with disking by 10-12 and 6-8 cm decreased from
2.91 to 2.83 and 2.59 t/ha, respectively. When using
by-products for fertilisation, the yield of winter rape
within a particular cultivation method increased by
2.0-5.0%, which is insignificant at p = 0.05. Reliable
yield increases were obtained on average for plough-
ing to a depth of 20-22 cm, as well as for disking to
a depth of 10-12 cm when incorporating the straw of
the predecessor into the soil.

The Western Forest-Steppe is traditionally a zone
of sufficient moisture, but as a result of global climate
change, there is an increasing shortage of productive
soil moisture reserves, especially in the second half
of the growing season. From time to time, this causes
early maturation of late crops such as corn, sunflower
and soybeans and problems with germination of winter
crops and green manure. The amount of unearned crop
residues and crop by-products that mulch the soil sur-
face, weakening surface runoff, promoting snow reten-
tion and reducing moisture evaporation, is crucial for
the accumulation and preservation of soil moisture re-
serves. In view of this, it is promising to study the impact
of soil cultivation methods on its water regime by ex-
panding the above experimental design to include op-
tions that maximise the retention of plant residues on
the soil surface: direct seeding, chiselling, strip-till, etc.
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BnnmB no6iyHOi NpoaykKuii 3a pi3HUX cnNoco6iB 06po6ITKY FPYHTY
Ha BpO)XXaMHiCcTb pinaky o3MMoro B ymoBax 3axigHoro Jlicocteny

Bonopgumup Medogiriosnu NMonbosuii
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[HCTUTYT cinbCbKOro rocnogapcTea 3axiaHoro lMonicca HauioHanbHOT akageMii arpapHmMx Hayk
35325, Byn. PiBHeHCbKa, 5, c. LLIybkiB, PiBHeHCbKa 06:., YkpaiHa
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AHoTauif. BigcyTHiCTb YiTKOI NO3MLiT WOA0 3aCTOCYBaHHS TOrO YM iHLWOrO CNocoby OCHOBHOrO 06p06iTKY rPpyHTY Ta
BMKOPUCTAHHS NiCASXKHUBHUX PELITOK B CiBO3MiHi, NpMBEpPTaE yBary A0 MiHiManisauii 06pobiTky rpyHTy. Buxoasum
3 UbOro, HeobxigHiCTb 06rpyHTYBaHHS i po3p0obKM ePEKTUBHUX E€HEProoLLaAIMBUX TEXHONOTIA 06pOBITKY FpyHTY
Ta BMKOPMCTAHHSA NobivHOI NpoaykLuii B CiBO3MiHI € JOCUTb BaXIMBMMM | HE BTPA4atoTb CBOEI aKTyasbHOCTI. MeTa
[OCNIKEHb — BMBYEHHSI BM/IMBY BMKOPWUCTaHHA NOGIYHOI Mpoaykuii i 06pobiTKy rpyHTY, SKi CTBOPIOBAaTUMYTb
ONMTMMaNbHI YMOBM ANS PO3BWTKY pinaky o3umoro y 3axigHomy Jlicocteny YkpaiHu. JocnigkeHHs nMpoBOAMAKCS
BNPOAOBX 3-X poTauid 4-X NinbHOI CiBO3MiHM Yy CTaUiOHapHOMY MOAbOBOMY AOCAIAI |HCTUTYTY CinbCbKOro
rocnogapcrea 3axigHoro lMNonicca HauioHanbHoi akageMii arpapHux Hayk B 2009-2020 pp. Ha thi 06pobiTKy rpyHTy,
BKJIHO4AKOUM OpaHKy, 06pobKy auckaMum Ha rmunbuHy 10-12 cm i 6-8 cM, Byno npoBeaeHo AOCNIAKEHHS ABOX CNOCOBiB
BMKOPUCTaHHS NOBIYHOT NPOAYKLIi KynbTyp CiBO3MiHM - BiABELEHHS Ta BUKOPUCTAHHSA 9K [00pMBa 3 [0AABaHHAM
KOMMeHcauiiHoro a3oty B KinbkocTi N10 Ha 1 7. Pe3ynbtati nokasanu, Wwo nNpuv BMPOLLYBAaHHI 03MMOro pinaky i3
BUAANEHHSM CONOMM NONepefHMKa 3 NOAS Nif Yac OpaHKM Ha rnbuHy 20-22 cM Ta 06pobKM AUCKaMU HA TUOUHY
10-12 c™M Ta 6-8 M, WinbHICTb TpyHTY Ha rmnbuHi 0-10 cM ctaHoBuna BignosigHo 1,22-1,28; 1,23-1,28 i 1,23-
1,35 r/cm3, a Ha munbuHi 10-20 cm - 1,26-1,30; 1,30-1,35 i 1,32-1,36 r/cM>. BUKOPUCTaHHS CONIOMM AIK OpraHiyHOro
nobpuBa npusBeno A0 3MeHLWeHHs 06'€EMHOI MacK BCiX AOCHIAKYBAaHUX LWAPIB rPyHTY nNpu Oyab-9KOMy MeTofi
06pobKM, ane Npu LbOMY CNPMSN0 30iNbWEHHIO KiNbKOCTI BYp'aHiB, IKa 3pocTana 3i 3MEHLWEeHHAM rnbuHM 06pobKy.
B cepegHboMy 3a TpM pOKM poTaLii CiBO3MiHM BPOXaMHICTb HACiHHS 33 opaHkK Ha 20-22 cMm, guckyBaHHS Ha 10-
12 cM i AMCcKyBaHHS Ha 6-8 €M Ha (OHI BioUyXXeHHS conomu cknana signosigHo 2,91; 2,83 i 2,59 1/ra, a 3a 3apobku
ii B rpyHT - 3,04; 2,88 i 2,72 1/ra. Ik 3a3HA4Ye€HO Y AOCNILKEHHSIX, 00pOBITOK I'PYHTY i yAOOPEHHS i3 BUKOPUCTAHHSM
HeTOBapHOi NPOAYKLIii BpOXak MiABULLYHOTb FPYHTO3aXUCHUI edekT, CYTTEBO NOCNabnoTb HEraTMBHWUIA BNIMB
BypaHiB y NociBax, MOKPALLYHTb POAOYICTb FPYHTY Ta 36iNbLIYIOTb NPOAYKTUBHICTb KYNbTYp CiBO3MiHM

KntouoBi cnoBa: CiBO3MiHa; WiNbHICTb 'PYHTY; OpPaHKa; AUCKYBAHHS; 3a0ypaHEHICTb
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