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Abstract. Agroecological substantiation of cereal crops cultivation technologies becomes especially relevant in
conditions of insufficient moisture, as it requires sustainable and efficient agro-production systems that ensure
high yields and preserve natural resources. The aim of the study is to determine the impact of nitrogen fertilisation
on the growth and development of winter wheat in an arid climate. To achieve this goal, a field study was
conducted at the fields of the Educational and Research Centre of Mykolaiv National Agrarian University to study
mineral nutrition and the impact of different nitrogen rates on the structure and quality of winter wheat grain
yield. The study found that increasing nitrogen fertiliser rates has a positive impact on crop growth and yield.
The application of higher nitrogen rates, in particular N,, and N, in spring fertilisation, increases plant height by
3.8 and 4.6 cm, respectively, compared to N, . In addition, a double increase in nitrogen fertiliser rates resulted
ina 3.5% increase in the number of productive stems and a 13.6% increase in the weight of 1,000 seeds. Mineral
fertilisers also had a significant impact on winter wheat yields, with P, K, +N  and P, K, +N, yielding 51.8 and
49.3 c/ha, respectively. The results of laboratory studies confirmed that nitrogen fertilizers in an increased amount
lead to a decrease in the starch content in winter wheat grains, while simultaneously increasing the protein
content. Correlation analysis showed a tendency to increase the yield of winter wheat with higher application
of nitrogen fertilizers, however, in order to avoid deterioration of the quality of crop products, it is important to
follow the recommendations. The practical significance of the obtained results lies in optimizing the cultivation
of grain crops, as well as increasing their yield in conditions of limited water resources and the threat of drought

Keywords: winter wheat; fertiliser; yield; plant nutrition; dry conditions

INTRODUCTION
In today’s world, agri-environmental issues are becom-  Climate change, population growth and volatile
ing increasingly relevant, as agriculture is a key sector  agricultural markets require the development and
that ensures food security and economic development. implementation of environmentally sustainable and
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productive agricultural technologies. In the Southern
Steppe of Ukraine, which has significant potential for
agricultural production, this relevance is most evident
through the above challenges and opportunities.

Modern agriculture faces numerous challenges,
such as climate change, rapid population growth, glob-
al competition and the need to ensure environmental
sustainability. To address these challenges, new tech-
nologies and crop production strategies are needed.
M. Ivasyk & M. Bakhmat (2023) in their study emphasise
that it is important to strive for high productivity, con-
servation of resources and the environment, as well as
to ensure product quality and access to global markets.

A number of authors, such as J. Wang et al. (2021)
and L.N. Jergensen et al. (2020), argue that the main
aspects of the agroecological approach to crop pro-
duction include site selection, selection of varieties
and hybrids, use of efficient agronomic practices, wa-
ter management, monitoring and control of negative
impacts, biodiversity conservation, and promotion of
environmental awareness among farmers and con-
sumers. Macronutrients, as integral components of
important physiologically active substances, help to
increase the activity of enzymes in plants, improve
their ability to absorb essential nutrients and increase
photosynthetic productivity and assimilation activ-
ity. The addition of mineral fertilisers has a number
of beneficial effects for plants and crops. It increas-
es the resistance of plants to adverse environmental
conditions and makes them less susceptible to pests
and diseases. This leads to higher yields and improved
grain quality (Sallam et al.,, 2019).

The cultivation of winter wheat is crucial for its
yield. The fertilisation system for this crop includes the
application of various types of nutrients. This is neces-
sary due to the fact that winter wheat requires a large
amount of nutrients for its proper growth and develop-
ment, and most of these nutrients are often not availa-
ble to plants in the required quantities in the soil. Nu-
trient deficiencies in the soil can lead to reduced yields,
poor seed quality and an increased risk of disease and
pest infestation. Therefore, it is important to provide
winter wheat with the necessary amount of nutrients
by applying fertiliser in appropriate amounts and at the
optimal time, as shown in study A. Ren et al. (2019).

Ye. Kuzmenko et al. (2023) believe that the scien-
tific and agro-ecological justification of growing cereal
crops in Ukraine is an important task in the context of
ensuring food security, sustainable use of natural re-
sources and biodiversity conservation. The authors pay
particular attention to the Southern Steppe of Ukraine,
which is an important agricultural area but also faces a
number of agro-ecological challenges and constraints.
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This region has unique natural conditions, but at the
same time is vulnerable to threats such as drought, soil
erosion, waterlogging, water pollution, and others.

According to M. Solodushko et al. (2021), the agro-
ecological justification of grain growing technologies
also affects the conservation of nature and public
health. Healthy ecosystems not only ensure sustain-
able agricultural production, but also provide natu-
ral balance, maintain species diversity, and regulate
climate processes. Prevention of soil and water pol-
lution also affects the quality and safety of food for
the population. Thus, the agro-ecological justification
of crop cultivation technologies has a deep social and
environmental context and relevance, and determines
the future of agriculture and the environment in the
Southern Steppe of Ukraine.

V. Gamayunova et al. (2020) point out that grain
farming in Ukraine is one of the main sectors of the
agricultural complex, and its development largely de-
termines the production of food and feed resources, as
well as affects the economy as a whole. Modern grain
varieties, including winter wheat, have a high potential
yield of up to 7 tonnes of grain per hectare, but average
yields in Ukraine remain significantly lower.

The aim of the study was to investigate the impact
of mineral fertilisation on the growth and development
of winter wheat in the Southern Steppe of Ukraine. To
achieve this goal, the following objectives were set: to
study the peculiarities of mineral nutrition of winter
wheat and its fertiliser requirements, as well as to de-
termine the impact of nitrogen fertiliser rates on the
yield and quality of winter wheat.

MATERIALS AND METHODS

To determine the productivity of winter wheat, a field
experiment was conducted using laboratory and field
observations of the growth and development of the
crop grown under different conditions of mineral fertil-
isation. The study was conducted in 2020-2022 on the
fields of the Educational and Research Centre (ERC) of
Mykolaiv National Agrarian University. The study com-
plies with all ethical standards under The Convention
on Biological Diversity (2022).

The soil of the experimental plots is southern black
soil on carbonate loess, characterised by high potassi-
um, medium phosphorus and low nitrogen content. The
soil has a medium loamy texture, with a humus horizon
of up to 50-65 cm and a humus content of approximate-
ly 3.5%. The content of mobile forms of phosphorus is
8.8-9.6 mg per 100 soil, easily hydrolysed nitrogen in
the soil is about 0.1-0.4 mg per 100 soil, and exchange-
able potassium is about 30.3 mg per 100 soil. The soil
reaction of the experimental plot (pH) is 7.5.



Since climatic conditions have a great influence on
the formation of winter wheat grain yield, it is impor-
tant to note that the study was conducted in an area
that belongs to the zone with insufficient rainfall, and
all years of research were characterised by a shortage
of precipitation. The experiment was replicated three
times, with a total plot size of 350 m? and an area of
80 m? per plot. Perennial grasses were the predecessor
of winter wheat. Winter wheat was sown between 25
and 30 September, with a seeding rate of 220 kg per
1 ha or 4.5-5 million/ha of germinating seeds.

Organic fertiliser (manure) was applied to the soil
for autumn ploughing before sowing winter wheat at a
rate of 25 t/ha in all experimental variants. In addition,
phosphorus-potassium fertilisers were applied at a rate
of P, K., during winter ploughing, and nitrogen fertil-
isers were applied in spring according to the appropriate
scheme: Option | - N, , Option Il - N, , Option Il = N.
The method of fertilisation with nitrogen fertilisers was
to apply them during early spring fertilisation on frozen
soil and at the beginning of the phase of winter wheat
emergence into the tube. Urea was used as a nitrogen
fertiliser, potassium chloride as a potassium fertiliser,
and granular superphosphate as a phosphorus fertiliser.

Correlation and regression analysis was used to
confirm the reliability of the results. This method is a
powerful tool for establishing relationships between
different variables. In the present study, this analysis
was used to determine the relationship between min-
eral fertiliser use, winter wheat grain yield and starch
and protein content in the grain. In addition, this analy-
sis allowed us to build a model that can predict winter
wheat yields depending on the use of mineral fertilisers.

The data of winter wheat growth parameters, such
as plant height, number of productive stems and weight
of 1,000 seeds, were obtained by measuring, counting
and weighing, and the leaf area was determined by the
method of notching. The starch content of seeds was
determined using a Shimadzu UV-1800 spectropho-
tometer (Shimadzu,Japan), and the protein content was
determined by refractometric method. Winter wheat
grain yield was determined manually from each plot
separately. During the data analysis, statistical analy-
sis was also performed to determine the average and
relative values of the effect of the level of mineral fer-
tilisation on the yield, and comparative analysis was
performed to compare the data obtained.

All experiments were repeated three times for each
variant of the experiment. To verify the reliability of the
research results, the multivariate method of analysis of
variance MANOVA was used, which was conducted us-
ing Microsoft Excel software and Statistica 10 software
package. Differences between the results obtained
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were defined as statistically significant if the signifi-
cance level (P) was less than or equal to 0.05 according
to the Student’s criterion.

RESULTS

An important component of the fertilisation system for
winter wheat is the application of the optimal amount
of macro- and microelements required to meet the
needs of the plants. To achieve this, both organic and
mineral fertilisers can be used. Determining the optimal
fertilisation system for winter wheat is a complex task,
as it depends on numerous factors that can be difficult
to control. These factors include climatic conditions,
soil type, weather, plant variety, soil moisture availabil-
ity, soil nutrient availability, and others. Therefore, the
optimal fertilisation system may vary depending on the
specific growing conditions (Serrago et al,, 2013).

An important aspect is the timely application of ni-
trogen fertilisers at different stages of plant organogen-
esis. This allows to effectively influence the formation
of grain yield structure indicators, such as plant density
and size. Phosphorus and potassium are equally impor-
tant for the growth and development of winter wheat,
particularly in the early stages of growth, when the root
system and winter hardiness of plants are formed. The
use of large doses of nitrogen fertilisers in the early
stages of organogenesis can have a suppressive effect
on young plants, so it is important to avoid their large
application during pre-sowing cultivation and during
sowing. However, a lack of nitrogen at these stages can
negatively affect plant development and reduce yields.

One of the research objectives was to study the
peculiarities of mineral nutrition of winter wheat and
its fertiliser requirements, so it is important to note
that to obtain a winter wheat yield of 1 tonne of grain
per hectare, the following amounts of macronutrients
should be provided: nitrogen - 30-35 kg, phosphorus -
10-13 kg, potassium - 20-25 kg (Holman et al., 2023).
As for the inheritance of plant height, this indicator is
stable and genetically dependent, but environmental
conditions, in particular stress factors, can significant-
ly change this parameter. In addition, plant height can
vary significantly depending on certain factors, includ-
ing the year of cultivation, plant variety and environ-
mental conditions. For example, under ideal conditions
of soil moisture and nutrient supply, plants will be tall-
er than under conditions of drought and insufficient
soil nutrition (Ahmad et al., 2022).

In this study, the application of different rates of
nitrogen fertilisers in winter wheat crops had a sig-
nificant impact on crop height over three years. It was
found that an increase in nitrogen fertiliser rates pro-
motes higher growth of winter wheat plants. Thus,

Ukrainian Black Sea Region Agrarian Science, 27(4), 9-17
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in the variant of P, K, +N. application, the average
plant height was 86.8 cm over the years of study. Im-

provement of the nutrition background in the variants

96
94
92
90
88
86
. im
82
P30K30+N30
2020 86.9
m 2021 86.3
2022 87.1

P, Kso+N,, and P, K. +N. contributed to an increase in
the height of winter wheat plants by 3.8 and 4.6 cm,

respectively (Fig. 1).

P30K30+Ngo P30K30+Ngo
92.1 94.3
91.2 94.4
92.5 94.7

Figure 1. Effect of fertiliser on the height of winter wheat plants, cm

Source: compiled by the authors

The formation of high-yielding winter wheat crops
depends on the size and photosynthetic activity of its
leaf surface. Optimisation of photosynthesis and effi-
cient use of solar energy are key factors for increasing
grain yields. In the arid conditions of southern Ukraine,
insufficient development of the leaf surface is the main
limiting factor for achieving high crop productivity. The
application of mineral fertilisers, especially nitrogen,
which is part of chlorophyll, plays an important role
in the formation of the leaf apparatus. By improving

Variant of the experiment

1 P30K30+N30
2 P30K30+N60
3 P30K30+N80

Source: compiled by the authors

In addition, it was found that different amounts of
nitrogen fertiliser in winter wheat crops affected the
yield structure of the crop for three years, namely the
number of productive stems and the weight of 1,000
seeds. Productive stems are those stems that develop
and form ears of grain. The number of productive stalks
in winter wheat can vary depending on many factors,
including sowing density, fertiliser use, weather condi-
tions and plant variety. Achieving the optimum num-
ber of productive stems helps to ensure a good winter
wheat harvest and increase the efficiency of agricultural
production.To increase the number of productive stems,
agricultural practitioners can use various agronomic
measures, including optimal sowing density, timely and
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Table 1. Effect of fertilisation on the leaf area of winter wheat, thousand m?/ha (average for 2020-2022)

the nutritional regime, it is possible to increase the size
and productivity of the leaf surface of plants, which
affects their photosynthetic activity. According to the
data obtained as a result of the study, during the grow-
ing season, winter wheat plants fertilised with higher
rates of nitrogen fertilisers in the variants P, K, +N
and P, K. +N., had a larger leaf surface compared to
the variant P, K, +N,. The leaf surface reached its
largest size at the earing stage in all experimental var-

iants (Table 1).

Phase of development

Scheme of application of mineral fertilizers

tillering output tube earing
123 17.2 224
14.4 20.1 271
14.8 23.7 29.1

rational fertilisation, selection of plant varieties with
higher productivity, etc. (Bilousova et al., 2021).

The study found that at the level of fertilisation of
P. K, +N,,, the largest number of productive stems was
formed, which was 561 pcs. It should also be noted that
the use of mineral nutrition also affected the weight
of 1,000 seeds of winter wheat, despite the fact that
this is a genetically determined trait. Thus, at the lev-
el of fertilisation of P, K, +N,, the highest weight of
1,000 seeds was noted - 55.3 g (Table 2). Consequent-
ly, the number of productive stems was 3.5% higher
with P, K, +N  than with P, K, +N_ , and the weight of

1,000 seeds was 13.6% higher, respectively. Therefore,
it should be noted that the increase in the structural
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parameters of the winter wheat crop in the study was
due to the supply of a sufficient amount of nutrients

from mineral fertilisers, which influenced the growth
and development of plants.

Table 2. Number of productive stems and weight of 1,000 seeds of winter wheat (average for 2020-2022)

Scheme of application of

Variant of the experiment mineral fertilizers

Number of productive stems,

Weight of 1,000 seeds, g

1 P30K30+ N 30
2 PZOK 30+ N 60
3 P30K30+ N 80

Source: compiled by the authors

The results of the study also showed that the appli-
cation of mineral fertilisers had a significant impact on
the yield of winter wheat. On average, over three years,
the highest yields were formed by applying P, K, +N,/

30" 730

pieces/m?
542 48.7
561 55.3
553 54.8
and P, K, +N,,,and amounted to 51.8 and 49.3 c/ha, re-

spectively, indicating that the level of mineral fertiliser
supply is adequate. In particular, nitrogen fertilisers,
contributes to the productivity of winter wheat (Table 3).

Table 3. Winter wheat yield, tonnes per hectare

Average

for 2020-2022

Variant of the Scheme of application
experiment of mineral fertilizers
1 PNy, 48.6
2 PooKsotNgo 51.9
3 P50 Ngg 49.4
HIP 1.26

Source: compiled by the authors

The starch and protein content of wheat seeds is
important for the quality and use of this crop. In par-
ticular, starch is the main type of carbohydrate in wheat
grain. The starch content affects the structure and tex-
ture of wheat products. The high starch content helps
wheat grains to form a dense texture, which makes
them excellent for bread making. The protein content
also affects the quality of flour and other wheat prod-
ucts. The higher the protein content, the higher the

49.1 48.9 48.9
52.2 51.4 51.8
48.8 49.6 49.3
1.37 1.31 1.19

nutritional and technological value of the grain. It has
been established that the application of mineral fer-
tilisers, in addition to the yield of winter wheat grain,
has an impact on its starch and protein content. Thus,
according to the data obtained in laboratory conditions,
the starch content decreased with an increase in the
rate of nitrogen fertiliser application, but the protein
content, on the contrary, increased with the application
of higher nitrogen rates (Table 4).

Table 4. Starch content in seeds and protein in winter wheat grain, % (average for 2020-2022)

Variant of the experiment

Scheme of application of mineral fertilizers

Starch content Protein content

1 N, P,K

30" 40 30
2 P30K30+N30
3 P30K30+N60

Source: compiled by the authors

Thus, according to the results obtained, the indi-
cators of crop structure and quality characteristics of
grain, as well as its yield, are significantly influenced
by the rates of nitrogen fertiliser application. Accord-
ing to the correlation and regression analysis, there is
a tendency to increase the yield and protein content
of winter wheat grain with an increase in the level of

66.8 14.8
62.6 16.4
64.4 17.2

mineral fertilisers. The value of reliability for yield is
R?=1, for protein content - R?=0.9643. At the same
time, a tendency to decrease the starch content in
grain with an increase in nitrogen fertiliser applica-
tion was found, with a reliability value of RZ=1. This
means that the model accurately describes the avail-
able data (Fig. 2).
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>3 y=-27x2+ 11x + 406 68 18
2 R*=1 67 175
’ y=3x2-13.2x +77 17 y=1.2x+13.733 L
%1 RZ=1 R? = 0.9643
1 65 - 16.5 |
50 / \ 64 16 |
/ \ | 15.5 |
49 / | 63 - s B
48 621 1145
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Figure 2. Correlation and regression analysis of the effect of mineral fertilisers
Notes: a) grain yield of winter wheat; b) starch content in grain; ¢) protein content in grain

Source: compiled by the authors

Thus, the study found that increasing the dose of
nitrogen fertiliser can lead to an increase in the num-
ber of productive stems, plant height, leaf area, 1,000
seed weight and protein content in winter wheat grain.
In addition, it has also led to increased yields, even in
arid climates. Thus, it can be noted that in the condi-
tions of insufficient moisture in the Southern Steppe
of Ukraine, the methods of growing grain crops have a
scientific agroecological justification.

DISCUSSION

Confirmation of the study can be found in the works of
M. Solodushko et al. (2021), according to which the con-
ditions of insufficient moisture supply in the Southern
Steppe of Ukraine require a scientifically sound agroe-
cological approach to grain growing technologies. This
approach involves taking into account natural condi-
tions, climatic features and water supply sources to en-
sure a stable harvest and preserve the environment.

The Southern Steppe region of Ukraine is charac-
terised by a “non-flushing” water regime. This means
that moisture enters the soil mainly as a result of pre-
cipitation, and there is no significant water flushing
through the soil profile. The growing season of agricul-
tural crops is characterised by a lack of moisture, and
the main factor in replenishing soil moisture is autumn
and winter precipitation, while in summer precipitation
evaporates quickly. That is why a significant part of the
moisture is retained in the surface layers of the soil,
making it difficult for plants to access water. An impor-
tant problem in this region is the conservation and ra-
tional use of moisture reserves to ensure crop yields
(Gamayunova et al., 2020).

L. Skinuliené et al. (2022) consider that the fertilis-
ation system for winter wheat includes the application
of different types of fertilisers with different concen-
trations and amounts, taking into account agronom-
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ic practices, soil type, climatic conditions and other
factors. The main components of fertiliser for winter
wheat include nitrogen, phosphorus, potassium and
various trace elements. This integrated approach to fer-
tilisation helps to achieve optimal results in growing
the crop.Y.Su et al. (2021) in their research believe that
organic fertilisers, unlike inorganic fertilisers, tend to
decompose slowly, which allows them to gradually re-
lease nutrients into the soil over a long period of time.
This ensures that winter wheat is nourished sustaina-
bly and over a long period of time, contributing to its
sustainable growth and development throughout the
growing season. Inorganic fertilisers, on the other hand,
have a more concentrated composition and can provide
a quick, intense boost to plants. They typically contain
significant amounts of nitrogen, phosphorus, potassi-
um and other essential nutrients, which can promote
rapid growth and development of winter wheat. Both
approaches have their advantages and disadvantages,
and the choice between them usually depends on the
specific growing conditions and the purpose of the ag-
ricultural production.

J. Wang et al. (2021) argue that integrated fertil-
isation has a significant effect on the gluten content
of grain, which is explained by an increase in protein
and reserve fractions such as prolamins and glutenins.
This integrated approach helps to improve the quality
of grain, in particular, by increasing the gluten content,
which is an important parameter for the production of
bread and other food products. Similar results were
obtained in the study by M.A. Bukhari et al. (2021),
where the authors indicate that the combined ap-
plication of nitrogen fertilisers together with phos-
phate and potassium fertilisers leads to an increase
in protein content in winter wheat grain. These results
highlight the importance of integrated fertilisation
to improve the quality and productivity of this crop.



However, Ye. Kuzmenko et al. (2023) note that it is im-
portant to consider that excessive nitrogen fertilisa-
tion can have a negative impact on plant development
and crop quality. Excessive amounts of nitrogen can
lead to an increase in plant height and a delay in the
formation of generative organs. In addition, excessive
nitrogen can lead to increased water retention in the
plant and an increased risk of disease and pest spread.
Therefore, it is important to follow the recommenda-
tions on the optimal doses of nitrogen fertilisers to
achieve the best results in winter wheat cultivation.

The results of the study are echoed in the scientific
works of L.N.Jargensen et al. (2020), who argue that the
fertilisation system can affect the weight of 1,000 seeds
of winter wheat. The authors’ research has shown that
the application of phosphorus fertilisers improves the
formation and development of the plant’s root system,
providing the necessary energy for its growth, which af-
fects the increase in seed weight. Potassium is also an
important element for the growth of winter wheat and
maintaining its resistance to stressful conditions such
as high or low temperatures. A lack of potassium in the
soil can lead to a decrease in seed weight and overall
crop yield. The results of the study confirm the impor-
tance of optimal use of these elements to achieve the
best results in winter wheat cultivation.

The results of the study also coincide with the opin-
ion of R.Vozhehova et al. (2021), who call for a careful
consideration of mineral nutrition factors in the South-
ern Steppe of Ukraine. According to their data, winter
wheat can achieve significant yields if the recommend-
ed mineral nutrition rates are met, which highlights the
importance of proper crop care in this region. Accord-
ing to the authors M. Ivasyk & M. Bakhmat (2023), the
application of N, P, in autumn and additional nitrate
fertilisation at N, in spring ensures maximum leaf area
in the tillering and earing phase for cereals, which was
also confirmed in the study.

In the work of Y. Li et al. (2022) noted a very strong
correlation between the leaf surface area in the earing
phase and grain yield for cereals when using pre-sow-
ing seed treatment with the biological product Es-
cort-bio (R?=0.902), as well as between the leaf sur-
face area in the earing phase and plant height at full
grain ripeness (R?=0.931). Optimisation of the nutri-
tional background affects the increase in the photosyn-
thetic potential of winter wheat crops by 14-20%, as
reported by S. Yue et al. (2012). According to the au-
thors, the maximum values were obtained when N, P,/
was applied before sowing. In addition, it was found
that the net productivity of photosynthesis increased
in winter wheat crops by 25-60% when the nutritional
background was optimised. The maximum values of net
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photosynthetic productivity were achieved when K, P,
was applied before sowing and additional fertilisation
with ammonium nitrate at a dose of N, .

According to P. Astrauskas & G. Staugaitis (2022),
mineral fertilisers and fertilisations increased the pro-
tein content of winter wheat grain from 13.5% when
growing plants on unfertilised plots to 15% when op-
timising the nutritional background, which is also re-
flected in the study. O. Sydiakina & V. Dvoretskyi (2020)
state that the application of mineral fertilisers at the
recommended rates and the use of green manure, as
well as manure feeding in the amount of 10 t/ha, led
to an increase in winter wheat yields by 1.45 t/ha of
grain and 1.16 t/ha of straw. Efficiency increases with
the use of foliar fertilisation with complex fertilisers,
in particular with the organomineral complex Organ-
ic D2-M, which additionally ensured the formation of
0.62-0.96 t/ha of grain and 0.50-0.77 t/ha of straw. Op-
timisation of the nutritional background also improved
grain quality by increasing protein and crude gluten
content, but variants using the vitamin BF-3 complex
were less effective.

Considering these studies of the authors and the
results of the study, it can be concluded that a scien-
tifically based agroecological substantiation of grain
crops cultivation technologies is critical in the condi-
tions of insufficient moisture in the Southern Steppe
of Ukraine. Adherence to agroecological principles and
application of scientific methods contribute to increas-
ing the drought resistance of cereals, rational use of
water resources and preservation of soil and environ-
mental quality.

CONCLUSIONS
As a result of the research, it was found that increasing
the nitrogen fertilizer rates has a significant positive
effect on the growth and yield of winter wheat. When
applying higher nitrogen rates (options P, K, +N, and
P, Kso+Ngo), plant height increased by 3.8 and 4.6 cm,
respectively, compared to option P, K, +N.. In addi-
tion, doubling the rates of nitrogen fertilizers helped
to increase the number of productive stems by 3.5%
and the weight of 1,000 seeds by 13.6%. The applica-
tion of mineral fertilizers also had an effect on the yield
of winter wheat. Thus, when applying P, K, +N  and
P, K, +Ngo, the grain yield exceeded the option of ap-
plying P, K, +N, and P, K, +N, by 2.9 and 0.4 t/ha, re-
spectively. This testifies to the important role of nitro-
gen fertilizers in ensuring high productivity of winter
wheat. Laboratory studies have confirmed that increas-
ing the rates of nitrogen fertilizers helps to reduce the
starch content in winter wheat grain, but to increase

the protein content, which can affect the quality and
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use of wheat grain in products. Therefore, increasing
the doses of mineral fertilizers can have a positive ef-
fect on the yield structure of winter wheat and provide
an additional harvest even in the arid conditions of the
Southern Steppe of Ukraine. However, it is important to
follow the recommendations for applying fertilizers in
order not to deteriorate the quality of the products.

In general, science-based agro-ecological ap-
proaches to the cultivation of grain crops not only in-
crease the efficiency of agricultural production, but also
contribute to the sustainable development of the agri-

products in arid climate conditions, which will contrib-
ute to the sustainability of agricultural enterprises. The
conducted analysis revealed a correlation between the
increase in the application of nitrogen mineral fertiliz-
ers and the increase in the yield of winter wheat. This
means that future studies can consider further increas-
es in fertilizer rates of each individual macronutrient,
as well as their combined effects on yield structure and
crop quality of this crop.
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AHoTauif. ArpoekonoriyHe o6rpyHTyBaHHS TEXHOMOTI BUPOLLYBAHHS 3€pHOBUX KYNbTyp CTa€ 0COBAMBO akTyasbHUM
B YMOBAX HELO0CTaTHbOrO 3BOMOXEHHS, OCKINIbKM BUMAra€ CTiMKnx Ta edeKTUBHUX arponpomyKLUiiHUX CUCTEM, WO
3abe3neyyoTb BMCOKY BPOXaMHICTb Ta 36epiraoTb NpuUpofHi pecypcu. MeTa AOCNiAXEHHS — BWM3HAYUTU BI/IMB
BHECEHHS a30THUX MiHepanbHWX JO0OPMB Ha PiCT i PO3BUTOK 03MMOI MLEHMLi B YMOBAaX MOCYLWAMBOrO K/iMarty.
[ng pocarHeHHs Wiei MeTU NpoBeLeHO NONbOBE AOC/IAKEHHS Ha Nonax HaByanbHO-HAyKOBO-NPAKTUYHOIO LLEHTPY
MMKONAIBCbKOr0 HALIOHANBHOMO arpapHOro YHiBEPCUTETY i3 BUBUYEHHS MiHEPANIbHOMO XXMBEHHS Ta BMJIMBY Pi3HUX
HOPM @30Ty Ha CTPYKTYpPY Ta SKiCTb BPOXAMHOCTI 3€pHa 03MMOi NwweHuui. PesynbtataMu gocnigkeHHs BCTAHOBNEHO,
O NiABMLLEHHS HOPM a30THMX A0OPMB MO3MTMBHO BMJIMBAE HA PICT Ta BPOXAMHICTb KYNbTypWU. BHECEHHS BULLMX
HOpM a3oty, 3okpeMa N, Ta Ny, y MiKMBNEHHS HABECHI, BNIMBAE Ha 36i/bWEHHA BMCOTU POC/IMH Ha 3,8 M i
4,6 cM BigNOBIAHO, NOPIBHAHO BHECEHHS Nso. KpiMm Toro, noagiiHe 36inblIeHHS HOPM a30THMX AOBPUB NPU3BENO A0
3POCTaHHSA KiNbKOCTI NpofAyKTUBHMX cTeben Ha 3,5 % Ta macn 1000 HaciHWH Ha 13,6 %. MiHepanbHi 06pUBa TaKOX
CYTTEBO BMIMHYM HA BPOXAMHICTb 03WUMOI MweHuLi, Tak npu 3actocyBanHi P, K, +N i P, K, +N. ypoxaiHicTb
3epHa cTaHoBwmna BignoeigHo 51,8 u/rata 49,3 u/ra. Pesynbrat nabopaTopHUX AOCNIAXKEHDb NiATBEPAMN, WO A30THI
[o6puBa y 36inblUeHIM KiNnbKOCTi NPU3BOAATL A0 3HWXXEHHS BMICTY KpPOXMasto B 3€pHi 03MMOI MWeHMLi, 04HO4YACHO
36inbLWyoYM BMICT 6inka. KopensauiiHmii aHani3 3acBig4mMB TEHAEHL,i 0 4,0 3pOCTaHHS BPOXKaMHOCTi 03MMOIi NLEHMUL,i NpK
6iNnblLLIOMY BHECEHHI HOPM a30THWX fLOOPUB, NPOTE 33419 YHUKHEHHS MOTipLIEHHS SKOCTi NTPOAYKLiT KyNbTypu, BaXXIMBO
[OTPUMYBATUCS peKoMeHAauil. [IpakTUYHe 3HaYeHHS OTPUMAHMX Pe3yNbTaTiB NONAra€ B ONTUMI3aLil BUPOLLYBAaHHS
3epHOBMX Ky/bTyp, @ TaKoX 30i/blUeHHI iX BpOxalw B yMOBax OOMeXeHMX BOLHWMX pecypciB i 3arpo3u Mnocyxu
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Abstract. Improvement of equipment for processing vegetable and melon crops requires research on the nature
of the movement of the crushed mass to reduce material damage and obtain high-quality seeds, which will
bring the vegetable and melon industry to a new level of development. The aim of the study is to analyse the
movement of the crushed mass on the surface of the sieves of the vegetable and melon seed separator. The
nature of the movement of the crushed mass on the surface of the sieves of the proposed design solution was
substantiated on the basis of the use of methods of physics, theoretical mechanics and analysis and study of the
physical and mechanical characteristics of the technological mass. As a basic design for the study, a vegetable
and melon separator were used, the feature of which is the use of a two-screen system of sieves. In this system,
the upper sieve separates the peel, and the lower sieve separates the seeds and pulp; the pulp and juice are
the final product of the second sieve. The sieve, which performs inertial motion, helps to remove the seeds
associated with the peel. As a result of the research, the functional dependence of the amplitude of oscillations
on the frequency of oscillations for different operating modes of the separator is presented. To determine the
average speed of material movement in the technological zone of the separator, formulas are provided for
the upper screen operating in the inertial separator mode and for the lower screen operating in the vibration
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separator mode. In the context of the above-mentioned features of the proposed design solution, the nature
of the movement of the crushed mass along the surface of the inertial and vibrating screens was studied. In
the course of theoretical calculations, dependencies were obtained to determine the average particle velocity
in the working area of these sieves. On the basis of the theoretical analysis, a methodology for calculating the
main parameters of a double-screen separator was developed. The mechanical and technological properties of
vegetable and melon seeds separated by the proposed design solution were determined. In laboratory conditions,
the composition of the components of the separated seed mass was studied and analysed, which indicates
the feasibility of using the proposed design solution for the separator of vegetable and melon crops and the
practical application of the obtained theoretical dependencies for regulating its technological parameters

Keywords: inertial separator; vibrating separator; mechanical and technological properties; particle motion

INTRODUCTION

The transition to the cultivation of vegetable and mel-
on crops in private households has led to an increase
in the gap between the real producer and the achieve-
ments of the latest technologies and has significantly
limited the opportunities for the development of this
industry and the production of quality seeds. There is a
need to develop equipment for the production of vege-
table and melon seeds that can be adapted to the con-
ditions of small farms. To create and design machines
and equipment for the processing of vegetable and
melon seeds, it is necessary to theoretically substan-
tiate the nature of the movement of seeds along the
moving parts of the machine in order to prevent their
injury and increase germination.

Considerable attention has been paid to research
on the cultivation of vegetable and melon crops and
constructive solutions for seed extraction. In order to
meet the needs of modern agriculture, it is essential
to obtain high-quality seeds of vegetable and melon
crops in order to reduce costs and eliminate the need
to purchase them from third-party producers (Muk-
hopadhyay et al., 2021). Yield estimation of new varie-
ties of hybrid watermelons was paid attention to by re-
searchers A.Wahyudi et al. (2022). It was proved that the
production of watermelon seeds within an agricultural
enterprise can increase the production and income of
watermelon farmers. Seed evaluation and selection are
important steps in a plant breeding programme.

The influence of the mechanical and technological
parameters of vegetable and melon seeds on the sub-
sequent seed quality was studied by S.Kale et al. (2020),
and K. Fayzullaev et al. (2021) presented the develop-
ment of a machine for sowing vegetable and melon
crops. Tests have shown that the developed machine
reliably performs the specified technological process,
and its performance fully meets the requirements.
D. Tlevlessova et al. (2023) noted that the transition
to cultivation in households and small farms has led
to the need to introduce scientific advances and the

latest technologies for obtaining high-quality seeds.
The authors emphasised that one of the key problems of
industrial pumpkin production is the transition of pro-
duction from large agricultural enterprises to small pri-
vate farms, which currently account for more than 90%
of the total. At the same time, the transfer of production
to the private sector brings additional income to small
producers and may be their only source of income. The
current situation shows that private peasant farms
are more adapted to the specifics of market relations.

C. Osuiji et al. (2023) conducted a comparative study
between mechanised and manual seed hulling of veg-
etable and melon crops. The seeds were peeled manu-
ally and mechanically using a mechanical melon peeler
and a press machine. The efficiency of seed extraction
using these machines was evaluated. The huller was
the most efficient of the mechanised processes. The
cleaned seeds were evaluated by mechanical and tech-
nological parameters. The study showed that the choice
of a suitable variety, seed separator and packaging ma-
terial is crucial for the overall efficiency and high-qual-
ity production of vegetable and melon seeds.

Studies of the probability of seed passage through
the sieve holes indicate that by changing the geometric
dimensions of the sieve holes it is impossible to achieve
a separation level of more than 53...58%. In order to im-
prove the quality of separation, it is necessary to study
and theoretically substantiate the kinematic mode of
operation of the sieve in order to determine the range
of optimal speeds at which the content of impurities in
the mass of freshly separated seeds is minimal with the
maximum percentage of conditioned seeds that have
passed through the sieve holes. At the same time, an
increase in the relative speed of the separator sieves
above 0.23...0.24 m/s negatively affects the operation
of separation mechanisms due to the movement of the
technological mass beyond the working surface. In view
of this, there is a need to conduct theoretical studies
to substantiate the process of separating seeds from
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the crushed crust and pulp obtained during the grind-
ing of seed fruits. The kinematic scheme of horizontally
oscillating separators is almost identical. The quality
of separation is influenced by the degree of seed fruit
grinding, seed shape, shape of sieve holes, type of sep-
arator, and the nature of sieve movement. The literature
does not contain enough specific recommendations on
the design schemes of vegetable and melon crop sep-
arators, their kinematic modes, which allow intensifying
the process of separating seeds from organic impuri-
ties. Therefore, the purpose of the article was to identify
the factors that have the greatest impact on the quality
of the technological process.

LITERATURE REVIEW

The literature review provides an important analytical
overview of aspects of the entire cycle of cultivation
and processing: from a thorough study of melon culti-
vation parameters to research on improving technolo-
gies to obtain high-quality seeds. For example, Ernia-
ti et al. (2022) studied the cultivation of melons and the
optimal parameters for obtaining high-quality material.
Particular attention was paid to the growing parame-
ters, the study focused on monitoring such indicators as
air temperature, relative humidity, radiometric sunlight
intensity, plant age, leaf area, plant height to predict
leaf area and plant height for the next two days. The
author W. Nascimento (2002) noted that seed prepara-
tion and improvement can be a good option to increase
the survival rate of melon crops. Primed seeds demon-
strate better performance during germination, espe-
cially at low temperatures. The author discusses some
aspects related to seed preparation and its impact on
melon seed germination and yield formation.

In the context of the study of the full cycle of vege-
table and melon crops cultivation and seed production,
experiments on improving the environment for growing
vegetable crops were conducted by P. Mazuela & M. Ur-
restarazu (2009), who noted that there is a need to in-
crease the number of producers of vegetable and melon
seeds. Obtaining high-quality seeds helps to increase
yields, and grafting technology is also highly effective
in reducing seed injury and, consequently, yield loss-
es. The issue of automation of machinery for growing
vegetable crops was addressed by J.M. Lee et al. (2010).
Ukrainian scientists A.O. Lymar & V.A. Lymar (2012) paid
attention to the issues of melon growing in Ukraine,
who in their monograph described the technical, tech-
nological and agronomic aspects of melon growing in
Ukraine. M. Zayachuk (2012) analysed the territorial dif-
ferentiation of production of major vegetable crops in
the regions of Ukraine.Research on melon varieties that
can be grown in Ukraine was conducted by O.S. Shablya
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& 0.G. Kholodnyak (2022). They present a device for
classifying quality watermelon fruits using microwave
technology. This device converts radio frequency to DC
so that the voltage of mature fruits is higher than that
of immature ones. The experiment of K. Kuchakorn et
al.(2021) shows good separation of unripe and ripe wa-
termelons. The study paid attention to determining the
ripeness of fruits using specialised equipment and its
suitability for further seed extraction. The properties of
melon seeds as a food additive were also investigated
by B. Gutyj et al. (2017).

Studies have also been conducted on the pro-
cessing of vegetable and melon seeds. O.V. Tsurkan et
al.(2015) highlighted the hydrodynamics of the process
of filtration dehydration of freshly cleaned seeds with
vibration activation. The authors studied the effect of
pressure drop and mainly vertical vibrations on the
intensity of dehydration, and compared the calculated
and experimental values. O.V. Stanislavchuk et al. (2017)
also presented the kinetic features of vibration and fil-
tration dehydration of freshly peeled pumpkin seeds.
On the basis of the constructed graphical dependence,
the drying coefficients depending on the main pa-
rameters of the process of vibration of freshly peeled
pumpkin seeds and combined dehydration, as well as
the coefficient of relative drying, were determined. The
dependencies for calculating moisture and dehydration
time in the studied range of changes in the parame-
ters of the drying process are presented. G. Kaletnik et
al.(2020) investigated the determination of the kinetics
of the process of vibratory convective seed drying. The
research is driven by the need to solve the problem of
fast and high-quality post-harvest processing at mini-
mal cost. Existing technologies and equipment do not
provide high productivity of the drying process in the
post-harvest period or carry it out with significant time
and resources. The main objective of the study was to
determine the rational parameters of the process and
equipment for drying pumpkin seeds. The results of the
study of the intensification of vibration impact indicate
a direct correlation between the vibration frequency of
the drying chamber and the drying duration: the high-
er the frequency, the greater the intensity of vibrocon-
vection drying, as well as the reduction in drying time
with an increase in vibration amplitude. The determi-
nation of the parameters and operating modes of the
structures of new solar collectors for drying grain and
plant materials by active ventilation was carried out by
B. Kotov et al. (2019). The article presents the results
of experimental studies of the efficiency of air heating
in solar collectors with different surface shapes, de-
veloped to justify their use in agricultural equipment.
The authors also analyse the technological parameters



of a vibration centrifugal mixer and their influence on
the kinetics of the process of preparing bulk solids.
The analysis of the obtained experimental data made
it possible to establish the rational operating param-
eters of the experimental vibrating machine, provided
that the energy consumption for the organisation of the
studied process is reduced (Kaletnik & Yanovych, 2017).
Considering bulk or individual units of agricultural ma-
terial, it is important to have an accurate estimate of
the shape, size, volume, density, specific gravity, surface
area and other mechanical characteristics that can be
considered as design parameters for food production.
Measurement techniques allow for the calculation of
these parameters, which can provide information on the
impact of processing (Dobrzanski & Stepniewski, 2013).
Studies have also been conducted on the physical
properties of vegetable crops (Tang et al., 2014). Thus,
the study of physical properties of vegetable crops and
methods of their measurement is an integral part of the
field of food production and agricultural technology.

MATERIALS AND METHODS

The study used the methods of physics (Lerner &
Trigg, 1991), theoretical mechanics and analysis
(Lanczos, 1986), and the study of the physical and
mechanical characteristics of the technological mass
(State Standard of Ukraine DSTU 8439:2015, 2015). In
the course of analysing the movement of the crushed
mass on the surface of the sieves of the vegetable and
melon seed separator, a stepwise integration method
was used, which allows more precisely determining
the moments of transition of particles from one sep-
aration mode to another, from one direction of move-
ment to the opposite. On the basis of the theoretical
analysis, in accordance with the assumptions made,
mathematical dependencies were established that al-
low determining the main structural and kinematic pa-
rameters of the vibrations of a sieve separating seeds,
pulp and pulp from the crust. The theoretical study of
the movement of seeds, pulp and hull along a sieve
moving in a vibrating mode allowed to obtain formulas
for determining the acceleration, speed and movement
of the separated mass in the technological zone of the
separating device. The greatest influence on the qual-
ity of the technological process was found to be the
angle of inclination of the sieve, the frequency of oscil-
lations, the amplitude of oscillations and the angle of
additional forced oscillations. These factors were taken
into account during the experimental studies.

Using the expression that characterises the mode
of operation of sieve oscillations, the dependencies
for determining the amplitude A and frequency of
its oscillations w and the angle of additional forced
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oscillations S were derived. To carry out engineering
calculations, formulas were obtained that allow to
calculate the average speed v, of the movement of
particles of the crushed mass in the working space of
the proposed design, productivity Q and drive power
N. The determination of the mechanical and techno-
logical properties of vegetable and melon seeds sepa-
rated by the proposed design solution was carried out
using statistical analysis methods. During the study
of mechanical and technological properties, the mass
after the grinding device was considered. The deter-
mination of the percentage of suspended components
of the crushed mass of seeds entering the separation
was based on the following calculation:

Ci=< T

n
Zi=1mi

) -1000, (1)

where C, m, - percentage and weight of the i-th frac-
tion.

The interdependence of the fraction components
was determined by the formula:

— mj .
¢ = (zﬁf:lmi) 100%, )

where C/ m, - percentage and weight of the i-th com-
ponent

The methodology for determining the size and
weight, physical and mechanical parameters of seeds
and fruit elements is based on specific conditions of
experiments with the development and manufacture
of the necessary instruments and devices. Statistical
methods of research and mathematical processing are
used to distinguish natural changes from random in-
dicators. Selective statistical observation was used to
characterise the general population (all seeds of the
studied varieties) by discrete variation traits. The ex-
treme values of each observation are denoted as X
AND X .The total number of samples n for each trait
was taken as at least 50. At the same time:

n= i 1(0). (3)

The statistical series of the feature X was divided
into a number of classes N, =10 at n>50. In this case,
the class step:

t= —X’"“’;V‘k Zmin, 4)

The lower limit of the class:
X, =X . (5)

The upper limit of the class:
X=X+t (6)
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Relative frequency of observations from any k-th
class
n
Pe="%, 7)

where n,_- number of variants falling into the k-th class.
The results were checked by the expression:

ipk = 1. (8)
k=1

The average arithmetic value of a feature by class:

(Xp—1+Xp)
Xk.aver = % (9)

The statistical distribution of discrete values was
determined:

N
Xa = ZXk.aver Py (10)
k=1
The estimate of the scatter (dispersion) of the val-
ues of the random variable X around the average sta-
tistical value Ha was determined by the formula for the
mean square of the deviation (variance) S:
N 2
S= Z(Xk.ch —Xa) P (11)
k=1
To compare the spread of values near the centre

of the distribution and a random variable, the standard
deviation is calculated o:

o=+5S,

as well as the coefficient of variation or variability of
the trait v:

(12)

v=(c/X )-100%.

aver

(13)

The experience error rate should not exceed 4.0% :

_ 4
p_ix,,ﬁ

-100%. (14)

In order to determine the dynamic and kinematic pa-
rameters of the proposed design solution for a vegeta-
ble and melon seed separator, such indicators as the de-
pendence of seed deformation on the applied force, the
dependence of elongated testis lengths on the average
transverse size,and the dependence of fruit deformation
on the applied static and dynamic force are of interest.

For the mathematical description of the studied
dependencies, the least squares method was used,
followed by a check of the obtained functional de-
pendence for adequacy using Fisher’s criterion. The
functional dependence y=f(x) of the studied trait was
determined at j fixed values of the argument, with j = 4.
The repetition of the experiment at each point of the
fixed argument value was n=5. Based on the results of
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the experiments, the average value of the function at
each point was calculated, i.e:

n
7
i=1
After that, the Cochrane criterion was determined,
which confirms the accuracy of the results. At the next
stage of processing the experimental data, it was as-
sumed that the obtained dependence could be de-
scribed by a first-degree function:

S|k

Y = (15)

Y=ax+b. (16)

After that, the adequacy was checked by Fisher’s
criterion F. If the condition F,_, > F, is met, with a given
number of degrees of freedom, the hypothesis of ad-
equacy of the description of the studied dependence
by the function of the form (92) is accepted with the
level of significance recommended for research in ag-
riculture of 0.95.1f F 2 F  the hypothesis of the linear
nature of the studied dependence was rejected, its de-
scription by the following expression was used with a
repeated check of adequacy:

Y=a-X2+b-X+CorY=a-X+b-X*+c-X+d. (17)
RESULTS
Figure 1 shows the proposed design solution for a veg-
etable and melon seed separator. The final cleaning of
seeds from impurities is carried out on separate ma-
chines that are part of the technological chain after the
seed separators.

The technological process of the proposed design
solution of the vegetable and melon crop separator is
as follows: the fruits are loaded into the hopper 2 of the
chopper 3 by a special conveyor. The material crushed
by drums 4-5 falls into the screen 10. Seeds, pulp and
small equal-sized particles of peel (subgrade product)
fall on the surface of the sieve of the second screen
11. Seeds with impurities on its surface are subjected
to final cleaning, while other components are sent to
the pump 4.The presented design solution provides for
the following adjustments: the rotational speed of the
cranks and, consequently, the frequency of the screen
oscillations was changed by V-belt variators 19-20;
the angle of inclination of the sieves was changed by
adjusting the lengths of the hinge suspensions 12-13;
partitions were made to change the length of the work-
ing part of the sieve.

The separator is a system consisting of two screens.
The upper screen separates the coarse fraction of the
crushed peel, while the lower screen separates the
seeds. The remaining fractions, such as pulp, pulp parti-
cles and juice, fall into the tray. To reduce seed losses in



the peel fraction, it is advisable to use the inertial sep-
arator mode. Additional friction of the material against
the edges of the holes in the peel fraction reduces the

- 12
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seed content. The mode of the vibrating conveyor for
the second sieve is used to increase the passage of the
pulp through the sieve holes.

- seed fruits;

- crushed mass;

i crust;. 1 - frame;

- seeds; o 2 - receiving hopper;

- pulp + juice 3 - shredding chamber;

4 - shredding drum;
13 5 - wiping drum;
6 - electric motor;
7 - V-belt transmission;

8 - V-belt variator;
9 - tray;

10, 11 - decisive screens;
12, 13 - suspensions;

14, 15 - crank mechanisms;
16, 17 - articulated rods;
18 - electric motor;

19 - V-belt transmission;
20 - V-belt variator.

Figure 1. Proposed design solution for a vegetable and melon crop separator

Source: developed by the authors

To study the nature of the movement of the
crushed mass on the surface of the sieves of the veg-
etable and melon seed separator, it is necessary to an-
alyse the nature of the material movement on sieves
that perform inertial and vibratory movement. In the
context of analysing the movement of material along
an inertial sieve of a separator, Figure 2 shows a gen-
eral case of seed movement along an inclined plane.
The angle of inclination of the sieve plane to the hori-
zon a and the angle of inclination of the vibrations to

the sieve plane B are within the limits:
—§~ T<a< § T
{OSﬁsg.n. (18)
Projections of sieve movement &; ndescribed by the
system:

{f = A - Cosp - Sinwt

19
f=A-Sinf - Sinwt’ 1)

where A and w - oscillation amplitude and frequency.

Figure 2. General case of seed movement on an inclined plane
Source: developed by the authors on the basis of theoretical mechanics (Maas, 2017)

Relative material movement in projections on mov-

ing axes:
{m-x”z—m-f”—m-g-Sina+F (20)
m-y'"=-m-n"—-m-g-Cosa +N"
Substituting into the system of equations the
expressions for the projections of the force of inertia

-m &” and -m n”, obtained after double differentiation
in t equations, the system has the form:

{m-x"= m-A-w?-Cosp-Sinwt—m-g-Sina+F 21)

m-y'=m-A-w?-Sinf-Sinot—m-g-Cosa+N.

The normal reaction is determined:
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N=N{t)=m-g-Cosa-m-A-w?*- Sinp- Sinwt. (22)
Condition N(t) > 0 transforms:
. g-Cosa
Sinwt < m =Ly, (23)

or, using the concept of the operating mode factor:

_ A-w?-Sinp <1 (24)

g-Cosa
The relative equilibrium equation is as follows:
FO=FO(t)=m-g- Sina-m-A- w?- Cosp- Sinwt. (25)
The condition of relative calm is represented by:
=f, - N(t) < FO(t) < f, - N(2). (26)

Transforming the first equation of system (21), the
equation of motion of a particle on the sieve surface is
obtained:

X" = d’x _ __ sin(atp)
a2 T Cosp
) 27)
+A - w? ) Gint,
Cosp

Substituting the values of N(t) from (22) and the
value of FO(t) from (25), is determined along the axis wt
the boundary of the sub-interval of the particle staying
on the sieve surface in relative rest:

Sinwt>Z,; (28)
8, = arcSinZ,
6, = arcSinZ,

5 = {n —arcSinZ_ ato; =1

o, (Z,_- Sinwt) >0,

where the following designations are introduced:

g-Sin(atpy)

7., =gsmatp)
127 Aw2-Cos(BFpy)’

oy=Sign[Z— (B +p)]| =
_{ 1 at f+p<m/2

-1 at ﬁ+p1>%. (31)

Then the time limits for the intervals t=t¢ (k=0, 1,
2,...) can be determined from the equations:

Sinwtt=Sind*=Z2; (32)

Sinwtt =Sing* =7 , (33)

and the condition of continuous motion of the particle
on the sieve surface is:

g-Cosa
A-w?-Sinp

Sinwt > =7Z,>1 (34)

The time limits of the intervals of continuous
movement of particles on the surface of the separator
sieve are defined as:

Sinwts =Sindt =2, (35)

In the following ., 6,1 & denote the roots of the

0 T+
equations defined by the relations:

arcSinZ_ ato; =—1i.e.at B+p, >n/2,

where arcSinZ means the main value of the function ly-
ing in the interval -0.5m...+0.5m. The differential equa-
tion is transformed into a more convenient form for
further calculations:

P @ CosBTR)
T a2 T Cosp 37
. [S' t— g-Sin(atp) (37)
nw A-w?-cos(BFp))
by entering the following notation:
o=wt; (38)
a+=A.w2.M; (39)

- Cosp
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i.e.at f+p; <m/2 (36)
_ g-Sin(atp,)
Zy3 = A-w?-Cos(BFp1)’ (40)
Equation (37) will have the following form:
' =L = a, - (Sind — 2,). (41)

The values of sums and angle differences are lim-
ited to: -0.5m < (0 p) £0.5m and -0.5m < (B F p) £0.51.
Since condition (28) was accepted, the values of the
terms of equation (41) will also be limited: a,>0; Z, >0;
Z <0. For positive and negative direction, the phase
angles are 6. and §', and the phase angles of the end of
these motions are respectively &', and §". The particle
will slizde in the positive direction if the acceleration

d .
x" = d—; > 0,i.e.at



Sin§'>Z, (42)

and its sliding in the opposite (negative) direction when

the condition:
Siné' <Z . (43)

The conditions for starting a slip are indicated by:

. -Sin(a+p)
Sindy, =27, = #:(ﬁp_p); (44)
Sind,. =27_ = _gSinla=p) (45)

T Aw?Cos(B+p)’

If to each of the angles §,, and §,_ the share was
at a relative standstill, meaning that the previous slide
had already ended, therefore §,=6,, and 8’ =§_. To ful-
fil this condition, it is necessary that the projections of
velocities on the X-axis are equal to 0. By integrating
the equations of relative motion, the phase angles are
determined §,, and §,, the corresponding stopping
points for each of the displacements. When integrating,
the following relations should be taken into account:

0 =wt; dé =w-dt
,,_dzx_dx_w dx
dt?’ dt ds’

(46)

The first integrals of the equation for the intervals
of relative motion of the particle in the positive and
negative directions are respectively:

rodx _ A
dt w (47)
-[(Coséy, — Cos8) —Z, - (6 — &y )];
’ dx a_
X = E = : .
(48)
-[(Cosby_ — Cos6) —Z_ - (6 — 8,_)].

The right-hand sides of these equations go to zero
when the sliding stops, i.e., when the angles of § take
the values 8. and &' . Therefore,

Coss,, - Cos8,=Z,- (8 - 8,,); (49)

Coss, - Cosé' =Z -(86-8,). (50)

By solving the transcendental equations, the val-
ues of the phase angles &, and &~ corresponding to the
stopping of the particle when it moves in the positive
and negative directions of the X-axis are determined.
Then for this mode it can be written as:

{& =5t

' = 2m+ 5. (1)

Integrating the differential equation (41) within the
limits of x;=0:
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=t
dt w

- [(Cosdy — Cosé) —Z, - (6 — 64)].

(52)

For the negative direction of motion of the particle,
equation (41) is integrated from &' to &:

P
x dat w (53)
[(Cosé. — Cosé) —Z_ - (6 — 81)].

The moment the slide stops x;, = Z—’: = 0,the angles
§ in equations (52; 53) take, respectively, the values &
and 8 =& . After substituting these values into equa-
tions (52; 53), the equality is obtained:

Cos8' - Cos& . =Z. - (8. - 8.); (54)

Coss' - Cos8 =Z (8 - 8'). (55)

After substituting the values of §' and & from sys-
tem (35), the equality is obtained:

Cos8. - Cos(2m+8))=Z -(2m+8. - 8)), (56)
which in transformed form can be written as follows:
Coss. - Cos,=Z -[(6, - 8.) - 2m]. (57)

Equating the right-hand sides of equations (38) and
(41), the formula is obtained:

5r—68' = 2n~ﬁ, (58)
where vy is defined by the expression:
_ Z- _ Sin(a—p)-Cos(B—p)
Y= Z4 - cos(B+p)-Sin(a+p)’ (59)
The following notation has been introduced:
£ = 0i-8y _ T (60)
2 y-1

Converting the left-hand side of equation (58) with
the expression (60), the following is obtained:

. (83-6) ;
2-Sln(%)-5m€ =Z,-¢ (61)
S8 _ arcSin (%) (62)
Provided that 6*;6+ is an acute angle, then:
8i-6L . (eZy
=T arcSin (m) (63)

Grouping equations (61; 63) into a system and solv-
ing it, there will be formulas for determining the phase
angles of the beginning and end of the particle’s mo-
tion in the positive direction along the axis OX:
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oL = (n —arcSin ;ZTZ) —&; (64)

(65)

. &Z
8§ = (7‘[ - arcSln,—+) +e.
Sine

Based on the formulas, the following ratios were
formed:

Sind,, = ?Z* +Sin2e—(¢-2,)%;  (66)

x, =2 [(Coss} +2, - 84) - (85 — 8}) — (Sind} — Sind}) - Z, - B2,

x. == [(Cosd; +2_-87) - (2 + 8} — 87) — (Sind}, — Siné;) — z_ - T,

Taking into account the formulas (23; 24; 41; 44;
47-50), it is determined:

x+=2A.M.(1_L).

Cosp tge

70
\JSin%e — (- Z,)% (70)
x =2A.M.(1+E).
- Cosp tge
71
-\[Sin%e — (- Z,)% 71
Average particle velocity:
1 &% 5%
Xour =5 (L' x'dé + L’ x’d5>, (72)
A u
OT Vygpy = x+;x_, (73)

where T=21/®m.

Substituting (70; 71) into (73), the equation of the
average velocity of a particle on an inertial sieve is ob-
tained after transformations:

Vgyr =A-w - Cosf - Cose -

2 T
-[;-tgp-tgﬁ-(tgs—s+;—1]
eZy
1-(52).

The theoretical study of the nature of the move-
ment of the crushed mass on the surface of the sieve
of a vegetable and melon seed separator can be
based on various hypotheses about the impact inter-
action of a particle with a vibrating working surface:
the impact can be considered inelastic, partially elas-
tic, or absolutely elastic. Interactions in the tangen-
tial direction can be expressed by the coefficient of
instantaneous friction, which is taken from one of the
following relations. Usually, the relationship between
the velocities before and after the impact of a parti-

cle with a vibrating surface is taken from one of the
following relations:

(74)
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Siné; = 22 _ JSinZe — (e Z,)2.

tge

(67)

To determine the magnitude of the particle dis-
placements in the positive and negative directions
along the axis OX for one period of oscillation, it is
necessary to integrate equation (52) in the range
from &, to §, and equation (53) within &' =6, to
8 =2-m+8§.. It is necessary to take into account the
relationship (46).

(68)

(69)
Ve = (%)+ ={1-21) v_atly_|<

(75)

- |f‘(vy+—a—vy—)|,(og/1s1),

where v ;v - projection of the particle velocity onto
the axis of the OX, respectively, before and after the
impact; ViV, = projection of the particle velocity on
the axis OY, respectively, before and after the impact;
A — instantaneous friction coefficient equal to the slid-
ing friction coefficient f.

dx '
Vx+ = (E)_'_ = Ux- _f '

(vys —vy) sign(v ) atlv_| > (76)
f(vy+-vy-)
> [,

where f' - impact friction coefficient equal to the slid-
ing friction coefficient.

At the same time, the recovery rate of seeds when
they hit the metal surface of the sieve is numerically

equal to R = —2* |n further theoretical analysis, the

Vy—
relation between the particle velocities relative to the
sieve plane in the tangential and normal directions is
assumed to be 1 hypothesis (75).
The differential equations of particle separation at
F=0; N=0.
P

x =E=A-w2-Cosﬁ - Sinwt — g - Sina; (77)

y" = Z% =A-w?-Sinp - Coswt — g - Cosa. (78)

To obtain a complete system of relations defining
the motion of a particle, equations (77) and (78) should
be supplemented by equations (75) and (76) defining
the law of change of the relative velocity of a parti-
cle when it collides with a surface. Since in the steady-
state motion the particle systematically hits the vibrat-
ing plane, when integrating equations (77) and (78), it is
sufficient to assume the initial value of the coordinate



Y is zero, i.e., to consider the flight of the particle start-
ing from the vibrating plane. By placing the origin at
the point of the plane from which the particle flight
begins t=t, it can be assumed that the X coordinate
at the training moment is also equal to zero. As a re-
sult of integrating equations (77; 78), taking as initial
conditions:

X(tg)=0; v, =X(t)=0; y(ty) =0; v, =y'(t)=0, (79)

where v,;; v, —projections of the particle velocity, re-
spectively, on the axes OX and OY, at the moment of its
detachment from the plane at t=t.

The movement of a particle when it is detached:

v(t), = % =-A-w- Cosfi- (Coswt - Coswt)) - g-

(t-t)-Sina+v +1; (80)
x(t)=-A- Cosp - (Sinwt - Sinwt;) = 0.5 - g Sina-
(t-t)+A-w-(t-t)- Cosp- Cosot,+V. - (t - t.); (81)
v(t), = Z_Jt’ =-A-o-SinB- (Coswt - Cosot)) - g-
(t-1)- Cosa+v; (82)
y(t)= - A-Sinf - (Sinwt - Sinwt;) - 0.5 - g- Cosa-
(-t +A - (t-t;)- Sinf- Coswty+V - (t - ;). (83)

It is assumed that when a particle falls on the sieve,
both a completely inelastic (R=0) and an elastic impact
(0<R<1) are present, and that the particle can be de-
tached from the plane at time ¢, which is determined
from the condition:

g-Cosa

Babenko et al.

and the moment of particle impact on the plane can
belong to any period of oscillations of the plane, de-
pending on the values of the system parameters and
the initial conditions of motion. The moment of fall of a
particle is determined by:

y(t) =~ A-Sinfi- (Sinwt, - Sinwt;) -
(t,~t;) - Sinp- Coswty+V,

0.5-g- Cosa -

-t (85)

by converting which can be written as:

R PR , o
0 fz o 4 (Sln¢f— SlnSO) - (¢f— 60) . (COSSO + W) =0. (86)

The following notations are used in the equation:

_v(ye)
1/) T Aw Smﬁ” w: t

=6y 0 =9, (87)
This equation is transcendental. To solve it
graphically, it is necessary to plot in the coordinates
{6 =w-t; O; y} sinusoid y = Sing and a parabola
described by the expression: y = F(p) = - M
+(Cosd,+v) - (p - 8,) + Sing,. The root of equatlon (85)
is the abscissa of the intersection of the curves. Con-
ducting transformations of equations (80; 81), similar
to the transformations carried out in the derivation of
the formulas, an expression for determining the aver-
age speed of a particle on the sieve of a separator of
vegetable and melon seeds can be obtained:

Voor EA- @ - (Cosﬁ - % - Sing - tga). (88)

Figure 3 shows the interpretation of the detach-

Sinwt, = Z, = — (84) ment of a particle of material from the sieve.
A-w?-Sinp
y=Fo)

g

+1
y=Sing
/

. 8o @ -

0 Coon T 3n 2T o =wt
2 2

-1

Figure 3. Interpretation of material particle detachment from the sieve
Source: developed by the authors on the basis of theoretical mechanics (Hand & Finch, 2008)

To determine the kinematic modes of the upper
sieve, on which seeds, pulp and pulp are separated from
the crust, the expression is transformed to determine

the operating mode coefficient and the solution is per-
formed sequentially with respect to A; w; a and S. Tak-
ing the operating mode coefficient G=0.5, it turns out:
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G-g-Cosa
A=———,;
w?-Sinf

G-g-Cosa
W= [——;
A-Sinf3

f = arcSin (G'g'cos a).

Aw?

(89)

Based on the analysis of the mechanical and
technological properties of the crushed seed mass
(Bortz & Schuster, 2010), analytical dependencies
are presented that can be used for practical applica-
tion. The graphical dependence A =F(w) for different
modes of operation at different angles of applica-
tion of forced oscillations £ is shown in Figure 4. The
region of existence of the mode of particle motion

140 A (M™)

without detachment from the separator surface lies
to the left of curves | and Il. As can be seen from
the graphs, at the angle of force application f=10°,
the screen oscillation frequency should be at least
25 1/s. Reducing the oscillation frequency less than
this value leads to an unjustified increase in the os-
cillation amplitude and complication of the drive
mechanism. In the kinematic mode at an angle of
£=30°, the oscillation frequency can be in the range
of 15...20 1/s, while the oscillation amplitude will
not exceed 100 mm.

G=0.75 \ I
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Figure 4. Functional dependence of oscillation amplitude on oscillation frequency for different separator operating modes

Source: developed by the authors

It is necessary to strive to reduce the amplitude
and frequency of oscillations. This reduces the dynamic
loads on the drive elements and simplifies the design
of the separator. The authors recommend determining
the frequency and amplitude of oscillations not sepa-
rately, but investigating the relationship A- w?= F(f) or:

2 _ G-g-Cosa

4w Sinf

(90)

The graphical interpretation of expression (90) is
shown in Figure 5. The zone of existence of the mode
of sliding particles without detachment from the plane
will also lie to the left of curve I. To determine the av-
erage speed of material movement in the technolog-
ical zone of the separator, use formulas (74) for the
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upper screen operating in the inertial separator mode
and (88) for the lower screen operating in the vibrating
separator mode.

The separator capacity is determined by the formula:

Q=3600-F,-y v,_-7, (91)

aver

where F, - cross-sectional area of the rumble plate; y -
bulk mass of the material; y - filling factor.

The drive power for an inertial separator is calcu-
lated using the empirical expression:

_4107%QL
n-tgp

.(6-10-4-“’7“’2+1),
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and the drive power of the vibrating screen by the for-
mula:

where L - length of the sieve; 5 - efficiency; C - trans-
portability coefficient; k, — coefficient of specific power

c ;
N ~ ﬁ. ks L, (93)  consumption.
60A - wi(m/s?)
N 1
N N \w\ G=3.6
\ N Bk
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Figure 5. Dependency graphs

Source: developed by the authors

Based on the theoretical analysis, a methodology
was developed for calculating the kinematic and struc-
tural parameters of the proposed design solution. The
calculation sequence is as follows:

= according to the graph (Fig. 5), the values of
the amplitude A and the oscillation frequency w of the
screen and the angle S are selected, with an arbitrary
choice of the sieve angle «;

« phase angles of transition ¢ from one mode of
motion to another or from one direction to the opposite
are determined;

« determine the maximum speed for each mode,
determine the force of interaction between the seeds
and the sieve surface;

= calculate the average speed v, _; find the pro-
ductivity Q, determine the drive power N;

« if the separator capacity Q is specified by reg-
ulatory documents (technical specifications or initial

Name of the crop

peel + pulp
Cucumber “Konrurent” 41.2
Watermelon “Vognyk” 35.0
Melon “Kolkhoznitsa” 53.6

Table 1. Components of the process mass

requirements for development), the cross-sectional
area of the screen F,and then its width is determined.

To confirm the effectiveness of the proposed de-
sign solution and the feasibility of using the presented
analytical dependencies, the selected seeds and peel
with pulp were weighed alternately (State Standard
of Ukraine DSTU 7160:2020, 2020). The percentage of
each component of the crushed mass was determined
according to the following dependencies:

ms . — (M), .
¢ =(%)-100% c.=(=) 100%,(94)
¢, = 100% — (C; + C,),

where C, C, Cp - percentage of seeds, crust with pulp
and pulp in the obtained material; m, m_- weight of
seeds and the weight of crust with pulp in the crushed
mass; m is the total weight of crushed seeds. The re-
sults are presented in Table 1.

Components of the process mass, %

seeds pulp + juice
3.8 55.0
23 62.7
3.5 429

Source: developed by the authors on the basis of experimental research

The percentage of peel in the crushed mass was
determined by size group: up to 10 mm, 10-50 mm and
over 50 mm using the following formulas:

C1o = (222) - 100%;

c

Cop = (?) - 100%;
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Cro = (%) -100%; (97)
where m,, m,, m, - mass of peel and pulp of each

size group contained in the heap; m_- total mass of the

shredded peel. The results of the study of the compo-
nents of each of the fractions of the crushed mass are
presented in Table 2.

Table 2. Indicators of the crushed process mass
Crushed peel, %

Culture

till 10 mm 10-70 mm

Cucumber 12 37
Melon 11 53
Watermelon 11 57

more than
70 mm

The seed bound

to the pulp and Injured seeds, % Seeds, %
crust, %
7.5 0.5 92.0
2.4 0.35 97.25
6.6 0.4 93.0

Source: developed by the authors on the basis of experimental research

In the process of studying the mechanical and tech-
nological properties of the crushed mass of seeds, the
friction properties of the peel of vegetable and melon
crops were also studied. The values of the friction an-
gles of the peel on the following three surfaces were
determined: rubber, metal and sieve plates. Rubber,
metal and sieve plates were chosen as friction surfac-
es. When studying the sliding friction of crushed crust
particles, the latter were placed on an inclined plane of
the device with a sample of the material under study

fixed on it. The inclined plane was raised to the an , at
which the particles began to move. The sliding friction
coefficient f was determined by the formula:

f=tg(p).

The replication of the experiments for cucumber
variety “Konkurent”, watermelon variety “Ogonyok”, mel-
on variety “Kolkhoznitsa” was a hundred times, the an-
gles and sliding coefficients of the peel particles from
the studied materials are presented in Table 3.

(98)

Table 3. Sliding angles and coefficients of friction of crushed peel
Variety of crops under study

Friction surface Cucumber Melon Watermelon
material - o ..
.. friction .. friction .. friction
friction angle coefficient friction angle coefficient friction angle coefficient
Rubber plate 24°78 0.53 22°16’ 0.41 22° 59 0.42
Metal plate 18°46’ 0.34 19°57° 0.36 19°29 0.35
Sieve cloth 19°41° 0.36 21°17 0.39 21°22 0.37

Source: developed by the authors on the basis of experimental research

The presented research results indicate that the
mechanical and technological parameters of the com-
ponents of the crushed technological mass, namely the
ratio of the components of the crushed mass and the
indicators of the crushed technological mass, are with-
in the normal range. The use of the proposed design
solution and regulation of its modes in accordance with
the presented dependences of the amplitude of oscil-
lations on the frequency of oscillations for different
modes of operation of the separator and determination
of the average speed of material movement in the tech-
nological zone of the separator for the upper screen
operating in the mode of an inertial separator and for
the lower screen operating in the mode of a vibrating
separator is advisable.

DISCUSSION
The development of vegetable and melon seed pro-
duction requires the introduction of industrial models
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of machines designed for complex mechanisation and
automation of production processes. Improvement and
development of the seed production industry will help
to ensure that agricultural production is supplied with
seeds of its own production, which will significantly
reduce costs and increase productivity in the industry.
Producers of melons and gourds will be able to reduce
the cost of production of these crops if they produce
their own seeds.

Vibrating machines are widely used to separate
seeds of vegetable and melon crops. The study of mod-
elling the sieving of crops at different vibration am-
plitudes, frequencies and angles is presented (Chen &
Yan, 2019). The results show that the angle of deviation
of the vibration direction has little effect on the sieving
efficiency. Under the influence of other parameters, the
sieving efficiency first increases and then decreases. Af-
ter comparing the data, the best combination of sieving
parameters was obtained with an amplitude of 4 mm, a



vibration frequency of 13 Hz, a sieve angle of 8° and a
vibration direction angle (angle between the vibration
line and the Z-axis) of 0°. The combination of vibration
and inertial motion, as in the case of the proposed de-
sign solution, has a positive effect on the quantitative
and qualitative indicators of seed separation.

A study has been conducted on the practical applica-
tion of unbalanced vibration drives in adjustable drives
of vibrating sieves (Despotovic et al., 2019). For synchro-
nous operation of vibration drives, frequency control
of their exciting force is required, as well as operation
of vibrating screens in the so-called “superresonant”
mode. This study presents an experiment to determine
the amplitude-frequency characteristics of vibrating
screens, as well as the most important experimental
results obtained under real operating conditions. The
design solution proposed by the authors and the use of
graphs to optimise its design and operating parameters
allow increasing the seed yield and reducing its losses.

Z. Kaliniewicz et al. (2021) evaluated the relation-
ships between the main physical properties of seeds
of selected species for seed sorting purposes. Physical
properties were measured in seeds of five species, and
the existence of relationships between these traits was
determined using correlation and regression analyses.
Seeds should be separated on a sieve equipped with
at least two mesh screens with holes. The study em-
phasises the need for technical means for post-harvest
processing on farms, with vibration equipment being
particularly effective. The use of the proposed design
solution provides not only the use of the properties of
vibrating machines, but also additional work in the iner-
tial mode, which ensures high quality seed separation.

The authors M. Ohienko et al. (2010) proposed the
design of an inclined rotary separator with an irrigation
device located on the axis of rotation of the drum. The
inclined rotary separator for refining the technological
seed mass of vegetable and melon crops consists of a
frame, an electric motor, a worm gearbox, a cylindrical
mesh drum, a sprinkler, a loading and unloading tray,
which differs in that to improve the process of pass-
ing seeds through the holes of the drum and remov-
ing them outside the machine, it has an irrigation de-
vice mounted in the axis of rotation of the drum. The
purpose of the utility model is to further separate the
seeds on the rotary separator during the passage of the
crushed mass along the inner surface of the rotating
mesh drum. The peculiarity of the separator is that it
can be used as the first in the flow line for refining the
processed mass. The proposed design solution is an in-
dependent machine for the main operation of separat-
ing seeds of vegetable and melon crops, and not as a
machine for refining.

Babenko et al.

The methodology for modelling the technology
of processing the seed mass of vegetable and melon
crops can be used to determine the optimal values of
the design and operating parameters of seed separa-
tors (Shebanin et al, 2019). The researchers presented
a solution to the problem of predicting seed character-
istics using the tested method. The optimisation crite-
ria were seed loss and purity of the resulting material.
However, the machine used for the experiment was
a pressurising machine, which has a lower quality of
seed separation compared to vibrating equipment. In
addition, mathematical modelling of the technological
process is time-consuming and allows modelling only
for a certain sample of varieties of vegetable and melon
crops and does not allow predicting the results, unlike
the proposed study of the movement of the technolog-
ical mass of vegetable and melon seeds, which makes
it possible to predict the results to some extent and
choose the optimal operating modes of the separator
using the proposed graphs.

The analysis of trends in the models and types
of equipment used for different breeding volumes of
vegetable and melon seed production in the southern
region of Ukraine shows that the existing equipment
for seed selection of vegetable and melon crops in
Ukraine is energy inefficient. Significant amounts of
seeds are damaged or lost during the selection process.
When obtaining seeds of vegetable and melon crops,
there are no methods of their analysis, synthesis and
optimisation adapted to the systems of complex mech-
anisation. A. Pastushenko (2021) proposed the analy-
sis and optimisation of technical systems for the inte-
grated mechanisation of vegetable and melon seeds
production using graph theory methods, constructed
information and flow charts and incident matrices for
a prototype production line for processing fruit seeds
and producing vegetable and melon seeds. By varying
the schematic solutions and/or different variants of the
layout of system elements, structural elements and the
distance between them, it is possible to determine the
optimal technological line, in accordance with a pre-se-
lected optimisation criterion. An algorithm for opti-
mising the system is proposed, which establishes the
procedure for calculating mathematical models and
its individual elements. The efficiency criteria can be
economic, energy, technological or other characteristics
of the system. The proposed methodology is effective
for determining the optimal combination of equipment
for a technological line, but it is not adapted to deter-
mine the operating parameters of specific samples and
equipment that complete the technological line. It has
been determined that the disadvantages of vegetable
and melon separators include a significant percentage
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of injured seeds and loss of conditioned seeds, which
can be avoided by predicting the technological process
and adjusting the equipment. It can also be noted that
there is a need to improve the methods of optimising
the mechanisation of this technological process.

The experimental studies in this article allowed to
optimise the sieve angle a, the amplitude A and fre-
quency of oscillations w, the length L and the angle of
application of forced oscillations f. The surface of the
material has a negligible effect on the sliding friction
coefficient. The advantage of using the proposed design
solution of the separator is the combination of inertial
and vibrational motion of the sieves, as evidenced by the
experimental data obtained on the basis of the mechani-
cal and technological properties of the selected samples.

CONCLUSIONS
Theoretical studies have made it possible to identify the
main factors influencing the technological process and
to obtain analytical dependencies for calculating the
amplitude, oscillation frequency,angle of forced oscilla-
tions, material movement speed, drive performance and
power. The graph-analytical method of studying kine-
matic modes made it possible to determine the zones
of existence of different modes of inertial and vibratory
separator screens. Laboratory studies of the mechanical
and technological properties of the technological mass
made it possible to conclude that it is expedient to sep-
arate seeds using the proposed design solution. As a
result of statistical data processing, it was determined
that the percentage composition of the components of

The obtained theoretical dependences fully charac-
terise the technological process of seed cleaning from
pulp, pulp and hull on a two-screen separator with
different kinematic modes of each sieve. However, it is
necessary to take into account the value of the friction
coefficient (friction angle) for both the crust and the
freshly separated seeds, the data on the value of which
are not available.The absence of data on the mechanical
and technological characteristics of seeds and crushed
mass does not allow using the obtained dependencies
in further practical engineering calculations. To deter-
mine their values, it is necessary to conduct additional
experimental studies of the physical and mechanical
characteristics and dimensional and mass parameters of
various components of the crushed mass of seed fruits.

Determination of the size and weight characteris-
tics of seed fruits of a particular crop does not affect
the degree of crushing and the mechanical and tech-
nological parameters of the crushed mass. The degree
of grinding depends only on the design of the impac-
tor and the crop being processed. The size and weight
characteristics of the seeds allow to conclude that they
can be separated from impurities by the principle of
differentiation by seed length. However, it is not possi-
ble to use the same type of sieves for all studied crops.
Therefore, the prospects for further research are to de-
termine the geometry of the sieve openings and seed
resistance to static and dynamic (impact) loads and the
effect of the kinematic parameters of the separator on
the seed injury parameter.
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ty. The optimal values of the content of seeds, pulp,peel  None.
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OocnipkeHHA XxapaKTepy pyxy noapiéHeHoi Macu
rno NoBepXHi peLiT cenapaTtopa HaCciHHA OBOYEBUX Ta 6aLUTaHHUX KYNbTypP
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AHoTauif. BoockoHaneHHs obnagHaHHg Ans nepepobky 0BO4YEBOi Ta BaWTaHHOI KynbTyp NOTpebye NpoBeLeHHS
[OCNiAKeHb XapakTepy pyxy noapibHeHOT Macu O19 3MeHLWEeHHs TpaBMyBaHHS MaTepiany Ta OTPUMaHHS SKiCHOro
HaCiHHA, WO L03BONMMTbL MEPeBECTM rany3b 0BOYe-6aWTaHHULTBA HA HOBMI piBEHb PO3BMTKY. METOK AOCNIOXKEHHS €
aHani3 xapakTepy pyxy noapibHeHOi MacK No NOBEPXHi peLuiT cenapaTopa HaCiHHA 0BOYEBMX Ta HALUTAHHMX KYNbTYP.
O6rpyHTYBaHHS XapaKTepy pyxy noapibHeHOT MacK MO NOBEPXHi PeLLiT 3aNpONOHOBAHOMO KOHCTPYKTUBHONO PiLLIEHHS
BMKOHYBANOCs Ha 6asi BUKOPUCTaHHA MeTOAIB (i3nKKM, TEOPETUUYHOI MEXaHiKM Ta aHani3y i focnigxeHHs (i3uko-
MeXaHiYHMX XapaKTePUCTUK TEXHONOTYHOI MacK. B skocTi 6a30B0i KOHCTPYKLii A1 AOCNiOXEHHS BUKOPUCTOBYBABCS
cenapaTop 0BOYEBMX Ta BALUTAHHMX KynbTyp, 0COBMMBICTIO IKOTO € 3aCTOCYBAHHS ABOrPOXOTHOI CUCTEMM peLliT. B
HaBeAEeHIN CUCTEMI BEPXHE peLeTo BUKOHYE BUAINEHHS KipKM, @ HUXKHE — HACIHHS Ta Me3ru; M'aKOoTb i CiK ByayTb
niarpaTHMM NPOAYKTOM ApYroro peweta. PewweTo, Wo BUMKOHYE iHEPLUIMHUIA pYX, CNPUSE BUNYYEHHIO MOB'I3aHOMO
3 KipKOK HaciHHA. B pe3ynbTati focnigxeHb npeactaBneHa QyHKLiOHANbHA 3aN1€XHICTb aMMAiTyaAM KONMBAHb Bif,
YaCTOTU KOMMBaHb AN Pi3HUX pexXUMiB poboTu cenapatopa. [1ng BU3HAYEHHs CepefiHboi LWBMAKOCTI pyXy MaTepiany
B TEXHOJONiYHIM 30HI cenapatopa HafdaHi GOpMyan AN BEPXHLOrO rpoXoTy, WO NPALOE B PEXMMI iHEPLUIAHOIO
cenapaTopa i AN HUXHbOFO TPOXOTY, KWK MpaUlE B pexuMi Bibpocenapatopa. B KOHTeKCTi BuMLLeBKa3aHUX
0cobnBoCTEN 3aNpONOHOBAHOIO KOHCTPYKTUBHOIO pilleHHS NpoBeAeHe AOCNIAXKEHHS XapaKTepy pyxy NnoapibHeHOT
Macu No NOBEPXHi iHepLiMHOro Ta BibpauifHOro pewit. B xoai TeopeTMYHNX po3paxyHKiB OTPUMAHO 3aNeXHOCTI Ans
BM3HAYEHHS CEpeaHbOi WBUAKOCTI YaCTMHKM B pOBOYiiA 30HI 3a3Ha4YeHUX pewiT. Ha niacraBi TeOpeTMyHOro aHanisy
6yna po3pobneHa MeToAMKa pO3pPaxyHKy OCHOBHMX NapaMeTpiB ABOrPOXOTHOrO CcenapaTopa. 34iMCHEHO BU3HAYEHHS
MEXaHiKO-TEXHOJOTYHMX BNACTMBOCTEM HACIHHS OBOYEBMX Ta OalITaHHUX KynbTyp BUAINEHOrO 3a AOMOMOro
3anponoOHOBAaHOI0 KOHCTPYKTUMBHOTO pilleHHs. B nabopaTtopHux ymMoBax Oyno npoBefeHO AOCNILXEHHS CKNnagy
KOMMOHEHTIB BUAINEHOI HACIHHEBOI MacH i iX aHaNi3, IKMIM CBIAYMTb NPO AOLINBHICTb 3aCTOCYBAHHS 3aNPONOHOBAHOIO
KOHCTPYKTMBHOIO pillEHHS Cenapatopa 0BOYEBMX Ta BalITaHHMX Ky/JbTYp Ta 3aCTOCYBaHHS HA NPAKTULLI OTPUMAHMX
TEOPETUYHUX 3aNEXHOCTEN ANS PErYIOBAHHS MOro TEXHONOTIYHMX NapaMeTpiB

KntouoBi cnoBa: iHepLiiHWI cenapaTop; BibpauiiHMiA cenapaTop; MeXaHiKo-TEXHONOTIYHI BIACTUBOCTI; PyX YaCTUHKM
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Abstract. Since cattle are biologically capable of giving birth to only one calf per year, they are considered a
single-fruited animal species. One of the cardinal methods of solving the problem of accelerated reproduction
of livestock is biotechnological regulation of reproductive function in cows and synchronisation of their sexual
activity. The aim of the study is to investigate the peculiarities of the reproductive function of Red Steppe
cows under the influence of various methods of its regulation using modern hormonal agents. To evaluate
the reproductive function of cows, generally accepted zootechnical methods were used, methods of variation
statistics were used to calculate data, and biotechnological methods were used to regulate sexual activity in
cows. Based on the analysis of the state of reproduction of the cattle herd, it was established that 164-187 cows
and 85-96 heifers are artificially inseminated annually, which ensures the yield of calves per 100 cows of
89-91 heads and the annual introduction of 36 to 40 first-born calves per 100 cows. The shortened service
period contributes to both a higher calf yield and an increase in milk yield, which is a desirable production
effect. However, calving to conception interval, necessary to prepare the cow’s body for a new insemination, can
be reduced to at least 30 days. Insemination of heifers with artificial insemination devices should be started
when they reach a live weight of 314 6.5 kg, which will allow to obtain fertility from the first insemination
at the level of 73.7-77.8% and thereby prevent obesity of heifers, which mainly reduces the percentage of
fertility from the first insemination. It is necessary to establish obstetric and gynaecological examinations and
treatment of problematic replacement heifers and cows, and it is advisable to use prostaglandin F, analogues in
combination with vitamins or biologically active drugs to stimulate the sexual function of cows and heifers. The
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use of prophylactic drugs will help to synchronise the heifers’ sexual desire and increase their fertility during
insemination. And the organisation of cattle reproduction and the proposed biotechnological ways to improve
artificial insemination of the red steppe breed breeding stock will significantly improve their reproductive status,
which will increase the overall economic efficiency of the industry

Keywords: prostaglandins; sexual desire; service period; insemination index; dry period; artificial insemination

INTRODUCTION

Modern livestock farming, including cattle breeding,
requires intensive reproduction, which is impossible
without stimulating and synchronising the sexual func-
tion of heifers and cows for the full operation of the
industry, i.e. obtaining one calf per year and planned
predictable artificial insemination. Therefore, improv-
ing methods to maximise the reproductive potential
of females requires a comprehensive understanding of
the processes that control follicle development (Mel-
nik et al., 2022).

Various strategies and biotechnological techniques
are used to achieve optimal reproductive function or
reproductive health management. Although exogenous
agonists of human chorionic gonadotropin (HCG) and
gonadotropin-releasing hormone (GnRH) (A) are com-
monly used to trigger ovulation during estrous cycle
synchronisation, little is known about their effects on
the ovarian follicle (Ziecik et al., 2021).

According to A. Abbara et al. (2018a), even an ac-
curate estrus timing does not compensate for the var-
iability of the interval between its onset and the ac-
tual time of ovulation. Hormonal treatment has been
used by the authors in various studies to control the
reproductive functions of cows and heifers, which al-
lows overcoming this problem and synchronising ovu-
lation. Follicle recruitment and atresia are important
processes associated with the rate of ovulation in cat-
tle. Follicle-stimulating hormone (FSH) regulates the
distribution, differentiation and steroidogenic function
of granulosa cells and thus has a significant impact on
follicle growth and development. Although local fac-
tors such as growth factors and steroid hormones can
regulate follicular development by controlling gonado-
tropin receptor expression or modulating other related
processes, the dominant role of FSH cannot be ignored
(Abbara et al., 2018b).

According to M. Besbaci et al. (2020), one of the
strategies to improve bovine fertility is the administra-
tion of GnRH or hCG during the luteal phase, which in-
creases progesterone (P4) secretion and slows luteoly-
sis. P4 insufficiency is associated with a decrease in the
number of pregnancies per Al (P/Al), abnormally early
embryo development, and reduced maternal pregnancy
recognition signalling. The authors also found that by

inducing luteolysis in cows with PG F, -sensitive CL and
subsequent treatment with exogenous P4 at subluteal
concentrations, treatments 2 and 3 induced follicular
persistence in a large proportion of cyclical cows.
Programmes for hormonal control of the estrous
cycle of cattle were used by R.C. Bonacker et al. (2020)
for the widespread use of reproductive technologies
such as fixed-time artificial insemination (FTAI) in beef
and dairy cattle. For example, scientists demonstrate
an approach to stimulating follicular maturity by ad-
ministering PG F, and treating with a CIDR insert for
seven days before GnRH administration. Similar studies
were conducted by E.M. Cabrera et al. (2021). Holstein
cows during lactation were subjected to a double diag-
nosis (DO) procedure for the first artificial insemination
(TAl) after an independence period of 73 days. The re-
searchers concluded that administration of a dose of
hCG > 2000 IU induced a greater ovulatory response in
lactating Holstein cows than 100 uyg GnRH or 1000 IU
hCG and resulted in the greatest quantitative increase
in plasma P4 concentration between 7 and 14 days.
Therefore, the purpose of the research was to use
biotechnological methods to regulate the reproductive
function of Bos primigenius taurus females using new
generation hormonal drugs, which will have a positive
impact on reproduction management in lactating dairy
cows and will allow artificial insemination at a certain
time of ovulationand eliminate the need to detect estrus.

LITERATURE REVIEW

The difficult economic and social situation in the live-
stock sector poses great challenges for agricultural
workers to further ensure a sustainable increase in
livestock production (Gonchar & Sotnichenko, 2015;
Pidpala et al., 2018). One of the aspects of such tasks
is the use of biotechnological solutions to increase
the reproductive capacity of animals (Bezuhlyi, 2002;
Kamenska, 2013; Kruglyak, 2016).

According to M.P.Zhuravel & M.V.Davydenko (2005),
in order to obtain calves from cows every 10.5 months
and thus have a yield of 110-115 calves per 100 cows,
it is necessary to use the potential fertility of animals
wisely — with the use of biotechnological solutions -
to ensure high organisation of their reproduction. Such
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intensification of reproduction allows to increase calf
yield by at least 10-15%, increase milk productivity of
each cow by an average of 250-300 kg of milk per year,
and extend the life of animals, which is confirmed by a
number of scientists (Ponomarenko, 2005; Ugnivenko
& Demchuk, 2018; Fedorovych, 2019).

According to V. Ponomarenko (2005), the constant
growth of livestock and animal productivity is closely
related to the state of the reproductive function of the
breeding stock. The presence of pathological processes
both in the reproductive apparatus and in the whole
organism complicates the fertilisation processes, leads
to changes in the reproductive function of animals, an
increase in infertility, and the percentage of infertile
cows in the structure of the animal herd, which reduces
the level of profitability of milk production, increases
milk production costs, and increases its cost (Ostash-
ko, 1995; Zvierieva et al., 2001).

According to V.F. Stakhovsky (2009) and O.V. Krug-
lyak (2016), the main task in cow reproduction is to
intensify the reproductive function of cows, including
biotechnological solutions, prevention and elimination
of infertility. Improvement of breeding decisions in the
use of biotechnological products is also reflected in the
studies of V.M. Chukhriy et al. (1998), V.M. Nadtochiy et
al. (2011), G.P. Gryshchuk (2012). At the same time, the
use of artificial insemination of the breeding stock of
cows is proposed by VV.Vechorka (2010).

To intensify and restore the reproductive function
of cows, a variety of methods and means are success-
fully used in practice (Bushtruk, 1998; Pabat & Vin-
nychuk, 2001; Guntik, 2003). And, as a number of sci-
entists point out, stimulation and synchronisation of
reproductive function is one of the links in the com-
plex system of prevention and elimination of infertility
and increase of reproductive function of cows (Yablon-
skyi, 1995; Yablonskyi et al., 2011; Bobryk, 2020).

The use of biotechnological techniques in syn-
chronising estrus in cows has been reported by a num-
ber of American scientists. For example, J.R. Pursley et
al.(1995) reported synchronisation of ovulation time in
cattle using GnRH and PG F, . Lactating dairy cows aged
36 to 280 days after calving and young heifers aged
14 to 16 months were injected intramuscularly with
100 g of GNRH at a random stage of the estrous cycle.
Seven days later, cattle received PG F,_ for corpus lute-
um (CL) regression. Lactating cows and heifers received
a second injection of 100 uyg GnRH 48 and 24 hours
later, respectively. The lactating cows were artificially
inseminated 24 hours after the second GnRH injection.
All cows and heifers ovulated with a newly formed
dominant follicle between 24 and 32 hours after the
second GnRH injection. Ten of the 20 cows were ready
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for timely artificial insemination. Therefore, the studies
confirmed a great impact on reproduction management
in lactating dairy cows and allow artificial insemination
at a certain time of ovulation and eliminate the need to
detect estrus.

Thus, timely detection of cows in heat, regulation of
estrus with biotechnological products and elimination
of negative factors affecting cow fertility will help de-
velop appropriate measures to improve the reproductive
capacity of dairy cows, increase the frequency of preg-
nancy during the first artificial insemination and,as a re-
sult, determine the economic efficiency of the industry.

MATERIALS AND METHODS

The research was conducted in the period from 2018 to
2020 in the conditions of the Additional Liability Com-
pany (ALC) Pivdennyi Kolos of the Novo Odesa district
of the Mykolaiv region on cows of the red steppe breed
in compliance with the technological standards of use
and maintenance of farm animals (Ostashko, 1995; Be-
zuhlyi, 2002; Zhuravel & Davydenko, 2005). Also, all
ethical standards of animal treatment were observed in
accordance with the Code of practice... (2014) and Law
of Ukraine No. 3447-1V (2006). The development of the
livestock industry was analysed according to the docu-
mentation of zooveterinary and breeding records. The
results of obstetric and gynaecological examination of
195 cows were used in the work. An analysis of the rea-
sons for the shortfall in calf production in 2018-2020
was carried out in accordance with the Order of the
Ministry of Agrarian Policy of Ukraine No. 230 (2001).
The research used a technician’s calendar and a stand
for the physiological state of cow reproduction on the
farm. During artificial insemination of cows and heifers,
the rectocervical method of sperm injection into the
genital tract at the animal housing facilities and in the
artificial insemination arena was used, which is in ac-
cordance with Order of the Ministry of Agrarian Policy
of Ukraine No. 230 (2001).

Semen was used in uncoated granules and paiets,
stored at -196°C in liquid nitrogen and delivered from
the private enterprise Genetics and Selection (Kyiv).
The reproductive function of cows was studied accord-
ing to the following traits and indicators: postpartum
period; fertility from the 1% insemination; calving to
conception interval (CCl), insemination index. To study
the effectiveness of insemination of cows depending
on the period after calving (index period), all cows
were divided into 4 groups with different terms of
coming into heat and insemination according to the
insemination period after calving: Group | - up to 30
days; Group Il = 31-60 days; Group Il - 61-90 days;
Group IV - 91 days and more.



Gill et al.

To study the effect of reproductive capacity on
cow milk production, 53 cows were selected, and four
groups were formed according to the year of birth and
the serial number of their lactation in 2018, 2019 and
2020. For each animal in these groups, as well as for
the whole farm, the following milk yield traits were de-
termined and analysed: milk days, lactation yield, av-
erage daily yield, fat content and amount of milk fat.
The cows were also studied for signs of reproductive
capacity: the number of dry days, the yield and sex of
the offspring, and the duration of the calving to concep-
tion interval (CCl).

In the production environment of Pivdennyi Kolos,
the sexual activity is determined visually by the “immo-
bility reflex” when observing animals in the herd during
a walk and before morning and evening milking. Deter-
mine the sexual activity at least three times during the
daylight hours: at 6-9 am, 2-3 pm and 5-7 pm.When the
“immobility reflex” is established, animals are separat-
ed from the herd to special places for standing, where
they are kept before insemination and afterwards until
the signs of sexual desire cease.

The biometric analysis of the data was carried out
in accordance with accepted methods of analysis (Pov-
od et al., 2015). The correlation analysis of the relation-
ship between the milk production of cows of different
groups and their reproductive capacity was carried out
by the following characteristics: “dry days <> milk yield”,
“milk yield (lactation) < calf yield”, “average daily milk
yield < calf yield”, “calving to conception interval <> calf
yield”, “calving to conception interval «<» milk yield”, “milk
yield for |-VI lactation < calf yield”, using the formula:

ny_z xrley

T =

1)

@ E0) (552 ELP)

where r - the correlation coefficient, x - the first of
the indicators between which the correlation is deter-
mined, y - the second of the indicators. For the calcu-
lation, computer equipment with the Microsoft Excel
application was used.

To study the issue of regulation and synchronisation
of sexual desire of repair heifers using an analogue of
prastaglandin F, - Estrophan and its use in combina-
tion with the drugs Tetravit and Catozal, three groups of
18 heifers were formed; after their treatment with the
drugs, insemination was carried out. During the study of

Availability of cows as of 01.01. 175
Inseminated cows

Table 1. The state of reproduction of the cow population in the conditions of Pivdennyi Kolos

the effect of live weight of repair heifers on their fer-
tility, seven groups were formed by weight categories,
and to study the effect of the age of first insemination
on fertility, five groups were formed, after insemination,
the results of fertilisation from the first insemination
were calculated. The comparative evaluation of animals
of different groups in terms of the development of the
trait under analysis was carried out by determining the
absolute difference (d) between the mean values and
their errors (S,), and the level of probability of this dif-
ference (p) was determined by the standard values of
the Student’s t-test (Kravchenko, 1973). On the basis
of the research and the results obtained, the relevant
conclusions are drawn and specific proposals for pro-
duction are provided.

RESULTS AND DISCUSSION

Stable reproduction is a prerequisite for ensuring the
efficiency of cattle breeding. Milk production depends
on this to the greatest extent, as lactation activity is
inextricably linked to the full functioning of the repro-
ductive function and the production of offspring (Mot-
ta et al., 2020). The distinctive features of red steppe
cattle are their strong constitution, satisfactory milk
production, good fattening and meat qualities,and high
adaptability to harsh natural and climatic conditions.
At the same time, the animals are highly resistant to
leukaemia, tuberculosis and limb diseases. Deviations
in reproductive function in red steppe animals are
somewhat less common than in black-and-white cat-
tle. However, under conditions of industrial technology,
they often have problems with reproduction. Due to the
disturbance of the hormonal balance of the body and,
above all, the gonadotropic function of the pituitary
gland,the susceptibility to functional disorders of the re-
productive organs increases (Fricke & Wiltbank, 1999).

An analysis of the state of reproduction of the cow
population is given in Table 1, which shows that over
the years studied, there has been an increase in the
number of cows. Thus, in 2018 there were 175 cows,
in 2019 there were 185 cows, and in 2020 there were
195 cows. Every year, 96-98% of them are inseminated,
but the yield of calves is not stable and was 89 calves
per 100 cows in 2018, 91 calves in 2019, and 90 calves
in 2020, respectively. In this regard, the reasons for the
shortfall in calf yield over the past three years were
investigated.

The research year

2019
heads %
100 185 100 195 100
94 180 97 187 97
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Table 1, Continued

The research year

Cows were lodged 145
Inseminated heifers 85
Heifers were lodged 66
The first calf was introduced to the herd 64
including per 100 cows 36
Calf yield per 100 cows 89
Aborted cows 2
Stillborn calves 2
Cows lost in the first quarter 14
Incalvers which dropped out 3
Barn cows and cows, which calved IV gr.,
but were inseminated in Il gr. next year 9
Calves not received 30

Source: authors’ own development

The research revealed that 80 calves were lost in
just three years. The main reason for this in 2018-2020
was the death of 31 cows, and the second reason for
culling was cow fatness or the extension of the calv-
ing to conception interval — 23 cows. In addition, eight
pregnant cows were culled for various reasons: dis-
ease, injury, forced slaughter, etc. An important role in
the prevention of postpartum diseases and infertility is
played by obstetric and gynaecological examination, a
set of diagnostic, preventive and therapeutic measures
aimed at ensuring the normal course of pregnancy,
childbirth and the postpartum period in cows, and pre-
serving the viability of the young animals born to them.

K.Moore & W.W. Thatcher (2006) in their research
came to a similar conclusion, namely, that existing

2019
EET

83 161 87 167 86
- 92 - 96 -

- 84 - 90 -

- 81 - 86 -

- 43 - 44 -

- 91 - 90 -
1.1 3 1.6 4 2.0
14 4 2.5 5 2.9
8.0 9 4.8 8 4.1
1.8 2 11 3 1.6
5.1 6 2.2 8 4.1
171 24 13.0 26 133

intensive commercial systems for keeping lactating
dairy cows require careful management of breed-
ing, treatment and preventive measures even before
the introduction of follicular waves, CL regression
and ovulation induction in programming, which will
solve the problem of increasing the reproductive ef-
ficiency of high-yielding dairy cows. The analysis of
Table 2 shows that the number of pregnant cows on
the farm on the day of the inspection was 106 heads
or 54%, which corresponds to the norm, while 15
heads or 7.7% of problem cows were identified, which
is slightly below the norm and convincingly confirms
the existence of an established obstetric and gynae-
cological examination and prevention and treatment
of problem cows.

Table 2. The results of obstetric and gynaecological examination
of cows in the conditions of Pivdennyi Kolos in June 2020

Name of cow service operators (milkmaids)

0.M. Sirova 0.P. Moroz H.K. Bobchuk 1.V. Yefimova 0.V. Manko

Number of cows, heads 35 42 39 41 38
Incalvers, heads 23 18 25 21 19
Cows after calving, heads 4 3 5 8 6
Inseminated cows, heads 10 11 8 9 10
Problem cows (heads) through:
ovarian hypofunction 1 = 1 1 -
persistent yellow body - 1 1 - -
ovarian cyst = = 1 1 1
endometritis 1 1 1 1 1
abortion 1 - - - 1

Source: authors’ own development

which will increase the percentage of pregnant cows
in the farm. In the course of the research, it should be
noted that the gynaecological examination of cows
combines diagnostic, preventive and therapeutic

It is worth noting that at the time of the herd ex-
amination, there was an increase in the number of cows
after insemination - 48 heads, which is 24.6%, which
can be considered conditionally pregnant, respectively,
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measures, which, in turn, are aimed at timely detection
of postpartum complications, infertility and restoration
of reproductive capacity.

In their research, R.B. Walsh et al. (2007) also point
out that there are many factors that affect the time to
first ovulation and whether normal estrus and ovula-
tion cycles will be maintained, including cow breed,
parity, season, BCS (Body Condition Scoring), postpar-
tum illness and different types of feeding. The authors’
attention was focused on the link between postpartum
negative energy balance and the restoration of cyclicity
in dairy cows. Scientists emphasise the important link

Table 3. Performance of artificial insemination technicians in 2018-2020

between perinatal health and reproductive function
and performance.

Similar results were obtained by J. Denis-Ro-
bichaud et al. (2018). Prolonged postpartum anovu-
lation is a problem because it is associated with in-
creased time to first insemination and reduced risk of
conception and usually affects 20% of cows in dairy
herds and is caused by various gynaecological diseas-
es. An analysis of the work of artificial insemination
technicians in 2018-2020 found that 57-64% of cows
and 64-70% of heifers conceive from the first insemi-
nation (Table 3).

2018 year 2019 year 2020 year
heifers cows heifers cows heifers
% heads % heads % heads % heads % heads %
Inseminated 164 100 85 100 180 100 92 100 187 100 96 100
Fertilized from
insemination: 108 65.8 54 63.5 124 68.9 71 772 125 66.8 58 60.4
« the first
= the second 25 15.2 12 141 24 13.3 13 14.1 27 144 18 18.8
« the third 12 74 - - 13 7.2 - - 15 8.1 14 14.6
Calved 145 88.4 66 77.6 161 89.4 84 91.3 167 89.3 90 93.8
Not Inseminated 19 11.6 19 224 19 10.6 8 8.7 20 10.7 6 6.2

Source: authors’ own development

Thus, it was found that thanks to these biotechnol-
ogies, 36 to 40 first-born calves per 100 cows are intro-
duced into the main herd annually. At the time of the
study, the farm used bull semen frozen in the form of
open pellets or straws (paietas). The artificial insemina-
tion technician at the base farm also takes into account
additional signs of the stage of sexual cycle excitation,
which most often precede heat - general anxiety, desire
for other animals, poor appetite and reduced milk pro-
duction, back bending, increased reaction to his voice
or the milker, rubbing of the tail root, traces of mucus
on the tail and hind limbs, and the manifestation of a
hugging reflex to other cows. In addition, the artificial
insemination technician has rectal diagnostics of the
degree of follicle maturation, accurately determines the
time and frequency of insemination, the course of es-
trus and the duration of heat.

Thus, the main factors that ensure high fertility of
animals with the rectocervical method of insemination
are the massage of the genitals during their examina-
tion and insemination of the animal, which increases
uterine motility, promotes the movement of sperm
through the oviducts and accelerates ovulation. The

use of disposable sterile plastic instruments allows in-
semination to be performed under aseptic conditions
and requires little time for instrument processing. In
addition, the deep insertion of sperm into the cervical
canal prevents its backflow into the vagina, promotes
faster sperm movement and maintains a high fertilis-
ation rate. And examination of the internal genitalia
before insemination makes it possible to monitor the
development of follicles, identify sick animals and pre-
scribe timely treatment. It is particularly important to
note that this reproduction biotechnology allows for
one-time insemination of cows and heifers in one heat,
which increases the efficiency and economic feasibility
of artificial insemination.

However, the analysis of herd reproduction that
was carried out does not fully reveal the reasons for
the decline in calf yield, so the impact of the period
of time of arrival at the first heat after calving (inde-
pendence period) on the effectiveness of insemination
of cows, the impact of the number of inseminations
(insemination index) on the reproductive capacity of
cows was investigated, the analysis of which is pre-
sented in Table 4.
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Table 4. Insemination efficiency of cows depending on the period of insemination after calving

Number of cows

Lines of insemination Independence

of cows after calving heads % period, days
Till 30 days 197 35.5 28.6+2.14
31-60 days 215 38.7 543+5.18
61-90 days 125 22.5 78.6%8.01
91 and more 18 3.3 120.4+16.31
On the farm 555 100.0 54.1+7.38

Source: authors’ own development

The calculated data indicate that the average in-
dependence period in cows was 54.1 +7.38 days, the
lowest in group 1 - 28.6 £ 2.14 days, the highest in
group 4 -120.4+16.31 days, respectively. Therefore, the
calving to conception interval was the highest in the 4"
group of cows - 118.2£9.11 days, and the lowest in the
15t group - 65.1£3.15 days, while the average calving
to conception interval on the farm was 85.5+6.17 days,
which is slightly higher than optimal.

The fertility from the 1% insemination averaged
60.7%, which is a normal indicator. The analysis shows
that the highest insemination efficiency was after 61-
90 days after calving and was 73.3%, respectively. In
addition, there is a straightforward proportional rela-
tionship between the independence and calving to con-
ception interval and the insemination index. Cows that
were inseminated in the first month after childbirth had
the lowest insemination index — 1.6 #0.12 with a min-
imum independence period of 28.3 #2.15 days and a
calving to conception interval of 65.1+3,15 days, and
in cows inseminated after the 91 day, the insemina-
tion index is the highest — 3.2 #0.45 with a maximum
independence period of 120.4 # 16.31 and calving to
conception interval of 118.2+9.11 days.

In the scientific literature, there are ambiguous
statements regarding cow fertility and how much it de-
pends onthe length of the calving to conceptioninterval.
Thus, F. Lépez-Gatius (2012) points out that the reasons
for the decline in fertility are multifactorial and cannot
be attributed solely to increased milk production. In fact,
by improving feeding and housing practices, individual
milk production can be positively related to high fertility,

Fertilization from the Service period, Insemination

1st insemination, % days index
49.7 65.1+3.15 1.6%0.12
61.5 88.5+4.72 1.8%+0.34
73.3 103.1+8.51 2.1+0.27
58.8 118.2+9.11 3.2%+0.45
60.7 85.5%6.17 1.9%0.30

but heat stress, the sire bull and the artificial insemi-
nation operator remain the main factors that negative-
ly affect herd fertility. And the latter does not depend
on the duration of the period from launch to calving.
At the same time, B. Tadesse et al. (2022) obtained
the opposite results. Thus, the authors point out that
37% of cows that did not conceive during the first arti-
ficial insemination are associated with a large number
of days of stall housing and with reproductive process-
ing. At the same time, scientists link the length of the
calving to conception interval to the season of the year.
Based on the season of artificial insemination, a signifi-
cant difference in insemination in winter and spring was
found in 13% of animals. Cows that did not conceive dur-
ing the first insemination but conceived during the 2
and 3 inseminations had an average interval between
calving and insemination of 45.04 days longer than
cows that were conceived during the first insemination.
On the farm, the artificial insemination technician
practices a single insemination of cows during heat by
establishing the optimal insemination time according
to the degree of follicle maturation during rectal ex-
amination. However, it is necessary to take into account
the survival rate of sperm in the genital tract, which
is almost impossible. In this regard, according to the
instruction Order of the Ministry of Agrarian Policy of
Ukraine No. 230 (2001), it is recommended to insem-
inate twice in one heat with an interval of 12 hours.
Thus, single insemination of cows in a farm may be one
of the reasons for the decrease in cow fertility. There-
fore, the effect of the number of inseminations on the
reproductive capacity of cows was studied (Table 5).

Table 5. Relationship between cow reproductive capacity and insemination index (2018-2020)

Index Number

1
o ) . 658 385
o,
Calving is taken into account, in % 100 58.5
+
Average service period, days - 734_;;31

Source: authors’ own development
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Insemination index

2 3 4 5 and more
186 51 24 12
28.3 7.8 36 1.8

95.1+ 114.7+ 128.7+ 146.3%
412 6.28 11.13 21.31
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Thus, it was found that the insemination index -
“1”, the duration of the calving to conception interval is
74.3+3.51 days and with its increase, an increase in the
calving to conception interval is observed. And, in turn,
cows that were not inseminated after the fifth or more
inseminations had a calving to conception interval of
146.3 + 21.31 days, respectively, i.e. these cows were
problematic and were subject to rectal gynaecological
examination, or treatment and stimulation, as well as
culling for reproductive system problems.

The effectiveness of the use of artificial insemi-
nation and synchronisation of estrus is also indicated
by M.F. Sa Filho et al. (2013). Thus, the authors note
that the comparison of the reproductive efficiency of
breeding programmes that used natural service (NS),
artificial insemination after detection of estrus (ED)
and timed artificial insemination (TAI). The researchers
concluded that the inclusion of TAl programmes at an
early stage of estrus increased the reproductive capac-
ity of beef and dairy cows and reduced the number of
artificial inseminations per cow, i.e. the insemination
index was at an optimal level.

CM. Tippenhauer et al. (2021) indicate that the
number of inseminations of cows is influenced not

only by the period of insemination, but also by the type
of semen. Specifically, when artificial insemination of
cows was used between 1 and 18 hours after peak es-
trus activity, the effectiveness was highest regardless
of the type of semen (fresh or frozen). Cows inseminat-
ed within six hours before the peak estrus activity with
frozen semen had a higher insemination rate compared
to cows inseminated with fresh semen and insemi-
nated with 1-2 inseminations. Cows inseminated with
fresh semen within five hours before peak activity had
a higher efficiency compared to cows inseminated with
frozen semen; they were inseminated with 2-3 insem-
inations. And cows inseminated with frozen semen in
the period from 13 to 18 hours after peak activity had
higher fertilisation efficiency compared to cows insem-
inated with fresh semen, and it took 3-4 insemination
procedures to inseminate them.

During the experiment, the influence of reproduc-
tive capacity on the milk production of Red Steppe cows
and the dynamics of this relationship depending on the
calendar year was determined. The research has estab-
lished (Table 6) that there is a negative correlation be-
tween the duration of the period from launch to calving
and subsequent milk yield during the study period.

Table 6. The relationship between the reproductive capacity

Signs that the relationship is defined between

Dry days < Milk yelds

Milk yelds for lactation <> Release of calves
Average daily milk yield of calves <> Release of calves
Service period <> Release of calves
Service period < Milk yelds
Milk yelds for | lactation <> Release of calves
Milk yelds for Il lactation <> Release of calves

Milk yelds for Il lactation <> Release of calves

Source: authors’ own development

The reason for this phenomenon is that early cow
start-up leads to a shortfall in milk production. Then
the duration of the period from launch to calving was
brought to the optimum value of 45-60 days. There was
some difference between years in this indicator: the
lowest value of the negative correlation was in 2017,
which, as previously established, was the most favoura-
ble for the animals on this farm.

When determining the relationship between milk
yield per lactation and calf yield, a positive correlation
was found. It was particularly high in 2019, due to high
milk yields and a sufficient level of reproduction shown

of cows and their milk production for the period 2018-2020

Index coefficient of correlation by years

2019
-0.23 -0.10 -0.32
+0.07 +0.19 +0.11
+0.03 +0.10 +0.07
-0.01 +0.10 -0.12
-0.12 -0.19 -0.09
+0.07 +0.08 +0.10
+0.10 +0.05 +0.06
+0.21 +0.29 +0.19

by the cows on the farm that year. It has been estab-
lished that a higher number of offspring born helps
to increase the milk production of cows, i.e. these two
most indicative parameters have a mutual positive in-
fluence on each other, which is certainly effective for
the operation of a dairy farm.

It is worth noting that a similar trend is observed
when identifying the relationship between average
daily milk yield in cows and calf yield: a positive cor-
relation between these indicators with a similar trend,
which confirms the above conclusion about the rela-
tionship between the number of calves and the amount
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of milk produced. There is a weak positive correlation
between the length of the calving to conception inter-
val and calf yield, which was only established in 2019;
in all other years, the correlation was negative. This is
due to the fact that a shorter calving to conception in-
terval indicates a faster recovery of the cow after calv-
ing and her greater readiness for the next pregnancy.
In addition, the relationship between the duration
of the period from launch to calving and milk yield in
cows was investigated. Based on this, a negative cor-
relation was found regardless of the year under study.
This confirms the conclusion made earlier that reducing
the period from launch to calving from an excessively
long 82-90 days to an optimal 30-60 days is likely to
increase the milk yield of the farm’s cows. When study-
ing the relationship between reproductive capacity and
milk production of Red Steppe cows for a certain lac-
tation, a mutual positive influence of these traits was
established. The highest correlation coefficients were
found between the traits “milk yield for the third lac-
tation” and “calf yield” obtained from cows at this time.
Many hypotheses regarding the relationship be-
tween the level of milk production and the reproduc-
tive capacity of cows have been described by world sci-
entists. For example, a number of scientists (Patton et
al., 2007) do not link the level of cow milk yield with
their fertility. The relationship between the compo-
nents and indicators of energy balance (EB) in early lac-
tation and fertility in Holstein cows was investigated.
Milk production, dry matter intake (DMI), BCS, endocrine
and metabolite data from 96 cows were analysed using
multivariate logistic regression and survival analysis.
Fertility variables studied included the interval to onset
of luteal activity (C-LA), calving to conception interval

(CCl) and conception to first insemination ratio (CON1).
The average daily EB, milk protein content and DMI
during the first 28 days of milk production were posi-
tively related to CONZ1. Cows with lower fatness (€ 2.25)
at first insemination had lower CON1. Positive associa-
tions were found between EV, milk protein content, DMI
and the probability of a shorter interval to C-LA. Cows
with higher DMI and more positive EB had an increased
probability of a shorter CCl, while lower BCS supervi-
sion was associated with an increased probability of a
longer CCl. Thus, milk yield was not associated with any
of the fertility variables studied (Patton et al., 2007).

R.L. Nebel & M.L. McGilliard (1993), on the con-
trary, indicate correlations between reproductive traits
and milk yield, namely, higher milk yields are pheno-
typically and genetically associated with reduced re-
productive capacity in lactating cows. D. Raboisson et
al. (2014) found an average positive correlation be-
tween age and milk yield, and age and reproductive
capacity. Thus, when analysing age-related changes in
the reproductive capacity of cows, it was found that
the duration of the calving to conception interval
decreased with the age of the animals. The duration
of the period between calvings was optimal on av-
erage for cows, while its reduction with age was ob-
served. The authors noted that with increasing age of
cows, the number of inseminations for fertilisation
increased. Currently, in the field of cattle breeding,
the developed promising methods of biotechnologi-
cal regulation of sexual functions in animals through
the use of synthetic analogues of prostaglandins F,
are widely used. Data on the effect of various drugs to
regulate and synchronise the sexual desire of replace-
ment heifers are shown in Table 7.

Table 7. Use of prophylactic drugs for regulation and synchronisation of sexual desire in replacement

Raised sexual desire after processing

Purpose of the group  Quantity, heads first
heads %
Control group 18 = =
Il research group 18 7 389
Il research group 18 8 44.4

Source: authors’ own development

The experiments proved that the highest percent-
age of heifers coming into heat from the first treatment
was observed in the group where the drug Catozal was
used - 44.4%, and the second group was the group that
was injected with the hormonal drug Estrophan along
with the vitamin Tetravit - 38.9%. After 11 days, the
heifers that did not come into heat were re-injected
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Not raised sexual Fertilization from

second desire the 1% insemination
heads % heads % heads %
- - 7 38.9 10 55.5
9 50.0 2 11.1 14 77.8
9 50.0 1 5.6 16 88.9

with the drugs and the following results were ob-
tained: in both experimental groups, the same number
of heifers came into heat - nine heads each, which is
50%. Females of the control group, where heifers were
not administered any drugs at all, did not become
pregnant, and two (11.1%) animals of the second ex-
perimental group did not become pregnant after the



second treatment and one head did not become preg-
nant in the third experimental group, which is 5.6%,
respectively. In the control group (no stimulants were
used), 10 heifers conceived from the 1% insemination,
which is 55.5%, in the Il experimental group, where
Estrofan and Tetravit were used, 14 heifers conceived
from the 1t insemination, which is 77.8%, in the Il ex-
perimental group, where Catozal was used, 16 heifers
conceived from the 1%t insemination, which is 88.9%.
Various hormonal preparations are widely used for
the treatment, prevention and regulation and synchro-
nisation of the reproductive function of cows in the
world. The use of biological products after calving cows
reduced the risk of uterine subinvolution, endometritis
and mastitisand improved the reproductive performance
of cows. It has been shown that after the use of Salus-
PE, 100% of cows are inseminated, of which 60% are in-
seminated in the first heat and 40% in the second heat.
The fertilisation index was 1.4 (Barkema et al., 2015).
AW. Jonczyk et al. (2022) confirm the effective-
ness of the method of intracellular administration of
drugs/hormones, which can be a common tool for cat-
tle reproduction. Arab scientists recommend the use of

Gill et al.

cloprostenol, which is an analogue of prostaglandin F2
(PG F2), but obtained synthetically, which acts as an ag-
onist of the FP receptor and can cause luteolysis. Luteol-
ysis is a key event in Ovsink’s programmes for lactating
dairy cows. The authors note that 20% of cows treat-
ed in the Presink/Ovsink programme experienced de-
layed or incomplete luteolysis with dinoprost trometh-
amine. Cows need to have complete luteolysis to have
a chance of getting pregnant (Shahzad et al., 2023).

The next stage was to study the effect of treatment
of repair heifers with biologically active preparations
(Estrofan + Tetravit, Catozal) on their reproductive ca-
pacity after calving and milk production (Table 8). It
was established that the use of Estrofan together with
Tetravit and Catozal does not reduce the milk yield of
first-born cows, since according to the results of control
milk yields for the first month in this group, the average
daily yield was 16.7 kg, for the second - 18.1 kg and
for the third - at the level of 17.9 kg. Further, analys-
ing the service period for the first-born group, it was
found that the minimum was 30 days, the maximum
was 86 days, and the average for the group was almost
58 days, which is typical for this farm.

Table 8. Influence of prophylactic drugs on reproductive capacity and milk production of repair heifers

Date of Sex of Date of last Service Control yield of milk, kg
calving offspring  insemination period, days 2

Mayka 124 20.01 heifer 6.06 76 15 19 20
Kvitka 262 21.01 heifer 20.02 30 17 19 18
Galka 420 22.01 heifer 15.03 49 17 18 17
Ruchka 164 23.01 bull-calf 19.04 86 13 15 14
Rosa 664 23.01 bull-calf 16.03 50 20 22 23
Litnia 652 24.01 bull-calf 26.03 61 19 18 17
Chereshenka 518 25.01 bull-calf 17.03 51 17 18 20
Mala 428 26.01 heifer 17.03 51 18 17 16
Pava 162 28.01 bull-calf 16.03 50 12 15 16
Sova 540 29.01 bull-calf 14.04 75 19 20 18
Average by group 57.9 16.7 18.1 17.9

Source: authors’ own development

Planned reproduction of cattle involves the regu-
lation of the estrous cycle and the use of artificial in-
semination. Cycle control involves the administration
of exogenous progesterone for 5-8 days in a controlled
manner, which allows females to synchronise their
ovulation (Helbling et al., 2018). Synchronisation of es-
trus using prostaglandin F, (PG F, ) and a combination
of PG F,, and gonadotropin-releasing hormone was
also used in Indonesian research. The estrus response
can be enhanced by providing PG F, and a combina-
tion of PG F, -GnRH to allow for precise timing of mat-
ing using artificial insemination. Therefore, scientists

concluded that the use of PG F, was more effective
for the duration and intensity of estrus, and the PG F, -
GnRH combination was more effective for stimulating
estrus (Astuti et al., 2020).

A. Ayad et al. (2015) in the research used norges-
tomethate Crestar on estrus synchronisation and repro-
ductive function of dairy cows. Treatment with norges-
tomethate Crestar, which was carried out for 9-10 days,
did not improve the reproductive performance of dairy
cattle. Nevertheless, the authors point out that this hor-
monal protocol can be used to obtain high estrus rates in
cows to correctly determine the time of insemination. In
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additiontothe above studies,the influence of liveweight ~ were formed depending on their live weight at the first
of repair heifers on the results of artificial insemination  insemination (Table 9), using thawed semen from the
was studied. For this purpose, seven groups of heifers  red steppe bull Pilot 1069 by the rectocervical method.

Table 9. Influence of live weight of repair heifers on their fertilisation after artificial insemination

Fertilized from the 1% insemination
Weight category, kg Average weight, kg Nu?:\';::n?rf‘:é 2B Heads %

Up to 280 271%6.3 17 8 471
281-300 292+4.7 21 14 66.7
301-320 314%6.5 19 14 73.7
321-340 328%9.2 12 9 75.0
341-360 35277 9 7 77.8
361-380 375%3.8 7 5 71.4

381 and more 393+5.2 6 4 66.7
Total - 91 61 67.0

Source: authors’ own development

It was established that the first group of heifers had  live weight, there is a decrease in the percentage of
an average live weight of 271 +6.3 kg and 8 heads, or  fertilisation from the first insemination, which in the
47.1%, were fertilised from the first insemination in this  group of heifers weighing 393 £5.2 was 66.7%. Since
group. The second group of heifers weighed 292 +4.7 live weight does not sufficiently reflect the optimal
kg, and 66.7% of this group were fertilised from the time of insemination of heifers, therefore, in further ex-
first insemination. The highest percentage of fertilisa- periments, the effect of the age of first insemination on
tion - 77.8 was in the fifth group of heifers with a live  their fertilisation was studied. For this purpose, heifers
weight of 352 £7.7 kg, and further, with an increase in  were selected and 5 age groups were formed (Table 10).

Table 10. Influence of age at first insemination on fertility of replacement heifers

Fertilized from the 1 insemination

Number of heads

Age group, months Average age, months P———— p— -
16-18 175%15 18 14 77.8
19-20 196+1.1 29 21 724
21-23 221+18 24 15 62.5
23-24 234+10 15 9 60.0

Elder than 24 months 26.8%2.7 5 2 40.0
Total = 91 61 67.0

Source: authors’ own development

Analysis of the table data shows that in the first  waiting period (VWP) and reducing the number and
group of heifers the average age was 17.5+1.5 months.  variation of days to conception after cows become
It was established that during artificial insemination, eligible for pregnancy (Stevenson & Britt, 2017,
14 out of 18 heads were fertilised from the first in-  Stangaferro et al., 2018; Fyl, 2020). Through the in-
semination, which is 77.8%; this is the highest fertility = troduction of reproductive management programmes
rate from the first insemination. With increasing age  and technologies that better control artificial insem-
of heifers, there is a decrease in fertility from the first  ination rates and significantly increase pregnancies
insemination, which was the lowest - 40% in heifers  per artificial insemination (P/Al) for the first and sub-
with an average age of 26.8 2.7 months. sequent artificial insemination operations. Therefore,

Many global scientists have concluded that combining an effective management programme with
achieving pregnancy for lactating dairy cows in the a service period that optimises the time to pregnancy
range of every 365 days optimises profitability for during lactation can be a feasible strategy to increase
most cows and depends on the length of the voluntary  herd profitability.
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The use of synchronisation programmes is a stand-
ard component of efficient cow management in dairy
herds. Many of them are based on measures that allow
for timed insemination (TAIl) to avoid the practical dif-
ficulties associated with detecting cows in heat. Almost
all of the measures involve injections of prostaglandin
F,, (PGF) and gonadotropin-releasing hormone (GnRH)
at strategically timed intervals, which determines the
economic efficiency of the industry as a whole.

CONCLUSIONS

The analysis of the reproduction status shows that
there is an annual shortfall in calf production, and
the main reasons are: cow retirement, as well as beef
cows and cows with an extended calving to conception
interval. It has been established that pregnant cows
left the herd for various reasons, such as injuries, dis-
eases of various types, forced slaughter, etc. Reducing
the calving to conception interval will contribute to
a higher calf yield in cows, which has a positive im-
pact on milk production. At the same time, it should be
borne in mind that the calving to conception interval
can be reduced to a number that is not less than 30
days, i.e. the period required to prepare the cow’s body
for new insemination.

The calculations of the correlation coefficient be-
tween the main signs of reproductive capacity and milk
production of Red Steppe cows allowed us to establish
a mutual positive influence between them. The con-
clusion made earlier about the best functioning of all
organs and systems of the cow’s body during the third
lactation was confirmed. It also confirms the statement
about the plasticity of the cows’ organism and their ac-
tive response to the favourable conditions of a particu-
lar year by increasing productivity and fertility. It has
been established that the use of prophylactic drugs

Gill et al.

contributes to the synchronisation of heifers’ sexual
desire and increases their fertility during insemination.
The latter should be started when heifers reach a live
weight of 314£6.5 kg, which will allow to obtain fertil-
isation from the first insemination at the level of 73.7-
77.8%,and an increase in heifer weight leads to obesity,
and therefore reduces the percentage of fertilisation
from the first insemination. The optimal age for artifi-
cial insemination of heifers is 17.5+1.5 months, and an
increase in the age of heifers leads to overgrazing and
culling them from the farm.

To diagnose problem cows in terms of reproductive
function, it is worthwhile to conduct an early check on
the 25-30t™ day of pregnancy in inseminated cows using
ultrasound diagnostics. It is necessary to establish ob-
stetric and gynaecological examination and treatment
of problematic replacement heifers and cows, and it is
advisable to use prostaglandin F, analogues in com-
bination with vitamins or biologically active drugs to
stimulate the sexual function of cows and heifers. The
maximum number of Red Steppe heifers should be
inseminated at the age of 16-18 months with a live
weight of 314-360 kg to achieve a fertility rate of 75-
77% from the first insemination. The prospect of further
research on this topic may be the search for new insem-
ination programmes that can increase the level of these
two hormones during oestrus, which can help solve the
problem of low fertility in lactating dairy cows.
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AHotauig. Ockinbku Benuka porata xygoba 6ion10riyHO 34aTHA HApOAXKYBaTW ULIE OfHE Tens B PiK, ii MPUIAHATO
BBAXXAaTW OAHOMAIAHMM BUAOM TBapuH. OOHWM i3 KapAuHanbHWUX METOAIB BUPilIEHHS NpobnemMu MPUCKOPEHOTO
BiATBOPEHHSA Xyn06u € 6ioTexHoNOriYHa perynauis BiATBOPIOBANbHOI QYHKLT Yy KOPIB Ta CMHXPOHIi3aLig ix cTaTeBoi
OX0TW. MeTOoK [AOCNIMKEHHS € BMBYEHHSI 0COBNMBOCTEN penpoayKTMBHOI (YHKLii KOpiB 4Y4EpBOHOI CTEMOBOI
nopoau nig, BAJAMBOM Pi3HUX METOAIB ii perynauii i3 3acToCyBaHHAM Cy4aCHWX rOPMOHANbHUX 3aco6iB. 11 OLiHKK
BiATBOPIOBANbHOI QYHKLIT KOpPiB BUKOPUCTAHO 3arasbHOMPUMHATI 300TEXHIYHI METOAMKM, AN 0BpaxyHKy AaHMX
3aCTOCOBAHO METOAM BapialiMHOi CTaTUCTMKK, @ ANS perynsuii ctateBoi 0XoTu y KopiB BioTexHonorivyHi Metoan. Ha
OCHOBI aHani3y CTaHy BiATBOPEHHS CTafa BEMKOI poratoi Xxyfobu BCTAHOBNEHO, WO WOPIYHO WTYYHO OCiIMEHSOTb
164-187 kopiB, 85-96 Tenuup, Wwo 3abe3zneyye Buxia npunnogy Tenst Ha 100 kopis 89-91 ronis i WopivyHe BBEAEHHS B
cTapo Big 36 no 40 nepeictok Ha 100 kopiB. 3abe3neyeHHs CKOPOUYEHHS CepBiC-Mepioay CNpusE K 6inblIOMY BUXOLY
TENAT y KOPiB, TaK i 30iNblUEHHI0 HAZOIB, WO € 6axaHUM BUPOOHMUMM edekToM. OfHaK nepiod HeobXifHUM ans
NiAroTOBKM OPraHi3aMy KOPOBW [0 HOBOIO OCIMEHIHHS MOXHA CKOPOTUTKM K MiHiMyM 80 30 AHie. OciMeHiHHS Tenuub
anapaTaMu LUTYYHOro OCIMEHIHHS CNif MOYMHATM NPU OOCATHEHHI HUMM XMBOI Macu 314 £6,5 kr, WwWo 003BOAUTD
OTPMMATH 3aMNifHEHICTb Bif NEPLUIOrO OCIMEHIHHS Ha piBHI 73,7-77,8 % i TUM CaMUM ynepeanTn OXUPIHHS TeNuLb,
yepes WO B OCHOBHOMY 3HWXKYETbCS BiACOTOK 3anifHEHOCTI Bif Meploro ociMeHiHHa. HeobxiaHO Hanarogutu
AKYLIEPCbKO-TIHEKOMONIYHY AMCNAHCEPU3aLit0 Ta NiKyBaHHS NPOBNEMHMX PEMOHTHMX TeNWUb i KOpIiB, @ TakKoX
AOUINbHO BMKOPUCTOBYBATH aHaNorM npocrarnaHanHy F, B Komnnekci 3 BitaMiHamMu abo 6ionoriyHo akTMBHUMM
npenapaTtamu 3 MeTol CTUMynALii cTaTeBoi QYHKLIT KOpiB i Tenunub. 3aCTOCyBaHHS NPOdinakTMUHMX Mpenaparis
byne CnpusaTM CUHXPOHI3aLii cTaTeBOro NOTAry TENULb Ta CNPUATU NiABULLEHHIO iX NAOLKYOCTI Nif YaC OCIMEHIHHSA. A
OpraHi3auis BiATBOPEHHS CTafa BEIMKOT poratoi xyaobu Ta 3anponoHOBaHi 6i0TEXHOMOTIYHI LWASXM BAOCKOHANEHHS
LUTYYHOro OCiMEHiIHHS MAaTO4YHOro MOroniB’'s YepBOHOI CTEMOBOI MOPOAM 3HAYHO MOKPALMTD iX BiLTBOPHOBANbHUM
CTaTyC, WO NiABULLMTL B LLINOMY EKOHOMIYHY ePEKTUBHICTb ranysi

KniouoBi cnoBa: npocrarnaHamHu; CTaTeBa 0X0Ta; CEPBiC-Nepioa; iHAEKC OCIMEHIHHS; CyXOCTIMHUI Nepioa,; WTy4He
OCiMEHIHH$
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Abstract. Winter wheat is one of the most important crops in Ukraine, and modern varieties have the potential
to produce high yields under favourable conditions. The realisation of the genetic yield potential of a variety is
the result of a complex interaction of genotype and environmental variables. In order to find effective sources of
resistance, a collection of winter wheat accessions of different ecological and geographical origin was studied.
The research was conducted in 2017-2019 in the Right-Bank Forest-Steppe, and the analysis of plant resistance
of the winter wheat collection of the National Centre of Plant Genetic Resources of Ukraine was tested against
a synthetic infectious background of septoria, brown rust and smut as opposed to the natural background of
powdery mildew, leaf yellowing (pyrenophorosis) and other root rot. The collection of 32 varieties was represented
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by 9 countries, most of them of Ukrainian origin. In the field, on artificial and natural infectious backgrounds, we
identified varieties characterised by group resistance to pathogens of major diseases. The studies of adult plant
resistance under conditions of infectious natural background and the use of the method of artificial complex
infectious background have established that it is possible to investigate and identify sources of resistance to both
individual pathogens and a complex of pathogens.As a result,no accessions were found to possess group resistance
against the six pathogens presented. The selected varieties, Zdoba Kyivska, Vykhovanka Odeska and Feonia, can
be used as sources of group resistance, which allows for excellent breeding efforts leading to the development
of resistant wheat varieties. The selected sources are suitable for inclusion in breeding programmes as starting
material for the development of modern high-yielding winter durum wheat varieties resistant to diseases and
other environmental factors

Keywords: wheat samples; artificial infection background; group resistance; plant damage; hydrothermal

coefficient

INTRODUCTION

Plant diseases are a factor of great importance in re-
ducing the amount of food available and increasing its
cost. Due to the tremendous growth rate of the world’s
population, the problem of food will continue to grow.
The development of resistant varieties would be the
ideal solution to the problem of diseases. However, it
is not always possible to control important diseases
through resistant varieties alone (Motsnyi et al., 2022).
However, many diseases can be controlled by combin-
ing resistance building with the use of reliable fungi-
cides. Even partial or temporary resistance often reduc-
es spraying costs (Mykhaylenko & Jam, 2022).

The problem of agricultural plant immunity has
been relevant to researchers for a long time. This is
due to the large losses caused by various diseases and
pests to agricultural production around the world, in-
cluding Ukraine. One of the most effective and envi-
ronmentally friendly ways to combat this is to develop
resistant varieties that are genetically engineered to
resist diseases and pests. This approach is economical-
ly viable and reduces losses in agriculture. The same
opinion is shared by O. Shevchuk & S. Mykhaylenko
(2022) in their research on the resistance of wheat
samples to a complex of pathogens.

Plant resistance to disease arose as a result of a
long evolutionary process. This mechanism has evolved
in different centres of plant origin over thousands of
years.When plants acquired resistance genes,pathogens
could still attack them due to the emergence of new
physiological traits resulting from hybridisation, muta-
tions, heterokaryosis and other processes. This approach
allowed plants to adapt to a changing environment and
provide greater resistance to disease (Lisova, 2021).

Breeding for immunity is based on the same prin-
ciples as breeding for other plant characteristics, but
it is much more sophisticated and specific. The main
elements of this methodology are regular monitoring

of the pathogenic environment, studying the morpho-
logical and physiological properties of populations of
particularly dangerous pathogen species, objective as-
sessment of the immunological characteristics of va-
rieties and hybrids, establishing plant-pathogen inter-
actions, and identifying and selecting highly effective
sources and donors that are adapted to specific zonal
conditions (Langridge & Reynolds, 2021).

Successful breeding mainly depends on the avail-
ability of high quality source material, where donors
with high efficiency, especially those with dominant
resistance genes, are a key factor. Existing varieties of
Ukrainian and Western European breeding can serve as
resistance donors. At the same time, it is important to
create sustainable source material that is not only re-
sistant to pathogens, but also has other economically
valuable characteristics and properties (Miedaner &
Juroszek, 2021).

Developing varieties with high resistance requires
specialised breeding programmes that select only the
most resistant plants. The main objective of these pro-
grammes is to develop methods for creating controlled
infection conditions to assess the resistance of the ma-
terial under study at all stages of the breeding process
(Mahdavi et al., 2022).

Thus, through the breeding approach, it is possible
to add resistance characteristics to various pathogens
to wheat varieties. An important factor is the diversity
of genetic composition in donors, which contributes to
effective selection for immunity. A key role in solving
this problem is played by the source material from the
world’s collections, which contains a wide range of im-
mune plant forms. Both cultivated and wild relatives
of wheat are the main sources of genes that provide
resistance to pathogens, which is important for one of
the key crops - wheat. Therefore, the aim of the work
was to study the source material of the winter wheat
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collection and search for effective sources with group
resistance to major pathogens.

MATERIALS AND METHODS

Based on the results of previous research conducted at
the Crop Immunity Laboratory of the Institute of Plant
Protection (IPP), a technology for creating an artificial
complex infection background (ACIB) was developed.
This background includes the pathogens of brown rust,
leaf septoria and cercospora root rot caused by powdery
mildew in winter wheat plants (Golosna et al., 2019).
A method of artificial infection of winter wheat plants
with hard smut was also developed. Protection against
smut infestation is necessary because these diseases
are very harmful: they cause the formation of spore mass
instead of grain, reduce plant resistance to other neg-
ative environmental factors and degrade crop quality.

In the period from 2017 to 2019, in the conditions
of the Right-Bank Forest-Steppe, at the research farm
of the Institute of Plant Physiology and Genetics of the
National Academy of Sciences of Ukraine (NAS) in the
village of Glevakha, Kyiv Region, the resistance of the
winter wheat collection presented by the National Cen-
tre of Plant Genetic Resources of Ukraine was assessed.
This evaluation was conducted using an artificial in-
fection background that included Septoria, brown rust
and hard smut against a background of natural spread
of powdery mildew, yellow leaf spot (Pyrenophora) and
root rot. The collection included 33 accessions from
9 countries. The majority of them were of Ukrainian
breeding (20 varieties), while the rest were represented
by Russia, Hungary, the Czech Republic, Bulgaria, Lithu-
ania, the Netherlands, the USA and Kazakhstan.

The artificial infection backgrounds for leaf blight

and downy mildew were created at the optimum time
for plant infection. The assessment of resistance-sus-
ceptibility to leaf diseases and downy mildew was car-
ried out during the phase of maximum disease devel-
opment using the 9-point immunological scale used in
the member countries of the Council for Mutual Eco-
nomic Assistance (CMEA) during the peak development
of the disease, where 9 points corresponded to very
high resistance and 1 point - to very high susceptibility.
The assessment of root rot damage to plants was car-
ried out according to the method of A.F. Korshunova at
the stage of milk-wax ripeness (Golosna et al, 2019).
The use of infectious material of pathogens of different
diseases on the same plant material makes it possible
to identify samples with signs of group resistance (Hov-
meller et al,, 2021).

The study complies with all ethical standards in
accordance with The Convention on Biological Diversi-
ty (2022). However, it is worth noting that in the period
2017-2019, the experimental plots experienced unfa-
vourable conditions for the development and spread of
cercospora root rot. Therefore, the surveys were carried
out for the whole complex of root rot, due to the fact
that the laboratory staff of the Institute of Plant Pro-
tection of the National Academy of Agrarian Sciences
(IPP NAAS) annually create an artificial population of
brown rust, septoria and cercospora root rot pathogens
to form an artificial complex infectious background.

RESULTS AND DISCUSSION
Analysis of the resistance of the collection of winter
wheatvarietiesto the main leaf diseases indicated a high
level of powdery mildew infection in 2017, which was
54.5% against the background of provocation (Table 1).

Table 1. Damage to wheat plants by major diseases in 2017-2019, %

The causative agent of the

disease 2017
Powdery mildew 54.5
Septoria 448
Pyrenophorosis 48.4
Hard smut -
Root rot 11.3

Source: authors’ development

On artificial infectious backgrounds, the develop-
ment of septoria was at the level of 44.8%, and pyreno-
phorosis - 48.4%. When analysing the weather condi-
tions in 2017, the first and second ten-day periods of
May were weak in terms of moisture, and only in the
third ten-day period was the moisture level optimal,
with a hydrothermal coefficient of 1.2 (HTC) (Fig.1).The
whole of June was almost without precipitation, and
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Year of accounting

2018 2019
18.0 39.2
53.4 63.3
354 20.3
55.2 784
19.6 104

the moisture level was weak. The first and third ten-day
periods of July were characterised by optimal moisture
levels.In 2018, the development of powdery mildew was
three times lower - 18.0, the development of Septoria
was 13.4% higher and the development of Pyrenophora
was 13% lower compared to 2017. This year was char-
acterised by excessive moisture in the second and third
decades of June and in July. In 2019, powdery mildew



development was at 39.2%, with the highest develop-
ment of Septoria at 63.3% and the highest develop-
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ment of Pyrenophora at 20.3%. In May-July, the growing
season was characterised by optimal moisture levels.

HTC 2017
—a—HTC 2018

June July

Figure 1. Hydrothermal coefficient (HTC) values over the years of research, 2017-2019

Source: authors’ development

In a separate area of the collection, an artificial
background of hard smut was created: in 2017, the de-
velopment of the disease was 55.2%, in 2018 - 78.4%.
There are only two varieties: Vykhovanka Odeska and
Feonia were resistant to the pathogen, while all the
others were affected by the pathogen Tilletia caries.
During the years of research, no brown rust epiphy-
toties were observed on the winter wheat collection
due to the avoidance of infection. In 2017, the devel-
opment of the disease did not exceed 5%, in 2018 - up
to 20%, in 2019 - 37.0%. One of the reasons is weath-
er conditions. Only 7 varieties showed susceptibility
to the brown rust pathogen: Erythrospermum 308-10,
Borovytsia, Zoloto Ukrainy, Zelenyi Hai, Afina, MV Nador,
OR 2070011. The evaluation for root rot was carried
out against a natural background. Due to the low level
of moisture in the periods optimal for root rot path-
ogens, a low level of infection was observed. In 2017,
the development of rot was at 11.3%, in 2018 - 19.6%,
and in 2019 - 10.4%. Over the 3 years of research, 14
varieties were found to be resistant. Among them: Bu-
zhanka, Borovytsia, Talisman, Polianka, Koliada, Pochay-
na, Zdoba Kyivska, Niva Odeska, Vykhovanka Odeska,

Zelenyi Hai, Feonia, Ershovska 11, Manella, OR 2070011.
According to the results of evaluations over the years
of research, 12 varieties characterised by resistance
(points 6-7) to powdery mildew were identified: La-
dyzhynka, Koliada, Pochayna, Zdoba Kyivska, Niva Odes-
ka, Vykhovanka Odeska, Afina, Feonia, Magia, Dagmar,
Lucio, Turkoaz. None of the accessions showed resist-
ance to Septoria. The following were characterised by
weak susceptibility (point 5): L 137-26-0-3, L 137-26-
0-2, Erythrospermum 308-10, Kalancha, Krasnopilka,
Serpanok Kyivskyi, Zdoba Kyivska, Feonia, Ershovska 11,
MV Pengo, Manella. Resistance to the pathogen of pyr-
enophorosis was shown by 17 accessions: L 137-26-0-
3, Erythrospermum 308-10, Buzhanka, Kalancha, Kras-
nopilka, Talisman, Polianka, Koliada, Pochayna, Zdoba
Kyivska, Niva Odeska, Vykhovanka Odeska, Zelenyi
Hai, Afina, Dagmar, Lucio, Turkoaz. The immunological
evaluation of the varieties over the years of research is
presented in Table 2. It is important for the selection of
varieties to have resistance to several phytopathogens
at the same time. Among the collection under consid-
eration, there are varieties that show resistance to one,
two, three, four and even five pathogens.

Table 2. Resistance of varieties to various pathogens (average for 2017-2019), points

Variety name Powdery mildew Septoria
1 L 137-26-0-3 6.67* 6.00"
2 L 137-26-0-2 6.67* 5.67*
3 Erytr. 308-10 6.00 5.67*
4 Buzhanka 6.33 5.00
5 Borovytsia 6.33 4.67
6 Ladyzhynka 7.33% 5.00
7 Vinok Podillia 6.67* 5.33*
8 Kalancha 6.00 5.00
9 Krasnopilka 6.00 5.00
10 Zoloto Ukrainy 6.00 5.67*
11 Serpanok Kyivskyi 7.00* 5.33*

Pyrenophthora Root rot Brown rust
7.00* 4.19 3.50 8.00"
6.67 5.48" 2.50 8.00"
6.67 5.88" 4.50 6.00
6.67 3.54 3.50 8.50"
6.00 2.88 3.50 6.50
6.33 451 2.50 8.00"
6.67 5.56" 5.00 7.00
7.33* 412 5.50 7.50*
8.00" 5.62* 3.00 7.00
6.00 5.49* 3.50 7.00
6.33 4.47 2.00 8.00"
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Variety name Powdery mildew Septoria

12 Talisman 7.00* 5.33*
13 Polianka 7.00* 5.00
14 Koliada 7.33* 5.67*
15 Pochayna 7.33% 5.67*
16 Zdoba Kyivska 7.67* 5.33*
17 Niva Odeska 7.00* 5.33*
18 Nasnaha 6.00 4.67
19  Vykhovanka Odeska 7.50* 5.00
20 Zelenyi Hai 4.67 4.33
21 Afina 7.50* 4.00
22 Nastia 6.67 5.33*
23 Feonia 7.33* 5.00
24 Magia 7.50* 5.50*
25 Ershovska 11 7.00* 5.67*
26 MV Pengo 5.67 5.00
27 MV Nador 7.33* 4.67
28 Dagmar 7.67* 5.00
29 Lucio 8.00* 5.33*
30 Turkoaz 7.33* 5.00
31 Manella 6.33 5.00
32 OR 2070011 5.00 4.67
33 Podolianka, St 6.00 6.33"
X average. 6.72 5.19

HIP 0.91 0.63

Notes: * - high resistance point
Source: authors’ development

The following varieties were resistant to one
pathogen: Buzhanka, Nasnaha, Zelenyi Hai, MV Pengo,
OR2070011. Resistance to two pathogens was shown
by 9 varieties: Erytr. 308-10, Ladyzhynka, Kalancha,
Krasnopilka, Zoloto Ukrainy, Polianka, Afina, MV Nador,
Manella. Among the studied varieties, the following
showed resistance to three pathogens: Vinok Podillia,
Serpanok Kyivskyi, Niva Odeska, Nastia, Magia, Dagmar,
Lucio, Podolianka Standard. The following varieties
were highly resistant to four pathogens: L 137-26-0-
3,L 137-26-0-2, Talisman, Koliada, Pochayna, Ershovska
11, Turkoaz. Only 3 varieties were able to overcome the
maximum number of five pathogens: two varieties of
Ukrainian breeding Zdoba Kyivska, Vykhovanka Odes-
ka and Feonia of Russian breeding. As a result of the
research, no varieties with group resistance to the six
pathogens presented were found.

The threat of disease damage to wheat plants re-
mains high. The data provided by Y. Chai et al. (2022)
show that 90% of wheat crops in the world are affected
by at least one disease, and the yield shortfall is within
10%. At the same time, scientists also provide data on
other important crops, with losses from diseases and
pests as follows: wheat - 21.5%, rice - 30.0%, corn -
22.5%, potatoes - 17.2%, soybeans - 21.4%. At the same
time, drought, cytological abnormalities or chemical
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Table 2, Continued

Pyrenophthora Root rot Brown rust
6.67* 3.30 5.50 8.00"
6.67" 3.40 4.00 7.00
8.33* 3.49 6.00 7.50*
8.00" 3.28 5.00 8.00*
7.33* 6.63" 3.00 8.00*
6.33 2.69 5.00 8.00"
5.67 4.43 2.00 8.00"
6.00" 6.32" 8.00" 9.00*
7.33* 3.52 3.00 6.50
7.00* 4.80 1.00 7.00
6.33 5.91* 5.50 8.00"
5.67* 6.70" 7.50" 8.50"
7.00* 4.65 5.50 7.00
7.33* 3.42 4.50 8.00"
6.33 7.03* 2.50 7.00
6.00 6.92" 3.00 6.00
7.33* 6.92" 3.00 6.50
767" 4.54 2.00 6.50
767" 4.79* 2.00 8.50"
7.00* 4.57 4.50 7.50*
7.33* 2.89 4.00 7.00
6.33 5.10" 2.00 7,50
6.82 4.76 3.86 747
0.88 1.51 1.84 1.20

mutations pose significant threats to all crops. The re-
search byV.Horshchar & M.Nazarenko (2023),which also
uses various pathogens, is devoted to the confrontation
of such factors and their transformation into benefits.

Scientists S. Kaur et al. (2022) drew attention to the
biochemical nature of plant resistance to pathogens.
They noted that various natural compounds, ranging
from cell wall components to metabolic enzymes, pro-
tect plants from pathogen infection and provide specif-
ic plant resistance against pathogens, which is called
induced resistance.

Scientists M. Figueroa et al. (2018) focused their ef-
forts on the problem of the interaction between plants
and microbes. They believe that this is a phenomenal
manifestation of symbiotic or parasitic relationships
between living organisms. Plant growth-promoting
rhizobacteria (PGPR) are one of the most widely stud-
ied plant beneficial microorganisms due to their ability
to stimulate plant growth and development, as well as
protect plants from biotic and abiotic stresses (Mashab-
ela et al,, 2023). A. Morgounov et al. (2018) gave wheat
resistance to diseases and pests using synthetic forms
that also possessed a number of biologically and eco-
nomically valuable traits, such as weight of 1,000 seeds,
etc. The cloning of some rust resistance genes opens
up new prospects for rust control in the future through
the development of multiple resistance gene cassettes



(Soko et al., 2018). However, as of 2023, chemical con-
trol based on disease surveillance, large-scale introduc-
tion of new varieties with multiple race-specific genes
or sufficient adult plant resistance (APR), and reduced
cultivation of susceptible varieties in rust hotspots are
still the best strategies for controlling stem rust (Sin-
gh et al, 2015).

Based on the results of the work carried out to
assess the resistance of collection samples to various
pathogens of the most common diseases of winter
wheat over 3 years, a number of varieties were iden-
tified that were resistant to one or more pathogens.
The need to search for sources of resistance among
the studied set of wheat samples as a more effective
method of preventing a decrease in the productivi-
ty of varieties and reducing the burden of chemical
treatments against diseases is an urgent task, as many
scientists from around the world are trying to solve
the problem of wheat variety resistance using various
sources and donors of resistance, including them in
the breeding process (Blyzniuk et al, 2019; Pavlov et
al, 2021). However, there are also cases when it is
not possible to achieve the desired result, as in the
study (Kokhmetova et al., 2021). Therefore, the study,
identification and use of sources and donors of resist-
ance against major pathogens among the collection
and breeding material of winter wheat, by involving
them in artificial hybridisation, is an effective way to
increase crop yields.

Thus, the threat of disease infection in wheat re-
mains high, which is why scientists are studying the
biochemical nature of plant resistance to diseases,
pointing to induced resistance. This study, as well as
similar ones, focuses on the use of modern breeding
methods and genetic resources to ensure disease re-
sistance in wheat varieties and increase crop yields.

CONCLUSIONS
The presented results provide an assessment of the
resistance of wheat collection varieties against vari-
ous pathogens. Resistance against two or more patho-
gens that differ in the biology of development, degree
of damage and period of damage to wheat plants was
revealed. The wide range of wheat collection samples
of different origin (countries, scientific institutions -
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originators of varieties) studied allowed us to identify
a number of sources of resistance to various diseases,
which in turn opened up the possibility of their fur-
ther use in the breeding process to create new original
material that will have group resistance. The identifi-
cation and use of new sources of resistance (including
race-specific resistance) in wheat breeding as a prom-
ising method should take a worthy place among tradi-
tional methods (increasing yields, product quality, etc.).
Therefore, the search for new sources of resistance
(group, individual) in the study of various materials
(collection,breeding,etc.) is always of great importance
and will be relevant in scientific institutions when cre-
ating varieties more adapted to growing conditions.

The study of the resistance of adult plants under
natural infection conditions and the use of the ACIB
method made it possible to investigate and identify
sources of resistance to both individual pathogens and
a complex of pathogens. The varieties Zdoba Kyivs-
ka, Vykhovanka Odeska and Feonia were identified as
sources of group resistance, which makes it possible to
carry out high-quality breeding work to create resistant
wheat varieties. The identified sources are recommend-
ed for inclusion in breeding programmes as starting
material for the development of modern high-yielding
soft winter wheat varieties with increased resistance
to diseases and abiotic factors. There is also the prob-
lem of finding resistant samples against three or more
pathogens among the wide range of collection materi-
al available at the National Plant Genebank in Kharkiv.
Therefore, further study of wheat varieties using ACIB
is especially important in identifying and studying re-
sistance to various pathogens in the creation of new
promising material in breeding to enhance immunity
and yield of wheat.
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Pycnan Bauecnasosuu ConoMoHOB

KaHanaaT CinbCbKOrocnoaapCbKMX HayK, CTapLumit 4OCNIAHMK
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AHorTauis. weHnus 03MMa € OAHIEI 3 HAMBAXMBIWKMX KynbTyp B YKpaiHi, Cy4acHi cOpTM MaloTb moTeHuian ans
OTPUMAHHS BUCOKMX YPOXAiB y CNpuATAMBMX yMoBax. Peanizauis reHeTMYHOro noTeHuiany BPOXAWHOCTI COPTY €
pe3ynbTaToM CKNAafHOI B3aEMOAIT reHOTMNY Ta 3MiHHMX YMHHMKIB HABKOJIMILIHLOMO CepeaoBULLA. 3 METOK MOLIYKY
e(PEeKTUBHMX JyKepen CTIMKOCTI, 4OCIAKEHO KONEKLLiH0 MWEHMUL,i 03MMOi pi3HOI0 eKo0ro-reorpadiyHoro MOXoaKeHHS.
LocnipxeHHs 6yno nposeneHo Bnponosx 2017-2019 pp. B ymoBax NpaBobepexHoro Jlicocteny, aHani3 CTiMKoCTi
POCAMH KONeKLii nweHuMLi 03MMoi HauioHanbHOro LEHTPY rEHETUYHMX PeCcypCiB POCAUH YKpaiHWM MpOTECTOBAHWUM
y CMHTETUYHOMY iHDEKLIMHOMY QOHI cenTopiosy, 6ypoi ipxi Ta CyUiNbHOI CaXKM Ha NpOTUBary NpMpoaHOMY QOHY
HOpOLHNUCTOI poCK, MOXKOBTIHHSA NUCTKIB (NipeHOdOPO3Y) Ta iHWKMX KOpeHeBMX rHUAsAX. Konekuis 3 32 copto3paskis
6yna npencraeneHa 9 KpaiHaMu CBiTY, BiNbWiCTb 3 HUX YKPAIHCbKOT cenekuii. B nonboBMX yMOBaX Ha WTYYHMUX Ta
NPUPOAHUX iHDEKLiIMHUX DOoHaX Bynu BuaineHi COpPTO3pa3Ku, SKi XapaKTepu3syBanmcsa rpynoBOK CTiMKICTIO NPOTH
306yAHMKIB OCHOBHMX XBOPO6. [MpoBeaAeHUMM [OCNIOXKEHHAMM CTIAKOCTI AOPOCMX POC/IMH B YMOBaX iHhEKLiMHOro
NpupoLHOro GoHy Ta BUKOPUCTaHHS METOAY LUTYYHOIO KOMMIEKCHOr0 iHdeKLiiMHOro oHy BCTAaHOBNEHO, LLLO MOX/IMBO
[OCNioKYBATU Ta BUABASTU JKepena CTIMKOCTI IK 4,0 OKPeMUX NaTOreHiB, Tak i 4,0 KOMMEKCY NaTtoreHiB. B pe3ynbraTi
He By/10 BUSIBIEHO XOAHOMO COPTO3Pa3Ka, KW BOMOAIB FPYMOBOIO CTiMKiCTIO NPOTH WeCTU NpeacTaBaeHnx 30yaHMKIB
xBopob. BinibpaHi coptv 3006a KuiBcbka, BuxoBaHka opecbka Ta MeoHis, MoXyTb BYTU BUKOPUCTaHI K axepena
rpynoBoi CTiMKOCTI, WO A03BOJIIE CTBOPIOBATU YYAOBI CeNekuiiHi 3ycunns, ki NpuM3BOAATb A0 CTBOPEHHS CTIMKMX
copTiB nweHuLi. Bubpari mxepena oouinbHi AN BKIKYEHHS B CENeKUiiHi Nporpamu SK BUXIgHUIM MaTepian npu
CTBOPEHHI Cy4aCHMX BMCOKOBPOXAaMHMX COPTIB MAKOT MLWEHWL 03UMOI, CTIMKMX NPOTK XBOPOO Ta iHWKMX daKTopiB
HaBKOJIMLLHBOIO CepeaoBuLLa

KntouoBi cnoBa: 3pasku NweHuL,j; UTYYHWUI iHDEeKLiMHMIA OH; FpynoBa CTilKiCTb; ypaXKEHHS POC/IWH; FiApOTEPMIiUHHMIA
KoediuieHT
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Abstract. Sliding bearings with curved internal cylindrical surfaces have great potential and can play an important
role in the repair and restoration of mechanisms of the agro-industrial complex. Since their use is becoming
more and more common, there is a need to improve the design of such bearings to ensure their quality use
and avoid errors in research on this issue, in addition, achieving better results in this area require significant
financial investments to improve the efficiency of such mechanisms. The main goal of this work is to provide
recommendations aimed at eliminating errors in the processes of improving and improving the quality of sliding

Article’s History:

Received: 05.08.2023
Revised: 25.10.2023
Accepted: 12.12.2023

Suggested Citation:

Sadovoy, O., Savenkov, O., Sydoryka, I., Shcherbak, Yu., & Kondratieva, A. (2023). Increasing the efficiency of
machines and mechanisms of the agro-industrial complex using sliding bearings with curvilinear generators
of the internal cylindrical surface. Ukrainian Black Sea Region Agrarian Science, 27(4), 60-70. doi: 10.56407/
bs.agrarian/4.2023.60.

‘Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0002-7369-0714
https://orcid.org/0000-0002-7165-3995
ttps://orcid.org/0000-0001-9647-1744
https://orcid.org/0000-0002-0875-6254
https://orcid.org/0000-0002-8470-2813

Sadovoy et al.

bearings, as well as analyzing the functioning of machines used in the agro-industrial complex. An analytical
method, a classification method, a functional method, a statistical method, and a synthesis method were used. In
the course of the research, the peculiarities and differences of sliding bearings with curvilinear generators of the
internal cylindrical surface were noted, errors and their causes, which are allowed during the improvement of agro-
industrial mechanisms that ensure the development of the agricultural industry, were analyzed. It is important to
analyze the functioning of these mechanisms in order to assess their effectiveness, development and complexity
of work during the production of agricultural products. The issue of evaluating the performance of sliding bearings
of this type, the expediency of using this element, their limitations during the process, the impact of limitations on
the result was considered, and recommendations were proposed that would contribute to an effective mechanism
for regulating the issue. It was determined that the use of sliding bearings of this type, in the process of restoring
agro-industrial mechanisms, will ensure a significant increase in the productivity of these machines. The practical
value of this work lies in the possibility of applying the obtained results to eliminate errors in the development
and improvement of the mechanisms of the agro-industrial complex, studying the reliability of the use of sliding
bearings in general, taking into account various factors, will provide a basis for recommendations on the appropriate

use of these bearings

Keywords: wedging; agricultural production; shaft; deformations; repair

INTRODUCTION

The agro-industrial complex is an integral part of the
economy of many countries, it unites various industries,
such as the production of agricultural products, their
processing, material and technical support of rural set-
tlements, as well as the production and maintenance
of mechanisms and infrastructure of the agro-industrial
sector, in addition, it covers the fields of preservation,
processing and sale of agricultural products. Thus, the
development of the economy primarily depends on the
sphere of the agro-industrial complex, which includes
agricultural machine building, machine building for the
food industry, agrochemistry, compound feed industry,
the system of material and technical service of agri-
culture and land reclamation, and rural construction. In
turn, the specified sphere of the agricultural industry
directly depends on the efficiency of the machines and
mechanisms entering it.

R. Marchuk & R. Mnatsakanov (2023) claim that
the introduction of new technologies and equipment
allows to increase the efficiency of the mechanisms of
the agro-industrial complex and agricultural processes,
reduce the consumption of energy, resources and labor,
as well as improve the quality and quantity of prod-
ucts. Improving the mechanisms of the agro-industrial
complex arises from the need to solve problems related
to errors that occur at the stages of development and
operation of these machines. These problems, in turn,
arise in connection with the need to determine and
optimize indicators at the stages of design, operation
and development of equipment. In addition, the grow-
ing demand for affordable agricultural services leads to
the need to reduce costs, which places certain demands
on the improvement of these mechanisms.

In the study of V.A. Matviychuk et al. (2022) stated
that the use of high-quality materials in the manufac-
ture of sliding bearings provides higher reliability and
durability in conditions of misalignment and elastic
deformation of the shaft section. In this direction, it
is necessary to expand the range of designs of sliding
bearings, which will be specially calculated for the con-
ditions of distortions and elastic deformations of the
shaft section, which will allow to increase the number
of working mechanisms of the agro-industrial complex
and contribute to the modernization of production pro-
cesses, and the result will be an increase in the quality
of the provision of agricultural services to a high level.

V. Syrovatka (2023) states that sliding bearings do
not require lubrication or lubrication equipment and
can work directly on the sliding surfaces. After analys-
ing the working mechanism of plain bearings, it was
found that they show less sensitivity to external par-
ticles such as dust, which provides them with higher
resistance to contamination, as a result of which plain
bearings remain important components of industrial
systems in many industries.

According to the results of D.V.Borysiuk et al.(2023),
babbitt coatings on the working surfaces of plain bear-
ings can peel or chip due to high loads or insufficient
lubrication. It also indicates that stress and wear are
causing cracking and ulceration of the bearing sliding
surfaces. In view of this, timely maintenance, lubrication
and replacement of bearings will ensure the preserva-
tion of their efficiency and reliable operation of ma-
chines and mechanisms of the agro-industrial complex.

Scientists M. Kindrachuk et al. (2023) note that
when a liner becomes stuck between the shaft and the
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bearing housing wall, the lubrication regime can be
disrupted, leading to complete or partial cessation of
lubrication. As a result, there is an increase in friction
and an increase in temperature, which causes prema-
ture wear and damage to the bearing. Seizure of the
liner can cause an unacceptable increase in pressure
between the shaft and the liner. It was also not taken
into account that as a result, if the shaft remains sta-
tionary in the plain bearing, the bearing may fail com-
pletely. O.V. Yeromenko et al. (2023) note that the most
common method of restoring bearing performance is to
completely replace the bearing with a new one. In this
case, the old failed bearing is removed or pushed out
of the bearing housing and a new bearing is installed.

The purpose of this study was to perform an ob-
jective analysis to identify problems and errors in the
process of improving the efficiency of the mechanisms
of the agro-industrial complex using sliding bearings,
which are the basis of sustainable development of the
agricultural sphere, at the current stage of develop-
ment of this sector in order to formulate recommen-
dations for their elimination. Completion of the task,
which is formed on the basis of this goal, will provide
an opportunity for the progressive development of in-
novative methods of reducing and avoiding errors in
the process of increasing the efficiency of machines of
the agro-industrial complex by means of the develop-
ment of sliding bearings with curvilinear generators of
the internal cylindrical surface.

It is worth noting that the issue of inhibiting the
process of designing and improving sliding bearings is
of particular importance, in connection with which it is
necessary to study ways to overcome this problem and
develop a certain range of recommendations, there is
also a need to improve the mechanisms of the agro-in-
dustrial complex and their systems for the most effi-
cient functioning of this process in countries.

MATERIALS AND METHODS
Theoretical studies were based on the theory of contact
hydrodynamic lubrication taking into account the equa-
tion of hydrodynamic pressure at an arbitrary point of
the bearing lubrication layer and the fundamental prin-
ciples of mechanical engineering tribology using the ap-
proaches of theoretical mechanics and machine parts,
as well as on the theory of contact strength of elas-
tically compressed bodies. In addition, the method of
assessing contact characteristics and predicting the du-
rability of cylindrical sliding tribosystems was applied.

The application of the analytical research method
made it possible to identify and isolate problems relat-
ed to the operation of machines of the agro-industrial
complex,which are used in the processes of production
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and processing of agricultural products. With the help
of a statistical method, the indicators that help to un-
derstand the number and causes of errors in the im-
provement of sliding bearings, which are the basis of
the sustainable development of agricultural mecha-
nisms, the implementation of improving the operation
of these mechanisms, the prospects for using these
bearings, and the development of the stability and pro-
ductivity of machines of the agro-industrial complex
in the process of processing products were considered.

Applying the functional method, a detailed analysis
of the role and essence of sliding bearings with curvi-
linear generators of the internal cylindrical surface was
carried out at different levels of development of ma-
chines of the agro-industrial complex. The advantages
and disadvantages of their operation were also identi-
fied, and the influence of the functioning of agricultural
mechanisms on the material and technical support of
rural areas was analysed. With the help of the structur-
al-functional method, trends, factors and models aimed
at improving sliding bearings were considered, and
effective options for solving problems related to de-
sign errors, improving the maintenance of machines of
the agro-industrial complex and its components were
identified and analysed. In addition, the methods of im-
provement and innovation of mechanisms were studied
in order to reduce inaccuracies in their functioning and
to optimize indicators at the stages of development.
Applying the deduction method, the concept of “in-
creasing the efficiency of machines and mechanisms of
the agro-industrial complex by using sliding bearings
with curved internal cylindrical surface” was revealed
by identifying its characteristics, which are necessary
for a complete analysis of the work and solving the
problems of this process, in particular, regarding the
introduction of sliding bearings with curved internal
surfaces cylindrical surface.

By applying the synthesis method, the obtained
indicators of theoretical analysis and practical ex-
perience were summarized and considered in order
to identify recommendations aimed at solving prob-
lems and achieving progressive growth of the process.
Special attention was paid to improving the quality
of development of mechanisms of the agro-industrial
complex and reducing errors. Predictive models and
design solutions were also presented for the compo-
nent elements, in particular for plain bearings, which
perform an important function in this process. Thanks
to the methods of logical and functional analysis, the
theoretical component of the work was revealed. They
provided an opportunity to consider in more detail the
concept of “sliding bearings with curved internal cy-
lindrical surfaces”.



These methods made it possible to characterize the
peculiarities and principles of the functioning of the
agro-industrial complex and the process of processing
agricultural products. In addition, the complexity of the
operation of mechanisms in agricultural processes and
their impact on meeting the needs of the population
and user requirements was analysed. As a result, the
purpose of applying the methods was to study and
consider recommendations regarding the feasibility of
improving sliding bearings and using this mechanism.

RESULTS AND DISCUSSION

To ensure reliable processing of agricultural prod-
ucts and efficient operation of the mechanisms of the
agro-industrial complex in various areas of the agricul-
tural industry, progressive development of the produc-
tion of sliding bearings is necessary. Special attention
should be paid to the improvement of their compo-
nents, in particular to accurate design and modelling,
since these bearings are widely used in the mechanisms
of the agro-industrial complex, which will contribute
to increasing the production potential of agricultural
machines. It is important to choose the right type of
bearing for specific operating conditions. Plain bearings
have unique characteristics and may be suitable for cer-
tain types of loading and operating conditions. Proper
lubrication is essential for bearing reliability. It is nec-
essary to take into account the type of lubricant or oil
and the intervals between oil changes. Before refilling
a bearing with babbitt, certain preparatory procedures
must be performed, for example, the previous layer of
babbitt must be removed to provide a clean surface for
the new fill. A. Guo et al. (2015) emphasize that bearing
surfaces must be thoroughly cleaned of dirt, rust, grease,
and other contaminants. This can be done using special
solvents, cleaning solutions or other cleaning methods.

As of 2023, it is important to solve the problem of
errors that occur during the development, improvement
and modelling of the mechanisms of the agro-industrial
complex. These errors have a direct impact on increas-
ing the production potential of the agricultural indus-
try, the reliability of service provision and the safety of
processing, and special attention should be paid to the
efficiency of the mechanisms in remote areas and the
further development of the use of these machines in
the agricultural sector. The replacement of cylindrical
surfaces with elliptical ones ensures better operation
of the sliding bearing against distortions and elastic
deformations of the shaft, and also reduces the risk of
shaft jamming. However, reducing the effects of shaft
seizing in plain bearings is limited and may not result
in significant performance improvements. Many fac-
tors affect the reliability and performance of a bearing,
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and shaft seizing is just one of them. Antifriction alloys
(babbitt), consisting mainly of tin and lead, are widely
used in the production of sliding bearing liners. These
alloys are known for their excellent anti-friction and
lubricating properties, making them an ideal choice for
use in bearings where it is important to ensure reli-
able operation at the metal-to-metal contact surface.
S.Woo et al. (2023) note that babbitt has high lubricity
and can effectively lubricate sliding surfaces.

In the field of machines of the agro-industrial com-
plex, it is necessary to conduct an analysis and identify
the root causes of errors during agricultural processing.
Further resolution of these reasons is aimed at improv-
ing the quality of material and technical support. The
anti-friction alloy must have high wear resistance to
prevent serious mechanical damage and guarantee a
long service life of the sliding bearing. In addition, this
material must have sufficient resistance and strength
to withstand the loads that occur during the operation
of the bearing and prevent its deformation and dam-
age. To solve the problem of jamming of the shaft in
a sliding bearing, which consists of a housing, a liner,
a lubrication groove and an opening for the supply of
lubricant in the housing, on the internal cylindrical sur-
face of which flat elements (ordinary bearings) are re-
placed by curved elements with a radius of curvature:

R=-— (1)

where [ - the length of the bearing; AS = 0.010-
0.030 mm - the value of the curvature parameter of the
product in the end sections of the bearing.

Figure 1 shows a model of a conventional plain
bearing.
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Figure 1. Design of a conventional sliding bearing
and a rotating section of a shaft loaded with a radial force
Notes: d - the diameter of the sliding bearing; | - the
length of the sliding bearing; 1 - body; 2 - insert;
3 - grooves for lubrication; 4 - hole for supply of lubricant;
5 - rectilinear side internal cylindrical surfaces
Source: compiled by the authors
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Figure 2 shows a section of a rotating shaft under
the action of a radial force.

6 Fr

/2 /2

Figure 2. Section of the rotating shaft (6)
loaded with radial force
Notes: d1 - the diameter of the shaft, with d, <d; | - the
length of the sliding bearing; F* - radial force; w - the
angular speed of the shaft
Source: compiled by the authors

Figure 3 shows a model of a sliding bearing with a

curved product of the internal cylindrical surface, which
is characterized by a constant radius of curvature.

AS

Figure 3. The design of a sliding bearing with a curved
product of the internal cylindrical surface, which is
characterized by a constant radius of curvature
Notes: d - the diameter of the sliding bearing; | - the
length of the sliding bearing; R - the radius of the curved
product of the internal cylindrical surface of the sliding
bearings; AS - the value of the measurement of the
curvilinear product in the transverse sections of the sliding
bearing; 1 - body; 2 - insert; 3 - grooves for lubrication;
4 - hole for supply of lubricant; 5 - curved side internal

cylindrical surfaces
Source: compiled by the authors

Y.Henry et al. (2015) noted that the development of

new methods for solving the tasks of eliminating errors
in the development, design and improvement of sliding
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bearings to increase the potential of the mechanisms
of the agro-industrial complex in the agricultural sector
currently has enormous progress and prospects. Alloys
for the manufacture of liners must have the ability to
retain lubricant on the surface to ensure lubrication of
parts in contact during movement. This reduces friction
and wear and improves bearing performance. A plain
bearing works by causing a certain section of the shaft,
which is within the length of the bearing, to rotate at
a certain angular velocity. This area interacts with the
bearing’s internal bearing surface, causing a radial load
on the plain bearing.

If in the improvement of machines of the agro-in-
dustrial complex, which are the basis of sustainable de-
velopment of the agricultural sector, start using modern
electronics and computerized data processing of trans-
port footnotes, this will help to significantly increase
the capabilities of these processes and mechanisms, as
well as increase the demand for their use in many areas.
S.Wadhwa & A. Chauhan (2023) noted that the adhe-
sion between the babbitt layer and the base has a de-
cisive effect on the performance of the bearing. Insuffi-
cient or unreliable adhesion can lead to problems such
as babbitt delamination and delamination, resulting in
reduced functionality and reduced bearing life. Optimal
adhesion is achieved by using appropriate methods of
surface preparation and interaction of materials. In most
cases, the shaft is subjected to elastic deformations,
which leads to its skewing relative to the sliding bear-
ing. This skewing of the shaft has the effect of its clamp-
ing by the internal cylindrical surface of the bearing.

The task of effective management of the techno-
logical regimes of the mechanisms of the agro-industri-
al complex and their problems with the application and
development of innovative parts and devices for use are
gaining more and more relevance and practical value
in many countries. Sliding bearings, which consist of a
housing, a liner, a groove for lubrication and an opening
for supplying lubricant, have the disadvantage of pinch-
ing the attached shaft under the action of radial loads.
W. Zhang & B. Zhu (2023) determined that the shaft
moves elastically during operation, which adversely af-
fects the reliability and functionality of the bearing and,
in most cases, leads to bearing failure. Pinching occurs
when the shaft is subjected to radial loads, moves and
presses on the internal surface of the bearing. This can
be caused by incorrect or insufficient clearance between
the shaft and the bearing, or insufficient rigidity of the
bearing design. When the shaft is pinched in the sliding
bearing, the shaft contacts the insert in the end sec-
tions. This leads to a violation of the lubrication condi-
tions, an increase in the pressure between the shaft and
the liner and, as a result, to the loss of bearing support.



In this complex process, reviewing the causes of
errors in the improvement of sliding bearings with cur-
vilinear generating internal cylindrical surfaces, which
increase the potential of machines of the agro-in-
dustrial complex in the agricultural sphere, and their
solution acquires special importance, since the devel-
opment of this process and their mechanisms in the
world is one of the urgent problems of modern times.
C.I. Papadopoulos et al. (2014) noted that heavy plain
bearings are subjected to high mechanical loads, high
pressure and friction. This imposes special require-
ments on the materials used for the manufacture of
bearings and their components. One of the important
factors is the tribotechnical properties of materials. A
low coefficient of friction leads to low wear and im-
proved operational characteristics of the bearing. Ma-
terials must also have high wear resistance and with-
stand high loads. In the technical solution, it is shown
that a sliding bearing with curved elements and a liner
(Fig. 3) has special properties compared to rectiline-
ar elements and an insert (Fig. 1). When the shaft is
distorted within its elastic deformation during free
rolling, jamming occurs in the sliding bearing, which is
caused by the cross section of the shaft.

Very often, the processing and execution of proper
processes in the system of mechanisms of the agro-in-
dustrial complex has certain errors, which impairs the
efficiency of these vehicles for use in the agricultural
sector. Changing the geometry of the liner can have a
significant impact on the bearing capacity, service life
and stability of shaft rotation in the lubricant layer.
. Terra et al. (2023) indicated that optimizing liner ge-
ometry improves pressure distribution and reduces
jamming between the shaft and liner. This results in an
improved lubricating film, reduced friction and wear,
and increased bearing life. In addition, the liner geom-
etry can be changed to affect load distribution and im-
prove uniformity on the bearing surface. This reduces
stresses caused by unbalanced loads and contributes
to increased bearing reliability. The proposed sliding
bearing (Fig. 3) meets the requirements and has stable
performance, regardless of various types of distortions
and elastic deformations of the shaft.

The elimination of errors in the improvement of
sliding bearings is not fully resolved. In the agricultural
sector, sliding bearings are used in tractors, combines,
planters, sprayers and other agricultural machinery. In
forestry, they are used in logging machinery such as
logging machines, logging cutters and saws. The pro-
posed sliding bearing differs from existing bearings
in that the contact between the shaft and the liner is
in the form of a point engagement instead of a linear
engagement. This leads to significantly lower specific
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loads on the bearing, as the large force is distributed
over a limited contact area.

Mechanisms of the agro-industrial complex and
their components are often used due to their efficien-
cy and low cost of operation. As of 2023, there is in-
creasing interest in this process in many countries to
increase agricultural potential. The use of sliding bear-
ings with curved internal cylindrical surfaces allows to
significantly increase the efficiency of machines and
mechanisms in the agricultural sector. The main ad-
vantage of such bearings is that they avoid jamming of
the shaft in the bearing, which can occur when using
bearings with straight raceways. Jamming of shafts in
bearings can cause serious problems such as seizing,
wear, failure and reduced system performance. Thanks
to the curved internal cylindrical surface of the bearing,
the contact with the shaft occurs at a point or on a very
small area, which allows the load to be distributed over
a limited area. Thus, the bearings can withstand high
loads with a minimum specific load, maintaining per-
formance and extending the life of the shaft without
constant maintenance and repair.

The economic effect of the introduction into the
composition of machines and mechanisms is expected
due to a significant increase in the service life of the
sliding bearing, which does not clamp the shaft section
due to elastic deformations. To simplify calculations,
it should be taken into account that the calculation
of sliding bearings is based on the determined load
factor K, = (p - y?)/(u - ), according to which the curve
[/d=0.2-0.9 (Fig. 4) characterizes the relative length of
the bearing, the relative eccentricity x =2e/d and the
minimum thickness of the lubricating layer are deter-
mined by:

h=(1-y35/2, (2)

where p = F/ld - conditional pressure, MPa; f - the
radial force acting on the bearing, N; [, d - length
and diameter of the bearing, respectively, mm;
yv=0.8" 103VV - relative clearance in the bearing; V -
shaft speed, m/s; u — the absolute viscosity of the oil,
MPa s; o — angular speed of the shaft, 1/s; 0=y -d - ra-
dial clearance in the bearing, mm; e - eccentricity.
Thus, the existing method of calculating sliding
bearings is graphic and characterized by a sufficiently
high error. The points of rupture of the lubricating layer
and the maximum pressure are located symmetrical-
ly relative to the central line. In this regard, the angle
9,=180°+¢ . where ¢ . -the angle characterizing the
position of the end of the pressure distribution curve rel-
ative to the minimum thickness of the lubricating layer.
The angle y, (Fig. 5) is called the load angle and char-
acterizes the degree of loading of the sliding bearing.
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Figure 4. Stress load diagram of a sliding bearing
Source: compiled by the authors

Figure 5. Rotating shaft (7) in sliding bearing (8)
Source: compiled by the authors

B.Vinod et al. (2023) note that in recent years, many
countries have made significant progress in the devel-
opment of design and modelling methods for improv-
ing machines and mechanisms of the agro-industrial
complex, this direction has received considerable at-
tention and undergone significant improvements. To
reduce the specific load on the sliding bearing with
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curved elements, a design with a curved shape of the
internal cylindrical surface of the liner is used. This ge-
ometry results in a point contact between the shaft and
the liner, which distributes the load over a larger con-
tact area. This distribution helps to reduce the specific
pressure and improves the distribution of load forces
on the bearing.

In achieving optimal productivity of the mecha-
nisms of the agro-industrial complex and increasing
the potential of the agricultural sector in countries, the
qualification of personnel and timely diagnostics of
equipment are of great importance. The main advan-
tages of sliding bearings with curved contact surfac-
es are their reliability and service life. The curvilinear
shape of the raceways provides an even distribution of
the load over the contact area between the shaft and
the liner, which reduces the specific load and increases
the efficiency of the bearing. This design also reduces
the impact of distortion and elastic deformation of the
shaft, ensuring reliable operation of the bearing even
under variable operating conditions. Based on the re-
sults of research by A. Xu et al. (2023) concluded that
the use of plain bearings with curved raceways can
improve the vibration and acoustic performance of the
system. This is achieved due to several factors. First, in
sliding bearings with curved contact surfaces, vibration
is reduced because the shaft rolls more smoothly and
without shocks. The curved geometry of the raceway
provides a point contact between the shaft and the
trunnion, which results in a smoother movement of the
shaft. As a result, harmful vibrations in machines and
equipment can be reduced, especially at high speeds
and under heavy loads.

A. Soni et al. (2023) determined that the imple-
mentation of sliding bearings with curved raceways
in machinery and equipment has significant economic
benefits. One of the reasons for the longer service life
is the absence of jamming of the shaft due to elastic
deformation. In conventional plain bearings, the shaft
and liner interact along the contact line, resulting
in elastic deformation that can lead to shaft seizing,
surface wear, and reduced bearing life. In radial thrust
bearings, these problems are minimized because the
point contact reduces the effect of elastic deforma-
tion, ensuring stable operation over a long period of
time. In addition, maintenance and replacement costs
are lower due to the longer life of plain bearings. This
confirms the fact that the data of the authors’ work
coincide with modern trends in the field of designing
and modelling methods for improving the mecha-
nisms of the agro-industrial complex. In the modern
world, great attention is paid to taking into account
all factors that affect the quality of these works in



order to increase the potential of the agricultural
sector. However, this work did not take into account
that an important feature is the longer service life
of sliding bearings, which in turn reduces the risk of
accidents and unexpected stops in the event of bear-
ing failure.

Researchers R. Phiri et al. (2023) determined that
when designing sliding bearings, a load factor is used
to determine the relative bearing length, relative ec-
centricity,and minimum thickness of the lubricant layer.
This load factor is usually determined using a graphi-
cal method. Depending on the type of bearing and the
specific situation, the appropriate load curve is select-
ed. The curve shows the relationship between the rel-
ative length of the bearing, the relative eccentricity and
the minimum thickness of the lubricant layer. But for a
more correct operation of sliding bearings and mech-
anisms of the agro-industrial complex, it is necessary
to carry out an inspection of buildings on a permanent
basis, due to which the potential of the agricultural sec-
tor in the countries will soon reach high values. There
are differences with this work in that the author did not
notice exactly the importance of the features of using
this type of sliding bearings.

D. Martins et al. (2023) note that such curves
as load curves, stress loss curves, and load capacity
curves are known in graphical methods of calculat-
ing sliding bearings. These curves are used to deter-
mine the required bearing parameters, such as relative
length, relative eccentricity, and minimum grease lay-
er thickness. However, this task is complex and may in-
troduce some error. In addition, the graphical method
requires the identification and interpretation of points
on the curve. This can lead to errors in subjective as-
sessments and determination of parameters. In this
work, the results of the characteristics of sliding bear-
ings were analysed and more precisely considered, so
the results can be supplemented by the fact that the
increase in the potential of the agricultural sector di-
rectly depends on the improvement and innovation of
agricultural services and the provision of high-quality
service to the machines of the agro-industrial com-
plex and their mechanisms.

J. Pichler et al. (2023) showed that due to the limi-
tations and inaccuracies of the existing graphical meth-
ods of calculating sliding bearings, it is necessary to
develop new, simplified methods. More accurate results
can be obtained without the use of graphs with the help
of analytical models and mathematical formulas. This
includes consideration of factors such as elastic defor-
mation, bearing design parameters and operating con-
ditions. However, the authors pointed out and consid-
ered that currently the use of computer programs and
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numerical methods allows modelling the behaviour
of sliding bearings with different input parameters,
which allows obtaining more accurate results and re-
duces subjectivity. It can also be noted that this is due
to the fact that experimental tests on real bearings pro-
vide valuable data for improving calculation methods,
because of this there is a difference between this work
and the work of the specified author.

M. Mitra et al. (2023) state that relative eccentrici-
ty is defined as the distance between the centre of the
bearing and the centre line of the shaft as a percent-
age of the bearing radius. It is used to estimate the
degree of deviation from the ideal centre of the bear-
ing. The relative eccentricity ranges from 0 to 100%,
where 0% corresponds to the ideal centre and 100%
to the maximum eccentricity. Changing the angle
and relative eccentricity can affect load distribution,
contact forces, friction and bearing wear. The deter-
mined values of the angle and relative eccentricity
allow to analyse the parameters affecting the oper-
ation and reliability of the bearing, such as specific
pressure, contact angle and distribution of lubricant.
Research findings that this parameter is important in
the design and calculation of plain bearings to ac-
count for eccentricity and to ensure proper loading
and functional characteristics of the bearing should
also be included. In order to achieve improvement in
the design and modelling of methods for improving
the mechanisms and machines of the agro-indus-
trial complex, as well as to reduce errors in sliding
bearings during complex technological processes, it
is necessary to pay attention to two aspects: increas-
ing funding and improving the qualifications of em-
ployees, as well as introducing new technologies. The
main goal of these measures is to improve the quality
and efficiency of the process of improving the mech-
anisms and machines of the agro-industrial complex,
as well as to reduce the risk of errors.

CONCLUSIONS
Sliding bearings with curved internal cylindrical sur-
faces have a constant radius of curvature, which dis-
tinguishes them from rectilinear inserts with straight
surfaces, which are used to regulate the shaft when
it is skewed within the limits of elasticity. In bear-
ings with curved bearing surfaces, when the shaft
axis bends, the cylindrical surface is not pinched,
which allows free rolling. The obtained results in-
dicate that sliding bearings with curved elements of
the internal cylindrical surface have a stable radi-
us of curvature, which allows them to avoid pinch-
ing when the shaft is deflected within its elasticity.
The proposed sliding bearings have a point contact

Ukrainian Black Sea Region Agrarian Science, 27(4), 60-70

67



68

Increasing the efficiency of machines and mechanisms...

of the shaft with the insert and are characterized by
lower specific load values compared to known sliding
bearings. This paper reviewed and presented recom-
mendations for eliminating errors in the processes
of designing and implementing mechanisms of the
agro-industrial complex. It was also carefully analysed
technological processes in sliding bearings, errors and
problems that are allowed during the functioning of
agricultural product processing processes, and the in-
troduction of effective tools that allow solving these
issues and preventing errors was proposed. In order
to improve the machines of the agro-industrial com-
plex, sliding bearings were considered, which expand
this resource base by introducing sliding bearings
with curvilinear generators of the internal cylindrical
surface, which have a constant radius of curvature,
demonstrate stable performance, increased service life
and improved vibroacoustic characteristics. It was con-

machines, mechanisms and aggregates in agriculture.
The research successfully completed the assigned task,
including the analysis of the problems of improving
the mechanisms of the agro-industrial complex, the
development of ways to improve the processes of the
mechanisms, as well as the identification and proposal
of methods for eliminating errors in the process of im-
proving the efficiency of the machines of the agro-in-
dustrial complex. All this will help increase the poten-
tial,competitiveness and quality of agricultural services.
Analysed modern approaches to the problems of im-
proving sliding bearings will try to respond to modern
needs for further prospective use of the mechanism.
Future research will be aimed at creating and imple-
menting innovative mechanisms in the agro-industrial
complex in order to promote the agricultural sector.
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AHoTauis. MMigWMNHUKK KOB3aHHS 3 KPUBOAIHIMHUMU TBIDHUMU BHYTPIWHIMU UMATHAPUYHUMK NOBEPXHAMMU MAIOTb
BEIMKUM NOTEHLLian | MOXYTb BiAirpaBaTu BaX/MBY POJib Y PEMOHTI Ta Bi4HOBNEHHI MEXAHI3MiB arponpoMMUCIOBOrO
komnnekcy. OCKifibKu iX BUKOPUCTAHHS CTa€ BCe Binbll NOWMPEHUM, BUHUKAE HEOOXIAHICTb Y MOAINWEHHI pO3p0obKK
TAKUX MiAWMMIHKKIB, W06 3a6e3neunTn ix aKicHe BUKOPUCTAHHS Ta YHUKHYTM MOMMAOK NpU AOCAIAKEHHI LbOro
MUTAHHSA, KPiM TOro, LOCATHEHHS KPALWMX pe3ynbTaTiB B Ui 061acTi BUMAraTb 3HAYHMX PiHAHCOBUX BKIAAEHb
ON9 NigBUWeHHS e@eKTUBHOCTI TakMxX MexaHi3MiB. OCHOBHOK MeTOK Ui€i poboTM € HafgaHHA pekoMeHaauii,
CNPSAMOBAHMX HAa YCYHEHHS MOMMU/IOK Yy MpoLecax MOKpaWeHHs Ta NiABULEHHS SKOCTI MiALMNHUKIB KOB3aHHS, a
TaKOX aHani3 PyHKLIOHYBAaHHS MaLUMH, O BUKOPUCTOBYOTbCS B arponpoMUCIOBOMY KOMMeKci. byno BukopucraHo
AHaNiITUYHUI MeToa, MeToa Knacudikauii, PyHKLIOHaNbHW MEeToA, CTaTUCTUYHUI MEeTOoL, MeToq, CMHTe3y. Y xoai
NpoBeAeHHS AOCNIAXKEHHS BiA3HAYeHO 0COBAMBOCTI Ta BIAMIHHOCTI MIAWMMNHUKIB KOB3aHHS 3 KPUBOMIHIAHUMMU
TBIPHMMM BHYTPILWHBOI UMAIHAPUYHOT NOBEPXHI, MPOaHaNi30BaHO NOMUAKMU Ta iX NPUYMHU, IKi 4ONYCKAKOTLCS Mig
4yac NOKPaLLEHHS arponNpoOMMCIOBUX MEXaHi3MiB, WO 3abe3neyyTb PO3BUTOK CifibCbKOrOCMOAAPCHKOI ranysi.
Baxnuee 3HaueHHs Ma€ aHanis GYHKLIOHYBaHHSA AAHUX MEXaHI3MIB 3 METOH OLiHKMK iX ebeKTUBHOCTI, pO3BUTKY
Ta ycknagHeHHs poboTu nig yac BUPOBHMLUTBA CiNbCbKOroCnoAapcbKoi NpoaykLii. PO3rNgHYTO NUTaHHSA OLIHKM
po60TH MiAWMMHMKIB KOB3AHHS AAHOMO TUNY, AOLIIbHICTb BUKOPUCTAHHS LbOrO €/IEMEHTY, iX 0OMeXeHHs nif vac
npouecy, BNAMB o6MexeHb Ha pe3ynbrat, byno 3anponoOHOBAHO pekoMeHAaLii, SKi CNpUATUMYTb ePEeKTUBHOMY
MEXaHi3My peryntoBaHHSA MUTAHHA. byno BM3Ha4yeHO, WO BMKOPUCTAHHS MIAWWMMNHUKIB KOB3aHHS OAHOro Tuny,
y npoueci BiAHOBNEHHS ArponpoOMMUCIOBMX MEXAHI3MiB, 3abe3neynTb CYTTEBE MiABMULLEHHS MPOAYKTUBHOCTI
UMX MawwmH. MpakTMYHA LiHHICTb Ui€i pobOTM MONSIra€e y MOXAMBOCTI 3aCTOCYBaHHA OTPMMAHMX pe3ynbraTiB
0N YCYHEHHS NMOMMAOK Yy po3pobui Ta BAOCKOHANEHHI MexXaHi3MiB arponpoOMMCAOBOr0 KOMMAEKCY, BUBYEHHS
HafiMHOCTI 3aCTOCYBaHHSA NiAWMMHUKIB KOB3aHHS B 3araibHOMY, 3 ypaxyBaHHSM Pi3HMX GaKTopiB, HaAACTb OCHOBY
[Ng peKoMeHAaLin WoA0 AOLINbHOr0 BUKOPUCTAHHS LUUX NiAWMIHUKIB

KniouoBi cnoBa: 3ak/IMHIOBAHHS; CiNlbCbKOrOCNoAapCbke BUPOBHULTBO; Bas; AehopMaLlii; peMOHT
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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
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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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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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Abstract. In conditions of constant growth in the cost of traditional oil products and their shortage, the
issue of using alternative fuels becomes urgent. The purpose of the article is to identify ways of using
alternative types of fuel for the operation of diesel engines. Research methods - analysis and verification of
data obtained from scientific publications, which are part of the world-famous scient metric databases, for
the relevance of the subject of research. The research results reveal the advantages and disadvantages of
dual-fuel engines operating on gaseous fuel with diesel fuel additive, the impact of this type of engine on
emissions and toxicity of exhaust gases, in particular nitrogen oxides NO . The application of the so-called gas
nozzle and the cross-section of the holes of its nozzles are substantiated. It was analysed and established that
the most economically expedient is the use of liquefied petroleum gas for the operation of diesel engines by
implementing the gas-liquid cycle; it was found that the most promising for this is gas cylinder equipment
of the so-called 4th generation. A retrospective analysis of studies of internal combustion engines with gas
cylinder equipment showed an increase in motor resource when using gaseous fuels, as well as the negative
side of using gaseous fuels, which consists in reduced power when converting carburettor engines, however,
the use of these fuels for the operation of diesel engines completely eliminates this disadvantage. Based on
the research analysis, the influence of the ignition dose, when the engine is operating on the gas-diesel cycle,
on the performance at different loads was also established, and a recommendation was found to switch to
the diesel cycle from the gas-diesel cycle at loads less than 30% of the nominal one. The optimal scheme for
the implementation of the gas-diesel cycle, which is relevant and promising for more widespread energy and
transport vehicles, has been substantiated and selected. Based on the analysed schemes, it was established
that the scheme that can be taken as a basis for further research in this direction is the scheme of the DG-Flex
BOSCH gas-diesel system. The practical value of the work lies in the justification of complex conversion with
partial replacement of diesel fuel with liquefied petroleum gas as the most rational way of converting serial
diesel engines into dual-fuel engines
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INTRODUCTION

In the conditions of an increase in the share of fuel
costs, many commercial transport operators are think-
ing about the possibility of compensating for the in-
crease in prices by switching to gas. However, such
radical methods as converting diesel engines to gas
engines have their drawbacks. In the search for an op-
timal solution, an alternative option is often consid-
ered - the use of a gas-diesel engine, which combines
the advantages of a traditional diesel and gas cylinder
equipment (HBO) (Kabeyi & Olanrewaju, 2023; Liu et
al., 2023). Gas-diesel engines at the beginning of the
21 century (Shyamkishore et al., 2023) are considered
as a separate type of engines that are widely used in
many sectors of the economy, in particular in agricul-
ture, and which also have environmental advantages
over traditional fuels (Emaish et al., 2021). A dual-fuel
gas-diesel engine is a power plant, which is addition-
ally equipped with equipment for work involving gas
(Sain et al., 2018). The principle of operation of such
an installation consists in the simultaneous supply of
two types of fuel to the combustion chamber. The main
fuel is gas of various origins, and the additional fuel is
diesel oil. In this case, diesel fuel is supplied in a much
smaller volume than usual. In the gas-diesel design
(Zhu & Fan, 2022), diesel fuel acts as a kind of ignition
for the air-gas mixture. The supply of diesel fuel is due
to the fact that the ignition temperature of gas is high-
er than that of diesel fuel, and that is why at the mo-
ment of compression, in the combustion chamber, the
gas itself cannot ignite. For its ignition during the com-
pression stroke, a small amount of diesel fuel is fed into
the combustion chamber. Based on the above, it can be
concluded that the gas-diesel dual-fuel engine retains
the ability to work only on diesel fuel, but is not capable
of working on one gas. The use of gas-diesel engines in
agriculture is a rather promising direction for the de-
velopment of agricultural engineering, which preserves
all the advantages of a diesel engine in terms of energy
capabilities and improving environmental and econom-
ic parameters when using gas fuel (Mathur et al., 2022;
Saleem, 2022). The existing data of scientific research
by scientists for the year 2022 (Bagagiolo et al., 2022;
Kutkovetska et al., 2022) allow us to state the prospects
for the development of the use of gas-diesel engines,
but today there is no systematic approach to the use of
this type of fuel equipment in agriculture.

The purpose of the work was to assess the pros-
pects of using the gas-diesel engine system in agricul-
ture. For this purpose, an analysis of modern scientific
data on the use of auto-tractor diesel engines with the
involvement of liquefied petroleum gas (LPG) was car-
ried out. A search for scientific sources was conducted
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in the Google Scholar, Scopus, Web of Science databas-
es of publications for the period 2000-2023 accord-
ing to the set goal. Publications that lacked statistical
justification, duplicated results, or contained data that
could not be further verified were excluded from fur-
ther analysis.

GAS-DIESEL ENGINES: PROBLEMS OF THEIR
MODIFICATION AND OPERATION
Attention is drawn to the use of the term in the world
scientific literature for an engine that uses both con-
ventional diesel fuel and liquefied gas - “liquefied gas
and diesel dual-fuel engine” (Ashok et al., 2015). In pub-
lications from 2010-2020, dual-fuel LPG engines are
modified diesel engines that use LPG as the primary
fuel and diesel as the secondary fuel (Pielecha & Sidor-
owicz, 2021; Pham et al., 2022). Dual-fuel LPG engines
have good thermal efficiency at high power, but per-
formance is lower at part-load conditions due to poor
utilization of the energy potential of the combined fuel.
This problem can be overcome by using a variety of fac-
tors such as fuel injection rate, injection timing, gase-
ous fuel composition and intake charge conditions to
improve the performance, combustion and emissions of
dual-fuel engines. However, the question of the most
effective way to transfer a diesel engine to dual-fuel

mode remains open (Bennour, 2021).

Several publications (Murthy et al., 2021; Al-
Dawody et al., 2022) review the results of studies con-
ducted to improve the performance, combustion pa-
rameters,and emissions of LPG and diesel engines.The
data of the work showed that the use of liquefied gas
in a diesel engine is one of the effective methods of
reducing toxic emissions, but at the same time, under
conditions of partial load, there is a drop in the effi-
ciency and effective power of the diesel engine. Spe-
cifically, a diesel fuel blend with 10% LPG (Liquefied
Petroleum Gas) is shown to produce a 5.35% reduction
in NO, while diesel with 20 and 30% LPG emits 9.05
and 16.5% less NO,, respectively. Increasing the per-
centage of LPG in diesel results in lower soot concen-
trations because LPG has a lower carbon to hydrogen
ratio. The lowest ability to emit smoky combustion is
found for fuel with 30% LPG, where a reduction of 7.4%
is achieved. It was concluded that the optimal mixing
ratio is 30% LPG.

One of the main problems of combining diesel fuel
with LPG is the gas density, which is very low under
ambient conditions (Anisimov et al., 2016). This af-
fects the fuel supply system, and to inject the required
mass of fuel, a much larger cross-sectional area of the
fuel injector is required than that of a diesel injector.



In modern units, the operation of gas cylinder equip-
ment (HBO) on a diesel engine is performed according
to the principle of the 4th generation of HBO gasoline
engines with a slight difference in the fuel supply sys-
tem (Semenov et al., 2015). If in the gasoline analogue,
the engine starts working on gasoline, and then uses
only gas, then HBO on a diesel engine uses both types
of fuel at the same time, feeding it to the cylinders in
turn at different strokes (Kalinichenko et al., 2019). The
principle of operation of gas in a diesel engine is based
on the fact that both types of fuel alternate in supply.
The launch is carried out only on diesel fuel. In the first
stroke, a portion of gas fuel mixed with air enters the
cylinders, which is then compressed, and at the end of
the compression stroke, an igniting dose of diesel fuel
is supplied, which self-ignites from compression and
ignites the gas-air mixture. The lower the octane num-
ber of gas fuel, the faster the gas burns with less heat
release, and accordingly, the more it can replace diesel
fuel (Poliakov et al., 2015).

In 2010, the use of natural gas in a compressed
form became the most widespread in cars with engines
with external mixture formation and forced (spark) ig-
nition (Melnyk et al., 2018; Singh et al., 2021). Usually,
cylinders for storing natural gas under high pressure,
gas reducers, electromagnetic valves and other gas
equipment are additionally installed on a car with a
carburetor engine, which ensures the possibility of
engine operation on gas. The versatility of the power
supply of such a vehicle (gasoline or natural gas) is
also its disadvantage, since the full potential of the
high detonation resistance of natural gas is not used
(Lopatin, 2020). At the beginning of the 2020s, carbure-
tor engines in agriculture recede into the background,
due to their obsolescence and inefficiency, as well as
unsatisfactory environmental parameters (Hua, 2021).
However, there are publications about the experience
of gas cars manufactured in the USSR (Union of Sovi-
et Socialist Republics) running on compressed natural
gas (CNG), which revealed a number of positive aspects
(Poliakov & Mariyanko, 2014). The researchers estab-
lished an increase in the motor resource of the con-
verted engine by 35-40, an extension of the term of use
of candles by 30-40%, as well as a reduction in engine
oil consumption by postponing the replacement by 2-3
times. However, the same researchers noted a number
of disadvantages of using the dual-fuel mode, in par-
ticular — a decrease in power by 18-20%, which leads
to a decrease in maximum speed by 5-6%, respectively,
and an extension of the acceleration time by 24-30%,
a decrease in the maximum angles overcome by the
climb and mileage limits at one gas station. At the
same time, the carrying capacity decreases significantly
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(9-14%) due to the increase in the weight of the car due
to the gas cylinder equipment.

The difficulty of using gas fuel in diesel engines is
related to their poor flammability, low cetane number,
and high ignition temperature (Zaharchuk & Zaharchuk,
2020). Therefore, to organize the operation of a diesel
on natural gas, the gas-diesel process is used, which
consists in feeding a dose of flammable diesel fuel into
the cylinders, which ensures the ignition of the gas-
air mixture (Kryshtopa et al., 2018). Gas-diesel engine
start-up and idling work only on diesel fuel. In other
modes, an increase in engine power is achieved by in-
creasing the gas fuel supply. The amount of incendiary
dose delivery is 15-20% of the total fuel consumption.

LPG AS A PROMISING
GAS-DIESEL ENGINE COMPONENT

In addition to liquid fuel - diesel, gaseous fuels such as
hydrogen, compressed natural gas (CNG), diesel methyl
ether (DME), biogas, and LPG are used in combination
(Caban et al., 2013; Kumar et al., 2018). Liquefied pe-
troleum gas (LPG) and CNG turned out to be the most
popular among gas fuels in 2010-2020 due to the
availability and simplicity of units for their use (Wei &
Geng, 2016; Singh et al., 2020). LPG fuel can be used as
gas or liquid phase in diesel engines. In the gas phase,
air from the intake is fumigated and an LPG-air mixture
is formed in the intake manifold (Mueller & Guenth-
ner, 2023). When LPG is a liquid, it is mixed with diesel
fuel at a pressure above 0.5 MPa. LPG is mixed with
diesel fuel under pressure by a high-pressure pump. A
high-pressure pump supplies a mixture of diesel fuel
and gas to the injector. The liquid phase of LPG is in-
jected either as a mixture of LPG with diesel fuel at
the same time by an injector or separately by a second
injector (Vo et al., 2022).

In gas-phase LPG diesel engines, vaporized LPG
is fed into the cylinder with intake air and the LPG-
air mixture is compressed as in a conventional diesel
engine. The LPG-air mixture is not self-igniting due to
the high auto-ignition temperature. A small amount of
diesel fuel, called pilot, is injected to ignite the LPG-air
mixture. Pilot diesel fuel injected by conventional die-
sel injection equipment only reduces a small fraction
of engine power output (Canelada & Tischer, 2007).
The use of LPG in the gas phase is quite well studied
in many scientific works (Saleh, 2008; Ciniviz, 2010;
Mohsen et al., 2023). It was concluded that this com-
bination leads to better engine efficiency, reduction of
emissions of solid particles and smoke.

M. Ciniviz (2010) carried out a study of the effec-
tiveness of the use of dual fuel (diesel / LPG) in a die-
sel engine on power and emissions. A gas control valve
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system was designed to supply liquefied gas at a rate
of 30% to the intake manifold. The experimental results
showed that the engine power, engine torque and spe-
cific fuel consumption were improved due to the dual
fuel supply. As a result of the use of dual-fuel engines,
compared to single-fuel engines, torque and engine
power increased by 5.8%, and NO, emissions and ex-
cess air ratio decreased by 5.9 and 1/9%, respectively.
Furthermore, CO, emissions were shown to be lower
than in single-fuel mode, as CO emissions cannot be
converted to CO, in dual-fuel mode.

Also P. Stalhammar et al. (2011) studied the perfor-
mance and emissions of a 100% LPG direct injection
diesel engine. They added di-tert-butyl peroxide (DTBP)
and aliphatic hydrocarbon (AHC) to LPG fuel to increase
the cetane number. The stable operation of the diesel in
a wide range was demonstrated. The engine load range
has been extended with the improvement of LPG ce-
tane number. Several different LPG mixtures were ob-
tained by varying the concentration of DTBP and AHC.
LPG and only AHC fuel blends increased NO_emissions
compared to diesel operation. The results of the exper-
iment showed that the thermal efficiency of a diesel
engine running on liquefied gas was similar in basic pa-
rameters to running on pure diesel fuel. From the point
of view of emissions of exhaust gases, their reduction
was ascertained when using different mixtures of LPG,
DTBP and AHC.

Attempts to convert YaMZ-240 GD and YaMZ-240
H1-GD diesels to gas diesel were carried out by a group
of researchers from Ukraine (Kovbasenko et al., 2016).
The obtained data indicate the prospects of this type of
conversion using the regulation of the starting ignition
volume of a diesel engine with an electromagnet. Reg-
ulation of fuel supply to both diesel and gas in this case
is carried out by separate screws. It is planned to switch
to purely diesel mode when the load in the combined
cycle is reduced below 20-30% of the maximum, which
establishes the use of gas-diesel mode as the basic
one. Also, the same scientists noted the improvement
of environmental characteristics in the dual-fuel mode
of engine operation in the form of a certain decrease in
the content of carbohydrates and carbon monoxide, as
well as the smokiness of exhaust gases. With the pro-
posed mechanism of conversion to gas-diesel, slight
differences in the emission of carbon oxides were noted
in the two modes of engine operation. As for nitrogen
oxide, the researchers even found an increase in the
content of this compound when operating in gas-diesel
mode. There are also significant disadvantages of this
system in the form of an increase in the engine de-
sign due to the hydraulic amplifier of the gas dispenser
drive and the impossibility of correcting the volume of
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flammable diesel fuel, which limits the amount of re-
placement of diesel with gas. When using a gas-diesel
installation on a YAMZ-236 GD engine with mechanical
multi-mode rotation control, the ignition dose of die-
sel fuel was 30%. The above results of scientists from
Ukraine coincide with the conclusions of researchers
from other countries and indicate the prospects for fur-
ther development of gas-diesel engines, however, the
very scheme of conversion to gas-diesel requires fur-
ther improvement.

Also, work on the creation of engines with a
gas-diesel type of power supply is carried out both in
scientific institutions and by commercial companies
in many countries of the world. In particular, as a good
example of this is the development of the Bosch com-
pany Diesel-Gas System - Bosch (DG-Flex) (D’Agos-
to et al., 2014). However, data on its installation on
agricultural machinery has not been found. As stand-
ard, DG-Flex consists of sensors: detonation, air tem-
perature, coolant temperature, phase, crankshaft, gas
temperature and pressure, as well as a lambda probe
and an electronic gas supply control unit. The use of
the Diesel-Gas System - Bosch (Fontaras et al., 2012;
Gopalakrishnan & Tischer, 2014) leads to a significant
improvement in environmental characteristics in the
form of a six-fold reduction in solid emissions and
nitrogen oxide volume compared to the diesel cycle.
Also, a positive effect is saving money and reducing
the volume of fuel consumption. However, some sci-
entists (Owczuk et al., 2019) point to the imperfection
of this design in the form of the complexity of the
system itself, a mixed method of power regulation
with a throttle and a complicated control algorithm
of this system.

PROBLEMS AND PROSPECTS OF USING

A GAS-DIESEL ENGINE IN AGRICULTURE
The main problem in the practical application of a
gas-diesel engine in agriculture is the choice of the
principle of rebuilding the power system for the con-
version of serial tractor engines (Mattarelli et al., 2019;
Giorgi et al., 2020). Fundamental in this case is the dif-
ference in the two concepts of converting diesel en-
gines to a gas-diesel power model. The most radical
method is the complete replacement of fuel, which is
accompanied by spark ignition of the gas-air mixture
(Mattarelli et al.,2021). This method involves complete
disassembly of the diesel fuel equipment followed by
reprogramming of the compression ratio, reducing it
to 11-14 units, and at the end, the system is equipped
with gas equipment (ignition system, cylinder, gas
pipeline). The technical parameters of this conversion
method correspond to the parameters of the engine



before the rebuild, and the environmental indicators
are significantly improved, since in general this engine
runs on gas fuel (Kabeyi & Olanrewaju, 2022). After
the conversion, the engine can no longer run on diesel
fuel, the reverse operation is economically impractical.
Experiments were conducted by researchers M. Kabeyi
& 0.0Olanrewaju (2022) to study the efficiency of a die-
sel engine with natural gas and diesel fuel in dual fuel
mode with different proportions of diesel fuel 10-100%
at 10% intervals. The results show that the overall effi-
ciency of using CNG was lower than that of 100% die-
sel. At lower loads the efficiency was significantly low-
er and at higher outputs the performance was much
better but still lower than when the diesel was running
at 100%. The specific fuel consumption of the engine
at 1.1 kW when operating on a mixture with 90% CNG
was 68% higher than when the engine was operating
in purely diesel mode. However, at 2.8 kW, the specif-
ic fuel consumption of the engine when running on
90% CNG was only 7% higher. Exhaust gas emissions
show that in gas-liquid mode CO, and smoke emissions
were lower due to the lower carbon to hydrogen ratio
in CNG. CO emissions were higher due to the lower air-
to-fuel ratio, as the injection of LNG into the intake air
replaced some of the air in the intake tract.

The next option is the dual-fuel mode of rebuilding
the diesel engine. In general, it is a variant of the stand-
ard gas-diesel engine with the predominant use of gas
as the base fuel and diesel for the ignition of the gas
mixture (Dasappa & Sridhar, 2011). However, the use
of a specific ratio of diesel and gas in this scheme is a
rather variable indicator that primarily depends on the
type of gas fuel, individual design features of both the
diesel engine and the gas plant. An important factor in
this version of the gas-diesel engine is the possibility
of using a full-fledged purely diesel mode, which is car-
ried out by the operator himself.

In view of the energy crisis, many alternative fuels
have been tested worldwide for use in internal com-
bustion engines (Wang et al., 2022; Das et al., 2022).
The conducted review indicates the perspective of
conducting research on the use of natural gas as an
alternative fuel, corresponds to the trend of finding
new types of fuel with improved environmental perfor-
mance and preservation of the technical characteris-
tics of the diesel engine. Taking into account the above
data, one of the promising types in terms of economy
is the use of a diesel engine with an LPG system in
agriculture. An increase in the number of publications
on the study of optimal conversion schemes of diesel
engines using biogas and LPG is attracting attention
(Wei & Geng, 2016; Singh et al., 2020). Analysis of the
publications of scientists from Ukraine on this issue
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indicates that most of the research is devoted to the
conversion of outdated engines or the use of biogas,
which is quite debatable regarding the availability of
this type of fuel in Ukraine (Zhuk, 2022).

Gas-diesel engines in agriculture can be rebuilt by
completely replacing diesel fuel with gas, which leads
to environmental improvement, but the loss of the abil-
ity to use diesel fuel. On the other hand, a dual-fuel
mode can be applied, where gas is used as the base
fuel, but diesel remains for ignition, giving greater flex-
ibility of use.

CONCLUSIONS
The conducted review indicates the relevance of de-
veloping new schemes for conversion of serial diesel
engines to dual-fuel mode using alternative fuel mix-
tures. Alternative types of gaseous fuels available on
the market, such as hydrogen, CNG, diesel methyl ether,
biogas and LPG have significant differences in the im-
plementation of engine conversion and technical char-
acteristics after modification. There are several options
for converting a diesel engine to work in dual-fuel
mode, but there are no generally accepted schemes
for modifying diesel engines in agriculture. The diesel
engine conversion schemes proposed for 2010-2020
are technically quite complex and require significant
intervention in the engine layout, which increases the
cost of this manipulation. It was established that the
use of dual-fuel engines has a significant thermal ef-
ficiency at high power, but at the same time they are
characterized by lower performance under partial load
conditions due to insufficient use of the energy poten-
tial of the combined fuel. They are trying to overcome
this problem by optimizing the power and combustion
parameters. The optimal way to modify a diesel en-
gine into a dual-fuel mode remains a debatable issue,
which prevents serial conversion. Taking into account
the available opportunities in Ukraine regarding the
availability of various types of gaseous fuel, the most
economically feasible type of gaseous fuel when con-
verting a diesel engine is the use of liquefied petro-
leum gas. Taking into account the available schemes,
the scheme of the DG-Flex BOSCH fuel supply system,
which provides for the supply of liquefied petroleum
gas to the intake manifold and its mixing with air on
the intake stroke, and the supply of an ignition dose
of diesel fuel, using modern diesel fuel equipment, is
promising for the operation of a dual-fuel engine ac-
cording to the gas-diesel cycle Common Rail. Howev-
er, the existing schemes need to be improved, taking
into account the existing shortcomings in the form
of software and maintenance complexity, as well as a
multi-level throttle control system. As a result of this

Ukrainian Black Sea Region Agrarian Science, 27(4), 81-89

85



86 Problems and prospects...
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AHoTauis. B ymM0oBax NOCTIMHOro 3pOCTaHHS BapTOCTi TPAAMUIMHMX HAadTONPOAYKTIB Ta iX AediumTy, akTyanbHUM
NOCTa€ MUTAHHS BWKOPWUCTAHHS anbTEPHATMBHUX NanuB. MeTol CTaTTi € BUSBNEHHS WAAXIB BUMKOPUCTAHHS
aNbTEPHATUBHMX BMAIB Nanuea Ans poboTu AM3eNnbHUX OBUIYHIB. MeToam [OCNioKeHb — aHanis Ta Bepudikauis
[aHUX OTPUMAHMX 3 HAYKOBMX Nybnikauii, WO BXOASTb A0 BCECBITHbO BiAOMMX HAYKOMETpUYHMX 6a3, Ha
AKTYanbHiCTb NpeaMeTy AoChigpKeHb. PesynsTatamMmn OOCNiIOXKEHb € BUSBMIEHHI nepeBarM M HefoNiK1 ABOMNANUBHUX
[BWIYHIB, LLIO NPALIOIOTb Ha ra3onoaibHoOMy nanuBi 3 NPMCAAKO AM3ENbHOrO NanvBa, BMIMB LbOro TUMY ABUIYHIB
Ha BMKMAM Ta TOKCMYHICTb BifAMNpalboBaHuX rasis, 3okpeMa okucie azory NO. O6rpyHToBaHO 3acTocyBaHHA Tak
3BaHOIi ra3oBoi GOPCYHKM Ta MONEpPeYyHOro nepepisy oTBOpIB ii po3nuntoBadvis. [fpoaHanizoBaHO Ta BCTAHOBJEHO,
O HaMbiNblWw E€KOHOMIYHO AOUiINIbHUM € BUKOPUCTAHHS ANs pob60TU AM3eNbHUX OBUTYHIB 3pigyKEHOro HadToBOro
rasy LWASXoM peanisauii ra3opiAMHHOro UMKIY; BUSBNEHO, LLO HaMbiNbLl NepcnekTMBHUM ANS LbOro € razobanoHHe
06nafiHaHHS Tak 3BaHOTO 4-ro MOKOMiHHS. PEeTpoCcnekTMBHMIA aHani3 LOCNiAXEHb ABUMYHIB BHYTPILIHbOIO 3ropaHHs 3
razo6anoHHUMM 0b6nafHaHHSAM, NOKa3aB 306inblIEHHS MOTOPeCypCy NPy BUKOPUCTaHHI ra3onofibHWX nanuBe, a Takox
HeraTUBHY CTOPOHY BUKOPWUCTAHHS razonoAibHUX nanue, sika NOMATAE Y 3HMXKEHI MOTY)KHOCTI Npu nepeobnafHaHHi
KapOlpaTOpHMX [OBUIYHIB, OLHAK BUKOPWUCTAHHS UMX ManuB Ans poboTM OM3eniB MOBHICTIO HiBEOE Len
Heposik. Ha OCHOBi aHanisy pocnigkeHb, BCTAHOBJEHO TAKOX BM/MB 3aMafibHOI 403M, Npu poboTi ABWMIyHa no
rasofM3eNibHOMY LIMKJi, Ha MOKa3HMKM poBOTM NPU Pi3HUX HABAHTAXEHHSX Ta 3HaNAEHO peKOMeHaLilo NepexoauTu
Ha AM3enbHWIA LMKN 3 ra304M3e/bHOr0 NpU HaBaHTaXeHHaX MeHwux 3a 30 % Bif HoMiHanbHoro. OBrpyHTOBaHO
Ta BMOpPAHO ONTUMaNbHY CXEMY peanisalii ra3ofM3eNbHOro LMKAY, WO € aKTyaIbHOK i NepCcrneKTMBHOW Ans BinbL
PO3MOBCIOAKEHUX EHEPreTUYHUX Ta TPAHCMOPTHMUX 3acobiB. Buxoasuun 3 npoaHanizoBaHMX CXeM, BCTAaHOBAEHO, WO
CXEMOI0, IKY MOXHA B3TV 33 OCHOBY NpW NOAANbLWNX AOCAIAXEHHSX LbOr0 HAMpPsIMKY — L CXeMa ra3oau3enbHol
cuctemn DG-Flex BOSCH. MpakTuyHa WiHHICTb po60TK nongra€e B 06rpyHTYBaHHI KOMMIEKCHOro nepeobnagHaHHs 3
YaCcTKOBMM 3aMilLEHHSM AM3€/IbHOrO MasbHOro 3pigKeHMM HAadTOBMM ra3oM K HaWbinbWw paLioHanbHOro cnocoby
nepeBefleHHs CEPiMHUX AU3ENbHUX ABUTYHIB B ABOMNANUBHI

KniouoBi cnoBa: TpaHCNopT; 3pifKeHnit HAadTOBUI ra3; ra3obanoHHe 06nagHaHHS; CUCTEMA XKXMUBNIEHHS
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Abstract. The application of lime fertilizer “defecation” on acidic and slightly acidic soils has a multifaceted
positive effect, eliminating excessive acidity, and creating optimal environmental conditions for agricultural
plants and soil microorganisms, increases the water resistance of structural soil aggregates, which determines
favourable water and air modes, increases the accumulation of phosphorus, potassium. The goal is to investigate
the influence of sugar mud and organic fertilizers on the productivity of sugar beets in the conditions of Podillia.In
the presented study was carried out using such methods as field, measuring and weighing, laboratory, statistical.
According to the results of the experiment, it was determined that the productivity of sugar beets increased
depending on the doses of applied fertilizers. Thus, with the application of 2.0 Hr of sugar mud, the yield
increase amounted to 15.27 t/ha. The combination of organic fertilizer and sugar mud 2.0 Hr had the strongest
effect on productivity - 29.41 t/ha. The collection of sugar increased according to the experimental variants
mainly due to the increase in yield. The increase in digestion was insignificant: from 0.08 to 0.56% according to
the experiment variants. The segment of crop production will be profitable due to the drivers of the volume of
the harvested crop. The side economic effect of the application of this measure will be to obtain a larger sugar
harvest per hectare, which will allow to obtain a larger profit from the processing of sugar beets into sugar. The
practical value of the research lies in the formation of recommendations for farms and agricultural enterprises
growing sugar beet on acidic and slightly acidic soils in order to increase its productivity
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INTRODUCTION
As a result of the significant anthropogenic impact on
the agricultural landscapes of Ukraine and the intensi-
fication of agricultural production, the state of soil acid-
ification is characterized as catastrophic. The highest
level of arable land acidification is characteristic of the
Podillia zone, and this especially applies to the soils of
the Vinnytsia region, where acidic soils make up more
than 80% of the total arable land area (Voitova, 2020).

There are not many comprehensive studies on the
impact of manure application and organic fertilizers on
sugar beet productivity in the scientific environment.
The general physiology of sugar beet and the factors
affecting it are studied in the work of C. Hoffmann et
al.(2021). Physico-chemical indicators and yield of sug-
ar beets were considered in detail by |. Khan et al. (2018).
M. Rasovsky & V.Pacuta (2016) studied quite deeply and
thoroughly the influence of certain agrotechnical meas-
ures and climatic conditions on the yield of root crops
and the digestion of sugar beets. An interesting study is
the assessment of the stability and adaptation models
of the yield of white sugar from sugar beet varieties
in a temperate climate, carried out by M. Studnicki et
al. (2019). Agrotechnical measures in the management
of soil fertility were studied by C. Kabala et al. (2016).
Certain aspects of adaptive technology in the part of
growing sugar beets on acidic soils are studied in the
work of O. Balahura et al. (2018). The team of authors
A. Zaryshniak et al. (2019), who examined the produc-
tivity of sugar beets under biologicization of their cul-
tivation on weakly acidic soils, continues the develop-
ment of this scientific direction. The general principles
of sugar beet productivity, depending on the system
of fertilization and tillage, were studied in the work of
such scientists as O. Chernelivska et al. (2019).

Despite significant progress in the study of meas-
ures to increase the yield of sugar beets, there is a lack
of comprehensive systematic work on the effect of ap-
plying manure and organic fertilizers on the produc-
tivity of sugar beets. One of the effective methods of
increasing the fertility of acidic soils and ensuring the
productivity of agricultural crops is liming and apply-
ing organic fertilizers. However, in the conditions of the
existing price disparity for agricultural products and
plant protection products, there is a need to find such
methods of processing agricultural crops, which, at the
lowest costs, ensured not only an increase in yield, but
also the restoration of soil fertility. To solve this scien-
tific and practical task, it was proposed to investigate
the use of sugar production waste - sugar mud - which
is especially relevant for enterprises that provide a
full cycle of sugar production: from the provision of
raw materials (growing sugar beets) and the actual
production of sugar. Compared to traditional liming,

Trembitska and Bohdan

sugar mud has advantages in cost, lower costs for
transportation to the fields, in particular, its applica-
tion allows for more efficient use of organic fertilizers.

MATERIALS AND METHODS

The study of the effect of sugar mud and organic ferti-
lizers on the productivity of sugar beets was carried out
in the Podillia area. The experiment was conducted at
the limited liability agricultural company named after
Bohdan Khmelnytskyi, as well as in the raw materials
and factory laboratories of the sugar factory in the vil-
lage of Horodkivka. The study was conducted on a pi-
lot basis in 2022. The study adheres to the publication
ethics established by Convention on Biological Diver-
sity (1992), as any experiment involving plant research
(both cultivated and wild). The experimental area is
represented by grey podzolized soils mainly on loess
rocks. The soil survey showed that the humus content
is low, and the decline down the profile is gradual. The
soil is slightly acidic, the content of mobile phosphorus
is average, exchangeable potassium is high. The den-
sity of the arable horizon is 1.09 g/cm, an increase is
observed down the soil profile.

The object of research within the scope of the con-
ducted experiment was the process of formation, de-
velopment, growth and ensuring the productivity of
sugar beet depending on the application of sugar mud
with organic fertilizers. Taking into account the pH of
the soil at the level of 5.1-5.5, the degree of saturation
with bases of 88.6%, the high hydrolytic acidity of 3.5-
3.8 mg/eq., as well as the fact that a stable positive
effect of liming is observed at the level of soil pH be-
low the level of 5.5 and hydrolytic acidity of more than
2.0 mg/eq.,there is a need for liming of this experimen-
tal plot. The total area of experimental plots was 45
hectares — 5 hectares for each of the formed schemes.

The predecessor of sugar beets was winter wheat.
After harvesting, 2 weeks later, sugar mud was intro-
duced, followed by planting in the soil. The weight
rate of the introduced sugar mud was 25% of the full
rate, depending on the indicator of hydrolytic acidity of
the soil. Chemical composition of sugar mud: CaCO, -
44.3%, organic matter - 14%, N - 0.45%, P,O, - 0.57%,
K,O - 0.75%, moisture - 14-23%. Compost with a dose
of 12 t/ha was applied as an organic fertilizer. In par-
ticular, to prevent direct contact of sugar mud and am-
phos when applied to the soil, mineral fertilizers were
applied during plowing. Plowing in the experiment
was carried out at a depth of 28-30 cm (Humentyk et
al.,2018). In accordance with the purpose of the exper-
iment to study the influence of sugar mud and organic
fertilizers on the productivity of sugar beets, the follow-
ing scheme was formed (Fig. 1).
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Scheme of the experiment J

00 - control

|l

01 - application of sugar mud

011 - sugar mud 0.8 t/ha (0.5 Hr) <

012 - sugar mud 1.6 t/ha (1.0 Hr)

: application of 50% of the
|
| full rate depending on the

indicator of hydrolytic
acidity of the soil

013 - sugar mud 2.4 t/ha (1.5 Hr) 34 """
|

014 - sugar mud 3.2 t/ha (2.0 Hr) <

02 - application of compost and sugar mud

021 - compost 12 t/ha + sugar mud 0.8 t/ha <

application of compost and

022 - compost 12 t/ha + sugar mud 1.6 t/ha < sugar mud 50% of the full

; rate depending on the

023 - compost 12 t/ha + sugar mud 2.4 t/ha

024 - compost 12 t/ha + sugar mud 3.2 t/ha <

§< """ indicator of hydrolytic
! acidity of the soil

Figure 1. Scheme of conducting an experiment to study the influence of sugar mud
and organic fertilizers on the productivity of sugar beets

Source: authors’ own development

In the spring, when the physical maturity of the soil
was reached, harrowing was carried out. 5 days after
harrowing, when the soil was warmed at a depth of
10 cm to +5°C - +6°C, pre-sowing cultivation was car-
ried out to a depth of 4-5 cm (Korovko, 2017). The Con-
certina KWS hybrid was used as seed material. Sowing
rate - 1.2 s.u.on 1 ha. Sowing was carried out in a wide-
row method with a Tempo Vaderstad precision seed drill
with 45 cm between rows, to a depth of 4-5 cm. At the
beginning of the appearance of the second pair of true
leaves, inter-row cultivation was carried out and the
formation of optimal density by means of thinning. The
yield of sugar beet was determined using the weighing
complex of the beet point, and its technological qual-

ities (digestion, content of dry substances, non-sugars,
etc.) were determined in the raw material laboratory.

RESULTS

The main indicator of the effectiveness of the applica-
tion of organic fertilizers is an increase in the yield of
agricultural crops. Thus, the actual yield of sugar beets
according to the schemes of the conducted experiment
on the assessment of the impact of application of sug-
ar mud and organic fertilizers deviated from the con-
trol value from 1.42 to 19.67 t/ha from 3 to 42% . The
results of recording the yield indicators of sugar beet
grown on the experimental plots according to different
schemes are shown in the Figure 2.

% 80 Scheme of the experiment 50% °

@70 £
40% =

£ 60 3

ESO 30% ‘g‘%

S v v

.40 20% g 2

2 30 )

£ 10% ¢ £

w20 2

210 0% 2

5 47.22 48.64 51.47 53.36 54.78 60.24 62.77 64.52 66.89 3

o 0 -10% @

a 00 011 012 013 014 021 022 023 024

Control Application of sugar mud Application of compost and sugar mud

Figure 2. The yield of sugar beets depending on the doses of application
of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development
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Application of only sugar mud provided an increase
in the yield of sugar beets from 1.42 to 7.56 t/ha (from
3to 16%). In turn, the application of sugar mud against
the background of organic fertilizers (compost) ensured
an increase in the yield of sugar beets from 13.02 to
19.67 t/ha (from 28 to 42%). Therefore, the application
of organic fertilizer (compost) at a dose of 12 t/ha and
sugar mud at a dose of 3.2 t/ha had the greatest positive
effect on the productivity of sugar beets. This is due to
the fact that applied organic fertilizers and sugar mud
improve the water-air properties of soils, they become
looser. Thanks to this, aeration, water permeability in-
creases and the moisture reserve in the soil increases.
What contributes to the powerful development of the

< 18.00%
17.90%
17.80%
17.70%
17.60%
17.50%
17.40%
17.30%
17.20%
17.10%
17.00%

Sugar beet digestion, %(left scal

012 013 014
Application of sugar mud

Scheme of the experiment

root system of sugar beets, capable of more fully using
soil moisture, developing sufficient vegetative mass.

The distribution of sugar in root crops is uneven.
In the tail part and especially in the root head, the
sugar content is lower than in the central part. The
maximum amount of sugar accumulates slightly be-
low the widest part of the root between the periphery
and the central zone. Root crops belong to the group
of crops that require a large amount of nutrients, so
the application of fertilizers strongly affects the size
of the harvest and its quality. The results of recording
the digestion (sugar) indicators of sugar beet grown on
the experimental plots according to different schemes
are shown in the Figure 3.

3.50%
3.00%
2.50%
2.00%
1.50%
1.00%

Deviation from control, in %
(right scale)

0.50%

021 022 023 024 0.00%

Application of compost and sugar mud

Figure 3. Digestion of sugar beets depending on the doses
of sugar mud application in combination with organic fertilizers in 2022

Source: authors’ own development

The application of only sugar mud provided an
increase in the digestion of sugar beets from 0.08%
to 0.22% (from 0.46 percentage points to 1.27 per-
centage points). In turn, the application of sugar mud
against the background of organic fertilizers (compost)
provided an increase in the digestion of sugar beets
from 0.38% to 0.56% (from 2.19 percent to 3.23 per-
cent). Therefore, the application of organic fertilizer

(compost) at a dose of 12 t/ha and sugar mud at a
dose of 3.2 t/ha had the greatest positive effect on
the productivity of sugar beets. Based on the obtained
results of yield and digestion of sugar beets, let’s con-
sider the resulting indicator - harvesting of sugar per
hectare - and conduct a factor analysis of the contri-
bution of individual indicators (yield and digestion) to
its formation (Fig. 4-5).

. 14.00 Scheme of the experiment 420
£ 1200 g;g ° 3
8 20 € &
5 210.00 270 8 3
S 2800 220 § £
« £6.00 170 £ £
o= 120 8 &
£ 2%0 070 &5
2 S2.00 020 8 €
§ 000 S o ? -0.30
T 00 011 012 013 014 021 022 023 024

Control Application of sugar mud Application of compost and sugar mud

Figure 4. Harvesting of sugar per hectare

depending on the doses of application

of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development
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8 4 Scheme of the experiment 0.37
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Figure 5. Factor analysis of deviations of harvesting of sugar per hectare depending
on the doses of application of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development

The application of only sugar mud provided an
increase in the yield of sugar from 1 ha from 0.29 to
1.43 t/ha. In turn, the application of sugar mud against
the background of organic fertilizers (compost) ensured
an increase in the yield of sugar from 1 ha from 2.49
to 3.79 t/ha. Therefore, the greatest positive impact
on sugar collection from 1 ha of sugar beet crops was
made by the application of organic fertilizer (compost)
at a dose of 12 t/ha and sugar mud at a dose of 3.2 t/ha.
At the same time, it can be testified that the factor con-
tribution of productivity in the formation of the indi-
cator of sugar collection from 1 ha is at the level of an

27.20%
27.15%
27.10%
27,05%
27.00%
26.95%
26.90%
26.85%
26.80%

The dry matter content, %

00 011 012 013

Application of sugar mud

average of 94% against the factor contribution of sugar
beet digestion at the level of 6%.

However, it should be noted that if organic fertiliz-
ers increase digestion, they simultaneously reduce the
content of dry substances in the composition, which
accounts for the share of sucrose, increasing the num-
ber of non-sugar soluble forms. These sugars, passing
into beet juice, sharply deteriorate its quality. Accord-
ing to the results of the experiment, it was determined
that with an increase in the doses of applied fertilizers,
the content of dry substances and the total amount of
non-sugars decreases (Fig. 6-8).

Scheme of the experiment

021 022 023
Application of compost and sugar mud

014

Figure 6. Indicator of the quality of sugar beet “The dry matter content” depending
on the doses of application of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development

9.40%
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9,00%
8.80%
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8.00%

Non-sugar content, %

00 011 012 013
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Application of sugar mud

Scheme of the experiment

014 021 022 023 024
Application of compost and sugar mud

Figure 7. Indicator of the quality of sugar beet “Non-sugar content” depending
on the doses of application of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development
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Scheme of the experiment
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Figure 8. Indicator of the quality of sugar beet “Purity of beet juice” depending
on the doses of application of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development

According to the option of compost 12 t/ha + sugar
mud 3.2 t/ha, the content of dry matter was 26.93% and
non-sugar 8.42%, while in the control it was 27.10%
and 9.20%, respectively. Despite the decrease in the
content of dry matter in root crops due to the applica-
tion of organic fertilizers, at the same time, the content
of harmful soluble non-sugars increases, thereby wors-
ening the quality of beet raw materials. The application
of sugar mud reduces the content of soluble non-sug-
ars. In the case of application of sugar mud with organic
fertilizers, the purity of the juice deteriorates.

DISCUSSION
Studies show that the influence of the environment
on plants depends on biological features and external
factors. Laboratory studies have proven that increasing
the concentration of calcium in the nutrient medium
weakens the negative effect of hydrogen ions. This
is explained by the antagonistic action of calcium in
relation to hydrogen. In the presence of high calcium
content, hydrogen ions are in the nutrient medium, but
their entry into the plant is delayed (Shyrokostup, 2014).
Acidic soils are characterized by unfavourable biologi-
cal, physical and chemical properties. The colloidal part
is poor in calcium and other bases. Hydrogen ions dis-
place calcium from humus, increase its dispersion and
mobility, and hydrogen saturation of mineral colloidal
particles leads to their gradual destruction. This ex-
plains the low content of the colloidal fraction in acidic
soils, which is why they have poor physical properties,
low absorption capacity, and weak buffering capacity.
In acidic soils, the activity of nitrifying, nitrogen-fixing
and other beneficial bacteria and microorganisms is in-
hibited (Zaryshniak et al., 2019). The negative effect of
increased acidity is largely related to the mobility of
aluminium and manganese in the soil. The main mass
of aluminium is in the soil in a sedentary state and does

not affect plants, but in acidic, for example, grey, dark-
grey podzolic soils, the content of mobile aluminium
often ranges from 3 to 20 mg/100 g of soil (Kliachenko
& Kolomiiets, 2013), per sowing unit 1 ha is 60-400 kg
of movable aluminium, which is 120-800 times higher
than its content in plants. With increased soil acidity,
there is poor growth and strong liquefaction of clover,
alfalfa, sugar beets, winter wheat and other crops. Some
weeds - horsetail, sedge, sedge, creeping buttercup,
sedge, heather grow well on acidic soils and are indica-
tor plants. For each type of plant,there is a certain, most
favourable for growth and development reaction inter-
val of the medium (pH 6.5-7.5).Alfalfa, sugar beet, hemp,
cabbage do not tolerate acidic soils at all (pH 7.0-7.5).

The process of soil impoverishment with calcium
is observed almost everywhere, but it has a different
quantitative expression and therefore does not have
the same effect on fertility, as evidenced by the data on
agrochemical soil survey (Kurylo et al., 2014). Various
meliorants can be used to improve soil fertility: lime,
gypsum, dolomite flour, etc., as well as sugar mud, the
effectiveness of which was not inferior to chalk and do-
lomite flour. Thus, when applying equal doses of chalk,
dolomite flour and sugar mud under sugar beets, the
yield was: background (control): 445 t/ha; background +
chalk: 477 c/ha; background + dolomite flour: 483 c/ha;
background + defect: 490 c/ha. That’s why V. Butov &
V. Porudieiev (2014) also consider fragmentary applica-
tion of organic fertilizers under sugar beet.

According to research data, defecate is not inferior
to gypsum in terms of its remedial effect (Chernelivs-
ka, 2012). Fecal doses of 4, 8, 20, 40, 60 t/ha were stud-
ied, which were applied respectively in the spring for
cultivation and in the fall for plowing. Observation of
growth and development showed that the application
of sugar mud (4 and 8 t/ha) did not have a significant
effect on the initial growth and development of plants,
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but their application under cultivation significantly
reduced the volumetric weight of the soil, which was
1.13 g/cm against 1.26 g/cm when applying meliorant
under plowing (Roik et al., 2014). The volume weight is
reduced to 1.12 g/cm, as well as the use of 20 t/ha of
manure for cultivation. The use of sugar mud of 4-8 t/ha
for cultivation reduces the number of soil particles of
1.0-0.25 mm and increases the number of particles of
5-10 mm (Sinchenko et al., 2014) In this version, the in-
dicators of soil fertility also improved. Thus, the content
of mobile phosphorus and exchangeable potassium in-
creased by 17 and 21%, respectively.

In the conditions of the Cherkasy region, the influ-
ence of defecation on soil fertility and crop yields was
studied (Shevchenko, 2015). The efficiency is shown for
single and double doses of sugar mud of 10 t/ha and
20 t/ha. The number of absorbed bases and the degree
of saturation with bases increased significantly, the hy-
drolytic acidity significantly decreased from 6.82 in the
controlto 2.10 when 1.0 Hr was applied,and 2.27 mg/eq
per 100 g of soil when 2.0 Hr was applied. The pH value
reached 6.52-6.60 in the arable layer.

Other studies have shown that liming with sugar
mud improves the agrochemical properties of the soil
(Balahura et al., 2018). On the calcareous areas, the pH
changed from 6 to 6.3 mg/eq. (salt extract), hydrolytic
acidity from 4.4 to 1.7 mg/eq., phosphorus and potas-
sium reserves increased. The application of sugar mud
in a complex with manure contributed to an increase in
the humus content compared to the initial indicator by
0.53%,; a significant increase in the potassium content
in the soil was noted in cases where ameliorants were
used in combination with manure up to 138 mg/kg.;
on control 78 mg/kg.The use of calcium-containing ame-
liorants (sugar mud and calcium carbonate) both on the
background of manure and in combination with mineral
fertilizers contributed to the deacidification of leached
soils (Kokovikhinetal.,2012).The pH increased from 5.0-
5.3t0 5.9-6.0,the hydrolytic acidity decreased from 6.0-
7.0 to 2.6-4.1 mg/eq. per 100 g of soil,and the degree of
saturation with bases increased from 79-82 to 88-92%.

Thus, as evidenced by the conducted research, the
application of lime fertilizer “defecation” on acidic and
slightly acidic soils has a multifaceted positive effect,
eliminating excessive acidity, and creating optimal en-
vironmental conditions for agricultural plants and soil
microorganisms, increases the water resistance of struc-
tural soil aggregates,which determines a favourable wa-
ter and air modes, increases the accumulation of phos-
phorus, potassium.As a result of this influence, the yield
and quality of agricultural crops increase significantly.
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CONCLUSIONS

Thus, sugar mud is a valuable ameliorant that has a posi-
tive effect on the condition of the soil. The application of
sugar mud reduces the exchangeable acidity of the soil
from 5.50 to 6.75 pH. The application of sugar mud on
acidic and slightly acidic soils has a multifaceted positive
effect, eliminating excessive acidity,and creating optimal
environmental conditions for agricultural plants and soil
microorganisms, increases the water resistance of the
structural aggregates of the soil, which determines fa-
vourable water and air regimes, increases the accumula-
tion of phosphorus and potassium.As a result of this influ-
ence, the yield and quality of agricultural crops increase
significantly. Sugar beet productivity increased depend-
ing on the applied fertilizer doses. Thus, with the appli-
cation of 2.0 Hr of manure, the yield increase amounted
to 7.56 t/ha. The combination of organic fertilizer and
manure 2.0 Hr had the strongest effect on productivity -
19.67 t/ha. The collection of sugar increased according
to the experimental variants mainly due to the increase
inyield. The increase in digestion was insignificant: from
0.08% to 0.56% according to the experiment variants.

According to the results of the conducted research
and experiments, the farm is recommended to apply
compost at a dose of 12 t/ha and sugar slurry at a dose
of 3.2 t/ha. The specified agronomic measure will allow
to increase the productivity of sugar beet - to ensure a
high yield of this crop, an increase in digestion and, ac-
cordingly, sugar collection per hectare. It should be not-
ed that this measure is economically feasible for both
the crop production segment and the sugar production
segment. Further directions for deepening the research
may be the exclusion of factors of meteorological in-
fluence, which are usually carried out in order to deter-
mine a reliable assessment of the effectiveness of cer-
tain agrotechnical techniques in agricultural practice.
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AHoTauis. BHeceHHs BanHsHoOro gobpuea «aedekaty» Ha KUCAUX | CNabOKMCAUX FpyHTax Mae HaratorpaHHui
NO3UTUBHUIM edeKT, YCYyBalUM HAAMIPHY KMCOTHICTb | CTBOPKKOYM ONTMMANbHI  €KONIOTiYHI  YMOBKM [AON4
CiNbCbKOroCNoAapCbKMX POCAMH | FPYHTOBMX MiKPOOPraHi3MiB, NiABULLYE BOAOCTIMKICTb CTPYKTYPHMX arperatiB
IPYHTY, LLLO BU3HAYAE CNPUSTIMBUI BOSHMI | NOBITPSHUI pexumu, 36inbluye HakonuueHHs docdopy, kanito. MeTa -
[OCNiAUTU BNJIMB LLYKPOBOMO PO3YMHY Ta OPraHiyHMxX LOOPMB Ha MPOAYKTUBHICTb LyKPOBWMX OypsikiB B yMOBax
Mogminng. Y npeacrtaBneHnX O0CNIAKEHHSX BUKOPWUCTOBYBAAUCHL Taki METOAM: MONbOBWIA, BUMIipIOBAIbHO-BAaroBuMm,
nabopaTopHUi, CTaTUCTUYHMIA. 3@ pe3ynbTaTaMu LOCAILY BCTAHOBMEHO, WO MPOAYKTUBHICTL BYpsKiB LyKpOBMX
3pocTana 3alexHo Bif 403 BHeceHMX f06puB. Tak, npu BHeceHHi 2,0 4.p. LyKpOBOro po3umHy npubaBka BpOXako
cknana 15,27 t1/ra. NoeaHaHHa opraHiyHoro gobpmea Ta LyKpoBOro posumHy 2,0 rpa. Mano HakCUAbHILIMI BMNAUB
Ha BpoXarHicTb — 29,41 1/ra. 36ip LyKpy 36iN1bWIMBCA NO BapiaHTaxX AOCNiAY B OCHOBHOMY 33 paxyHOK 30i/bLUEeHHS
BPOXaMHOCTI. 3pocTaHHs aurecTii 6yno He3HauHuMm: Big 0,08 no 0,56 % BiaNOBIZHO [0 BapiaHTIB eKCNEpPUMEHTY.
CerMeHT pocnuHHMUTBA Oyne npubYTKOBMM 33 paxyHOK JApaliBepiB obcary 3ibpaHoro Bpoxato. [Mo6iyHuM
€KOHOMiYHMM edeKTOM Bif 3aCTOCYBaHHS LbOro 3axopy byae oTpuMaHHs binblworo 360py Uykpy 3 rektapa, Wo
[03BOAUTL OTPMMATK BinbLuni NpmubYTOK Bif Nepepobkum LyKpoBMX BypsiKiB Ha LyKop. [TpakTMYHA WiHHICTb AOCNIAXEHD
nonsira€e y GopMyBaHHi pekoMeHaauUin ans depmMepCbKMX rocnofapcTs Ta CilbCbKOroCnoaapCcbkux NianpUEMCTB, SKi
BMPOLLYHOTb LLYyKPOBi BYpSKM Ha KUCIUX | CNaBOKMCIMX FPYHTaX, 3 METOK MNiABULLEHHS iX MPOAYKTUBHOCTI
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