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SECTION 1. AGRICULTURAL ENGINEERING

DOI: 10.46299/1SG.2026. MONO.AGRO.1.1.1

1.1 Determinant physical properties of soil affecting agricultural crop yield

Introduction

The development of modern agricultural production takes place in conditions of
increasing intensification of technological processes, increasing the power and mass of
machine-tractor units (MTU), as well as increasing the volume of mechanized transport
and technological operations. On the one hand, this significantly increases labor
productivity, leads to a reduction in the time of field work and a reduction in resource
costs, and on the other hand, it causes a significant increase in the load on the soil
environment. Under these conditions, the potential of the fertile layer of the soil is
significantly deteriorating, which in turn leads to a decrease in the yield of agricultural
crops. In such conditions, the issue of preserving soil physical properties and
preventing its excessive compaction becomes particularly relevant.

Soil is a complex multiphase system consisting of solid, liquid, and gaseous
phases. The key function of the fertile soil layer is to provide plants with nutrients,
water and air, i.e. ensuring the productivity of agroecosystems. Its physical state
determines the conditions of water, air and thermal regimes, the intensity of
biochemical processes, the formation and development of the root system of plants.
Soil density is one of the key indicators of soil quality, which allows prediction of the
growth and development trends of agricultural crops. Deviation from the optimum
density leads to more complicated use of moisture and nutrients.

The most common negative factor of the impact of modern agricultural
production on the soil is its compaction due to the action of wheeled and tracked drives
of machine-tractor units. In the process of rather intensive work on the field of
agricultural machinery and multiple passes of machines, zones of local and deep
compaction are formed. The soil in these zones has a changed structure, with a

significantly smaller number of macropores and worse aeration conditions. The layer
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in the plough pan zone has the greatest negative consequences of excessive soil
compaction, which often cannot be loosened by traditional methods of mechanical
cultivation and significant compaction can persist for several years.

Intensive soil compaction by the wheels of machinery operating in the field leads
to a complication of the development of the root system, limiting the ability to absorb
nutrients and moisture. In such conditions, even with sufficient supply of nutrients and
moisture to the fertile soil layer, plants are not able to fully realize their biological
potential. As a result, we have a decrease in yield, deterioration in the quality of
agricultural products and an increase in energy costs per unit of yield.

Soil compaction has a complex and multifactorial effect on agroecosystem
productivity of agrocenoses is complex and multifactorial. The reaction of different
crops to changes in soil density is quite different. First of all, it depends on the
biological characteristics of plants, the type of root system, the soil texture of the soil,
the amount of moisture in the pores and climatic conditions. The most resistant to
changes in soil density are grain crops, this is explained primarily by the type of plant
root system. Row crops have a more pronounced impact of compaction on plant growth
and development. But it should be remembered that exceeding critical density values
leads to significant crop losses for all crop groups.

The scientific research of recent decades analyzed by us pays considerable
attention to the study of the stress-strain state of the soil under the action of external
loads. A number of analytical and semi-empirical models have been proposed that
describe the interaction of the wheel of the machine-tractor unit with the soil surface
and the distribution of emerging stresses in the soil massif. Most of these models are
based on simplified assumptions regarding the homogeneity of the soil and loading
conditions, the dynamic coefficient and other external factors are not taken into
account. In the field conditions of operation of agricultural machinery, the soil is
characterized by spatial and temporal variability of properties, which complicates the
accurate prediction of compaction processes.

Recently, numerical modeling methods, in particular the finite element method

(FEM) and the discrete element method (DEM), have become the most widespread.
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These methods allow taking into account nonlinear soil properties, complex geometric
contact conditions, and various loading modes. The use of these approaches encourages
the use of new opportunities for quantitative assessment of the influence of the
parameters of the MTU wheels, the mass of the operating equipment, and the modes
of their operation on the stress-strain state of the soil. However, theoretical studies
using numerical modeling require experimental confirmation and coordination with
agronomic indicators, primarily crop yield.

Despite the significant volume of scientific publications analyzed by us, the
problem of comprehensive assessment of the impact of excessive soil compaction on
crop productivity remains insufficiently studied. Most of the conducted studies focus
either on the wheelering aspects of the interaction of machinery with the soil, or on the
agronomic consequences of changing its physical properties. A more substantiated and
appropriate combination of these approaches is needed. As a result, there are no
universal recommendations for representatives of the agricultural business regarding
permissible loads and equipment parameters, taking into account specific soil and
climatic conditions, crop structure and crop type.

In connection with the above, the need for a systematic study of the processes of
formation of the stressed-deformed state of the soil under the action of mobile energy
means and the establishment of quantitative relationships between soil density, its
porosity and crop yield becomes particularly urgent. This approach will allow
substantiating wheelering and agrotechnical measures, the main task of which will be
to reduce the negative impact of technology on the soil environment and increase the
efficiency of land resource use.

Thus, this section of the monograph is devoted to the study of existing
technologies and methods of soil cultivation and their impact on crop yields. The
presented materials are intended to form a scientifically sound basis for further research
on improving the designs and operating modes of agricultural machinery, as well as
for the development of resource-saving and soil-protective technologies of agriculture.

This work was carried out as part of the state-funded research project

«Improving soil fertility by reducing the impact of external mechanical and chemical



AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

factors during the cultivation of agricultural crops» Ne0126U000479. This section is
aimed at summarizing modern scientific approaches and forming a theoretical basis for
further experimental and computational studies related to assessing the impact of
mobile energy resources on the physical properties of soil and crop productivity.

1.1.1. Determinant physical properties of soil that affect crop yield

Soil is a complex, multiphase natural system in its structure. The conditions for
the growth and development of agricultural crops are primarily determined by the
physical properties of the soil, the available amount of moisture and air in the pores,
and the amount of nutrients. The formation of modern agrocenoses primarily depends
on the combination of physical parameters of the soil and the environment, which
change under the influence of natural and anthropogenic factors. An important element
of influence is also the wheels of the equipment working in the field, the weight of
which is constantly increasing with the development of technologies. Intensification of
cultivation requires the use of various chemicals, which in turn has a dual effect. First
of all, this makes it possible to accelerate the growth and development of plants, but on
the other hand it has a direct impact on the composition of the fertile soil layer.

The basic physical characteristic of soil is the grain size distribution, which
determines the ratio of particles of different sizes and significantly affects the
accumulation of moisture, air and thermal properties. Resistance to mechanical load
also depends to a greater extent on the grain size distribution. Soils that have a light
mechanical composition in their structure are characterized by high water permeability
and aeration, but also accumulate less moisture and are less resistant to compaction.
Soils that are heavy in grain size distribution, on the contrary, are more prone to
excessive compaction, deterioration of gas exchange and have a clearly pronounced
plough pan, which negatively affects the development of the plant root system.

An important characteristic is also the bulk density of the soil, which shows the
degree of its compaction. The values of the bulk density depend on the biological
characteristics of the crops grown and the type of soil itself. An increase in the bulk
density negatively affects the porosity of the soil, the deterioration of the accumulation

of air and moisture and the increase in the mechanical resistance to the growth and
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development of the root system of the crop. Even with a small increase in the bulk
density, we can have a significant decrease in yield, especially for vegetables and crops
with a fairly pronounced root system.

Soil porosity is one of the main indicators of agrophysical condition. The total
number of pores in the soil determines the ability to accumulate and release air and
moisture and creates favorable conditions for microbiological processes. In the
presence of large macropores, the soil is more conducive to drainage, and an excess of

micropores leads to moisture retention and insufficient oxygen in the arable layer.

Soil Physical Properties
Particle-size distribution (soil texture)
Bulk density
Total porosity
Soil structural condition
Soil hydraulic properties
Mechanical stress

J

v

Soil Water-Air Regime
(Soil Aeration and Moisture Regime)

|
Root System Development

l

Water and Nutrient Uptake
l
Plant Growth and Productivity

Crop Yield

Figure 1. Scheme of the influence of physical properties of soil on the formation of
crop yields

Image source: created by the author

Moisture plays a crucial role in the cultivation of any agricultural crops and its
amount allows plants to obtain the maximum amount of nutrients found in the soil
Figure 1. The amount of moisture in the soil depends not only on natural phenomena

and the amount of precipitation, but also on the ability of the soil to accumulate, retain

10
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and evenly distribute moisture. Mechanical loads are most often the factor that leads to
a decrease in the ability to retain moisture and increases surface runoff [10, 11].

The structural state of the soil is the main factor in the processes of degradation.
Soils that have a well-defined aggregate structure optimally combine water and air
permeability, have high biological activity and resistance to compaction. Structural
damage caused by intensive work of heavy agricultural machinery, or excessive use of
various chemicals reduces the intensity of accumulation and use of moisture and

nutrients by agricultural plants Figure 2.

Increase in Bulk Density
Reduction in Total Porosity
Decrease in Macroporosity

Impaired Soil Aeration

v

Restriction of Root Growth

|
L 4

Yield Reduction

Figure 2. The influence of soil bulk density on its porosity and root system
development

Image source: created by the author

The mechanical resistance of the soil has a significant impact on the growth and
development of plants and increases intensively during compaction. Figure 3 shows a
diagram of the change in the physical state of the soil under the influence of mechanical
loading. Table 1 shows the impact of changes in physical properties on the yield of
agricultural crops.

Therefore, the physical properties of the topsoil form the basis for realizing the

potential of crop yields. Changes in physical properties from mechanical and chemical

11
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factors require scientific approaches to studying the impact of loading and the

implementation of modern agricultural technologies [9].

| Mechanical Loading

‘ Stress—Strain State in the Soil

Increase in Soil Compaction
(Bulk Density)

Alteration of Soil Physical Properties

Deterioration of Plant Growth Conditions

Figure 3. Scheme of changes in the physical state of soil under the influence of

mechanical loading

Image source: created by the author

Table 1
The influence of physical soil properties on crop yields
Physical . Negative Impact on | Consequences
property Optimal values deviations plants for yield
| Medium, light Too | violationofhyp fen
Soil texture . water and air
loamy light/heavy development
exchange
: Root growth .
Bulk density, 11-13 >135 | complication | Y 'cld
g-cm S reduction
Total porosity, Oxygen Growth
% >0-60 <45 deficiency suppression
Humidity, % Loss of
RH 60-80 <50 or >90 | Plant stress productivity
Mef:hamcal Root system Biomass
resistance, <2.0 >3.0 N )
MPa limitations reduction

12
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At the current stage of development of agricultural sciences, the physical
properties of soils are universal determinants of the productivity of agrocenoses,
however, their influence on and assessment methods differ significantly in different
countries depending on climatic, technological and economic conditions. In countries
where significant attention is paid to the scientific development of agriculture, their
own approaches to determining and studying the influence of key physical parameters
of the soil have developed, which encourages comparison of research at the
international level [9].

In the USA, the Soil Quality Indicators system, which was created within the
framework of the USDA Natural Resources Conservation Service (NRCS) program, is
of great importance. With the help of this system, it is possible to evaluate soils
according to physical, chemical and biological parameters. Physical characteristics,
such as bulk density, porosity and water-air regime, are considered as indicators of the
general condition of the soil and can predict the potential productivity of agricultural
crops. Bulk density in this case is used as one of the key parameters for assessing the
soil's resistance to compaction and its ability to support the development of the root
system of the crop [2].

In the European Union, scientists are paying considerable attention to the
development of methods for standard soil sampling and laboratory analysis, the
purpose of which is to integrate soil condition data from different regions into a single
database. The Netherlands and Germany widely use protocols for field and laboratory
measurements of porosity and moisture content and describe the water status of the soil
in local climate conditions. Such approaches are more relevant in regions with a humid
climate where the accumulation of moisture in the soil is key for the stable growth and
development of agricultural crops [9].

In Australia, agricultural lands are deficient in soil moisture, and a series of Plant
Available Water (PAW) models have been developed to simulate water balance taking
into account soil physical properties. These models can be used to predict potential

crop yields in arid climates [12].

13
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In Canada, scientists have devoted considerable attention to long-term field
studies of changes in soil physical properties under different tillage practices and for a
wide variety of crops. The results of such studies have become the basis for predicting
long-term changes in soil porosity, density, and moisture saturation [1].

The above-listed international approaches to research and practice confirm that,
regardless of the climatic zone, there is a universal requirement to integrate physical
soil parameters into models that describe crop productivity. However, the available soil
productivity assessment methodologies, indicators and threshold values differ
significantly depending on agro-climatic conditions and tillage technologies.

1.1.2. Comparison of theories of interaction of wheels with soil

The interaction of the wheel with the soil is a rather complex process that
requires constant research and study of modern technologies to minimize the negative
impact on the arable layer. First of all, it is a rather complex physical and mechanical
process that determines not only the traction properties of the machine but also the
degree of soil deformation. Theoretical approaches to this process have been formed
over a considerable period of time and are based on the application of the classical
theory of elasticity in the study of the stress-strain state of the soil. These theoretical
approaches allow for a fairly wide study and description of the process of soil
compaction, deformation during interaction with wheels and tracks of working
equipment [9]. A comparison of the main theoretical approaches to modeling the
interaction of wheels with the soil is shown in Table 2.

Often in modern scientific studies of the stress-strain state of the soil, empirical-
analytical research models are used, which combine experimental data with analytical
dependencies. In such models, the interaction of the wheel or caterpillar with the soil
is described through generalized parameters, including: deformation modulus,
adhesion coefficient, specific pressure on the soil. The main feature of the use of such
models is their practical application in wheelering calculations. The disadvantages of
such models include the fact that the dynamic nature of the loads and the heterogeneity

of the soil layer are often not taken into account [13].
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Further studies of the theory of elasticity are associated with the use of contact-
mechanical models, in which the contact zone between the wheel or caterpillar and the
soil is analyzed. Within the framework of these studies, the distribution of stresses, the
shape of the contact spot, and the nature of deformations that propagate in the soil
thickness are considered. With the help of these models, it is possible to estimate local
stresses and changes in soil density.

Modern approaches to modeling wheel contact with the soil surface are based on
numerical methods, namely: the finite element method and discrete element method.
In this case, we have the opportunity to take into account nonlinear soil properties,
variable moisture content, soil non-uniformity and the dynamic mode of vehicle
movement. Such models are the most informative in studying the stress-strain state,

but require significant mathematical calculations and detailed experimental studies [9].

Table 2
Comparison of the main theoretical approaches to modeling the interaction of

wheels with the soil

Taking into
Approach Level of detail account Practicality
heterogeneity
Analytical Low No High
Empirical Average Part High
FEM/DEM High Yes Medium

A comparative analysis of existing approaches to research shows that each of the
approaches has a place to be used, but cannot fully describe all aspects of the interaction
of the wheel with the soil. Analytical models, which in this case are classical, give a
general idea of the regularities of the process, empirical models are convenient in
practical application, numerical ones reflect the real operating conditions of the
equipment in the most detail. The choice of one or another method of theoretical
research should be based on the task, the level of detail and the availability of

experimental data.
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Today, for a more detailed study of reducing the negative impact of motors on
soil compaction, scientists are combining various theoretical approaches to obtain
complex models capable of predicting changes in soil physical properties and their
impact on crop yields.

1.1.3. Patterns of soil deformation under different types of soil movers

The soil in the process of interaction with the wheels of machine-tractor units is
most often considered as a complex multiphase system, the mechanical processes in
which are determined by the combination of solid mineral particles, organic
component, soil moisture and air [9]. All these components significantly affect the
formation of emerging stresses and deformations in the soil layer under the action of
external loads, taking into account the heterogeneity of its structure, spatial anisotropy
and nonlinear nature of the deformation response. It is precisely because of its
multicomponent nature that the soil makes it impossible to use simplified models of a
solid elastic body without taking into account significant errors in the studies of
compaction processes.

The mineral base of the soil forms a spatial framework structure, on which the
main applied mechanical loads act. Organic matter in the middle of the soil acts as a
binding element, reducing mechanical degradation, while contact interactions between
individual particles and aggregates determine the resistance of the soil to compression,
shear and fracture. With an increase in the amount of organic matter, the elasticity of
the soil increases, however, under excessive and intense loads, even structurally stable
soils have irreversible deformations [7].

It is known that the presence of soil moisture significantly changes the
mechanism of stress transmission in the soil. Moisture, which fills the space in macro-
and micropores, reduces friction between soil particles, promotes their sliding and
redistribution of contact stresses. At high moisture saturation, the soil passes from a
brittle to a plastic or viscoplastic deformation mode, even at a fairly low load. In world
practice, moisture is one of the key factors that affects the development of harmful

compaction [14].

16



AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

In [9] it is described that during the action of the load caused by the wheels of
machine-tractor units, a complex spatial stress field is formed in the soil massif, which
consists of horizontal, vertical and shear stresses. The maximum stress indices are
recorded in the zone of direct contact of the wheel with the surface and with increasing
depth or distance from the contact area they decrease. However, in field conditions this
process is of a pronounced nonlinear nature, since the soil quickly loses its elastic
properties and enters the stage of plastic deformation with the formation of a section
where stresses are concentrated. Figure 4 shows the main forces applied to the wheel

during vehicle movement and the distribution of the resulting stresses.

Angular Velocity

Dinamic Radius

Figure 4. Main parameters in the study of the stress-strain state and the direction of
deformations

Image source: created by the author

By its nature, the interaction of the wheel with the soil is short-term, but with
intensive loading. During the passage of the machine-tractor unit across the field, there
is a rapid application and removal of force, which causes deformation and creep, stress
relaxation and accumulation of residual deformations. But when growing crops, the
soil is subjected to intense repeated impact, as a result of which even minor initial

deformations gradually turn into stable soil compaction [9].
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Deformations that occur in the soil layer form zones where the aggregate
structure changes significantly, the number of macro and micro pores decreases, and
the function of moisture and air accumulation deteriorates [9]. With increasing depth
of investigation, stresses are transmitted in the form of compressive waves that can
cause a significant change in density even at relatively small contact loads, when the
total mass of the machine exceeds critical values. It is these processes that underlie the
formation of a plough pan, which is practically not amenable to natural restoration.

Thus, considering the interaction of the drives of machine-tractor units with the
soil environment, we have a complex multifactorial problem with a pronounced
physical and mechanical process, which is determined by the properties of the soil,
load parameters, structural features of the drives and the intensity of movement of the
equipment. With a comprehensive consideration of these patterns, it is possible to
develop environmentally safe, energy-efficient and resource-saving technologies for
soil cultivation, focused on preserving its fertility.

1.1.4. Patterns of soil deformation under different types of soil movers

The types of agricultural machinery wheels are one of the main factors that shape
the nature, intensity and spatial structure of the mechanical impact on the soil
environment. It is thanks to the wheels that the load from the mass of the machine-
tractor unit, traction and braking forces, as well as dynamic vibrations are transmitted
to the soil, causing complex processes of deformation, compaction and change in the
soil profile after intensive impact. During soil cultivation, the choice of the type of
wheel is most often associated not only with the technical and economic performance
of the machines, but also with the environmental impact on the soil environment.

The most common in modern agricultural wheelering are pneumatically driven
(wheeled) vehicles used in tractors, combines, self-propelled sprayers and other
vehicles. The interaction of a pneumatic wheel with the soil is significantly different
from a rigid wheel due to the pneumatic tire. The deformation of the tire under intense
load provides significantly lower peak stress values due to the increase in the contact

patch area and the redistribution of pressure within this zone [6].
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To reduce the vertical load, agricultural machinery often reduces the pressure in
pneumatic drives, which leads to an increase in the contact patch between the wheel
and the soil. Thus, the stresses that arise in the soil layer are significantly reduced,
reducing the compacting effect of the drive on the soil surface. But the fact of reducing
the pressure in pneumatic drives is limited in the conditions of increasing the mass of
high-performance machines, the weight of which often exceeds 15-20 tons. This is
explained primarily by safety factors and design features, since an irreversible process
of pressure loss in the middle of the pneumatic tire may occur, which can lead to an
accident or make it impossible to use the equipment. In the soil layer, which is located
under the plough pan at a depth of 0.3 — 0.6 m, stresses are formed that can significantly
exceed the plastic limit of the soil, especially at high humidity.

Deep compaction, which not only compacts the fertile soil layer but also forms
a plough pan, is one of the biggest problems of modern agriculture. The main difference
between compaction of the surface soil layer and compaction within the plough pan is
that the latter are irreversible. Studies by scientists conducted in the European Union,
Canada and the USA [15] indicate that such compacted soil layers persist for decades,
limiting the development of the plant root system, reducing water permeability and soil
aeration.

The intensity of soil cultivation during the cultivation of agricultural crops also
has a significant impact on the intensification of soil compaction. The impact of the
repetition of passes of wheeled machines and the use of technological tracks deserves
special attention [8]. On the one hand, this allows for a more rational use of the width
of the agricultural machine, but in turn we have areas of soil (tracks) where water
permeability and air saturation will be significantly complicated. Even at relatively low
loads, multiple passes along the same track lead to the accumulation of residual
deformations and an excessively compacted area of soil [8]. In this case, the soil enters
a state of secondary compaction, which is characterized by increased stiffness and
reduced ability to restore the structure. It is this mechanism that explains the significant

negative impact of transport operations during harvest periods.
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Tracked vehicles, which are used mainly on heavy tractors and specialized
equipment, have a much larger area of contact with the soil compared to wheeled
systems. This in turn allows you to significantly reduce the maximum vertical stresses
in the upper fertile layer and reduce the risk of surface compaction. It is during periods
when the field area has excessive moisture that the use of tracked vehicles makes it
possible to perform various agricultural operations.

At the same time, the use of crawler wheels most often occurs on equipment with
a fairly large weight, which causes horizontal shear deformations when moving with
an energy-intensive agricultural machine, which are concentrated in the upper parts of
the soil. During curvilinear movement, during turns, acceleration and braking, these
deformations reach maximum values, causing destruction of the aggregate structure
and intensive mixing of the soil mass [5].

The greatest negative impact of tracked vehicles occurs precisely when the soil
1s excessively moist. At this time, the soil is in a plastic or viscoplastic state. Shear
stresses in this state exceed the soil's resistance to shear, thus smearing its surface
structure, reducing macropores and reducing resistance to water and wind erosion.
Field studies show that after the passage of tracked vehicles over areas of soil with
excessive moisture, the restoration of the structure can take several growing seasons.

The most promising direction of development of the world agricultural
wheelering is the use of combined drives [16]. Most often, combined drives can be
found on combines where the load distribution on the tracks is maximum. The use of
combined drives allows to increase the traction force, reduce the negative impact on
the soil surface and increase the maneuverability of the vehicle. Theoretically, such
systems allow to optimize the load distribution as much as possible depending on the
operating conditions.

However, the mechanisms of interaction of combined wheels with the soil are
complex and depend on many factors. Uneven load distribution between wheels and
tracks, various types of deformation of contact elements and complex kinematics of
movement complicate the theoretical formation of generalized patterns. Available field

experimental studies do not always provide an opportunity to analyze and compare the
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results obtained. This is explained in turn by the fact that the studies are conducted in
different soil and climatic conditions.

World scientific publications indicate the lack of unambiguous conclusions
regarding the long-term use of combined drives and their impact on the fertile soil
layer. Some researchers note a decrease in surface compaction, others point to the
formation of local stress concentration zones and a clearly pronounced plough pan.
This proves the need to continue comprehensive research that combines field
experiments, laboratory tests and numerical modeling.

Therefore, the type of drive of a mobile agricultural machine determines not only
the magnitude of the contact pressure, but also the nature of the spatial distribution of
stresses and deformations in the soil profile. Wheeled, tracked and combined drives
have fundamentally different mechanisms of influence, each of which is accompanied
by specific risks of soil degradation. Awareness of these patterns is a scientific basis
for substantiating the rational choice of drives and the development of soil-saving
technologies in modern agricultural production.

1.1.5. Patterns of soil deformation under the stubble surface

The stubble surface of the soil is one of the key features of modern soil
conservation systems of agriculture, which have become widespread in the conditions
of intensification of agricultural production and increasing requirements for the
ecological sustainability of agroecosystems. In modern technologies that are
effectively used, including such as: technologies of minimum, zero and strip
cultivation, the number of agricultural operations has significantly decreased [16].
Stubble and post-harvest residues in these technologies remain on the field surface for
a long time, creating specific conditions for the interaction of agricultural machinery
wheels with the soil environment. Under these conditions, not only the agrophysical
state of the upper soil layer changes, but also the mechanisms of load transfer in the
zone of contact of the wheel with the soil change. The nature of the formation of the
stress-strain state and the long-term consequences of the mechanical impact of

machines also differ significantly from traditional research.
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Stubble, as the top layer, is a complex organic-mechanical soil layer consisting
of plant residues of various origins, sizes and degrees of grinding. When studying the
influence of drivers on the surface of a field covered with stubble, it is important to
take into account the spatial arrangement of the studied layer, the orientation of the
stems, the density of laying and the degree of moistening. These factors in experimental
research will significantly affect the studied indicators and mechanical properties of
the field surface. If we compare the soil layer covered with stubble and the open or
mechanically treated surface, then the first studied object has pronounced elastic-
viscous characteristics, which allows it to partially absorb the load energy and reduce
the intensity of peak contact stresses.

During the contact of the MTU wheel with the stubble surface, a complex
process occurs, which is accompanied by multi-stage deformation. Plant residues
covering the soil surface act as a damper, which allows reducing the spread of the
compaction effect in the soil layer [9]. The second stage is the loads that are transmitted
to the upper organic-mineral layer of the soil, where mainly elastic and elastic-plastic
deformations are realized. Only after partial compaction of this layer does a significant
part of the load begin to be transmitted to the deeper horizons of the soil profile.

The effectiveness of the stubble layer as a protective element depends
significantly on its thickness and uniformity. The graph in Fig. 5 shows the results of
field studies of changes in relative stresses in the soil with and without stubble. With a
uniform distribution of plant residues and their sufficient quantity, stubble is able to
reduce the maximum vertical stresses in the upper soil layer by 15-30%. However,
under conditions of uneven cover or its partial destruction, this effect quickly
decreases. Moreover, in the case of significant loads, stubble can be completely
compacted or pressed into the soil, which leads to a sharp increase in stresses in the
subsoil horizon.

A complex multilayer system is formed under the stubble surface, in which the
upper organo-mineral horizon is characterized by increased porosity, a significant
number of macropores and pronounced structural heterogeneity [17]. It is this horizon

that plays the role of the primary barrier to mechanical loads. However, its ability to
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absorb deformation is limited and depends on the previous state of compaction,
moisture content and structural stability of the aggregates.

One of the fundamental laws of soil deformation under the stubble surface is the
transformation of the distribution of vertical stresses in the soil profile. In the surface
layers, stubble reduces the peak values of stresses, but at the same time contributes to
their deeper penetration. As a result, zones of increased stresses are formed at depths
of 0.25-0.50 m, which under certain conditions may exceed the plasticity limit of the

soil.
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Figure 5. Change in the arising relative stresses in the experimental soil area with
and without stubble

Image source: created by the author

This phenomenon is of particular importance for chernozem and loamy soils,
where plastic deformation is accompanied by persistent compaction and destruction of
pore space. Under such conditions, a hidden deep compaction is formed, which is not
visible on the field surface, but significantly limits water permeability, gas exchange
and the development of the root system of agricultural crops.

Reversible deformations associated with the elastic properties of the soil

structure and plant residues prevail. With increasing load or the number of passes of
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the equipment, the soil passes into a plastic or viscoplastic state, which is accompanied
by the accumulation of residual deformations.

Repeated application of load results in the secondary compaction effect, which
is characterized by a gradual increase in soil density without significant changes in the
surface appearance. This process is typical of minimum and zero tillage systems, where
stubble is retained for many years.

Horizontal and shear deformations under the stubble surface have their own
patterns. Plant residues change the friction conditions between the motor and the soil,
reducing the coefficient of adhesion. This affects the mechanism of transmission of
traction forces and leads to a redistribution of shear stresses. In the surface layer, shear
deformations may decrease, but in the subsurface horizons they become local and
concentrated along the trajectories of the motor.

Deformation processes under the stubble surface are especially dangerous at
high soil moisture. Stubble reduces the intensity of evaporation and contributes to the
accumulation of moisture, which maintains the soil in a plastic state for a long time.
Under such conditions, even relatively small loads can cause significant residual
deformations that accumulate with each pass of the equipment.

In zero- and minimum-tillage systems, stubble is often combined with increased
density of the arable layer, formed as a result of many years of absence of intensive
mechanical loosening. Under such conditions, the upper horizon has a limited ability
to additional compaction, and the main part of the deformations is localized in the
subsoil layer. This creates the prerequisites for the formation of stable compacted
horizons, which significantly reduce the efficiency of soil moisture and nutrient use.

The dynamic nature of the load from mobile machinery on the stubble surface
also plays an important role. Fluctuations in the mass of the machine, micro-
unevenness of the field surface and the elastic properties of plant residues cause the
emergence of impulse loads. These loads are cyclic in nature and contribute to the
development of fatigue processes in the soil structure, which over time reduces its

resistance to deformation even under constant operating conditions.
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An important regularity is the spatiotemporal heterogeneity of compaction under
the stubble surface. Unlike traditionally cultivated soil, where compaction is relatively
uniform, alternating zones of increased and decreased density are formed in stubble
systems. This is due to the uneven distribution of plant residues, local differences in
moisture and the specifics of the movement of machinery.

From an agroecological point of view, stubble serves a dual function. On the one
hand, it protects the soil from water and wind erosion, stabilizes the temperature regime
and contributes to the preservation of organic matter. On the other hand, with irrational
use of technology, stubble can mask the development of deep compaction, making it
difficult to detect and eliminate it.

Thus, the patterns of soil deformation under the stubble surface are determined
by the complex interaction of the physical and mechanical properties of the soil, the
characteristics of plant residues, the parameters of the wheels and the operating modes
of mobile agricultural machinery. A deep understanding of these processes is a
necessary scientific prerequisite for substantiating technological solutions aimed at
preserving soil fertility and increasing the sustainability of agricultural systems.

CONCLUSIONS

Our analysis of modern scientific sources and experimental studies shows that
the intensification of the use of energy-intensive vehicles in agriculture is one of the
key factors influencing the physical properties of the soil. It has been established that
the use of technological tracks and repeated passes of equipment lead to a gradual
increase in the volumetric mass of soil in the arable layer by 0.03 — 0.10 g-cm™, which
corresponds to an increase in density by 3 — 8%, while in the plough pan zone this
indicator can reach 0.08 — 0.15 g-cm™ and sometimes with excessive moisture and 5 -
12% of the initial values. Such an impact leads to changes in the soil that are long-term
in nature and can persist for several years.

It has been established that the increase in soil density is accompanied by a
decrease in its total porosity and a violation of the optimal ratio between macro- and
micropores. With an increase in density from 1.10 — 1.15 g-cm=to 1.30 — 1.35 g-cm?,

the total porosity decreases from 52 — 55% to 44 — 47%, and the proportion of
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macropores (with a diameter of more than 0.1 mm) is reduced by 10 — 18%. This leads
to a significant deterioration in the aeration regime, a decrease in the intensity of gas
exchange and the accumulation of carbon dioxide in the root-containing layer.

The analysis showed that that soil compaction negatively affects its water-
physical properties. In particular, the filtration coefficient in a compacted state
decreases by 1.5 — 2.3 times, and the rate of water absorption by the soil decreases by
30 — 50%. This affects the formation of surface runoff, increases the risk of erosion
processes and uneven moisture distribution in the root zone, which is most dangerous
under conditions of unstable moisture.

During the analysis of the stress-strain state of the soil, it was determined that
the maximum vertical stresses arise in the contact zone of the wheel with the surface
and reach 120 — 180 kPa for wheeled units of medium power and 80 — 140 kPa for
tracked wheels. During the study of deeper soil layers, it was determined that the
formation of compacted layers in the form of a plough pan begins to form at a depth of
0.25 —0.40 m. These layers are characterized by increased resistance to root penetration
(up to 2.5 — 3.5 MPa) and significantly affect the growth and development of
agricultural crops.

The degree of negative impact, namely soil compaction, significantly depends
on the biological characteristics of agricultural crops. For grain crops (winter wheat,
barley, oats), an increase in the density of the arable layer from 1.15 to 1.30 g-cm™
causes a decrease in yield by 5 — 11%, while when growing corn or sunflower, yield
losses can reach 9 — 17%. In the case of a further increase in density to 1.35 — 1.40
g-cm?, yield losses of up to 20 — 25% are possible, especially under conditions of
insufficient moisture in the arable soil layer.

In different phases of development, agricultural plants react differently to
changes in soil density. During the early phases of growth and development, this effect
is felt by the plant most, since the main root formation occurs. At densities above 1.30
g-cm?, a reduction in root length by 15 — 30% is observed, which affects the area of

the absorbing surface and reduces the amount of moisture absorbed by the plant. As a
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result, we have significantly lower plant productivity during the most active growth
phase.

It has been proven that a number of wheelering and agrotechnically justified
measures are used to reduce the impact of the wheels of working machinery on
compaction and plant growth and development. The most common are reducing the
number of passes of machinery, using twin and built-up wheels, using tires with
reduced specific pressure, optimizing the air pressure in tires, using equipment with
crawler wheels. All these measures provide a decrease in density by 0.03 —0.10 g-cm-
3, an increase in total porosity by 4 — 8% and an increase in yield by up to 15%.

The obtained results of the analysis of literature data confirm the effectiveness
of integrating wheelering methods of load analysis with agronomic assessment of their
consequences. Numerical modeling methods (FEM, DEM) allow predicting the spatial
distribution of stresses and soil deformation with an accuracy of + 10 — 15%, which is
sufficient for practical application in the design and operation of agricultural
machinery.

The results summarized in the section can be used as a scientific and
methodological basis for developing recommendations for selecting the parameters of
machine-tractor units, improving soil cultivation technologies, and forming resource-
saving agricultural systems focused on preserving soil fertility and stably obtaining
high yields.

Further research should be directed at clarifying the maximum permissible
density values for different types of soils and crops, as well as at deepening the
numerical modeling of compaction processes, taking into account dynamic loads, real
operating conditions of equipment, and changes in soil moisture during the growing

S€ason.
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SECTION 2. AGRONOMY

DOI: 10.46299/1SG.2026. MONO.AGRO.1.2.1

2.1 Allelopathic effect of aqueous extracts of grain and oil crops on the sowing
properties of wheat grain

In current conditions, when agriculture is too intensively introducing new
principles of greening agricultural technologies, the study of mechanisms capable of
regulating the productivity of agrocenoses is becoming increasingly relevant. One of
the leading factors in interspecific plant interactions in crops is allelopathy, a form of
biochemical interaction that occurs through the release of physiologically active
compounds into the environment that can alter the growth and metabolic processes of
other species. Allelochemicals have different chemical natures (phenolic compounds,
organic acids, flavonoids, terpenoids and other secondary metabolites) and can enter
the soil through root exudates, along with post-harvest residues or during the
mineralisation of plant biomass, forming a specific biochemical regime of the soil
environment. Due to the fact that these compounds are capable of accumulating in the
soil, this leads to fundamental changes in its microbiological activity and physiological
and biochemical indicators.

Grain and oil seeds have their own agronomic characteristics and act as active
modifiers of the environment, so this must be taken into account in crop rotation. Due
to the fact that the root system of these plants can cause significant changes in soil
enzymatic activity and composition, and even disrupt the activity of microorganisms
in the soil, biogeochemical cycles may be disrupted, resulting in an insufficient amount
of chemical elements necessary for plant mineral nutrition. As a result, the germination
and development of the next crop may be disrupted.

Wheat is the best indicator for studying agroecosystems, as it is quite sensitive
to changes in the allelopathic impact.

The influence of predecessors reveals itself primarily in the early stages of
organogenesis — during seed swelling, germination, and the formation of the primary

root system, reserve substances are mobilised and the prerequisites for future
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productivity are laid. Therefore, even minimal changes in the chemical composition of
the soil resulting from the accumulation of allelochemicals can determine plant
development and affect its adaptation.

Therefore, the research of the allelopathic effect of aqueous extracts of grain and
oil crops on the sowing properties of wheat grain is a relevant and scientifically sound

area of study aimed at improving the stability and efficiency of agroecosystems.

2.1.1. Allelopathy as a promising area of research in organic farming

2.1.1.1 The concept of allelopathy and the history of the development of the
theory

The growing demand for food necessitates an increase in the volume of
agricultural production using traditional farming methods, which leads to increased use
of natural and energy resources. It is important to note that traditional farming is based
on the use of mineral macro- and microfertilisers, pesticides and herbicides, which are
the leading cause of soil and environmental degradation, soil depletion, its sterilisation,
increased water and wind erosion, compaction, changes in climatic conditions and
various types of drought [18].

Growing concern about the environmental impact of agricultural activities has
led to the development of alternative farming systems, including organic farming.

Organic farming is seen as an environmentally friendly system of agricultural
production that aims to combine high productivity of agroecosystems with minimising
negative impacts on the environment and preserving soil fertility for future generations.
Key tasks include maintaining the balanced functioning of the interconnected elements
of the agrocenosis, namely the soil environment, vegetation cover, fauna and humans,
which constitute a single global biological system [19].

The organic farming system involves the creation of sustainable, self-regulating
agroecosystems with long-term productivity, as close to natural as possible, requiring
minimal human intervention.

In practice, organic farming excludes the use of synthetic fertilisers, chemical

plant protection products, growth regulators and other potentially hazardous
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substances. Soil nutrient management is carried out mainly by biological methods, in
particular by increasing the proportion of legumes in crop rotations, using plant
residues, green manure crops and organic materials [20].

One of the aspects that ensure ecological balance in organic agricultural systems
is allelopathic interaction between plants. Allelopathic interactions are realised through
the release of biologically active substances and determine the direction of plant
community formation, with the regulation of segetal and ruderal vegetation, early
ontogenesis of crops and the functional state of soil microbiota [21].

The use of allelopathic plant resources in crop rotation is considered an
innovative direction in the biologisation of agricultural technologies in organic farming
[22].

The founders of the doctrine of allelopathy are considered to include the Austrian
ecologist Hans Molisch, who in 1937 introduced the term “allelopathy” (from Greek
allelon, “mutually,” and pathos, “suffering”) to denote interactions of plants via the
release of chemical substances. However, a coherent scientific theory of allelopathy as
a form of chemical interaction between plants through root exudates and
physiologically active substances was formulated by the Ukrainian academician
Andriy Mykhailovych Hrodzynskyi. His work laid the methodological and conceptual
foundations for the study of this phenomenon. He substantiated the concepts of

99 ¢¢

“allelopathic activity,” “tolerance,” and “intolerance” of plants, and also developed the
concept of the circulation of biologically active metabolites in phytocenoses [23].

Along with A.M. Hrodzynskyi, other prominent Ukrainian researchers were also
active in this area. In particular, H. Bohdanov, who studied the nature of plant defense
reactions and the mechanisms of their chemical interaction. E.A. Holovko, a
microbiologist and ecologist, studied the role of microorganisms in allelopathy
processes, while agrobiologist S.L. Horobets focused on studying the empirical and
methodological aspects of chemical interaction of cultivated plants in
agrophytocenoses.

As a result of the creative collaboration of scientists, a theory of the allelopathic

interaction model was developed, standardized approaches to studying the
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phenomenon of "soil exhaustion" during cultivation of various crops were proposed,
and the role of phytotoxic substances in the processes of inhibiting or stimulating plant
growth was determined. These results are of great practical importance, in particular
for optimizing crop rotations and increasing the productivity of agroecosystems.

Publications from this period were among the first systematic scientific works
devoted to the study of allelopathic interactions in agroecosystems, initiating the
further development of this study in Ukraine and creating a scientific foundation for
modern agronomic and ecological research [24].

Modern research by L.D. Yurchak, who focused on the ecological aspects of the
chemical interaction of plants, also remains relevant. The researcher substantiated
agroecological principles of alternative methods of soil cultivation and identified a key
role of microorganisms in the occurrence of soil fatigue in various crop rotations of
agricultural crops. This direction is especially significant at the current stage of
development of agricultural science, because its implementation contributes to
increasing soil fertility and increasing productivity of agroecosystems [25].

Today, the phenomenon of allelopathy is studied both in Ukraine and in Japan,
India, the USA and European countries, which allows using various approaches to form
a sustainable ecological agriculture [26].

2.1.1.2. Types and principle of action of allelopathy in agroecosystems

In agroecosystems, allelopathy is characterized as an important mechanism of
biochemical interaction of plants, which is carried out by releasing physiologically
active compounds into the soil and air environment and determines the formation of
phytocenotic organization of crops, contributes to the organization of the level of
competitiveness of crops, affects the dynamics of segetal and ruderal vegetation and
regulates the production process. In accordance with modern ecologically oriented
agriculture and greening of agricultural production, the consideration of allelopathic
effects acquires particular importance, which will contribute to the organization of
correct crop rotations and reducing the risks of anthropogenic load on agricultural

landscapes.
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The study of allelopathy as a biological phenomenon has allowed identifying its
main types, as well as their effect in agroecosystems, clarifying their agronomic

significance and possibilities of application in organic farming (Fig. 1.1)
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Figure 1.1. Diagram of allelopathy types and their effects, significance and
application in agroecosystems

Source of the figure: author's development

In the studies of L.D. Yurchak, the main allelopathic soil regimes in

agroecosystems were formed. On the basis of these studies, it was proven that the
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allelopathic soil regime is formed under the influence of the products of plant and
micro-organisms' vital activity, and the phenomenon of soil saturation was
substantiated (Fig. 1.2) [27].

The result of the interaction of plants, microorganisms and physico-chemical
properties of soil environment allows the formation of an allelopathic soil regime in an
agroecosystem. This process is based on the receipt, accumulation and transformation
of allelochemical compounds formed in the ontogenesis of cultivated and wild plants,

as well as during the decomposition of post-harvest residues.
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Figure 1.2. Scheme of formation of allelopathic soil regime in an agroecosystem

Source of the figure: L.D. Yurchak, 2005

At the first stage, allelochemicals are synthesized in plant tissues and released
through the root system. Volatile compounds also spread through aboveground organs
and are washed away from the assimilation surface by precipitation, while in the soil,
allelochemicals undergo microbiological transformation, are absorbed by soil colloids,
or are mineralized, which determines the prolongation of their biological action.

Agrotechnical factors have a significant impact on the organization of the

allelopathic regime. First of all, the structure of crop rotation, the species composition
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of the agrophytocenosis, the system of soil cultivation, fertilization and hydrothermal
conditions play a significant role.

Taking into account the complex action of these components, either a restraining
or stimulating allelopathic background is formed in the soil, on the basis of which it is
possible to determine how the growth process will proceed, and how the competitive
interaction between the components of crops will occur and determine the overall
productivity of agrocenoses.

2.1.1.3. Current status of the study of the allelopathic effect of aqueous
extracts on the ontogenesis of agricultural crops

The applied value of the allelopathic effect of aqueous extracts, within organic
farming, provides the possibility of using it to manage the growth processes of
cultivated plants, control segetal and ruderal vegetation, and also contributes to the
optimization of crop rotation without the use of chemicals.

The process of allelopathic influence in agroecosystems is carried out by
releasing biologically active compounds into the environment, such as phenolic acids,
flavonoids, terpenoids, and others, which contribute to the modification of cell
division, photosynthesis, provide hormonal regulation, and carry out regulatory
processes that are localized in the biological membranes of recipient plant cells [28].

Aqueous extracts are used to simulate the natural process of allelochemical
compounds entering the soil and it has been established that their action can have an
inhibitory and catalytic effect on plant ontogenesis, especially at the initial stages of
growth and development, which especially depends on the concentration of the extract
and the morphological organs of the plants from which the extract is made [29-31].

M. M. Korkhova and V. H. Mykolaychuk, in their studies, proved that the
allelopathic activity of water-soluble exudates of rhizosphere soil and water extracts of
vegetative organs of winter wheat plants, such varieties as Shchedrivka Kyivska,
Vidrada and MIP Assol, Koshova and Harantiya Odeska, contributed to the slowdown
in the germination of watercress seeds (variant Koshova and Harantiya Odeska). As
for other variants, a neutral effect was found [32].

In the studies of Professor Novytska N. V., the allelopathic effect of oilseeds on
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the germination of soybean seeds was established. It was recorded that it showed high
allelopathic activity in oilseed plantations and stimulated the germination and growth
of soybean seedlings, only oilseed radish acted as an inhibitor in the study [33].

H. M. Hospodarenko, conducted a study on the allelopathic effect of sideral
crops on winter wheat, and found that aqueous extracts of sideral crops had an
inhibitory effect on the germination energy of the seeds of the studied crop [34].

S.E. Okrushko, also drew attention to how the germination of wheat seeds was
affected by the use of aqueous extracts from creeping wheatgrass in different
concentrations. It was found that the aqueous extract from wheatgrass had an inhibitory
effect on wheat plants, and taking into account the increase in the concentration of the
extracts, an increase in the slowdown of growth processes was observed [35].

Analyzing the research of Lyubych V.V., it was found that the sowing properties
of wheat had an allelopathic effect of aqueous solutions of plant residues of agricultural
crops. It was found that soybeans and sunflowers showed the highest allelopathic effect
[36].

A. 1. Lyubchenko and colleagues found that aqueous extracts of different
concentrations made on the basis of the residues of ryegrass had an allelopathic effect
on the germination of agricultural crops, such as soft winter wheat, corn, spring barley.
As a result of the research, it was found that a concentration of 1:100 stimulates the
germination of wheat, while an increase in the concentration negatively affected the
studied factors in crops [37].

As aresult of the processed scientific sources, it can be concluded that the study
of the phenomenon of allelopathy is a promising trend, due to which it is possible to
reduce anthropogenic pressure on agroecosystems, and taking into account the
allelopathic interaction between crops, especially in organic farming. Using
allelochemicals based on aqueous extracts, they can both inhibit and stimulate
germination and initial growth of crops depending on the concentration, plant species
and source of the extract. Also, during the work it was found that the study of the
impact of aqueous extracts of oilseed and grain crops on the sowing quality of wheat

is insufficiently studied and requires further research.
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2.1.2. Place and conditions of research

Laboratory studies to determine the allelopathic effect of aqueous extracts of

grain and oilseed crops on the sowing properties of wheat grain were conducted in the

laboratory of Central Ukrainian National Technical University at the of the Department

of Ecology, Environmental Protection, and Healthy Lifestyle in 2025, according to the

following scheme (Table 2.1):

Table 2.1

Experimental scheme

Recipient plant Donor plant Concentrations of aqueous
extracts
Oil crops
distilled water control control
sunflower 1:10 1:20
flax 1:10 1:20
Wheat rapeseed . 1:10 1:20
Grain crops
distilled water control control
barley 1:10 1:20
sorghum 1:10 1:20
corn 1:10 1:20

The allelopathic activity of the effect of aqueous extracts of grain and oil seeds

was determined by direct biotesting according to the method of A. M. Hrodzinskyi

[38].

The sowing properties of wheat were studied in accordance with DSTU 4138—

2002 [39].

The following varieties and hybrids of agricultural crops were studied in the

study (Table 2.2.).
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Table 2.2.
Varieties and hybrids studied in the experiment
Name of Y;? ' Direction | Recommended Weight
Variety variety or . Originator . of 1000
hvbrid regist of use growing area seeds
Y ration
Oilseeds
Sunflower Company Forest-steppe.
Helianthus NK Brio | 2003 | Syngenta Seeds Oleic Polissya. 65¢g
annuus (Syngenta AG) Steppe.
Flax Institute of Bast Forest-steppe
. Crops of the .
Linum Reliable | 2007 NAAS of Oleic and Steppe of | 6,5-7,5¢g
Usitatissimum Ukraine Ukraine
Institute of
QOilseeds of the
Rapeseed National Forest-steppe
Brassica Atlant 2001 Academy of Oleic and Steppe of | 4,8-52¢g
napus L. Agrarian Ukraine
Sciences of
Ukraine
Grain crops
V.Ya.Yuriev
Barley Institute of cain/unive Forest-steppe
Hordeum Nutans 2010 | Plant Breeding £ rsal and Steppe of | 46-51g
vulgare of the NAAS of Ukraine
Ukraine
growing )
Sorghum Nutritop Advanta Seed for silage Forest-steppe
Sorghum 2017 . and Steppe of | 26-35¢g
. Star International and green .
bicolor Ukraine
mass
Polissya.
Corn Blackrock / 2017 | A (r:izgzzie / cain Forest-steppe 320-
Zeamays | DKC4367 gDekalb & and Steppe of | 340g
Ukraine
KWS SAAT
SE & Co. Polissya.
Wheat . KGaA - grain/ Forest-steppe
Triticum Stromboli | 2019 i 45-50 g
fivum German baking and Steppe of
aes selection Ukraine
company

The method of bioassay tests according to A. M. Hrodzinskyi provided for the

determination of the allelopathic effect of aqueous extracts of grain and oilseed crops.
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2.1.3. Research results and their analysis

2.1.3.1. The effect of aqueous extracts of cereal crops on the germination
energy of wheat seeds

Seed germination energy is an important physiological and biochemical
indicator, because it reflects the sensitivity at the initial stages of plant ontogenesis to
the action of allelochemicals.

In our studies, we established how aqueous extracts from grain crops at different
concentrations affected the germination energy of wheat (Fig. 3.1 and Fig. 3.2).

The study of the allelopathic effect of grain crops at the concentration of 1:10 1s
shown in Fig. 3.1

The highest germination energy was recorded in the control variants - 94.00%,
which allows concluding that there is no allelopathic effect, and reflects the normal

course of physiological processes.

3 T

Control Barley (1:10) Sorghum {1:10) Com (1:10)
Figure 3.1 Seed germination energy (%) under the influence of aqueous extracts of

grain crops at the concentration of 1:10.

As the results of our research showed, when studying the extracts of water
extracts of grain crops at the concentration of 1:10, an inhibitory effect was observed.
In the variant with sorghum extract, germination energy was recorded within
40.47%, compared to the control, the indicator calculated in the experiment decreased
by more than half and, accordingly, was lower by 53.53%, which indicates a high

content of allelopathic substances.
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When studying the extract of aqueous corn extract at the same concentration, we
found that it had a moderate allelopathic effect on germination energy, and was within
60.12%, which was 33.88% lower than the control, and 19.65% higher than the
sorghum variant.

When studying the allelopathic effect of barley extract, the lowest level of
inhibitory effect was found, namely 78.6%, which was 19.4% lower than the control,
while compared to sorghum extracts, the indicator was 38.13% higher and 18.48%
higher than the corn extract variants.

The results obtained in our studies confirm the presence of allelochemicals that
are capable of inhibiting the growth and development of wheat plants at the initial
stages of ontogenesis. Therefore, according to the strength of allelopathic activity, the
studied extracts of cereal crops at the concentration of 1:10 can be arranged in the
following sequence: sorghum > corn > barley.

Also, in our studies, we paid attention to how the concentration of 1:20 of

aqueous extracts of the studied grain crops affected the germination energy of wheat

(Fig. 3.2).
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Figure 3.2. Seed germination energy (%) under the influence of aqueous extracts of

grain crops at the concentration of 1:20.

At reduced concentrations, the experimental extracts continued to exhibit
allelopathic effects, but they were less noticeable compared to the previous
concentration level.

Analyzing the data, it was found that the germination energy in the control was
94.0%, while the barley extract provided 80.12%, which was 13.88% lower than the

control.
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In the corn extract, the wheat germination energy decreased to 66.22%, which
was 27.78% (control) and 13.90% (barley extract) lower than the previous options,
respectively.

The lowest germination energy was recorded in the variant where aqueous
sorghum extract was used, which was 48.15%, and was the lowest in comparison to
other variants of the experiment with the concentration of 1:20.

Analyzing the obtained data, we found that the germination energy of wheat
depended on the concentration of the aqueous extract, and provided a better
allelopathic effect at the concentration of 1:20 compared to the concentration of 1:10
of the aqueous extracts of grains studied in the experiment. As the results of the
experiment showed, the maximum germination energy of wheat was in the control
variants — 94.0%, while the use of aqueous extracts of cereals, namely corn, sorghum
and barley, had an inhibitory effect on the germination energy of wheat. Thus, sorghum
extract at the concentration of 1:20 provided germination energy within 48.15%, which
in turn has 7.68% better results than sorghum extract 1:10, while using corn extract at
the concentration of 1:20 provided germination energy within 66.22%, and barley
extract, at the same solution concentration, was 80.12%, which contributed to the
improvement of indicators by 6.1% and 1.52%, respectively [40].

2.1.3.1.2. The effect of aqueous extracts of oilseeds on the germination
energy of wheat seeds

Oilseed crops are one of the most common crops in our region, so in our study,
we established the allelopathic effect of aqueous extracts of sunflower, rapeseed and
flax, at the concentration of 1:10 to 1:20, on the germination energy of wheat. As our

studies have shown, the control variants provided, on average, the germination energy

of wheat, within 94% (Fig. 3.3).
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Figure 3.3. Seed germination energy (%) under the influence of aqueous extracts of

oilseeds at the concentration of 1:10.

Analyzing the results obtained, we can state that aqueous extracts of oilseeds
also have an inhibitory effect on the energy of seed germination. Compared with the
control variant, the greatest inhibitory effect is exerted by the aqueous extract of
rapeseed 48.67%, which in turn is 45.33% worse than the control. Moderate
allelopathic effect is expressed in sunflower (1:10) — 58.11% and in flax extract (1:10)
—82.11%.

Our studies have shown that at the concentration of 1:20, aqueous extracts of
oilseeds also showed an allelopathic effect, although it was somewhat lower compared
to the previous concentration of 1:10 (Fig. 3.4).

It was found that the most noticeable inhibitory effect, as at the concentration of
(1:10), was had by rapeseed extract (1:20), which provided germination energy of
50.44%, but relative to the control, the indicator studied in the experiment was 43.56%
lower.

As our studies showed, the germination energy of wheat in the variants using
aqueous extracts from sunflower and flax was within 60.54% and 86.24%,

respectively, and was also lower than the control variants by 33.46% (sunflower) and

7.76% (flax).
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Figure 3.4. Seed germination energy (%) under the influence of aqueous extracts of

oilseeds at the concentration of 1:20.

The results of aqueous extracts of sunflower (1:20) — 60.54% and flax extract
(1:20) — 86.24%, also improved their results by 2.43% and 4.13%, respectively.

Thus, as a result of the conducted study, the allelopathic effect of aqueous
extracts of oilseeds on the germination energy of wheat was established. It is important
to note that an inhibitory effect was detected when using aqueous extracts of oilseeds
at both concentrations studied in the experiment. The maximum inhibitory effect was
recorded for an aqueous extract of rapeseed at the concentration of 1:10, which was
48.67%, and at the concentration of 1:20 the allelopathic effect decreased, which
allowed to increase the germination energy by 1.77%. A similar trend was observed
when studying two other extracts from sunflower and flax at both concentrations. After
analyzing the data obtained, it can be concluded that rapeseed had the maximum
allelopathic effect on the germination energy of wheat, while sunflower can be placed
in the lowest inhibitory effect, and flax in the last place.

The conducted study showed that both grain and oilseed crops, which were
selected for analysis, exhibit a pronounced allelopathic effect on seed germination
energy. In all studied extracts, we obtained results lower than the control. Among grain
crops, the leader in allelopathic effect is sorghum, and among oilseed crops, rapeseed,
and their level of inhibition is quite similar, sorghum (1:10) — 40.7%, while in rapeseed

(1:10) — 48.67%, which indicates a high potential of both crops to release toxic
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compounds.

Analyzing the results of the study, it was found that grains have higher indicators
of allelopathic activity, from maximum in sorghum to moderately detected in barley,
while oilseeds are more stable in the manifestation of allelopathic activity, especially
rapeseed and sunflower.

Also, on the manifestations of allelopathic influence, a small concentration of
extracts, with a decrease from 1:10 to 1:20, a weakening of the inhibition effect is
observed.

Based on the obtained research data, it can be stated that oilseed crops are not
inferior in allelopathic activity to grain crops, and in some cases even exhibit a greater
inhibitory effect. The implementation of the obtained results into agricultural practice
will allow the producer to form correct crop rotations, which in turn will make it
possible to prevent undesirable allelopathic interactions in agrophytocenoses.

2.1.3.1.3. The effect of aqueous extracts of grain crops on the average root
length of wheat seedlings

One of the important stages of the study is precisely the verification of the
allelopathic effect on the development of the root of another plant, because this system
in the plant develops one of the first, therefore, to a greater extent, it comes into contact
with allelochemicals of the soil, which can both stimulate and inhibit the intensity of
root growth.

In our studies, we established how aqueous extracts of grain crops affected the
growth of the root system (Fig. 3.5. and Fig. 3.6.)

The study of the allelopathic effect of grain crops at the concentration of 1:10 on

root growth is shown in Fig. 3.5.
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Figure 3.5. Average root length (cm) under the influence of aqueous extracts of grain

crops at the concentration of 1:10.

When analyzing the root length, it was recorded that the control had the largest
average length of 9.20 cm, which indicates the absence of allelopathic influence, and
confirms the normal physiological development of the root.

Analyzing the results of our research, when studying the extracts of water
extracts of grain crops at the concentration of 1:10, an inhibitory effect is observed.

The sorghum extract variant has the strongest inhibitory effect, as the average
root length in the experiment is 2.69 cm, compared to the control variant, the result of
6.51 cm showed worse results. This indicates a high content of allelopathic substances
that inhibit the development of the root of the recipient plant.

Analyzing the results of the aqueous extract of corn, at the same concentration,
showed that the average root length is 2.95 cm, which is 6.25 cm less compared to the
control, and in relation to the results of the sorghum variants, the indicator was only
0.26 cm higher. That is, the aqueous extract of sorghum and corn at this concentration
have quite similar results.

The lowest level of inhibitory effect was found in barley extract, the average root
length was 4.45 cm, which in turn was 4.75 cm less than in the control variant, while
in comparison with sorghum extracts the indicator was higher by 1.76 cm and by 1.5
cm compared to the variants with corn extract.

Similar studies were conducted with aqueous extracts of the studied grain crops

44



AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

at the concentration of 1:20 (Fig. 3.6)
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Figure 3.6. Average root length (cm) under the influence of aqueous extracts of grain

crops at the concentration of 1:20.

At the concentration of extracts of 1:20, the inhibitory effect is different
(weakened), but the results obtained are worse compared to the control variant. The
strongest inhibitory effect is exerted by sorghum extract, the average root length is 3.20
cm, which is 6 cm worse than in the control.

Analyzing the results of the aqueous extract of corn, at the same concentration,
showed that the average root length was 3.72 cm, which is 5.48 cm less compared to
the control, and in relation to the results of the sorghum variants, the indicator was only
0.52 cm higher.

The lowest level of inhibitory effect was found in barley extract, the average root
length was 5.43 cm, which is 3.77 cm less than in the control variant, while in
comparison with sorghum extracts the indicator was higher by 2.23 cm and by 1.71 cm
compared to the variants with corn extract.

According to the results obtained, we can conclude that the control variant has
the best results, which indicates the absence of allelochemicals. The strongest effect on
the development of the root system of the recipient plant has an aqueous extract of
sorghum, where the greatest root inhibition was detected, both at the concentration of
1:10 and 1:20. A fairly similar inhibitory effect is also observed for the corn extract,

while the barley extract showed the least inhibitory effect (sorghum > corn > barley).
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2.1.3.1.4. Effect of aqueous extracts of oilseeds on the average root length of
wheat seedlings

As the results of our research showed, when studying the extracts of water
extracts of oilseeds at the concentration of 1:10, an inhibitory effect was also observed.

The study of the allelopathic effect of oilseeds at the concentration of 1:10 on

root growth is shown in Fig. 3.7.
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Figure 3.7. Average root length (cm) under the influence of aqueous extracts of

oilseeds at the concentration of 1:10.

Analyzing the data obtained, we found that rapeseed has the greatest inhibitory
effect among oilseed crops, since the average root length in the experiment is 2.72 cm,
compared to the control variant, the result showed worse results by 6.48 cm. This
indicates a high content of allelopathic substances that inhibit the development of the
root of the recipient plant.

Analyzing the results of the aqueous extract of sunflower, at the same
concentration, showed that the average root length is 2.74 cm, which is 6.46 cm less
compared to the control, and in relation to the results of the rapeseed variants, the
indicator was only 0.02 cm higher. That is, the aqueous extract of rapeseed and
sunflower at this concentration has almost identical results.

The lowest level of inhibitory effect was found in flax extract, the average root
length was 4.72 cm, which in turn was 4.48 cm less than in the control variant, while
in comparison with rapeseed extracts the indicator was higher by 2 cm and by 1.98 cm
compared to the variants with sunflower extract.

Similar studies were conducted with aqueous extracts of the studied oilseeds at

the concentration of 1:20 (Fig. 3.8)
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Figure 3.8. Average root length (cm) under the influence of aqueous extracts of

oilseeds at the concentration of 1:20.

The greatest inhibitory effect among oilseed crops at this concentration is
rapeseed. The average root length in the experiment is 3.24 cm, compared to the control
variant, the result of 5.96 cm showed worse results, which indicates a high content of
allelopathic substances that inhibit the development of the root of the recipient plant.

Analyzing the results of the aqueous extract of sunflower, at the same
concentration, showed that the average root length is 3.42 cm, which is 5.78 cm less
compared to the control, and in relation to the results of the rapeseed variants, the
indicator was only 0.18 cm higher. That is, the aqueous extract of rapeseed and
sunflower at this concentration has similar results.

The lowest level of inhibitory effect was found in flax extract, the average root
length was 5.64 cm, which in turn was 3.56 cm less than in the control variant, while
in comparison with rapeseed extracts the indicator was higher by 2.42 cm and by 2.22
cm compared to the variants with sunflower extract.

Our results indicate that aqueous extracts of both grain and oilseed crops have a
distinct allelopathic effect on the growth of the root of the recipient plant. In all variants
of the experiment, the root length was less than in the control variant (9.20 cm), which
once again proves the suppressive effect.

The studies show a clear relationship between the results of root system growth
and the concentration of aqueous extracts: at the concentration of 1:10, the allelopathic
effect was more pronounced than at the concentration of 1:20. The inhibitory effect is
weakened, but still remains significant.

Among grain crops, the level of inhibition is distributed as follows: sorghum >
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corn > barley, and among oilseed crops — rapeseed > sunflower > flax.

Comparing the results between grain and oilseed crops, we can note that in each
of them there is an internal differentiation in the strength of the effect, but there are
practically no fundamental differences between the groups. With the greatest
allelopathic effect are sorghum and rapeseed, they have almost the same indicators,
similarly for crops that have the lowest level of inhibition (barley and flax).

2.1.3.1.5. The effect of aqueous extracts of cereal crops on the average shoot
length of wheat seedlings

Another important indicator of allelopathic action is the determination of the
length of a sprout, because the allelopathic effect can lead to significant changes in the
development of the plant, its morphology and competitiveness in the ecosystem. It was
determined as the average of the lengths of the sprouts that sprouted in this version of
the experiment.

In our studies, we established how aqueous extracts of cereal crops at different
concentrations affect the length of the sprout shoot (Fig. 3.9 and Fig. 3.10).

The study of the allelopathic effect of grain crops at the concentration of 1:10 is
shown in Fig. 3.9.

When analyzing the length of the seedling shoot, it was recorded that the control
had the largest average length of 9.70 cm, which indicates the absence of allelopathic
effect and confirms the normal physiological development of the root.
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Control Barley (1:10) Sorghum (1:10) Corn (1:10)

Figure 3.9. Average length of seedling shoot (cm) under the influence of aqueous

extracts of grain crops at the concentration of 1:10.
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Analyzing the results of our research, when studying the extracts of water
extracts of grain crops at the concentration of 1:10, an inhibitory effect is observed.

The strongest inhibitory effect is the sorghum extract variant, because the
average shoot length in the experiment is 4.08 cm, compared to the control variant, the
result of 5.62 cm showed worse results. This indicates a high content of allelopathic
substances that inhibit the development of the shoot of the recipient plant.

The results of the aqueous extract of corn, at the same concentration, showed
that the average length of the shoots is 5.04 cm, which is 4.46 cm less compared to the
control, and in relation to the results of the sorghum variants, the indicator was only
0.96 cm higher. That is, the aqueous extract of sorghum and corn at this concentration
have quite close results.

The lowest level of inhibitory effect was found in barley extract, the average
shoot length was 5.64 cm, which is 4.06 cm less than in the control variant, while in
comparison with sorghum extracts the indicator was higher by 1.56 cm and by 0.40 cm
compared to the variants with corn extract.

The results obtained in our studies confirm the presence of allelochemicals that
are capable of inhibiting the growth and development of wheat at the initial stages of
ontogenesis. Therefore, according to the strength of allelopathic activity, the studied
extracts of cereal crops at the concentration of 1:10 can be arranged in the following
sequence: sorghum > corn > barley.

Also, in our studies, we paid attention to how the concentration of 1:20 aqueous
extracts of the studied grain crops affected the average shoot length (Fig. 3.10).
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Figure 3.10. Average seedling shoot length (cm) under the influence of aqueous

extracts of grain crops at the concentration of 1:20.
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At the concentration of extracts of 1:20, the inhibitory effect is different
(weakened), but the results obtained are worse compared to the control variant. The
strongest inhibitory effect is achieved by sorghum extract, the average shoot length is
5.30 cm, which is 4.4 cm worse than in the control.

Analyzing the results of the aqueous extract of corn, at the same concentration,
showed that the average length of the shoots is 6.09 cm, which is 3.61 cm less compared
to the control, and in relation to the results of the sorghum variants, the indicator was
only 0.79 cm higher.

The lowest level of inhibitory effect was found in barley extract, the average
shoot length was 6.80 cm, which is 2.9 cm less than in the control variant, while in
comparison with sorghum extracts the indicator was higher by 1.5 cm and by 0.71 cm
compared to the variants with corn extract.

Analyzing the obtained data, we found that the germination energy of wheat
depended on the concentration of the aqueous extract, and provided a better
allelopathic effect at the concentration of 1:20 compared to the concentration of 1:10
of the aqueous extracts of the grain crops studied in the experiment. As the results of
the experiment showed, the largest average shoot length was in the control variants —
9.70 cm, while the use of aqueous extracts of cereal crops, namely sorghum, corn and
barley, had an inhibitory effect on the development of the seedling shoot. Thus,
sorghum extract at the concentration of 1:20 has an average seedling length of 5.30 cm,
which in turn has 1.22 cm better results than sorghum extract 1:10, while using corn
extract at the concentration of 1:20 the average seedling length was 6.09 cm, and barley
extract at the same solution concentration was 6.80 cm, which contributed to the
improvement of indicators by 1.05 cm and 1.16 cm, respectively.

2.1.3.1.6. Effect of aqueous extracts of oilseeds on the average shoot length
of wheat seedlings

During the study, we established the allelopathic effect of aqueous extracts of
sunflower, rapeseed, and flax, at concentrations of 1:10 to 1:20, on the average shoot

length of wheat seedlings.
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As our studies showed, the control variants showed an average seedling shoot

length within 9.70 cm (Fig. 3.11)
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Control Sunflower (1:10)  Rapeseed (1:10) Hax (1:10)
Figure 3.11. Average length of seedling shoot (cm) under the influence of aqueous

extracts of grain crops at the concentration of 1:10.

Analyzing the results obtained, we can state that aqueous extracts of oilseeds
also have an inhibitory effect on the length of the seedling shoot. Compared to the
control variant, the greatest inhibitory effect is exerted by the aqueous extract of
rapeseed 4.25 cm, which in turn is 5.45 cm worse than the control. A moderate
allelopathic effect is expressed in sunflower (1:10) — 4.87 cm and in flax extract (1:10)
—5.98 cm.

Our studies showed that at the concentration of 1:20, aqueous extracts of oilseeds
also showed an allelopathic effect, although it was somewhat lower compared to the

previous concentration of 1:10 (Fig. 3.12).
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Figure 3.12. Average seedling shoot length (cm) under the influence of aqueous

extracts of grain crops at the concentration of 1:20.

51



AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

It was found that the most pronounced inhibitory effect, as at the concentration
(1:10), was had by rapeseed extract (1:20) — 5.42 cm, but relative to the control, the
indicator studied in the experiment was 4.28 cm lower.

As our research showed, the average length of wheat seedlings in the variants
where aqueous extracts of sunflower and flax were used was 5.78 cm and 7.12 cm,
respectively, which in turn was less than the control variants by 3.92 cm (sunflower)
and 2.58 cm (flax).

The results of aqueous extracts of sunflower (1:20) - 5.78 cm and flax extract
(1:20) — 7.12 also improved their results by 0.91 cm and 1.14 cm, respectively.

After analyzing the obtained data, we can conclude that rapeseed had the
maximum allelopathic effect on the germination energy of wheat, while sunflower can
be placed in the lowest inhibitory effect, and flax in last place.

The conducted study showed that both grain and oilseed crops selected for
analysis exhibit a pronounced allelopathic effect on the development of shoot length.
Compared to the control, all studied extracts have lower results. The leader among
grain crops in terms of allelopathic effect is sorghum, and among oilseed crops —
rapeseed.

2.1.3.1.7. Effect of aqueous extracts of cereal crops on the total length of
wheat seedlings

Determining the total length of seedlings, root and shoot, is one of the key
indicators in the analysis of allelopathic influence. After all, it is this characteristic that
reflects the overall success of germination and initial development of the plant. This
information immediately combines data on the growth and development of the root
system, which in turn is responsible for the absorption of water and nutrients, and the
shoot, which provides photosynthesis processes. In our studies, we established how
aqueous extracts from cereal crops at different concentrations affected the total length
of the test crop seedling (Fig. 3.13 and Fig. 3.14).

The study of the allelopathic influence of cereal crops at the concentration of

1:10 is shown in Fig. 3.13.
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Figure 3.13. Total length of test crop seedlings (cm) exposed to aqueous extracts of

grain crops at the concentration of 1:10.

The control variants recorded the largest total seedling length — 18.90 cm, which
allows concluding that there is no allelopathic effect and reflects the normal course of
physiological processes. As the results of our research showed, when studying the
extracts of aqueous extracts of grain crops at the concentration of 1:10, an inhibitory
effect was observed.

In the variant with sorghum extract, it was determined that the total length of the
seedling is 6.77 cm. Compared to the control, the indicator determined in the
experiment has a difference of 12.13 cm. This result is more than twice as bad, which
indicates a high content of allelochemicals.

When studying the aqueous extract of corn at the same concentration, we found
that the total length of the seedling was 7.99 cm. Compared to the control, these results
are 10.91 cm smaller, and compared to the sorghum variant, this indicator was 1.22 cm
better.

When studying the allelopathic effect of barley extract, the lowest level of
inhibitory effect was found, the total length of the seedling was 10.09 cm, which was
8.81 cm worse than in the control, 3.32 cm better than in comparison with sorghum
extract and 2.10 cm better than in corn extract.

Also, in our studies, we paid attention to how the concentration of 1:20 aqueous

extracts of the studied grain crops affected the total length of the seedling (Fig. 3.14).

53



AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

’
' |
4
Control Barley (1:20) Sorghue (1 20) Com (1:20

Figure 3.14. Total length of test crop seedlings (cm) exposed to aqueous extracts of

grain crops at the concentration of 1:20.

At reduced concentrations, the experimental extracts continued to exhibit
allelopathic effects, but they were less noticeable than at the previous concentration
level.

Analyzing the data, it was found that the total length of the control was 18.90
cm, while the barley extract was 12.23 cm, which is 6.67 cm lower.

On the corn extract, the total seedling length is 9.81 cm, which was lower than
the previous variants by 9.09 cm (control) and 2.42 cm (barley extract), respectively.
The worst results of the total seedling length were found on the variant where the
aqueous sorghum extract was used, the results of which are 8.50 cm, which is 10.40
cm less than in the control variant.

As the results of the experiment showed, the largest total seedling length was
found in the control variants — 18.90 cm. The use of aqueous extracts of grain crops,
which were used in the studies, has an inhibitory effect. The total length of wheat
seedlings on sorghum extract at the concentration of 1:20 is 8.50 cm, which in turn is
1.77 cm better than sorghum extract 1:10. At the concentration of 1:20, corn extract
showed results within 9.81 cm, which is 1.82 cm better than at the concentration of
1:10. Barley extract improved the results by 2.24 cm.

2.1.3.1.8. Effect of aqueous extracts of oilseeds on the total length of wheat
seedlings

As the results of our research showed, when studying the extracts of water

extracts of oilseeds at the concentration of 1:10, an inhibitory effect was also observed.
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The study of the allelopathic effect of oilseeds at the concentration of 1:10 on
the total length of the seedling is shown in Fig. 3.15.
Analyzing the results obtained, we can state that water extracts of oilseeds also

have an inhibitory effect on the energy of seed germination.
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Control Sunflower (1:10)  Rapeseed (1:10)  Flax (1:10)

Figure 3.15. Total length of test crop seedlings (cm) exposed to aqueous extracts of

oilseeds at the concentration of 1:10.

Compared to the control variant, the greatest inhibitory effect is exerted by the
aqueous extract of rapeseed, because compared to the control it has worse results by
11.93 cm, sunflower extract has 11.29 cm, and flax extract has 8.20 cm worse
indicators than the control variant.

Our studies have shown that at the concentration of 1:20, aqueous extracts of
oilseeds also showed an allelopathic effect, although it was somewhat lower compared

to the previous concentration of 1:10 (Fig. 3.16.)
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Control Sunflower (1:20) Rapeseed (1:20} Flax (1:20)
Figure 3.16. Total length of test crop seedlings (cm) exposed to aqueous extracts of

oilseeds at the concentration of 1:20.

It was found that the most pronounced inhibitory effect, both at the concentration

of (1:10) and at the concentration of (1:20), was had by rapeseed extract, the total length
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of the seedling was 8.66 cm, but compared to the control, the result is worse by 10.24
cm. The results of the total length of the seedling where aqueous extracts of sunflower
and flax were used were within 9.20 cm and 12.76 cm, which is less than in the control
variant by 9.70 cm (sunflower) and by 6.14 cm (flax).

The results of aqueous extracts of oil plants at the concentration of 1:20
improved by 1.69 cm (rapeseed), by 1.59 cm (sunflower) and by 2.06 cm (flax).

Analyzing the results obtained, we found that both grain and oilseed crops at
different concentrations exhibit an inhibitory effect on the growth of the test culture.
The strongest inhibition was observed under the action of sorghum extract at the
concentration of 1:10, because the total length of the seedling was actually more than
twice as small (6.67 cm). The inhibitory effect of corn and barley extracts was less
evident, at the concentration of 1:10, their results were 7.99 cm and 10.09 cm. Among
oilseed crops, rapeseed and sunflower exhibited the greatest allelopathic effect, at the
concentration of 1:10, their results were within 7.61 cm and 6.97 cm, respectively.
Reducing the concentration of extracts contributed to the weakening of the allelopathic
effect in all studied variants, but the indicators remained lower than in the control.

Therefore, we can state that grain and oilseed crops are characterized by different
levels of allelopathic activity, which affects plant growth in different ways, and the
intensity of inhibition itself depends on both the type of donor plant and the
concentration of the extract.

2.1.3.1.9. The effect of aqueous extracts of grain crops on the ratio of the
above-ground and underground parts of the wheat plant

This criterion is very important, because the ratio of the aboveground and
underground parts is the main indicator of the plant's adaptation to the environment.
Moreover, there are two options for the development of events. In the first case, with a
low ratio, the root system develops better in the seeds of the plant, such plants may be
more resistant to drought. In the other option, with a high ratio of results, the plants
will have a more powerful shoot, this will give them an advantage in the competition
for light. Allelopathic properties can disrupt this balance, which in turn can reduce the

competitiveness of plants and their ability to survive.
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In our studies, we determined how the ratio of the aboveground/underground
part of the plant was affected by aqueous extracts from grain crops at different
concentrations (Fig. 3.17 and Fig. 3.18).

The study of the allelopathic effect of grain crops at the concentration of 1:10 is
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shown in Fig. 3.17

Figure 3.17. The ratio of the aboveground/underground part of the plant under the

influence of aqueous extracts of grain crops at the concentration of 1:10.

The control variants recorded the ratio of 1.05:1, which indicates a practically
uniform development of the aboveground and underground parts with a minimal
predominance of the first part. These results indicate the absence of any suppressive
factors and demonstrate the harmonious growth of the recipient plant.

Analyzing the dynamics, we observe a consistent increase in the coefficient
compared to the control. The change relative to the control in barley is 0.22, in sorghum
—0.47, in corn — 0.66. The increase in the coefficient indicates that the development of
the plant occurs unevenly, the aboveground part is relatively larger than the
underground, therefore, a shift in the growth balance is observed.

Also, in our studies, we paid attention to how the concentration of 1:20 aqueous
extracts of the studied grain crops affected the ratio of the aboveground/underground
part of the plant (Fig. 3.18).

Analyzing the results, we see an increase in the coefficient compared to the
control variant. The greatest allelopathic effect is observed in sorghum — 1.66, the
results of corn are quite similar — 1.64. The weakest allelopathic effect is in barley —

1.25.
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Barley (1:20) Sorghum (1:20} Comn (1:20)
Figure 3.18. The ratio of the aboveground/underground part of the plant under the

influence of aqueous extracts of grain crops at the concentration of 1:20.

Comparing the results of two different concentrations, it was found that in barley
and corn extracts, the allelopathic effect also decreases with decreasing concentration:
barley (1.27 - 1.25), and corn (1.71 - 1.64).

The results of sorghum extract at reduced concentrations, on the contrary,
showed a stronger allelopathic effect (1:10 — 1.52, and at 1:20 — 1.66, respectively).
Such a phenomenon is often observed in the study of allelopathy, it can be explained
by a nonlinear (hormesis) effect, when a high concentration causes strong inhibition,
and at a lower concentration there is a selective effect (for example, a stronger
inhibition of the root during normal shoot development). That is, at the concentration
of 1:10, both parts are inhibited, and at 1:20, mainly the root system.

2.1.3.1.10. The effect of aqueous extracts of oilseed crops on the ratio of
aboveground and underground parts of the plant

In our studies, we established how the ratio of the aboveground/underground
part of the plant was affected by aqueous extracts from oilseed crops at different
concentrations (Fig. 3.19 and Fig. 3.20).

The study of the allelopathic effect of oilseed crops at the concentration of 1:10
is shown in Fig. 3.19.

Analyzing the results, we see an increase in the coefficient in all extracts
compared to the control variant. The greatest allelopathic effect is observed in

sunflower — 1.78, the smallest in sorghum — 1.56.
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Figure 3.19. The ratio of the aboveground/underground part of the plant under the

influence of aqueous extracts of oilseeds at the concentration of 1:10.

The weakest allelopathic effect is expressed in flax — 1.27. The increase in the
coefficient indicates that the development of the plant occurs unevenly, the
aboveground part is relatively larger than the underground part, therefore, a shift in the
growth balance is observed.

Also, in our studies, we paid attention to how the concentration of 1:20 aqueous
extracts of the studied oilseed crops affected the ratio of the aboveground/underground

part of the plant (Fig. 3.20).
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Control Sunflower (1:20) Rapeseed (1:20) Hax (1:20)
Figure 3.20. The ratio of the aboveground/underground part of the plant under the

influence of aqueous extracts of oilseeds at the concentration of 1:20.

Analyzing the results, we see an increase in the coefficient compared to the
control variant. The greatest allelopathic effect is observed in sunflower — 1.69, the
results of rapeseed are quite similar — 1.64. The weakest allelopathic effect is observed
in flax — 1.26.

Comparing the results of two different concentrations, we found that in

sunflower and flax extract, the allelopathic effect also decreases with decreasing
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concentration: sunflower (1.78 — 1.69), and flax (1.27 — 1.26). But in rapeseed extract,
we observe a nonlinear (hormesis) effect. At the concentration of 1:10 — 1.56, and at
1:20 — 1.67. We observe a selective effect on the development of the
aboveground/underground part of the plant.

The results of our study of the ratio of the aboveground/underground part of the
plant showed that grain and oilseed crops affect the development of seedlings and
disrupt the natural balance of growth processes. In the control variant, the ratio is close
to 1:1 (1.05:1), which in turn indicates that development occurs harmoniously without
the action of allelopathic factors.

Aqueous extracts of grain and oilseed crops significantly changed the morpho-
physiological balance of the recipient plant growth. The main effect is on the inhibition
of the development of the root system, which in turn reduces the adaptive potential of
the plant.

In sorghum and rapeseed extracts, a nonlinear (hormesis) effect was found,
which indicates a complex mechanism of action of allelochemicals and shows the
importance of taking into account concentration when assessing the allelopathicity of
crops. At the concentration of 1:10, sorghum and rapeseed had indicators within 1.52
and 1.56, while at a reduced concentration, the indicators increased to 1.66 (sorghum)
and 1.67 (rapeseed).

According to this criterion, it was oilseed crops that showed a higher intensity
of allelopathic influence than grains. This information has important practical
significance in crop rotation planning and agroecological forecasting.

2.1.3.1.11. Determination of the allelopathic activity index of aqueous
extracts of grain and oil seeds

An important indicator of interspecific plant interactions is the allelopathic
activity index (IAA), which allows quantitatively assessing the degree of inhibitory or
stimulating effect of aqueous extracts on the growth of the root and shoot of the test
culture. Negative values of the index indicate inhibition of growth processes, and the
larger the negative value, the stronger the inhibitory effect.

By performing a statistical analysis of the results, we were able to estimate how
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much (%) the root or aerial part of the plant is able to stimulate or, conversely, inhibit
the growth and development of the test culture, compared to the control variant. The
results of the IAA are shown in Fig. 3.21. and in Table 3.1.

Having obtained real numerical values, we observe a negative value of [AA,
which in turn indicates the inhibitory effect of all the studied extracts. Comparing the
results of the root and shoot, we see that the root is more sensitive, its values are more
stably negative. With a decrease in the concentration of extracts, the inhibitory effect
decreases noticeably.

As can be seen from the data in the Figure, the average and strong degree of

inhibition prevails in most extracts.

Figure 3.21. Index of allelopathic activity of aqueous extracts of grain and oil seeds
A weak degree of inhibition was recorded in isolated cases in extracts with the

concentration of 1:20 when determining shoot IAA, among grains in barley (-30),

among oilseeds in flax (-27).
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Table 3.1.
Index of allelopathic activity of the effect of aqueous extracts of grain and oil seeds

on the root and shoot of wheat grain

Donor plant (Ir‘g‘(ﬁ) Degree of inhibition (Sllif)t) Degree of inhibition
Barley (1:10) -52 Average inhibition -42 Average inhibition
Barley (1:20) -41 Average inhibition -30 Mild inhibition
Sorghum (1:10) -71 Strong inhibition -58 Average inhibition
Sorghum (1:20) -65 Strong inhibition -45 Average inhibition
Corn (1:10) -63 Strong inhibition -48 Average inhibition
Corn (1:20) -60 Average inhibition -37 Average inhibition
Sunflower (1:10) -70 Strong inhibition -50 Average inhibition
Sunflower (1:20) -63 Strong inhibition -40 Average inhibition
Rapeseed (1:10) -70 Strong inhibition -56 Average inhibition
Rapeseed (1:20) -65 Strong inhibition -44 Average inhibition
Flax (1:10) -49 Average inhibition -38 Average inhibition
Flax (1:20) -39 Average inhibition -27 Mild inhibition

The highest level of allelopathic activity among grains at both concentrations is
observed in sorghum. Even at the concentration of 1:20, its inhibition is strongly
expressed, the root IAA 1is (-65), and the shoot [AA i1s (-45).

Corn extract shows a strongly noticeable allelopathic effect only at the
concentration of 1:10, and is manifested in the effect on the root, the IAA of which is
(-63). But with a decrease in concentration, we observe a clear weakening of the effect,
the IAA of the root is (-60), and the IAA of the shoot is (-37).

Oilseed crops also show a more distinct inhibitory effect on the development of
the root system. Sunflower and rapeseed extracts at the concentration of 1:10 show
strong root inhibition, their results are (-70). With a decrease in concentration, the
inhibitory effect is somewhat weakened, but remains strong (-63) in sunflower and (-
65) in rapeseed. However, the degree of shoot inhibition at both the concentration of
1:10 and the concentration of 1:20 remains at an average level of inhibition.

Flax has the lowest level of allelopathic activity among oilseeds. Even at the
concentration of 1:10, it shows a medium level of inhibition (-49) in the root and (-38)
in the shoot.

After analyzing the results, we can state that all the selected crops show

inhibitory allelopathic activity (all values are negative). The root system was more
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sensitive to the action of allelochemicals than the shoot. At concentrations of 1:10 and
1:20, the average root inhibition was observed in barley extract (-52) and (-41) among
grains, and in flax (-49) and (-39) among oilseeds. In other extracts, the allelopathic
effect was strongly noticeable.

Regarding the results of the shoot IAA, the results are better than those of the
root, which indicates a lower allelopathic effect. A weak degree of inhibition was found
in barley extract at the concentration of 1:20 (-30) and in flax at a similar concentration
(-27). The strongest effect on the shoot among grains was exerted by sorghum extract
at the concentration of 1:10, its IAA is (-58), and among oilseeds at the concentration
of 1:10 rapeseed (-56).

Therefore, the results obtained really confirm the significant role of
allelochemicals in the formation of phytocenotic interactions and can be taken into
account when planning crop rotations and selecting predecessors in organic
agroecosystems.

Conclusions

As a result of the conducted research on the allelopathic effect of aqueous
extracts of grain and oil seeds on the sowing properties of wheat, the following was
established:

1. Analyzing scientific sources, it was found that such a phenomenon as
allelopathy is one of the most important biological mechanisms of plant interaction in
ecosystems and agroecosystems. Grain and oil crops have a unique ability to secrete
allelochemicals (phenolic acids, flavonoids, terpenoids, etc.), which are able to
influence the growth and development of the recipient plant. It was found that in
modern conditions of organic farming, the problem of the influence of aqueous extracts
of grain and oil crops remains insufficiently studied and requires further research.

2. An experimental research scheme using the biotesting method was developed
and substantiated. The feasibility of using aqueous extracts of seeds of grain (sorghum,
corn, barley) and oilseed (rapeseed, sunflower, flax) crops with concentrations of 1:10

and 1:20 was substantiated. Due to this method, it became possible to carry out a
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comprehensive assessment of seed germination energy, laboratory germination,
morphometric indicators and calculate the allelopathic activity index.

3.1t was found that the aqueous extracts considered in the studies had an
inhibitory effect on the germination energy of wheat seeds. Compared to the control
variant, where the germination energy was 94.0%, the highest allelopathic effect was
recorded among grains in sorghum within the limits of 40.47% at the concentration of
1:10 and 48.15% at 1:20, while among the studied oilseed crops, the maximum
inhibition of the recipient plant was recorded in the aqueous extract of rapeseed,
namely 48.67% at the concentration of 1:10 and 50.44% at 1:20.

4. As the results of the studies showed, laboratory seed germination at different
concentrations had different results and depended on the factors studied. Thus, when
the concentration was reduced from 1:10 to 1:20, the inhibitory effect was partially
weakened. Analysis of the obtained research data allows stating that under the
influence of aqueous extracts, laboratory germination decreased, which confirms the
phytotoxic effect on wheat seeds at the early stages of ontogenesis.

5. Analyzing the influence of allelopathic factors on the morpho-physiological
indicators of wheat seedlings, it was found that the greatest suppression of the root
system was provided by the aqueous extract of sorghum (among grains) and rapeseed
(among oilseeds). Thus, it was found that in the variants where the aqueous extract of
sorghum was studied, at the concentration of 1:10, the root length decreased more than
three times compared to the control. The same trend was observed in relation to the
length of the shoot and the total length of the seedlings. It is important to note that in
comparison to the control, in all other variants of the experiment the studied indicators
were lower, which indicates an obvious inhibitory effect of allelochemicals.

6. When calculating the allelopathic activity index, we confirmed the inhibitory
nature of the studied aqueous extracts. Thus, when comparing the results of the study
of the root and shoot, it was found that the root is more sensitive, its values are more
stably negative. With a decrease in the concentration of extracts, the inhibitory effect
decreases noticeably. The highest level of inhibition among grains was observed in the

aqueous extract of sorghum, and among oilseeds — in rapeseed. As a result of the
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studies, the dependence of the strength of the allelopathic effect on the concentration
of the extract was established.

7. It was determined that under the influence of aqueous extracts of grain and oil
crops, a destruction of the morphogenetic balance of growth processes (the ratio of the
aboveground/underground part) was observed. The destruction of such balance may be
associated with allelopathic stress that the plant receives in field conditions.

Based on the obtained research results, we can state that aqueous extracts of
grain and oil seeds had a significant effect on the sowing properties of wheat seeds, but
differ somewhat in the level of allelopathic activity. The most obvious inhibitory
potential was found in sorghum and rapeseed, the lowest in barley and flax. The results
of the work have practical significance for the preliminary assessment of possible
allelopathic interactions among crops, which is important when planning crop rotation,
in particular in the organic farming system. The obtained data characterize the potential
allelopathic activity of crops in laboratory conditions and require further verification

taking into account agroecological factors and an agroecological passport.
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2.2 Arpo0iosnoriyni 3axoaM i e(EeKTHBHOIO €KOJOTiYHO 30aJIaHCOBAHOIO
3epHOBUPOOHMUTBA B IliBAeHHO-CXiZTHOMY IPOMHCI0BOMY perioHi

30ubIIeHHsT 1 cTabumi3alis BUPOOHUIITBA 3€pHA € BAXKJIMBUMHU 3aBIaHHIMHU
arponpOMHUCIIOBOTO KOMIUIEKCY VYkpainu [41, 42]. EQexkTuBHICTH pPOCIWHHHUIITBA
BEJIMKOIO MIPOIO 3aJICKUTh BiJl TPYHTOBUX Ta KIIMaTMYHUX YMOB, OCKIUJIbKA BOHHU
MAalOTh 3HAYHUI BIUIMB HA BPOXKANHICTh Ta AKICTh BUPOIIYBaHUX KyJIbTyp. KimimaTuuHi
YMOBH BH3HA4alOTh TEPMIHU MOCIBYy Ta 30WMpaHHsS ypokaio, 110 BeAe IO 3HAYHUX
KOJIMBaHb y BUPOOHMITBI 3epHa [43, 44]. 3miHa KiiMary, MOTIPIIECHHS €KOJIOT1YHOT
cUTyallii 3yMOBJIIO€ HEOOXIHICTh BU3HAYEHHS MOXJIMBOCTI MPOTUCTOATH UM
ABUIIIAM, B TOMY YHKCJI1 1 32 paXyHOK O10J0ri3alii TeXHOJIOr1i BUpollyBaHHsA. Bee e
CTBOPIOE TEPEAYMOBU YCHIIIHOTO BUKOPUCTAHHS TPYHTOBO-KIIMAaTHYHHUX PECYPCIB
perioHy 1 popMyBaHHSI 3HAYHOTO PiBHS YPOXKal0 3 BHUCOKHMHM MOKa3HUKAMH SIKOCTI
3epHa. BupimenHs 1i€i npoOreMu MOXIMBE MUISXOM PO3POOKHM HOBUX Ta
YIOCKOHAJIEHHS 1ICHYIOUMX €JIEMEHTIB TEXHOJIOT1i BUPOIIIYBaHHS 3€PHOBUX KYJBTYD, B
TOMY YHMCJII i 32 paxyHOK 3aCTOCYyBaHHs 010J0T14HUX npemnaparis [45-49].

[Toromui yMoBH, $KI CKJAIWCA TMiJ 4Yac NPOBENEHHS IOCTIIKEHb, OyiH
CHPHUATIMBAMH JIJI1 PO3BUTKY BETETATMBHOI YACTHHW 3€PHOBUX KYJIBTYDP, TaKUX SIK
MIICHUIT O3WMa Ta SYMIHB SPHM, MO CIOPHUAIO IXHBOMY YCHIIITHOMY pOCTy Ta
po3BUTKY. Bukopucrtanus pizHux (OHIB KUBJIEHHS Ta (Pi310JOTIYHO AKTUBHUX
MpenapariB CTBOPIOBAJIO JAOJAATKOBI YMOBH IS €(PEKTUBHOTO MPOXOKEHHS TEPIITUX
€TariB OpraHoTeHe3y POCIUHAMH.

st Jonernpkoi o6acTi npobiaema 3a0pyaAHEHHSI HABKOJIUIITHHOTO CEPEIOBHUIIA
CTOITh HAJA3BUYANHO TOCTpO. 3a JaHUMHU ekojioriB y 2018 poil crmocTepirajioch
30UTBIIIEHHSI BUKHUIB 1 YTBOPEHHS BIIXOAIB MO BigHOMIeHHIO 70 2014 poky, 1o
OB’ s13aHE 3 HAPOITYBAHHAM MOTY)KHOCTI IIPOMHCIIOBHX ITIMTPUEMCTB Ta TIEPEXOAO0M 3
ray Ha BYruuia. Y palloHaX MPOMHCIOBUX KOMIUIEKCIB TPYHT Yy 3HAuHIA Mipi
3a0pYyIHIOETHCS MPOMYKTAMH 3TOpPaHHS MaJMBa, 30JIa SKOTO MPAKTUYHO MICTUTH YCi
TexHoreHH1 Mertanu. [IpoBeneHHs aHTUTEpOpUCTUYHOI omepanii Ha Cxoll KpaiHu

TaKOX 3aBJaJI0 3HAUYHUX 30UTKIB HAWOUIBIIOMY HalllOHAJIbHOMY OararcTBy KpaiHu —
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rpyHtam [50, 51]. TlopyuieHHs1 €KkoJIOTi4HOi pIBHOBAard B MPUPOJl BIUIMBAE Ha Taki
BaXIMBI CKJIAJIOBl arpO€KOCUCTEMH, K I'PYHT 1 pOociuHa. 3 OISy Ha 1€ po3poOKa
3aXO/iB, CHOPSIMOBAaHMX HA OTPUMAaHHA BHCOKOSKICHOT CUIBCHKOTOCTIOAAPCHKOT
IPOYKIIii, KA BIJIMOBIIa€ CaHITAPHO-TITIEHIYHUM 1 €KOJIOTIYHUM HOPMaM, B YMOBax
BCE3POCTAIOYOr0 TEXHOTEHHOTO MPECHHTY Ha HABKOJMIIHE CEPEAOBUILE MA€E BEIIMKE
npaktuyHe 3HadeHHs 11 AIIK Jlonempkoro periony. ToOTo ocTaHHIM dYacoM
npo0sieMa BUPOIIYBAHHS €KOJOTIYHO Oe3MeYHOi CLIbCHKOTOCIOAAPChKOI POCIUHHOI
NPOAYKIii Pa3oM 3 MiABHINEHHAM BPOKAHHOCTI HAaOyda 3HAYHOI AaKTyadbHOCTI. Ii
BUPIIICHHS CIPHUATUME 3POCTAaHHIO PIBHS 3/I0pOB’Sl HACEJIEHHS Ta SIKOCTI JKUTTS B
[IJIOMY 1 TOMY Ma€ CyTTEBUM COIIaIbHUI €(EKT.

BaxxnuBoro 3HaueHHs HaOyBae MIMPOKE BHUKOPUCTAHHS areHTIB O10JOTTYHOTO
BIUIMBY, WLI0 Mependadae 3acTOCYBaHHSA €(QEKTUBHUX Ta EKOJIOTIYHO-0E3MeUHuX
CTUMYJISITOPIB POCTY, MIKpOAOOPUB Ta MIKpOOIOJIOTIYHUX IMpernapariB, SKl 3AaTHI
PEry/IOBaTH MPOLECU IKUTTEASUIBHOCTI POCIMH Ta IPYyHTOBOI MiKpodiopwu,
CIIPSIMOBaH1 MOOLITI3YBaTH MOTEHIIIMHI MOYKJIUBOCTI, 3aKJIaJieHl y TEHOMI TPHUPOAOIO 1
cenekiiero [52-55].

B rpyHTOBO-KITIMaTUYHUX YMOBax cxiHoi yactunu [liBHiyHOTO CTremny Ykpainu
JOCIIIJIPKEHO BIUIMB arpo0iofIOTIYHUX 3aXOA1B Ha YPOXKANHICTh 36pHOBUX KOJOCOBHUX
KYJIBTYp B YMOBaX TEXHOT€HHOTO HaBAHTAKE€HHA. BUKOpHUCTaHHS MiKpOO10JOTTYHOTO
npenapary baitkan s 06poOKkM HACIHHS MIEHUII 03UMOT 3 MOAANIBIIIOI 00POOKOIO
0 3eJICHOMY JIUCTY y (a3l KyuriHHs ExoctumysnoM 3a0e3neunio HalO1IbITy BUCOTY
pociuH menuii (15,1 cm) ta migBunmMBcs piBeHb Mykpy (32,8 %). Lle x noenHanHs
MpenapariB 3yMOBWIO Yy BapiaHTi Ha opraHiyHOMY (oHi xkuBjeHHs (6iorymyc 1000
KI/ra) CyKynHy JAit0 ¢akrtopiB Ha (GOpMyBaHHS pPOCIMHAMU TIICHUI O3UMOi
OlOMETpUYHUX TMOKA3HUKIB BIIPOJOBXK OCIHHBOI BEreTallli: KUIbKICTh MaroHiB — 1,8
LIT./pOCINHY, KUIBKICTh By3JIOBUX KOPEHIB — 2,7 WIT./pOCIHHY, BMICT IIyKpiB — 29,5 %.

[Tpu nopiBHsIHHI ()OHIB >KUBJIEHHS OyJ0 BCTAHOBJIEHO, 110 MiHEpalbHUN (OH
CIpusiB 30UIBIIEHHIO KUTBKOCTI HAaKOMUYEHUX IYKpiB B cepeaHbomy Ha 2,2 %
MOPIBHSHO 3 opraHiyHUM. HezanexxHo BiJ GpoHy KUBIEHHS, HAMOUTHIINI BMICT LIyKpIB

y pOCIHMHAX MIICHHII 03UMOi 3a0e3MeUii BapiaHTH 3 BUKOPUCTAHHSM IpEnapariB
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baiikan (06po6ka Hacinus) + bioputw™m (da3za kyurinas) — 33,0 %, Ta baiikan (00poOka
HaciHHs) + Exoctumyn (a3za kymiiaas) — 29,5 %.

3a MOpGOJIOTIYHUM PO3BUTKOM POCIMH MIINCHUIN O3MMOI IICTS BITHOBICHHS
BereTallii HalO1IbIIe BIIPI3HSINCS POCIMHU Ha BapiaHTl, Jie TPOBOANUIIACH 1HOKYJISIIIT
3epHa OakoBor cywimmro Mikporyminy Ta balikany Ha MiHepaabHOMY (OHI
xuBneHHST (N3oP30): Bucora pocnmma — 55,2 cMm, koedimieHT crebmoctoro — 2.4,
KUIBKICTh BY3JIOBHX KOPEHIB Ha POCIHHY — 3,8 MITYK.

Octarounuil BIUIMB BapiaHTiB Ha (OpMyBaHHS OIOMETPUYHUX TOKA3HUKIB
POCJIMH TIIEHUII 03UMOi BU3HauyaBcsa y ¢asi moBHOI cturiiocTi. B mocniai Ha ¢oni
MIHEpAJBHOTO JKHUBIICHHS BaplaHTH, HA SIKUX BUKOPHUCTOBYBIM OOpOOKY HACIHHS
MIKpOOI10JIOTIYHUM TpenaparoM MIKporyMiH y HO€IHaHHI 3 npenaparamu baiikan,
bioputm Ta Exoctumyn, cnpusinu (HopMyBaHHIO HAWOUIBIIOTO TalITyCy pPOCIHH
MOPIBHSIHO 3 KOHTPOJIbHUM BapianTtoM (86,0 cM), 3a0e31euuBIiy MpuOaBKy poOCTy HE
Menme 4-5 cM. IlomibHoro pe3ynapTary Oy/l0 JOCSTHYTO NPU OJHOPA30BOMY
BUKOPHUCTaHHI npenapaty baiikan Ha movarky dha3u KyIliHHS.

Ha opraniuHoMy (oHI >KMBJICHHS MaKCHUMAaJIbHE 3HAYE€HHS BHCOTU POCIUH
MIIIEHUIl 03UMOi BiIMIUY€HE Yy BapiaHTl 3a BUKOPUCTAHHS Tpenapary MIKpOryMiH y
MO€IHaHHI 3 penaparoM Exoctumyn — 89 cwm.

[Ipu mopiBHAHHI BIUIMBY (POHIB >KHUBJIEHHS Ha €(EKTUBHICThH MpEraparis, IO
BHUBYAJIMCh, TPOCTEKYETHCS 3aKOHOMIPHICTh  OUIBIIOTO  PO3KPUTTS  BIUIUBY
(1310JI0TIYHO AKTUBHUX PEYOBUH 32 OPraHiyHOro (OoHy >KMBIEHHSA. 3O0UIbLIEHHS
rabiTyCy pOCIIMH 32 BUKOPUCTAHHS BapiaHTIB, 1[0 BUBYAJINCH, TOPIBHIHO 3 KOHTPOJIEM
Oyno OUTBIIMM caMe Ha OpraHiyHOMY (OHI JKMBJIEHHS, X04a B IIJIOMYy POCIMHHU Ha
MiHEpaJbHOMY (DOH1 KUBJICHHS OyJIM BULUMHU.

[TopiBHsiHHS (POHIB MK COOOI0 IEMOHCTPYE MepeBary MiHepaabHOTO (GOHY MTPU
(dhopMyBaHHI POCTUHAMH MIIEHUII 03UMOi 010METPUYHUX TTOKA3HUKIB.

HeBix’eMHOI0 9aCTMHOIO CYy4aCHOTO TEXHOJIOTIYHOTO MPOLECy BUPOIIYBaHHS
CUTbCHKOTOCTIOZIAPCHKUX ~ KYJIBTYp € BHUKOPHCTaHHS OlOCTUMYISTOPIB  PI3HOTO
MOXOKEHHSI, SIK1 MiJIBUILYIOTh €()EKTUBHICTh BUKOPUCTAHHS JOOPUB, MOKPAILYIOYU

YMOBH JKHMBJICHHSI POCJIMH Ta iX MPOAYKTHBHICTh. 3aCTOCYBaHHS TaKUX Ipenaparib
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3HaYHO CKOpOYy€ OOCSTM BHECEHHS MIHEpajJbHUX JO0OpUB, IO CYTTEBO 3HUXKYE
3a0pyIHEHHS HABKOJIMILIHBOTO CEPEIOBUIIIA.

BripoBa/keHHsSI CHUCTEMM 3aCTOCYBaHHS PETYJISTOPIB POCTYy y TEXHOJOTIIO
BUPOLIYBAaHHS 3€pHOBUX KYJIBTYp CIpHUS€ OINTHMI3allii BUKOPUCTAHHS €JIEMEHTIB
’KUBJICHHS MPOTATOM BereTarlii. Lle qocsraeTscs 3a paxyHOK aKTHBi3allil aJalTUBHUX
BJIACTMBOCTEH POCIINH, OCOOJIMBO y KPUTHUHI (a3 iX po3BUTKY. P1310J0T1YHO aKTUBHI
PEUOBUHM, SIKI MICTATBCA Yy PETYIATOpax pOCTYy, CHPUSIIOTh IMOCHJIEHHIO pOOOTH
KOPEHEBOI CHUCTEMH Ta MiJBUIICHHIO BMICTYy MIKpPOEJIEMEHTIB, 110, B CBOIO YEpry,
J03BOJISIE pOCIMHAM (POpMYBaTH €JIEMEHTH 3 MIABUILIEHUMHU MOKa3HUKAMHU SIKOCTI Ta
K1JIbKOCTI1 BpOJXKaro.

3anponoHOBaHI1 €J1EMEHTH TEXHOJIOT1i BUPOLLYBaHHS 3€PHOBHX KYJIBTYp CYTTEBO
BIUTMHYJW Ha TIOKa3HUKH CTPYKTYpHU ypoxkaitHoCTi (Tadu. 1).

Taomuus 1.

[Toka3HUKHU CTPYKTYpH BpOXKaro MIIeHuIl o3umoi copty [lepemora, 2021-2025 pp.

. . Jomxuna | KinbkicTs 3epHa B | Maca 3epra B | Maca 1000
Bapiant nocniny . .
KOJIOCY, CM KOJIOCI, IIT KOJIOCI, T 3epeH, T
1 2 3 4 5
N30P30
KonTpons 7,0 30,0 1,1 44,1
Mikporymin (00poOka HaciHHS) 7,7 31,0 1,2 55,6
Mikporymin + baiixan 71 780 1.1 61.4
(o6poOKa HaciHHS) ’ ’ ’ ’
Mikporymin (06poOka HaciHHS
+ Bigpn};M ((1)(33apKyH1iHH$[) : 7.2 31,0 1.2 44,4
Mikporymin (oOpobxa chiHHﬂ) 79 33.0 1.4 66.1
+ Exoctumyn (da3za KyuiiHHS) ’ ’ ’ ’
E;u?n(an (06pobxa chiHHs[) + 8.1 34.0 1.4 550
bioputMm (daza KymiHHS) ’ ’ ’ ’
baiikan (06poOxa HaciHHA) +
EKOCTI/II\egJ'Ip((I)EBa KyH_[iHHBI) 7,6 30,0 1,2 43,6
baiikan (aza xymriaH:”) 7,5 35,0 1,2 59.4
Bioput™m (daza kymriHHS) 7,5 28,0 1,1 52,7
Exoctumyn (da3za kymrins) 7,9 34,0 1,3 44,9
biorymyc - 1000 xr/ra

KonTpoms 6,5 21,0 1,0 40,2
Mikporymin (06poOka HaCiHHS) 7,3 25,0 1,1 49,3
Mikporywmis + baiikan
(06plz)613,a HACIHHS) 6,9 30,0 1.3 50,2
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IIponoB:xenus Tadauui 1.

1 2 3 4 5
MikporymiH (00poOKka HaCIHHS)
+ bioputMm (dhaza KyuriHHs) 6,6 22,0 L1 43,5
MikporymiH (00poOKka HaCIHHS)
+ Exoctumyn (asa Kyntinas) 6,7 26,0 L1 48,6
B?lI/IKaJ'I (oOpobka HS.lCIHH}I) + 7.5 27.0 11 492
bioputm™ (haza KyutinHs)
baiikan (00poOka HaCII-.IH}I) + 7.7 28.0 11 462
Exoctumyn (aza KyntiHss)
baiikan (aza xymriaH:”) 8,1 36,0 1,4 57,9
Bioput™m ((haza kymurinms) 7,5 28,0 1,2 48,4
Exoctumyan (da3za kymrinas) 7,8 30,0 1,2 51,8
HIPO,S (mpemapar) 0,04 0,5 1 0,01 0,29
HIPO,S (oH xuBICHHS) 0,02 0,23 0,003 O, 1 3
HIPO,S (cykymHa Jist (hOHY JKHBJICHHS Ta 0305 0’73 0’01 0,41
rpenapary)

Halikpalilll MOKa3HUKH CTPYKTYpH KOJIOCY MIIEHMIII O3UMOI Ha OpPraHIYHOMY
¢oni1 xuBnenns (6iorymyc 1000 kr/ra) 6ynu npu 0ONpHCKyBaHHI MMOCIBIB IIpenapaToM
baiikan y (a3l KyliHHA: AOBXKMHA Koiocy — 8,1 ¢M, KUIBKICTh 3epeH y Kosoci — 36,0
IT., Maca 3epHa 3 kojoca — 1,4 1, maca 1000 3epen — 50,3 r.

HaiiGinp1ma KijgbKiCTh 3€pEeH Y KOJIOCI, HE 3aJIeKHO Bia (OHY KUBJICHHS, Oyna
npu OONMPUCKYBaHHI MOCIBIB y (a3zy KylliHHS mnpenaparoMm baiikan — 35-36 T
JIOCTOBIpHO BEIHMKY KIJIBKICTh 3€PEH B KOJOCI 3a0€3MEeUMIM TaKOXX 3aCTOCYBAaHHS Ha
MiHepajdbHOMY (DOH1 KUBJIEHHS npenapatiB baiikan (oOpoOka HaciHHs) + Bioputm
(daza kyurinus) ta Exoctumyn (asza kyuiasas) — 34 mr.

3a 03HAKOI0 MaCH 3€pHa 3 KOJIOCY HE CIOCTEPIraiocs CyTTEBOI PI3HUII 32 IIUM
MOKa3HUKOM B 3aJIeKHOCTI BiJ (DOHY >KMBJIEHHs. Maca 3epHa 3 KOJOCY Ha BCIX
BapiaHTax (MiHEpaJbHUI (POH KUBJICHHS) MEPEBUIIyBaJia KOHTPOJIb OKPIM BapiaHTYy,
7€ TPOBOIMJIOCH OOMPUCKYBaHHS IMOCIBIB Ha MoYyarky (asu KyIIiHHS MpernaparoM
bioput™m Ta 1HOKyJsALISE MiKpOryMiHOM 3 MOJANbIIOK O0pOOKOIO y (a3i KyleHHs
baiikanom. HaiiGinbima mMaca 3epHa 3 konocy (1,4 ) Oyna copmoBana mpu oOpoOIti
HACIHHA penapaTtoM MIKporyMmiH y HO€HaHH1 3 OONPHUCKYBaHHSIM MOCIBIB HAlIOYaTKy
¢da3u kyuriHHs npenaparoM ExocTUMyn a Takox mpu oOpoOIl HACIHHS IpernapaToM

baiikan y mnoenHaHHi 3 OONPHUCKYBaHHSM IIOCIBIB Ha MOYaTKy (a3 KyIIiHHA
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npenaparoM bioputm.

Ha opraniunomy ¢oHl 1€l TOKa3HMK Ha BCIX BaplaHTaxX IEPEBUIIyBaB
KOHTPOJBHUM, ajie HallOUTBIIINM BiH OyB IPH OONPUCKYBaHHI MOCIBIB Ha MOYaTKy (azu
KyIliHHS TpenapatroM baiikan — 1,4 r Ta oOpoOka 3epHa CYMIIIIIIO MpernapariB
Mikporymin Ta baiikan — 1,3 1.

Maca 1000 3epen 3a MiHepaibHOTO (H)OHY HaWOLIBIIO Oylla MPU CyMICHOMY
BUKOPUCTAaHHI 00pOOKM HACIHHS mpenapaTroM MikporyMid Ta 0OOIpUCKyBaHHI MTOCIBIB
Ha 1oyJatky (a3u KymiiHHs npenaparoMm Exoctumyi, mpubaBka MOPiBHSIHO 3 KOHTPOJIEM
cranoBmwia 22,0 . 3a opraniuyHoro (oHy KUBJICHHS HaiOinpmia maca 1000 3epen
BiJIMiU€Ha MTpH OONIPUCKYBaHHs y a3y KyiieHHsa baiikanom — 57,9 r, 1110 nepeBUIIIIO
KOHTPOJIbHUI BapiaHT Ha 17,7 .

YporkaltHICTb MIIIEHUIII 03UMO] 3aJIEIKHO BiJl BAPI1aHTIB JOCIITY OyJsia HACTYITHOIO
(Tabun. 2). Ha minepanbHoMy (GoH1 KUBJIEHHS, 3a0e3neuuBiiu npudasky 0,9 t/ra abo
+25,0 %, Kpamum BUSBUBCS BaplaHT 13 3aCTOCYBaHHA MIiKpOTyMiHY JJisi 0OpOOKH
HAaClHHS 3 TMOJAJBIIUM oOmnpuckyBaHHsM bioputMom y dasy KymieHHSI T 3

ypoxkaiiHicTio 4,5 T/Ta.

Tabonuus 2.
VYpoxaiiHicTh 3epHa mieHuui o3umoi copty Ilepemora, 2021-2025 pp.
Baniant rocxi VpOKaiHICTh, IIpubaBka, cep.
p a y T/Ta T/Ta %
1 2 3 4
N30P30
Kontpons 3,6
MikporymiH (06poOka HaCiHHS) 3,6 0,0 0,0
Mikporymin + baiikan (06poOka HaciHHS) 3,7 0,1 2,8
M1KporyM1H (0OpoOka HacinHs) + bioput™m (dasza 4,5 0.8 22.9
KYIIIHHS)
MleoryMlH (0OpoOka HacinHs) + ExkocTumyin (¢aza 4,0 0.4 11,0
KYIIIHHS)
baiikan (06poOka HaciHHs) + bioput™ (pa3za KyuiHH) 4,1 0,5 12,8
2B3§41/u<aﬂ (0o6poOka Hacinns) + Exoctumyin (dasa 4,0 03 9.2
KYITIHHS)
Baiixan (¢a3a KymuiiHH) 3,7 0,0 0,9
bioput™m (daza kymiiHHS) 3,6 0,0 -0,9
Exoctumyn (da3za kymiinas) 3,6 0,0 -0,9
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IIponoB:xenus Tadauui 2.

1 2 R
biorymyc - 1000 kr/ra
Kontpomns 3,1
MikporymiH (00poOKka HACIHHS) 3,1 0,0 -1,1
Mixkporymin + Baiikan (00poOka HaciHHS) 3,2 0,1 2,2
i/}[lﬁll)g;i;ﬂﬂ (0OpoOka HaciuHs) + bioputwm (da3za 34 0.3 8.6
- - - n
i/}[lﬁ?ggi;ﬂﬂ (06pobOka Hacinus) + Exoctumyn (haza 3.5 0.4 12,9
Baiikan (00pobOka Hacinus) + bioput™m (¢a3za KyIiHH) 3.3 0,2 54
E;il;ii ;E;)6p061<a Hacinas) + Ekoctumyin (daza 32 0.1 43
baiikan (da3za KyuriHHs;) 3,0 -0,1 -2,2
bioput™m (daza kymiiHHS) 3,1 0,0 -1,1
Exoctumyn (aza kyurinHs) 2,9 -0,2 -6,5
HIPo,5 (npenapar) 0,24
HIPo,s5 (¢ou xusnenns) 0,11
HIPo,5 (cyynsa gis dosy susnenns ta mpemnapary) 0,34

HaiiripmyiMu BUSIBUITUCS BaplaHTH, J€ MPOBOJAWIIOCH JIMIE OOMPUCKYBAaHHS
MOCIBIB y (pa3y KyliiHHs 0€3 BUKOPUCTAHHS 1HOKYJISTHTIB.

Opraniunuii (OH >KUBJIEHHS TMPOJEMOHCTPYBAB MOAIOHY 3aJIEXKHICTh, SK 1
MiHepanbHuH. JIOCTOBIpHO KpaluMu BapianTaMmu Oyiiu 3actocyBaHHs baitkamy mig gac
00poOku 3epHa Ta bioputmy st 06poOku y daszy KylieHHs 3 ypoxaiHicTio 3,3 1/ra
ab0 6,5 % OlbIIe 3a KOHTPOJIbHUN BapiaHT, MIKpOryMiHY AJii 0OpOOKM HACIHHS Ta
bioputmy juist 06nprckyBaHHS TIOCIBIB y (pa3y KyIIiHHS 3 ypoxkaitHicTio 3,4 T/ra abo
+9,7 % no koHTpoJsito Ta MikporymiHy Jjisi oOpoOku HaciHHs Ta Exoctumyny mjis
oOIpucKyBaHHA TMOCIBIB y ¢a3zy KylliHHA 3 ypoxaitHicTio 3,5 T/ra a6o +12,9 % no
KOHTPOITIO.

CrnocrepeXeHHs 32 POCTOM Ta PO3BUTKOM POCIIMH SUMEHIO SIPOr0 HAIPHUKIHII
KYIICHHS! BUSBIJIA 3HAYYIOT BIIMIHHOCTI BIUTMBY (DOHIB KUBJICHHS Ha (OpMYyBaHHS
JOCIIIJIKyBaHUX O10METPUYHUX MOKAa3HUKIB. Tak, pOCIMHHU MiHEpaIbHOTO (POHY Oynu
BUILMMU 32 POCIMHHU OPTaHIYHOIO B c€pelHboMY Ha 5,1 cMm.

3a MOKa3HWKOM BHCOTH POCIIMH BHUILJIEHO BapiaHT baiikan (oOpoOka HaciHH:) +

bioputw™ (Pa3za Ky1iHHS), B IKOMy Ha 000X (hoHAX KUBJICHHS BiAMIY€HE MaKCUMAJIbHE
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3HAQUEHHS BUCOTH POCIIMH SYMEHIO HApUKIHIN (a3u KyuieHHs — 35,3 cM (MiHepasbHe
xuBieHHs) Ta 31,1 cm (opra"iuHe >kMBJICHHS). B Mexax D0mycTUMOI MOXHUOKH
BH/IIJICH] 1 1HIII BapiaHTH BUCOKOPOCIOCTI stameHto: Mikporymin + baitkan (o6poOka
HaciHHs), MikporyMin (00poOka HaciHHs) + bioputMm (da3a kymrinHs), MikporyMin
(o6pobka Haciaas) + Exoctumyn (dasza xymiinas), baiikan (oOpoOka HaciHHS) +
Exoctumyn (daza xkyminns) 34,9-35,2 cm Ha miHepanbsHOMY (oHi xuBieHHs Ta 30,0-
30,1 cM Ha opraHidyHOMY (DOHI KUBJICHHS.

HaiiBumum xoedittienT kymiinas (1,9) Ha miHepansHOMY (OHI )KUBIIEHHS OyB 3a
BUKOPHUCTaHHS mpernapary MIikporymiH Jjisi oOpoOKM HACiHHS, a TaKOX CyMICHE
BUKOpDHUCTaHHS mpemapariB Mikporymin Ta baiikan 11 oOpoOku HaciHHSL.
BukopucTtanHsi peryisTopiB pocTy uisi OONPUCKYBaHHS IOCIBIB HAa MOYarky ¢asu
KYIIIHHS 1ICTOTHO HE BIUTMHYJIM Ha (POPMYBAaHHS T0AATKOBUX MAroHiB POCIUHAMHU.

binbin cyTTeBUi BIUTMB Ha 11eH MMOKa3HUK NPOAEMOHCTPYBaIU (DOHU KUBIICHHS.
Pi3Hunsg Mk MiHEpaldbHUM Ta OpraHiyHMM (OHAMU Ha KOHTPOJIBHMX BaplaHTax
nopiBHioBasna 0,2 maroHu Ha OAHIN pOCIUHI HA KOPUCTH MIHEPAIHHOTO.

Hampukinii ¢as3u KyniiHHS pPOCIHUH SYMEHIO SIPOr0 BUSIBUIM BIJAMIHHOCTI
BIUTMBY (DOHIB JKUBJIEHHS Ha (opMyBaHHS 010METPUYHMUX MOKa3HUKIB. Tak, pocauHu
Ha MiHepajabHOMY (hOH1 KUBJICHHS Oy BUIIMMHU 32 POCIMHU HA OpraHiyHOMY (OHI1 y
cepenHboMy Ha 5,1 cm.

VY (a3l moBHOT CTUTIIOCTI HA MiHEpaIbHOMY (DOH1 KUBJICHHS, HE 3aJIEKHO BIJ
BapiaHTy, POCIMHHU SYMEHIO SIPOTO BIA3HAYMUIIMCH HAJIMIPHUM PO3BUTKOM TraliTycCy.
[TopiBHsIHO 3 opraHiYHUM (POHOM POCIMHU OyJM BUIUMHU B CEPEIHBOMY Ha § CM.
HaiiGinpmmii rabityc pociuH 3a0e3ledyBajii HACTyIHI BaplaHTH BUKOPUCTAHHS
npenaparip: 00pooka HaciHHS MikporymiHoM, oegHanHs Mikporyminy ta baiikamy
npu o0poOIll 3epHa, 00poOKa 3epHa MIKPOTYMIHOM 3 TMOAAIBIION OOPOOKOIO TIO
3eNIeHOMY JTUCTY y (hasy kymeHHs: Exoctumymnom.

Opraniunuii GoH cripusiB popMyBaHHIO HAUOLITBIIOTO radITyCy IPH CYMICHOMY
BUKOPHUCTaHHI 00poOku HaciHHs baiikaioM Ta oOmpHCKYBaHHS MOCIBIB HA TMOYATKY
(a3u kyurinHs npenaparoM Exkoctumynom (mprbaBka MOpiBHAHO 3 KOHTPOJIEM — 5 CM).

Takox BiiMiu€HE B MEKax JOMYCTUMOI MOXUOKN BUCOKUM MOKa3HUK BUCOTH POCIIVH
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(62,7 cm) y BapiaHTi 0OpoOKHU MOCiBY y a3y KyiieHHs baiikamom.

Ha minepanbHomMy (GOH1 )KUBJICHHS HaWBUII KOS(DIIIEHTH 3aralbHOTO KYITIHHS
Oynu Ha BapiaHTax 3 00pOOKOIO HACIHHSI MIKpOTYyMIHOM Ta 00OpOOKOIO MOCIBY y (hazy
kymenHs baitkamom (1,9). Kpami koedittieHTn npoaykTuBHOro KymtiHHS (1,7-1,8)
Oynu oTpuMaHi Ha BapianTax: baitkan (0oOpoOka HacinHs) + biopuTtm (dasza KymriHHS:)
ta baitkan (¢aza kynrinas).

3a opraniyHOTO (DOHY KUBJIECHHS CYTTEBA BIAMIHHICTh MOKa3HUKA KOE(DILIEHTY
3araJpHOTO KyIIeHHs Oyima mpu 06poo611i Hacinas Mikporyminom (1,6). 3a mokazHUKOM
KoeQillieHTa TPOAYKTUBHOTO KYIIIEHHS BCl BaplaHTH 3aCTOCYBaHHS IIperapariB
3abe3reuniu piess 1,2-1,3.

3a 03HaKamHM 3araJibHOTO Ta MPOAYKTUBHOTO CTEOIOCTOI0 HA OJUHUITIO IO Ha
MiHEpaJbHOMY (OHI >KUBJICHHS BHIBICHO HAWBUII TOKAa3HUKWA Yy BapiaHTi 13
3aCTOCYBaHHAM npemnapary baiikan y ¢asy xymines — 763 mr./m> ta 710 mr./m?
BiAMOBIHO. Takok YKcenbHUN 3arajibHUM CTEOJIOCTIN CIOCTEpIraBcsi Ha BapiaHTI 13
00po6KOI0 3epHa Mikporyminom — 763 mir./m2.

OpraniuyHuii (OH KUBJIEHHS 10 CBOEMY PO3KPUBAB BJIACTUBOCTI MPEMAPATIB, 10
BHUBYAJIMCh. Tak, HAWBHUIIl MMOKAa3HUKU 3arajibHOTO Ta MPOIYKTUBHOTO CTEOIOCTOO 3
OJWHUIIl TUIOLIl BIIMIYEHO Y HACTYNMHHMX BaplaHTax 3acTOCYBAaHHs Ipenaparis:
Mikporymin (06po0Oka Hacinus) — 644 mrt./mM> 3araapHOro cTed10CcTor; MiKporymin +
baiikan (oOpoOka HacinHsa), Mikporymin (oOpoOka Hacinusa) + bioputm ((daza
KylIiHHs), baiikan (00poOka HacinHs) + bioput™m ((aza kymiinus) ta baiikan (daza
KyIIiHHsA) — 518 mT./M? IPOAYKTUBHOIO CTEOIOCTONO.

@®oHM KMBJIICHHS JICIO 10 PI3HOMY BIUIMBaIM Ha €(EKTUBHICTH
3alpOTIOHOBAHUX BapiaHTIB (OPMYBATH TOKA3HUKU CTPYKTYPH BPOXKAKO SUYMEHIO
sporo (tabm. 3). Tak, Ha MiHepaTbHOMY (DOH1 KUBJICHHS HaWO1IbIIIA TOBKUHA KOJIOCY
OyJia TIpu 1HOKYJIALIT HAaclHHS mpenaparoM Mikporymin — 4,3 cm. Jlemo nmocrynaBcs
riomy (Ha 0,1 cM) BapiaHT i3 CyMmicHOIO OOpOOKOI HaciHHS MIKpOrymMiHOM Ta

baiikamom.
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Taoauus 3.
[Toka3HUKM CTPYKTYpH BpOXKaro STUMEHIO siporo copty bpasuii, 2021-2025 pp.
. . Howxuna | Kinekicts 3epna | Maca 3epna | Maca 1000
Bapiant nocnin . .
KOJIOCY, CM B KOJIOCI, HIT. B KOJIOCI, T 3epeH, T
N30P30
Koutponb 39 10,4 0,40 37,7
Mikporymis (00poOKa HaCIHHS) 4,3 10,6 0,56 46,1
MlK‘poryMlH + baiikan (06poOka 42 10,9 0.49 4.0
HAaCIHHS)
Mleorme (06p06.1<a HACIHHS) + 41 11,0 0.42 377
bioput™m (daza KymiiHHS)
Mixkporymin (006poOka 'HaCIHHSI) + 4,0 10,7 0.42 35.7
Exoctumyn (¢aza kyniinus)
B?.I/IKaJI (0OpobKa H%CIHHH) + 4,0 10.6 0.42 382
bioput™m (da3a KymiiHHS)
Baiikan (00pobOka HaClI.{Hﬂ) + 4.1 10,9 0.49 419
Exoctumyn (daza kyniinus)
Baiikan ((a3a KymiiHHs) 3.8 10,2 0,42 38,8
bioput™m ((haza KynriHHs) 4,1 10,9 0,49 39,5
Exoctumyn (daza kyniinus) 4,0 10,4 0,42 37,8
biorymyc - 1000 kr/ra
Kontponb 3,8 10,0 0,39 36,1
Mikporymil (00poOka HaciHHS) 4,0 10,1 0,49 414
MIK.pOFy'MlH + baiikan (o6poOka 4.1 10,9 0,42 37.3
HACIHHS)
MleOFyMlH (06po6‘1<a HACIHHSA) + 42 11,0 0.49 38.8
bioput™ ((haza KyuiiHHs)
MikporymiH (006poOka ‘HaCIHHfl) + 43 112 0.49 392
Exoctumyn (da3a KyutiHHs)
B?uxncan (o6poOka HqcmHs{) + 4.0 104 0.49 405
bioput™ ((haza KyuiiHHs)
Baitkan (06pobka HaCleIHSI) + 4.1 1.1 0,42 36.1
Exoctumyn (da3a KyutiHHs)
baiikan (da3a KyuiiHHs) 4,1 10,8 0,42 35,3
bioputM ((haza KyuiiHHs) 4,4 11,2 0,42 35,7
Exoctumyn (dasza KyuiiHHs) 4,4 11,4 0,42 36,5
HIPO,S(npenapaT) 0, 12 0,23 0,007 0,89
HIP0,5((I)OH JKMBJICHHS) 0,05 O, 1 0 0,003 0340
HIPO,S(cyKyrlHa Jtist pOHY KUBJICHHS Ta Ipenapary) 0, 17 0,32 0,0 10 1 ,26

[Toka3HUK Macu 3epHa 3 KOJIOCYy Ha MiHepallbHOMY (POHI y BCIX BaplaHTax
JOCIIIly B MeXaxX JOMYCTUMOTO BIIXWJICHHsS OyB Ha PIBHI KOHTPOJBHOTO BapiaHTy —
0,40 1, okpiM BapiaHTy 13 3aCTOCYBaHHSIM MIKpOTYyMIHOM B SIKOCT1 1HOKYJISIHTY 3€pHa —
0,56 . Ha opraniunomy (hoH1 )KMBIIEHHS HAOUIBIITY Macy 3€peH 3 KOJI0Cy 3a0e3Meuriv

Taki BapiaHTH BUKOPUCTAHHS TMpenapariB: MikporymiH st 0OpoOKM 3epHa,
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MiKporyMiH K 1HOKYJISIHT B IMO€JIHAHHI 3 MOJAAJBIINM OOMPUCKYBAHHIM IO JIUCTY Y
(dazy kymeHHs biopuTMoM, MIKporymiH sIK 1HOKYJSHT B MO€IHAHHI 3 MOJAJIBIIUM
OOMpPHCKYBaHHSAM MO JHCTYy y a3y KymeHHsa Exoctumynom Ta o0poOka 3epHa
Baiikanom 3 HacTynmHor oOpoOKoro mociBy y ¢aszy kymieHHs bioputmom. Bci 1
BapianTu 3a0e3neunnn 0,49 T 3epHA 3 OJHOTO KOJIOCY.

Hait6inemry macy 1000 HaciHMH SYMEHIO BHUSIBICHO 32 YMOB 3aCTOCYBaHHS
MikporyMiHy sIK 1HOKYJISTHTY HE 3aJI€KHO B opM xkuBieHHs — 41,4-46,1 r. Oxpemo
y J0CIiIax Ha MiHepaJabHOMY (QOHI XKHBJICHHS Beauky Macy 1000 HaciHUH BiIMiu€HO
y BapiaHTax 3acToCyBaHHS MIKpOryMiHy JJisi OOpOOKM 3€pHa 3 HACTYIHHUM
oOrnpuckyBanHaM baiikagom mociBy y ¢a3y kymieHHs — 42,0 T Ta BUKOPUCTAHHS
baiikany sik IHOKYJIIHTY 3 00poOKoto 1ociBy y ¢a3y kyuieHHs: Ekoctumynom — 41,9 .
Ha opraniunomy (oHi >KMBJICHHS TAaKOXK 3a JJAaHUM MOKa3HUKaMH BUJIJICHO BapiaHT i3
3acTocyBaHHsM balikanmy B SIKOCTI IHOKYJISIHTY 3 MOAQJIBLION 00poOKoro biopurmom
nocipy y (a3l kymenns — 40,5 .

Haii6i1b11 icToTHUH MposiB €(heKTUBHOCTI 3aIIPOINIOHOBAHUX BAaplaHTIB BiAOUBCS
Ha BPOKalHOCTI 3epHa SYMEHIO SIporo (Tadm. 4).

Taonuus 4.

VYpoxaliHICTh 3epHa TUMEHI0 sporo copty bpasuii, 2021-2025 pp.

BapianT 1oy YpoxaitHiCTb, [TpubaBka
T/Ta T/ra %
1 2 3 4
N30P30

KonTtpois 3,3
MikporymiH (06poOka HaCiHHS) 33 0,0 0,0
Mikporymin + baiikan (06poOka HaciHHS) 3,6 0,3 9,1
Mikporymin (06poOka HaciHHs) + Bioput™m (da3za

. 3,2 -0,1 -3,0
KYIIIHHS)
MleoryMlH (0OpoOka HacinHs) + ExkocTumyin (¢aza 2.8 0.5 152
KYIIIHHS)
baiikan (06pobka HaciHHs) + bioput™ (da3za KyuiiHHS) 2,9 -04 -12,1
Balzufaﬂ (0o6poOka Hacinus) + Exoctumyn (dasa 3.5 0.2 6.1
KYITIHHS)
baiikan (da3za KyuiHHs;) 3,1 -0,2 -6,1
bioputm™ (haza KyutiHHs) 33 0,0 0,0
Exoctumyan (dpasa kyurinss) 2,8 -0,5 -15,2

biorymyc - 1000 kr/ra

KoHnTpoas 2,5
Mikporymil (00poOka HaciHHs) 2,5 0,0 0,0
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IIponoB:xenus Tadauui 4.

1 2 3 4

Mikporymin + Baiikan (00poOka HaciHHsI) 2,7 0,2 8,0
MleoryMlH (o6pobka Haciuns) + bioputm ((haza 2.9 0.4 16,0
KYIIIHHS)

MleoryMlH (06pobka Hacinus) + Ekoctumyn (daza 3.0 0.5 20,0
KYIIIHHS)

baiikan (00poOka HaciHHs) + biopuTMm (ha3a KymiHH:) 2,9 0,4 16,0
Bamfan (oOpoOka Hacinus) + Exoctumyn (dasza 2.8 03 12,0
KYIIIHHS)

baiikan (aza kynriaH:”) 2,6 0,1 4,0
Bioputwm (haza kymurinHs) 2,7 0,2 8,0
Exoctumyin (da3za kymiinas) 2,6 0,1 4,0
HIPO,S(npenapaT) 0, 15

HIPO,S(d)OH SKMBJICHHSI) 0,07

HIPO,S(CyKym—Ia JUist QOHY JKMBJICHHSI Ta IIpenapary) 0,2 1

Ha wminepansHOMYy (OHI >KMBJICHHS HAWBUIIMK TMOKA3HUK MPOMYKTUBHOCTI
pOCIHMH 3a0e3Me4YrB BapiaHT 3 I1HOKYJSALIEID HACIHHS CYMILIIIIO [penaparis
Mikporymin Ta baiikan — 3,6 1/ra (npubaBka ckiana 0,3 1/ra a6o 9,1 % 10 KOHTPOIIO).
Takoxx BUIIJIEHO BapiaHT 3 IOCTOBIPHO BUCOKUM YpoxkaeM — 3,5 T/ra (mpubaBka ckiaia
0,2 1/ra a6o 6,1 % n0 KOHTPOIIO), SIKUM Tepeadayae 1HOKYJSLIKD 3€pHA STYMEHIO
baiikanom 3 moganbior o0poOKoro MOCIBIB y a3y KylieHHs ExocTumysom.

BapiaHT 13 3acTOCYBaHHSIM 1HOKYJIALIT 3epHa SUMEHIO MIKpOTYMIHOM Ta BapiaHT
0o0poOku mociBiB bioputmMoM y (a3l KyUIiHHS BHIIJIMBCA BapiaHT 3a0e3Meqmiiv
CEpEeNIHIO BPOXKaWHICTD 3a Mepio/l NOCIHKeHb Ha PIBHI KOHTPOJILHOTO BapiaHTy — 3,3
T/ra. CepenHiil MOKa3HUK YPOKaWHOCTI 1HIIMX BaplaHTIB 3aCTOCYBaHHS MpenapaTiB Ha
(G oH1 MiHEpaTBHOTO KUBJICHHS BIIMIUYEHO HIKYE PIBHS KOHTPOJILHOTO BapiaHTY.

Ha opraniuynomy (oH1 KUBJICHHS HalBUIIA CEPEIHS BPOXKAWHICTH 3epHa Oyia
OTpMMaHa MpH I1HOKYJSIIi HACIHHA mpenaparoM MikporymiH Ta OONpPUCKYBaHHI
nociBiB npenaparoMm Exoctumyn — 3,0 1/ra (mpubaBka ckiana 0,5 t/ra a6o 20,0 % mo
KOHTpOJ0). Tako BHIUIEHO BaplaHTH 3 JOCTOBIPHO BHCOKHMM ypoxaem — 2.9 T/ra
(mpubaBka cxiana 0,4 t/ra a6o 16,0 % 10 koHTpOIIO): MikporyMis (0OpoOKa HACIHHS)
+ Bioput™m (daza kymrinas) ta baiikan (00po6ka HaciuHs) + biopuTtm (dasza KymnriHH).

[TopiBHSIHHA ABOX (DOHIB )KUBJICHHS IEMOHCTPY€E MEepeBary MiHEPaJIbHOTO (QOHY,

AKUH 3a0€3MeYnB 3pOCTAaHHS PIBHS BPOKANHOCTI MOPIBHSIHO 3 OPTaHIYHUM.
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BaxxnuBe 3Hau€HHS B arpOTEXHII[l BUPOLIYBaHHS 36pHOBUX KOJIOCOBHX KYJBTYP

Ma€ He TUTbKU YpOXKalHICTh 3epHa, aje 1 Horo sKicTh (Tadi. 5).

Tabamnuns 5.
IToka3zHUKH SKOCTI 3epHAa MIeHHUIIl 03uMoi copty Ilepemora, 2021-2025 pp.
Bwmict Bwmict
. . Harypa . N
Bapiant nocniny OUIKy B KJICUKOBUHU
3epHa, I/1 ; .
3epH1, % B 3€pHi, %o
Minepanbuuii ¢on sxuBieHHs (N3oP3o)
KonTposb 782,2 16,00 35,1
Mixkporymi (00poOka HaCiHHS) 785,1 16,30 36,4
MikporywmiH + batikan (00poOka HaciHH:) 785,3 16,10 36,2
MleoryMlﬂ (0OpoOka HacinHs) + bioput™m (dasza 788.0 16,00 36.7
KYITIHHS)
MucporyMlH (06pobka HacinHs) + Exoctumyn (daza 7872 15.90 36.3
KYIIIHHS)
baiikan (06po6ka HacinHs) + bioput™m (da3za KyuiiHH) 788.,0 16,20 36,5
Eamfan (o6pobxka Hacinus) + Exoctumyn (dasa 786.3 16,00 36.3
KYITIHHS)
baiikan (da3za KymriHHs) 785,1 16,00 36,2
bioputMm ((haza KymrinHs) 787,0 16,00 36,2
Exoctumyn (aza kynriaHs) 787,1 15,90 36,3
Cepenne 786,1 16,04 36,2
Opraniunnii o xusneHHs — (biorymyc - 1000 kr/ra)
KonTpomns 785,1 15,90 34,6
Mikporymin (00poOka HaciHHS) 790,0 15,90 35,1
MikporymiH + baiikan (00poOka HaCiHHS) 792,1 15,80 35,3
MlkporyMlH (06pobOka HaciHHs) + bioput™m (da3za 795.4 16,00 35.8
KYITIHHS)
MlkporyMlH (06pobka HaciHHs) + Exoctumyn (daza 794.2 16,10 35.6
KYITIHHS)
baiikan (06po0ka HaciHHs) + bioput™m (pa3a KyuiHHA) 790,1 16,00 36,0
Bamfaﬂ (06poOka Hacinus) + Exoctumyn (dasa 789.5 16,00 35.8
KYITIHHS)
baiikan (da3za KyuriHHs;) 788,2 15,90 35,5
bioput™m (daza kymiiHHS) 790,6 16,00 35,7
Exoctumyn (haza KyutiHHs) 789,2 16,00 35,5
Cepenne 790.,4 15,96 35,5
HIP05 (npenapa'r) 1 ,65 0, 1 7 0,22
HIPos (¢boH XuBJIEHHS) 0,74 0,08 0, 10
HIPOS (CykyImHa Jiisi) 2,33 0,24 0,3 1

[Ipu 3acTocyBaHHI MIHEPAJIBHOTO (POHY JKUBJIEHHS HaTypa 3epHa 3HUKYBalIach

MOPIBHSHO 3 HATYPOIO OTPUMAHOIO Ha Oopra"idyHoMy (oHi. Lle mosicHIoeTbCS THUM, IO

78



AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

3a OCIHHbO-BECHSIHUM MEP10j] OpTaHivyHi T0OpHBa MaJIK O1IbIIIE Yacy JJjIs MiHepaTizalii
3a paxXyHOK poOOTH IPYHTOBOT MIKpPOQIIOpH.

HaiiBumi mokasnuku Harypu (788,0 r/m) 3epHa Ha MiHepaidbHOMY (HOHI
YKUBJICHHS MaJIu TIpU BUKOpPUCTaHH1 ipenapary MikporymiH (1,0 Kr/T) aJist iHOKYJIsILIii
HACiHHA pa3oM 3 mpemnapatoM bioputm (1,5 n/ra) nus oOnprcKyBaHHS MOCIBIB y (asi
KYIIIHHS, @ TAKOXK 1HOKYJIALis HaciHHA baiikamom (2,0 11/T) Ta 0OnpHCKyBaHHS MOCIBIB
Bioputmom (1,5 n/ra). IlpubaBka mopiBHSAHO 3 KOHTpOJIEM cKiaia 5,8 1/1.

3a opraHiyHoro (oHy >KHUBJICHHS HAWBHILY HATypy 3epHa Oyno chopMOBaHO
POCIIMHAMM TIIEHUIIl O3UMOI MpHU 1HOKYNSIIT HaciHHS MikporyminoMm (1 kr/t) Ta
oOrpucKyBaHHA MMOCIBIB y (a3l kyuriHHs bioputmom (1,5 n/ra) — 795,4 r/n, ue va 10,3
/1 IEpPEBUIILYE KOHTPOIIb.

Bwmict 6inka y 3epHi meHuI o3umMoi copty Ilepemora, He3anexxHo Bill GoHY
’KUBJICHHS Ta 3aCTOCYBAaHHS PETYJSATOPIB POCTY, B cepeHboMy OyB Ha piBHi 16,0 %.

BukopucTanHs 1HOKY/ISA11T HACIHHS Ta OONPUCKYBAaHHS MOCIBIB 3a PI3HUX (DOHIB
YKUBJICHHS CIIPHUSIIO MIABUIIICHHIO BMICTY KJICHKOBHHHM Yy 3€pHI MIIEHUIl 03uMoi. Tak,
3a MiHEpaJbHOro (DOHY O>KMBJICHHSA, 1€ MMOKa3HUK 30UIbIIYBAaBCS MOPIBHSHO 3
koHTpoJieM 31,1 % mo 1,6 %, 3a51e’kHO Bi BapiaHTy 3aCTOCYBaHHS PETY/ISATOPIB POCTY.

3a opraniuHoro ()OHy >KHBJICHHS, BIJICOTOK KJIEHKOBUHM Yy TIIEHHUIl O3UMOL
30utbiyBaBcs 3 0,5 (iHokynsiisi HaciHHS MikporyminoM) 10 1,4 % (iHOKymsIis
HacinHg baitkanom + oGnpucKyBaHHS TOCiBiB biopurmMom).

3a moka3HukoM 1HJekcy naedopmanii knedikoBuHu (IJIK), sikuii Bkazye Ha
XJ1I0ONIEKAPChKY SAKICTh OOPOIITHA, HE3aJEKHO Bia (OHY >KHBJICHHS MalXKe y BCIX
BapiaHTax BiAMIYeHO onTuManibHi 3HaYeHHsS [JIK — 70—85 o. 1. ¥ cepenHpoMy piBeHb
[JK BumuM 3a MiHEpaJbHOTO (POHY >KUBIEHHSA. Y BapilaHTl IHOKYJALIL HACIHHSA
nmeHnil o3umMoi baiikanom 3 moganeMM OONPUCKYBAHHSIM MOCIBY y (a3l KyIIiHHS
bioputmom 3nauenns [JIK cranoBuio 90 o. m.

VY cepeaHpOMy BHIII TOKa3HUKW HATYpW 3€pHA SUYMEHIO SPOTO OTPUMAHO Ha
MiHepanbHOMY (POHI kuBJIeHHS. Ha KOHTpoIi oTpumaHo y cepeaabomy 654,2 /11, 1110

Ha 33,4 1/71 nepeBUIIUIIO0 KOHTPOJIh Ha opraHiyHomy ¢oHi (Tadi. 6).
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Taoauus 6.

[Toka3HUKH SKOCTI 3epHA STUYMEHIO siporo copTy bpasuii, 2021-2025 pp.

. . Harypa Bwmict 6ink
Bapiant nocxiny SCpHaZF;/J'I B 3€pHi, %y
Minepanbuuii ¢on >xuBieHHs (N3oP3o)

Koutponb 6542 10,91
Mikporymit (00poOka HaciHHS) 657,2 11,35
MikporymiH + baiikan (06poOka HaCiHHs) 658,0 11,47
Mikporymin (00poOka HaciaHs) + Bioput™m (da3za KyIiHHS) 657,9 11,53
Mikporymil (06poOka HaciHHs) + Ekoctumyi (dha3a KymiiHHS) 656,3 11,47
baiikan (o6pobka Hacinus) + bioput™ (da3za KymiHHS) 657,0 11,53
baiikan (o0poOka Hacinus) + Exkoctumyn (da3za KyniiHHs) 6574 11,16
baiikan (da3za kymiinHs) 655,2 11,22
Bbioput™m (ha3a kyniiaHs) 655,5 11,41
Exoctumyn (daza kyniinus) 655,0 11,22

Cepenne 656.,4 11,33

Opraniunawnii gon >xusnenns (biorymyc — 1000 kr/ra)

Koutponb 620,8 10,29
Mikporymil (00poOka HaciHHS) 624,3 10,91
MikporywmiH + baiikan (00poOka HaCiHHs) 6229 11,04
Mikporymin (00poOka HaciaHs) + bioput™m (dasza KyliHHS) 623.,9 10,66
MikporymiH (06poOka HaciHHs) + Ekoctumyin (dha3a KymiiHHS) 622,3 10,85
baiikan (00poOka HaciHHs) + bioput™m (da3a KyuliHHS) 620,5 10,42
baiikan (00pobka HaciHHA) + Exoctumyn (ha3za KyniiHHs) 628,6 10,54
baiikan (da3za KyliHHs) 623,5 10,48
bioput™m (dha3a KymuiiHHS) 622,6 11,04
Exoctumyn (da3a KyutiHHs) 623,9 10,97

Cepenne 623,3 10,72
HIPos (npemnapar) 0,83 0,084
HIPos (poH >xuBIEHHS) 0,37 0,03 8
HIPos (cykynHa Jist) 1 5 17 0, 119

HaliBuill NMOKa3HMKM HATypu 3€pHA, 3aJI€KHO BiJ (DOHIB KUBIEHHS, OyiH

OTpMMaHi 3a CyKyIMHOTO BHUKOPWUCTaHHS mpenapary MIKporymiH s 1HOKYJISINT

HaclHHA Ta npemnapary baiikan mns oOnpuckyBaHHs y (a3l KymiiHHa — 658,0 r/x

(MiHepanbHMM (DOH >KMBJICHHS]) Ta NpPU 1HOKYJISAII HAaclHHA mnpemnaparoMm baiikan

CYMICHO 3 OOIIPHCKYBaHHSM TOCIBIB y (a3i KyliiHHs npenaparoMm Exoctumyn — 628,6

r/n (opraniyHui (GOH KUBIICHHS).

AHasi3 TIOKa3HUKIB HATypu 3epHa 3a (POHAMH >KHBJICHHS JO3BOJISIE 3POOUTH

BHCHOBOK, IO 3a MiHEpaJdbHOrO (OHY HAMOLIBIIMIA BIJIUB Mall0 3aCTOCOBYHHS

1HOKYJISILli HaciHHs OlompemnaparamMd. Y TOW JK€ Yac, I 3aKOHOMIPHICTh HE
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IpOCTEXKyBajacs 3a OpraHiyHOro (OHY KUBJIEHHS, /i€ 3MiHA BEJIMYMHU TMOKAa3HUKA
HaTypHu 3epHa OyJI0 Y MeKax MoXuOKku Jociiay. TooTo, MiHepaabHUM (DOH KUBJICHHS
MaB OUIBII ICTOTHH BIUTUB Ha MOKAa3HUK HATYypH 3epHA SIUMEHIO SPOTO.

Y nocmial 3 MiHepadbHUM (OHOM JKHUBJICHHS TIPpH 1HOKYJIALT HACIHHS
MikporymiHOM 3 HaCTYITHUM OOTPUCKYyBaHHSIM NOCiBy biopuT™MoM Ta mpu 1HOKYISIIT
HaciHHs baiikaioMm 3 HacTymHUM OONpPUCKYyBaHHSIM pocivH biopuTmMoM oTpumaHO
HalBuIui BMicT Outka — 11,53 %. Ha opraniunomy (poHi BigMi4€HO BUCOKUHN PIBEHb
oinka (11,04 mpu iHOKYAIIIT 6aKoBOIO cymimo MikporymiHy i baiikamy Ta okpemo
oOIpuCKyBaHHA MOCIBY Yy (pa3i KymriHHs npenaparoMm bioputwm.

Buxopuctanusi peryiasTopiB  poCTy CHpUA€ TMIABUIICHHIO EKOHOMIYHOL
edekTUBHOCTI BUpOOHMITBA. Lle 3yMOBJIEHO 3MEHIIEHHSIM BUTpar Ha MiHEpaJbHI
noOpuBa Ta 3MEHIICHHSIM TMECTUIIMIHOTO HABaHTAXXCHHS, OCKUIBKU 3HUKYETHCS
HEOOXIJIHICTh B 3aCTOCYBaHHI BEJIMKHUX J03 PI3HUX arpoxiMmikariB. Takuil miaxis
cripusie O1oJiorizalli CUIbCHhKOTOCIOAAPCHKOIO0 BUPOOHHUIITBA, TOOTO MEPEXoay A0
OUTBIII TPUPOAHUX Ta EKOJOTIYHO OE3MEeYHUX METOIB BEJIEHHS TOCHOoAapCTBa.
3acTOCyBaHHS PETYIATOPIB POCTY € BAXJIUBHM €TarlOM Y BJOCKOHAJICHHI CYyYacHHX
arpoTeXHOJIOT 1 Ta M ABUAIIEHH] CTIMKOCTI Ta MPOTyKTUBHOCTI
CUIBCBKOTOCIIOAAPCHKUX KYJIBTYD.

ExoHoMiyHa €(EeKTUBHICTb BUPOOHHUILITBA 3€PHOBUX KYJIBTYp B HAaIUX
JIOCJIIJDKEHHSX 3YMOBJICHA BIUTMBOM 3aCTOCYBaHHS PETYISTOPIB POCTY 3a PI3HUMU
(¢onamu xuBieHHd (Tadn. 7). Ha ¢oni minepanbHoro »kusneHHst (N3oP3o) HaiiBuma
peHTa0eNbHICTh Oyiia OTprMaHa mpu 1HOKYJAIIT HaciHHS MikporymidoMm (1,0 xr/T) 3
HACTYITHUM OOTPUCKYBAHHIM pOCiuH y ¢a3i kymiHas bioputmowm (1,5 n/ra) — 66,7 %,
3a ypoxaitHocti 4,5 T/ra. Yuctuit npulytok ckina 9000,00 rpu/ra. BupoOuuui
Butpatu —13500 rpu/ra. Ha opraniunomy ¢oni xusieHas (6iorymyc — 1000 kr/ra)
HalOUIbIIAa peHTa0eNbHICT, OyJla MpH 3aCTOCYBaHHI MIpenapariB I 1HOKYJSILII
HaciHHg MikporymidoM (1,0 Kr/T) 3 HacTymHUM OOnpuUCKyBaHHSIM Exoctumynom y
¢da3i kyminag, ska ckiuana 31,1 %, 3a ypoxaitHocTti 3,5 T/ra. [IpubyTok craHOBHUB

4150 rpa/ra, mo Ha 53,9 % MeHie Hixk Ha GhoH1 N3oPs.

81



AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

Taoauuga 7.

ExonomivuHa e(heKTUBHICTH BUPOITYBaHHS MIlIeHUII 03uMoi, 2021-2025 pp.

Bupo6unui Cobis- Yucrtuit
. . cth Il T . .
Bapiant nocuiny BUTpPATH, seDHA JOX1, PenrtabenbHicTh, %
rpH/Ta pHa, rpH/Ta
I'pH
®oH xuBieHHA N3oP30

KonTposb 13300 3730 18080 34,9
Mikporymil (00poOKa HaCIHHS) 13400 3722 18000 34,3
MikporymiH + baiikan (06poOka HaCiHHs) 13450 3635 18500 37,5
Mleorme (069061(21 HaciHHs) + 13500 3000 2500 66.7
bioput™m (daza KymiiHHS)
Mikporymin (06p06.1<a HaciHHA) + 13550 1388 20000 476
Exoctumyn (daza kyniinus)
Baiikan (q6po61<a Hacinus) + Bioputm 13450 3780 20500 52.4
(daza KyuriHHs)
Baiikan (0§po6Ka Hacinus) + Exoctumy 13500 3375 20000 48.1
(daza KyuriHHs)
Baiikan (da3a Kyniinas) 13450 3635 18500 37,5
bioputwm ((haza KyutiHHs) 13450 3736 18000 33,8
Exoctumyn (daza kyniinus) 13450 3736 18000 33,8

max 13550 3736 20500 52.4

X 13450 3524 19208 42,7
min 13300 3280 18000 33.8
®on xxusnenns biorymyc — 1000 kr/ra

Kontpois 13200 4275 15580 18,0
MikporymiH (00poOka HaciHHS) 13220 4265 15500 17,2
MikporywmiH + Bbaiikan (06poOka HaciHHS) 13280 4150 16000 20,5
MleoryMlH (069061(21 HaciHHg) + 13350 3926 17000 273
bioput™m (dha3a KyniiHHs)
Mikporymin (06po6'1<a HaciHHA) + 13350 3314 17500 311
Exoctumyn (dasza KyuiiHHs)
Baiixan (q6po61<a HaciHHs) + bioputm 13280 4024 16500 242
(da3za KyuiiHHA)
Baiixan (0§po61<a HaciHHA) + Exoctumyn 13280 4150 16000 20,5
(da3za kyuiiHHA)
baiikan (¢a3za KyliHHs) 13280 4427 15000 13,0
bioputMm ((haza KyuiiHHs) 13280 4284 15500 16,7
Exoctumyn (a3a KyutinHs) 13280 4579 14500 9,2

max 13350 4579 17500 31.1

X 13280 4189 15908 19,8
min 13200 3814 14500 9.2

[TigBuIICHHS PeHTA0CIHFHOCTI BUPOOHHUIITBA 3aJICKUTH Bl COOIBAPTOCTI 1 IIHU

Ha npoaykiiro. Yum kpaiiia sikicTb, TUM BUIII L1HA peani3allli, cymMa npuOyTKy 1 piBeHb

pEHTA0ENbHOCTI, @ OTXKe 1 BHINA €(PEeKTUBHICTh BUPOOHUIITBA. 711 pO3paxyHKY
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OCHOBHHMX MTOKa3HUKIB €(DEKTUBHOCTI BUPOIIYBaHHS STYMEHIO SIpOTro OyJId BUKOPUCTAHI
npaic-JIUMCTH Ha Marepiald 1 MPOAYKIII, JaHI MOJIBOBOTO JOCHTIAY, TEXHOJOTIYHA
kaprta (Tabm. §).

Tabauuga 8.

ExoHomiuHa e(eKTUBHICTb BUPOIIYBaHHS SYMEHIO siporo, 2021-2025 pp.

Bupo6unui| Co6iB-cts| Unctuii | Penrabe
Bapiant nocniny BUTpaTH, | | T3epHa,| MOOXia, | JBHICTS,
rpH/Ta IpH rpH/Ta %
@on xubseHHs N3oP3o
KonTpons 13350 4072 16550 23,2
MikporymiH (00poOKa HACIHHS) 13400 4061 16500 23,1
Mikporymin + baiikan (00poOka HaciHHS) 13450 3736 18000 33,8
MiKporyMiH (06pobxka HacinHs) + bioput™m (daza 13500 4219 16000 18,5
KYITIHHS)
MiKporyMiH (o6pobxka Hacinus) + Exoctumyi (dhaza 13550 4839 14000 33
KYITIHHS)
Baiikan (0o0pobOka Haciaus) + bioput™ (dasza KynriHHs) 13450 4638 14500 7,8
Eafnfan (06pobOka Hacinus) + Exoctumyin (dasa 13500 3857 17500 29.6
KYITIHHS)
Baiikan (da3a Kyuriaas) 13450 4339 15500 15,2
Bioput™m (haza kyurinus) 13450 4076 16500 22,7
Exoctumyn (aza KymriaHs) 13450 4804 14000 4,1
max 13550 4839 18000 29.6
X 13455 4264 15905 18,1
min 13350 3736 14000 33
®oH xusneHHs biorymyce — 1000 kr/ra
Kontpoub 13180 5302 12550 -5.4
MikporymiH (06poOka HaCiHHS) 13220 5288 12500 -5.4
Mixkporymin + Baiikan (00poOka HaciHHS) 13280 4919 13500 1,7
MleOFyMlH (0O6pobOxka HacinHs) + Bioput™ (daza 13350 4603 14500 8.6
KYIIIHHS)
MiKporyMiH (oO6pobxa HacinHs) + Exoctumyi (dhaza 13350 4450 15000 12,4
KYIIIHHS)
Baiikan (0o0pobka HaciHHs) + Bioput™ (da3za KyliiHHS) 13280 4579 14500 9,2
Eamfan (0O6pobxka Haciaus) + Exoctumyin (dasa 13280 4743 14000 5.4
KYIIIHHS)
baiikaun (da3za KymiHHS) 13280 5108 13000 -2,1
Bioput™m (haza kymrinHs) 13280 4919 13500 1,7
Exoctumyn (aza KyurinHs) 13280 5108 13000 -2,1
max 13350 5302 15000 12.4
X 13278 4902 13605 2,4
min 13180 4450 12500 -5.4

83




AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

Ha ¢oni xuBnenns biorymyc-1000 kr/ra HaiO11b111a peHTA0CIBHICTD OyJ1a IPU
BUKOPUCTaHHI TpemnapariB Mikporymin (00poOka HaciHHs) + Exoctumyn (asza
KyIIiHHS), sika ckinana 12,4%, npu ypoxaitHocTi 3,0 1/ra. [IpubyTtok 6yB 1650 rpa/ra,
1o Ha 63,7% MEHILNA HiXK IPU BUKOPUCTAHHI (POHY KUBIICHHS N30P30.

Po3paxyHOK €KOHOMIYHOi JOUIIBHOCTI BUKOPUCTAHHS 3alpONOHOBAHHUX
€JIEMEHTIB TEXHOJIOTIi BUPOIILYyBaHHS 3€PHOBHX KYJIBTYp MPOIEMOHCTPYBAB 3HAYHY
e(eKTUBHICTh BUKOPUCTAHHS (DOHIB KUBJICHHS Ta MpenapariB, 10 BUBYAINUCH.

B minomy mMoxHa 3p0OOMTH BUCHOBOK, IIIO 3alPOTIOHOBAHI €IE€MEHTU CIIPUSIOTH
100pOMY PO3BUTKY POCIIHH MPOTATOM BereTallli, OpMyr0Th BUCOKHI PIBEHb BPOXKAIO,
1 K HACJIIJOK, MIJBHUINYIOTh PiBEHb PEHTAOCIBHOCTI BUPOOHMIITBA 3€pHA MIICHUII

03UMO]1 Yy HEJJOCTAaTHBO CIPUATIMBUX YMOBax cx1aHoi yactuHu IliBHiuHOTO Crenmy.
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DOI: 10.46299/1SG.2026. MONO.AGRO.1.2.3

2.3 ArpoTexHiuyHi 3axoau BUPOIYBaHHA coveBuli B JlicocTenmy

Bubip mons mae BupimiagbHe 3HAYEHHS y BHUpOITyBaHHI couesuii. Ilone, me
MJIaHY€ThCS CiBOA, TOBUHHE OYyTH peTeNbHO MiATOTOBIICHE. B mepry yepry, BOHO Ma€e
OyTH 100pe BUPIBHSHE, TaK K HA HEPIBHIN 1 TPYIKYyBaTii TOBEpXHI 30MpaHHSs CHIIBHO
YCKJIAIHIOEThCS Yepe3 Mally BUCOTY POCIHH 1, BIAMOBIIHO, HU3bKY BHCOTY 3pi3y MpH
30upanHi. TakoX MoJjie MoBUHHE OyTH YUCTE Bij Oyp'sHIB, 0COOJIHUBO JABOJOJBHHX 1
0araTopi4YHHUX, TOMY 1110 COYEBUIIS XapaKTEPU3YEThCS CIAOKUM POCTOM, OCOOJIMBO Ha
MOYATKY BEreTallii, 1 He KOHKYpPY€E 3 HUMH, a apceHall repOiuIiB (MPOTH ABOJOJIBHHUX
Oyp'siHIB), K1 MOKHA 3aCTOCYBAaTH Ha COYEBHIIl, JOCUTh oOMexxeHuil. Hanpukian, 3
TaKUMU Oyp'siHaMU, SIK OCOT IMOJIbOBHI Ta Tipyak poKeBUH C1a00 KOHKYPYIOTh Mailke
BCl CLIBCBKOTOCIOJAPChKI KYyJIbTypH, o0coO0auBO coueBuis. Cepen 1CHYIOUYUX
repOIlu/IiB, sIKI MOKHA 3aCTOCYBATH Ha COYEBHIII, )KOJIEH HE MOKE KOHTPOJIIOBATH IIi
Oyp'sHu. Tomy, nyxe BaXKJIUBO OOpOTHCS 3 OararopiuyHUMH Oyp'ssHaMu 3aBYacCHO, B
nonepenHi poku. EdextuBna 6opoTrba 3 Oyp'ssHaMu Ha COYEBHIll — JOBTOTpHUBAJIA
CTpareris, BIPOAOBX BChOTO Mepioay poTaiii ciBo3MiHU. HebaxaHo CisiTU COUEBUIIIO
B 3HIDKEHUX MICUAX penbedy Ta Ha MOMSIX, CXWIBHUX 0 3aliiuBaHHA. Bapto
nam'siTaTH, 110 COYEBUIIS HE IEPEHOCUTD 3aCOJIEHUX I'PYHTIB. ONITUMAaJIBHOO JUIs HEl €
HEWTpaJlbHA peakiisi IPYHTOBOro po3uuHy. Haiikpammmu nonepegHuKamMu s
COYEBHIII € 3¢pHOBI KYJbTYpH. B CBOIO Uepry, COUYEBHIISA € BIAMIHHUM ITONIEPEIHUKOM
JUIsT OUTBIIOCTI CLTBCHKOTOCTIOIAPCHKUX KYJIBTYp. YPOXKAWHICTh MIIEHUIl O3MMOi
MICTsl COYEBHMINl Taka * SIK 1 MICJIS YOPHOIO Mapy, a B JEAKHX BHUIIaJKaX HaBITb
nepeButrye ii. CoueBuUIls paHO 3BUTBHSE MOJIE, 3 TOMY CTBOPIOE CIIPUSATINBI YMOBH JIJISt
MIATOTOBKM TIPYHTY 1 HAaKONMYEHHA BOJOTM B HboMy. [l 3amoOiraHHs
PO3MOBCIOJIKEHHSI XBOPOO HE 0a)kaHO CIATH COYEBHIIO Ta 1HII 0000B1 KYJIbTYpH Ha
OJIHOMY ¥ TOMY 3K TIOJII YaCTIIle, Hi’XK OJNH pa3 Ha YOTHPU POKH.

OO0po0biToK IpyHTY.

Tpanumiitauii 0OpoOITOK TPYHTY i COUYEBUINO — 3BUYANHUMN JJI paHHIX SPUX

KYJIbTYp: OJJHE-/IBa JUCKYBaHHS MONEPEIHUKA, IITMOOKAa OpaHKa, BUPIBHIOBAHHS 3510y
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3 OCEHI1 1 paHHBOBECHSHE 3aKpUTTS BOJIOTH. Jy»e BaXKJIMBO BiApasy K MIiCis 30UpaHHs
nomnepeaHruKa 3aaucKyBaTH crepHio. lleil 3axim chopusie 30epekeHHIO BOJIOTH,
3HUIIEHHIO OYyp'sSHIB 1 CTBOPIOE CIIPHUATIIMBI MPOBOKAIIIIHI YMOBH JI IPOPOCTAHHS
HaciHHA Oyp'sHiB. [Ipu 3HAUHIN KiIBKOCTI OaraTOpiyHUX KOPEHEBHUITHUX Oyp'sHIB
TI0JIE IBA-TPH Pa3H IUCKYIOTH 1O Pi3HUX JlaroHAX 3 po3puBoM 10-15 ni6. Yepes nBa-
TPH THKHI TICJIA OCTAaHHBOTO JAUCKYBAaHHS 3[1HCHIOIOTH 350JI€BY OpaHKY Ha TJTMOMHY
20-22 cM. OCKUIBKM COYEBHIlS JOCUTh HU3BKOpPOCHA KyJIbTypa, MOTPIOHO BEJIUKY
yBary NpuAUTMTH BUPIBHIOBaHHIO ToJis. e 3Ha4HO MoNIermuTh noTiM ii 30upanHs, a
BTpaTU BpOXalo OYyIyTh CYyTTEBO MEHIIMMHU. Tak sIK COYEBHUIIO BHCIBAIOTH PaHO
HABECHI 1 Yacy JiJisi BUPIBHIOBAHHS 350y MaJjio, TO IIeH 3axij1 OakaHO BUKOHATH BOCECHH.
MokHa TakoXX BHUpPOIIYBaTH COYEBHUIIO 1 Mo no-till Texnonorii. [ocmimkeHHs,
npoeeneHi B Kanani, mnokasanu, 1o coueBuls J0Ope pO3BUBAETHCSA IO CTEPHI
MONEPEIHBOI KYJbTYpH. 3aJIMIIKKA CTEPHI I0NIOMAratoTh 30€perTy BOJOry B IPYHTI, a
TaKOXX CTEpHS CIpHSI€ MEHIIOMY BHJIATAHHIO COYEBHINl Ta TOPIBHIHO BHUILOMY
MPUKPITUICHHIO TIepiux 600018 Ha cTeOIl.

Yno0peHns.

Ha codeBwui, siK 1 Ha IHIIUX KYyJbTypax, MPH 3aCTOCYBaHH1 JOOPHUB MOTPIOHO, B
Mepury yepry, KOpucTyBaTUCS Pe3yJbTaTaMH arpoOXiMIYHOTO aHaJi3y IPYHTY Ha BMICT
JTOCTYITHUX €JEMEHTIB >KuBjieHHs. [Ipote, ciing MaTu Ha yBasi, 10 COYEBHUIIS Cl1a0o
pearye Ha 3acTocyBaHHs 100puB. [Ipu BUCOKOMY BMICTI a30Ty B IPYHTI a30Tdikcalis
HE B1AOYBA€ThCA, a MPU 3HAYHINA KUIBKOCTI JIOCTYIHOI BOJIOTH HAJIUIIKOBUN a30T
CIPHSIE CUIILHOMY POCTY BET€TaTUBHOI MacH, a KUTbKICTh 0001B Ta HACIHHS MPU ITbOMY
OyBa€ HE3HAYHOIO.

A3or. JIns popmyBaHHs Bpoxkato 2 T/ra 3epHa COUYEBHII MOTPIOHO B CEPETHBOMY
100 kr a3oty. [Ipu HOpManbHiii a30TdiKcalli coueBuls Moxe 3ade3neuntu 10 50-80%
CBO€1 MOTPeOM B a30Ti 3a paxyHOK d¢ikcallii a3oTy OyJapOOYKOBUMHU OakTepisiMu, a
pemity BoHa Oepe 3 rpyHry. IIpoTe, sikiio BMICT a30Ty B IpyHTI MeHiue 17kr/ra,
MOYATKOBUN PICT pOCHHH Oy/e TOBUIBHUM, y POCIUH BIIMIYAETHCA JKOBTE
3a0apBJIEHHS JIUCTKIB IPOTATOM [IEBHOTO NEPIOJY Yacy 13-3a HECTaul a30Ty. Tomy npu

ciBO1 Ha TaKUX MOJIAX Oa)kaHO BHOCUTH 710 20 Kr/ra a30Ty. Xoua cTapToBa J103a a30Ty
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Ha MOYATKOBIA CTajli PO3BUTKY POCIHMH CHPHUSATUME iX KpalioMy pOCTY, 1CTOTHOT
nprOaBKU BpOXKAI0 MOKHA i HE OTpUMAaTH. ToMy, BUPIIITYIOYH BHOCUTH Y1 HE BHOCUTHU

a30THEe NOOpPUBO, MOTPIOHO B3ATH JO YBarM HACTYMHI «3a» 1 «IIPOTH»:
—  Ha NOJX, € COYEBHIIS BUPOILYETHCS BIIEPIIE, @ TAKOXK y MOCYILIMBHX

perioHax, HaJJIUIIKOBHA a30T HE CIPHUSATUME HAaIMIPHOMY PO3BUTKY BETETaTUBHOI
Macu y pociiH. Tomy a30THI JoOprBa OyayTh KOPHCHUMH IEPEBAKHO HA O1HUX Ha

a30T IPYHTAX;
—  Tak SK COYEBHIIS Ma€ JOCUTh KOPOTKHM BereTaliiHui mepioj, To MOCiBU

3 IIOTY>KHOIO BET€TaTUBHOK MACOI0, IO (POPMYIOTHCS 3aBISKUA BHECEHOMY a30Ty, HE
3aBK/IM CIIPOMO>KHI1 B CTHCIII CTPOKH peajizyBaTh FeHETUYHO OOYMOBIJICHHI IOTEHIIIAI

BPO’Kal0 HACIHHS;
—  HM3bKI TEMIepaTypu NOBITps, MNOCYUUIMBI YMOBM YHM HAJIJUIIKOBA
KUIBKICTh BOJIOTH TaJIbMYIOTh a30T(iKCalliio;

— BHECEHHs a30Ty Ounblie HiK 30 Kr/ra CyTTEBO CTPUMYE a30T(IKCAIllIO;

- CTapToOBa 034 a30Ty CIIpUAE€ KpalloMy PO3BHUTKY BETr€TaTUBHOIL Macu,

MpoTe, 3a BOJOTOI MOTOAM 1€ MOXE OYTH MPUYUHOIO OLIBII CHJIBHOTO ypa)KEHHS
XBOpoOamMu, TOMy 110 y TYCTill Maci, sika MOTaHO MPOBITPIOETHCS, CTBOPIOIOTHCS

CHPUSATIMBI YMOBH ISl PO3BUTKY 1H(EKIIIT;
—  3aBJISKH IHTEHCHBHIIIOMY POCTY POCIHUH 1, BIAMOBIHO, OIBIIIIH X BUCOTI

Ha MOYaTKOBIN CTa/il pO3BUTKY, HH>KHI 000U OyAyTh IPUKPIIUICHI BUILE, 1110, B IEBHIN
Mipi, MOK€ MOJIETIUTH 30UpaHHs BPOKAIO.

®dochop — BaKIMBUI €IEMEHT KHUBJICHHS ISl COUYEBHII, X04a BOHA MOTpedye
BIJIHOCHO HEBEJIMKY HOoro KuibKicTb. s ¢opMyBaHHS Bpokaro HaciHHS 2 T/ra
coueswili moTpioHo 20 kT Pocdopy. Docdop crpusie Kpamomy po3BUTKY KOPEHEBOT
CUCTEMH, a, BIAMOBIAHO, 1 KpalIOMy 3arajJlbHOMy PO3BUTKY pOCIHMH. Takox BiH
BIJIIFpae BaXXJIMBY poJib B a30Tdikcalii Ta CHpHUs€e MBUIIIOMY 1 OUIbII APYKHbOMY
J03p1BaHHIO POCIUH 1 HaCIHHS. ToMy, SIKIIO pe3yJIbTaTH aHaJi3y IPyHTY BKa3ylOTh Ha

HEJIOCTATHIO KUIBKICTh (pochopy B IPYHTI, MOTPiOHO BHOCUTH (ocdopHi T0OpuBa.
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MakcumainbHa 6e3nedna ao3a ¢gocdariB, KKy MOKHAa BHOCUTH OJTHOYACHO 3 BHCIBOM
HaciHHAM — 16,8 kr/ra P,Os. Jlo3y noOpuB, mo OyAyTh pO3MINIyBaTHCS MOPSA 3
HACIHHSIM, MOTPIOHO 3MEHIIYBAaTH MpHU CiBOI B HEJOCTAaTHHO BOJOTHM IpyHT. s
MiHIMI3aIlli TOKCHYHOTO e(eKTy MOKHa 30LIbIIyBaTH 103y BHeceHHs (ocdopy mia
KyJbTYpY, SIKa BUCIBaJIacs B MOMEpPeHiH pik, a00 BHOCUTH HOTO 3 OCeHi. SKI0 BMiCT
dbocdopy B IpPyHTI BUCOKUH, 3aBISKH JOCTATHHOMY HOTO BHECEHHIO B TTOTIEPETHI POKH,
3aCTOCYBaHHS TPUOKOBOTO I1HOKYJISIHTY, SIKMH IJBHUINYE IOCTYIHICTH (ochopy B
IPYHTI, MOKE CTaTH aJTbTEPHATHUBOIO BHECCHHIO CTApTOBOI 1031 pochopHUX T0OpHUB.

Kaumiit 3a3Buuaii MiCTUTBCS B JOCTaTHIN KUTBKOCTI B OLIBIIOCTI IpyHTIB. IIpore,
HacaMmIiepesi, MoTpiOHO KepyBaTUCS pe3yJibTaTaMHM arpoXiMIYHOTO aHali3y IPYHTY
1I0JI0 BMICTY LIbOroO eneMeHTy. biausbko 85 kr/ra K,O notpiOHO 1711 opMyBaHHS
2T1/ra ypoxaro HaClHHS COYEBHIII. SKIO BMICT IIbOTO €JIEMEHTY B IPYHT1 HEJIOCTATHIM,
MpUHANMHI MiHIMaJIbHa KIJIBKICTh KaJlll0 MOBHHHA OyTHM BHECEHA MpHU CiBO1 pa3oM 3
HaciHHsAM. [IpoTe, ciig MaTy Ha yBasl, 0 A0OpPUBAa MOXKYTh OyTH TOKCUYHUMH JJIS
cxo/iB. ToMy KUIBKICTh BHECEHOro Kaiiio Ta ¢ochopy HE OBUHHI NEPEBUIILYBATH
MaKCHUMAaJIbHOT Oe3neyHo1 103u 11t pocdopy.

Cipka Tako OTpiOHA B JOCUTH 3HAUHIM KUIBKOCTI NIl PO3BUTKY COYEBHIL.
Tak, 1 popMyBaHHA BpOKaKO HACIHHA coYeBHLI 2 T/Ta moTpiOHO 9-11 Kr/ra cipku.
SKmo pe3yabTaTH arpoXiMiYHOIO aHadi3y IPYHTY BKa3ylOTh Ha HECTauyy LbOTO
€JIEMEHTY, IOTPIOHO 3aCTOCOBYBATH MiHEpaJIbHI T0OpHBa, 30KpeMa, Cylbdat aMoHito,
AKUW MICTUTB CIPKY B JOCTYHHIN JJIs1 pociuH GopMi. JediuT MiKpoeaeMeHTIB Ha
COYEBHIIl 3yCTPIYAETHCSA JOCUTH PIIKO.

IHociBHui1 MaTepia.

o [ep>xaBHOTO PEECTPY COPTIB POCIHH, TPUAATHUX JIJIsl OMIUPEHHS B Y KpaiHi
y 2021 p., BHeceHo 4 coptu coueBwmil, a came — Jlin3a, Jlyranuanka, JlroOaBa i
Cgitanok. Copt coueBuili Jlin3a, ctBopenuit Ha KpacHorpaacekiit ociiaHii cTaHIi
JY THCTUTYT CIIBCBKOTO TOCHOJApCTBA CTEMOBOi 30HU, PEKOMEHJIOBAHHWM IS
BupotryBanHs B Cteny Ykpainu. CopT cepeHbOCTUTIINHN, BEereTaliiHui mepioa 65-
75 ni6. PocivHM KymIMCTOI KOMIIAKTHOI (POPMH, MPSAMOCTOSUI, BUCOTOIO 54-55 cMm.

Hacinns mmocke, CBITJIO-3€lieHE, OJHOTOHHE, CTiiike a0 moOypinHs. Maca 1000

88



AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

HaciHuH 58-70 r. CmakoBi sikocTi BiaMmiHHI. Bmict 6inka B HacinHi 27%. Cepenns
ypoKaiHICTh, HaciHHsA 1,8 T/ra. BukopucTaHHs SKICHOTO MOCIBHOTO MaTepiany €
BOKJIMBUM KPOKOM JI0 OTPMMAHHS JIPY’KHHUX 1 MIBUJIKHUX CXOJIB, @ B PE3yJbTaTI — U
BaroMoT0 BPOXKAr0 3 MiABUIIEHUMHU TTOKa3HUKAMHU SKOCTI.

BuxopuctoByroun sikicHe HACIHHS € BCl IEPETyMOBH OTPUMATH:

— TIJIBHIIEHY CTIWKICTh CXOIB 0 XBOPOO;
— OLIbII IBUAKI 1 IPY>KHI CXOJIH;

—  TIJABHIIEHY CTIMKICTh TIOCIBIB JI0 CTPECOBHUX UHWHHHMKIB 30BHIIIHHOTO
CEpeIOBHUIIA, 30KpeMa, HETATUBHOTO BIUIMBY BHUCOKHUX 1 HU3BKHX TEMIIEPATYp;

— KOpEHEBa CHCTEeMa POCIIMH PO3BHBATUMETHCS IIBHUIIE, B PE3YJIbTATI YOTO
edexkTuBHIIE OYyTh BAKOPHCTOBYBATHUCS BOJIOTA 1 TOKMBHI PEUOBUHU IPYHTY;

— 3arajbHa CTIHKICTh IMOCIBY JI0 XBOPOO 1 MIKIAHUKIB Oyi€ BUIIIOIO;

—  TOCIBU OYJIyTh OJTHOPITHUMH, & I03PIBAHHS — OUIBII APYKHUM, 1110 3HAYHO
MOJIETUIUTh 30UPaHHS;
— ypokail Oyjie OUIBIIINM, @ HACIHHS — BUCOKOSIKICHUM.

Jnst ciBOM mOTpiOHO BHUKOPUCTOBYBATHM HACIHHSA CXOXICTIO He MeHie 85%.
3acTocyBaHHs ACSKUX MECTHLMAIB epes 30UpaHHsAM, 30KpeMa, ridocaTOBMICHUX,
MO’K€ BIUITMBATH HA IPOPOCTaHHS HACIHHS. TOMY, COUEBHIIIO 3 TIOJIIB, HA SIKUX B IKOCTI
JIECUKAaHTa 3aCTOCOBYBaBCsS TIidocar, HE CJiJI BUKOPUCTOBYBAaTH HA HACIHHS.
3apakeHHsT HaciHHS 30yJHUKaMH XBOpPOO TOBHMHHO OyTH SKOMOTa MEHIIIWM.
VYpaxeHHs ackoxiTo3oM (Ascochyta lentil) nomyckaeTbes He OutbIne 5%, SKIIO BOHO
OJIM3bKE 10 LIbOTO 3HAYEHHS, TO MOTP1IOHO MPOBOJUTH 0OPOOKY HACIHHS BIIOBITHUMU
¢dyHTrinuaamMu. BiabIIICT COPTIB COUYEBHIN MICTATH B HACIHHEBIM OOOJIOHII TaHIH,
KU Ma€e QyHTIIUIHI BIACTUBOCTI, TOMY 00poOKa MPOTH THWII MPOPOCTKIB (Pythium
species) PEKOMEHIYEThCS JUIIE M1 HEOypiroUMX COPTIB. 3apa)K€HHS HACIHHS
ootputiHiozom (Botrytis fabae) 1 cknepotunio3om (Sclerotinia sclerotiorum)
nomyckaerbest He Outbie 5%. He Oinbmie 5% momyckaeTbes TakoXK 3apa’KeHHS

dy3zapioszom (Fusarium Oxysporum). B cymi 3apaskeHHsI HACIHHS 30y THUKaMU XBOPOO
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nomnycKaeTbest He Oinbie 10%.
ITlinroToBKAa HaciHHSA.

OO6poOka HaciHHS codeBHIll (YHTIIUAAMH TPOTH TPUOKOBUX XBOpOO B

O1IBIIIOCT1 BUIAJIKIB HE MPOBOJAUTHCS. [IpoTe, HACTYIMHI TPUYMHU MOXKYTh CIIOHYKATH

10 11 IPOBEACHHS:
— CKOpOYEHHS pOTallii CiIBO3MIHH;
— Iy’Ke paHHI CTPOKH CiBOW;

— 3HayHa KUIBKICTh Y IPYHTI POCIMHHHUX PELITOK MOMEPEIHBOT KYJIbTYpH 3a

MIHIMAQJIBHOTO OOpPOOITKY MOK€ OYTH MPUYMHOO OLIIBII TPUBAIOTO HOTO MPOrPiBAHHS.

st 3amoOiraHHs PO3BUTKY TPUOHMX 3aXBOPIOBaHb, SIKI TEPEAArOThCA 3
HAaCIHHEBMM MaTepiajioM, 3a JBa-TpU THXKHI JI0 CIBOM HACiHHA CJiJ MOpPOTPYiTH
npenapatamu: BitaBakc 200 ®D (2,5 n/t), namapnop FS 400 (0,15-0,20 n/t) abo
makcum XL 035 FS (1,0 1/T) onHOYacHO 3 1HOKYJIAIIE€I HACiHHS OyJIh00YKOBUMHU
Oaktepiamu. OOpoOka HACiHHA 1HOKYJSIHTOM — OyJIbOOYKOBUMHU OaKTepiaMu
(Rhizobium leguminosarum) Moxe 3a0e3neunTd MoTpedy pociauH B azori Ha 80%
yepe3 dikcamiro armocdepHoro azoty. Kpim Toro, 3a o0OpoOKM HacCiHHS
OyJbOOYKOBUMH OAKTEPIIMH POCIMHU € OUIBIL CTINKMMHU JIO TOCYXH Ta MalOTh BUILUN
BMICT a30Ty, a BIANOBIAHO U Ounka B 3epHI. Pu3o0iyM — MaloMOOUIbHHM, TOMY
IHOKYJISIHT TOBHUHEH OYTH PO3MILIEHUI OJM3bKO 1O HACIHUHMU ISl HaWKpAaIloro
PO3BUTKY OyJIbO0OYOK. J[JIs 1HOKYJIAIIT HACIHHS COYEBMIII MOXHa BHKOPHCTOBYBATH
pu3001yM Taku# ke, IK 11 ropoxy Ta 6001B. bakTepii pu3o0iyM (sSk Ha HAaCiHHI, TaK 1
B YINAKOBI) TUHYTb MOpH [Ii TaKUX EKCTPEMaJIbHUX YWHHUKIB 30BHIIIHBOIO
CEpeloBHUINlA, SIK BUCOKI TEMIIEpaTypH, CYXUH BITEp, MPsMi COHSYHI TPOMEHI.
Tomy, 10 BUKOPUCTaHHS 1HOKYJISIHT MOTPIOHO 30€epiraTu B MPOXOJI0JHOMY 1 TEMHOMY
MICI[i; BUKOPUCTAaHUN BIH TOBUHEH OyTH JO 3aKIHUYEHHS CTPOKY NPUAATHOCTI.
OO6polsiTi HACIHHA OyTLOOYKOBUMH OakTepisiMU MOTPIOHO OE3MOCepeIHbO B JEHB
ciBOM abo 3a n00y. Ilicist oOpoOKM MOCIBHOIO Marepiany I1HOKYJISSHTOM HAaCIHHS
MOTPiOHO BUCISITH Y BOJIOTUMA IPYHT, IO MOXJIMBOCTI miBuAIIE. byns00ukoBi 6akTepii

Ha HAClHHI, SIKe MOMAaJI0 y CyXUil IPYHT, 3aruHyTh. byap004KkoBi OakTepii 4y T/IMB1 10
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rpa”yJiboBaHuX Gopm 100puB. Tomy OakaHe po3MillleHHs JOOPUB MpH CIBO1 HUKYE
a0o TMopsi 3 HACIHHAM, a He 0e3mocepeIHho Oulsd Hhoro. He mormyctumo 3minnyBaTu
1HOKYJISIHT 3 oOpuBamMu. bynb0oukoBi OakTepii 4yTauBi A0 OLIBIIOCTI (PYHTIIUIIB,
Kl 3aCTOCOBYIOTHCS JUIsl MPOTPYIOBaHHS HaciHHA. Tomy, mepen 3acTOCyBaHHSIM
NOTPIOHO 3BIPUTHCS 3 1HCTPYKIIEIO 10 TpenapariB sl BUSHAUYEHHS IX CYMICHOCTI.
[HOKYNSIHT OyIEOOUKOBUX OaKTepiit MOKE MPOMOHYBATHUCS B PI3HUX (HOpMAX: PiIKHIA,
MOPOIIKOIMOI0HUM, TpaHyJIboBaHUU. Pinka dopma mpemapaTy MICTUTHh 3aJIUIIKH
KyJbTYypaJbHOTO CepeOBHIINA, METa0oIiTH OakTepiid 1 7-10 Mipy )KUBHX OpraHi3MiB
y 1 mn. Texkrapua Hopma ckiagae 100 mu. CTpok 30epekeHHsl Ipemapary Ipu
temneparypi 4-15 °C He nepeBuilye ogHoro Mmicsusd. Ilepen BUKopucTaHHAM PiKOi
(dhopmu npemnapat po3BosTh BOJ00 y 10 pasiB 1 BiH CTBOPIOE CTIMKY CYCIEH31I0, fKa
3py4Ha y BUKOPUCTaHH1, 0COOJIMBO JIJIsI MEXaH130BaHO1 0OPOOKH HACIHHS, TaK SIK 100pe
YTPUMYETHCA Ha MOTO MOBEPXHI, OLIBII pIBHOMIPHO MOKPUBAE HACIHHSA, 1 TOMY JIETIIIE
KOHTPOJIIOBATH oro HOpMy BuTpatu. [IpoTe, BiH OB Yy TAMBHM 10 MOMIKOIKEHHS
BHACJIIIOK Jii 30BHIIIHBOTO CEPEAOBHINA, HIXK 1HIN (hopMu. PekoMeH1oBaHu# 11epio;]
00poOKM HACIHHS TIepes] CIBOOKO ISl PIAKOTO 1HOKYJISIHTY OOMEXEeHUM 10 24 TOUH.
[Ipu 3acTocyBaHH1 CIBaJIOK 3 IMOJAUCI0 HACIHHS IO BHUCIBAIOYHMX arapariB MOBITPSIM,
IIBUJKICTh BITPY MOBHHHA OyTH MIHIMAJbHOIO JUIsl 3MEHIIEHHS JeCUKallii OakTepii.
IIpu ciBO1 B cyxull IpyHT a0o0 B IPYHT, Ha IKOMY AY>K€ JaBHO BUPOILyBajgucs 0000BI
KyJbTYpH, MOTPIOHO BABIYI 30UTBITYBATH HOPMY 1HOKYJISHTY. 32 ONTHUMAIbHUX YMOB
pinka hopma npairroe Havikparie. [Topomkonoaioni popmu OUIBII CTIHKI JO AECUKAIIIi,
MalTh OUIBIY TPUBATICTh KUTTS. [IpoTe, BOHM Takok MOTPEOYIOTh THUX CaMHUX
MEePECTOPOr MPU 3aCTOCYBaHHI, K 1 piIKUM 1HOKYJISHT. Cumyuya Ttopd'sHa dopma
TPAJAMIIITHO HA3UBAETHCS PU3OTOP(PIHOM 1 SIBJISIE COOOI0 3BOJIOKEHY CHUIydy Macy
TEMHOTO a00 Oyporo KoJbopy, SIKa MICTUTh HE MeHIIe 2,5 Mipa Oylb004KOBUX
OakTepiit B 1 T, Kl pO3MHOXEHI y CcTepuibHOMY TOop(di 3 A0OaBKaMU MOKMBHHUX
IHTPEMIEHTIB 1 KpeWau [Js HeWTpasizaiii KHUCJIOTHOCTI. Maca TeKTapHOi 103U
puzotopdiny 200 r. ['apanToBanuii cTpok 30epiraHHs mpu Temrepatypi 4-15 °C
ckiagae 6-9 micauiB. Cunyda BEpMUKYJIITHA popMa Ma€e BUJ 3BOJIOKEHOI MacH Ciporo

abo CIpo-KOBTOr0 KOibopy, y 1 r skoi mictutbes 1,5-2,0 mipa Oyiab004KoBHX
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Oakrtepiii. Ctpok 30epiranHs mpemnapaTry 2 Micsil, Maca rekrapHoi ao3u — 200 r.
TopdsHa 1 BepMuKy:iTHA HOpMHU pU3001yMy IpH 3MilryBaHH1 3 Bojoto (200 r Ha 1 1)
CTBOPIOIOTh HECTIMKY CYCIIEH3110, SKa IIBHUIKO PO3IIAPOBYETHCS, TOMY TEpen
3aCTOCYBaHHAM il OTPIOHO PETENbHO po3MimIaTh. J{Js Kpaloro 3aTpuMaHHs YaCTUH
Topdy ab0 BEpMUKYJITy Ha TMOBEPXHI HACIHHS JO BOJHOI CyCHeH3li mpemnapary
A00aBJSAIOTh MpHIMIAYl (KOHIIEHTpaT OapAu, MaToKy, KiecTep, JaTeKC, MOJIOYHI
BiJIBIMiKM a0o0 THIWHY piauHy). He MokHa BHKOPHUCTOBYBAaTH CHJIIKATHUH KIIEH,
OCKUIBbKHM BIH TOKCHUHUH JJIs1 OyTBOOUKOBUX OAKTEepid 13-3a CHIIBHOT JTY>KHOI peakxiii
po3unHy. ['panynboBani Gopmu 10pox4i (MOKHU IIO X MPOMOHYIOTH JIUIIE 3aKOP/IOHHI
bipMu), aje BOHM 3HAYHO JICTIII B 3aCTOCYBaHHI Ta OUIbII CTIMKI 0 HEraTUBHOI JIii
(aKTOpiB 30BHIIIHEOTO CEPEOBUIIA. IX MOKHA BHOCUTH 200 B TIEPEMIIIKY 3 HACIHHAM
a0o0 sk TpaHyJIbOBaH1 1OOpHBA, BUCIBAIOYHM B PSAAOK 3 HACIHHIM. X04Ya IPaHyIbOBaHI
(¢bopMH 3HAYHO MPOCTIII B 3aCTOCYBaHHI, MPOTE, MPU iX BHECEHHI MOTPIOHI AEsKI
MEepPeCTOPOru. 30KpeMa, €MHICTb, KyJAH BOHHM OyAyThb 3acHUIATUCS, TOBUHHA OyTU
CyXOI0, HAllOBHIOBATH ii CJIiJi HE OUIbIIE MOJIOBUHU JUIsl 3aMOOIraHHs 3JICKYBaHHS.
MK 1151 HAC1HHS MOTPIOHO CIIOPOKHIOBATH KOXKHY H14. OCO0JIMBO YBaKHO OTPIOHO
KOHTPOJIIOBAaTH PIBHOMIPHICTh BHUCHUIIAHHS Yy BOJIOT1 JHI. 3arajom, Bci ¢opmu
pr300iyMy TIpU MPaBUJIBHOMY 3aCTOCYBaHHI 1 3a CHPHUSATIMBUX YMOB 30BHIIIHBOTO
cepenoBuIla MpamoTs qo0pe. [Iporte, 3a HecipusTIMBUX YMOB (0OpOOKa HACIHHSA
byHrinuaamMu, Hu36Kuil pH rpyHTOBOTO cepeioBHINa, XOJIOAHUMN IPYHT, CyXU IPYHT,
3aTpUMKa 3 BHCIBOM OOpOOJEHOro HaciHHf), HallOuIbll e()EeKTUBHUMH OyayTh
IpaHyJIbOBaHI, MOPOMIKONOMIOHI, piaki dopmu. EQEKTUBHICTH 1HOKYJAIIT MOXKHA
MEePEBIPUTH TUIIXOM BUKOITYBaHHSI POCIMH Yepe3 TPU-YOTHPU THUIKHI MICIIS TOSBH
CXO/I1B, 00€pEXKHO OOTPYCUTH 3 KOPEHIB IPYHT a00 MPOMUTH iX.

[Ipu 3acTocyBaHHI PIAKHMX YK TOPOMKOMOMIOHUX (HopM OyIbOOUYKH OYIyTh
pPO3MIIIEH] OJIMKYE 10 IEHTPATbHOTO KOPEHs, MPU 3aCTOCYBaHHI TI'PaHYJIbOBaHUX
rpemnapariB — OiblIe Ha OOKOBUX KOPIHILX. SKIO Tpu po3pizi 0yap0040K Momoiam
BOHU OyIyTh YEPBOHOTO a00 POXKEBOTO KOIBOPY, 3HAYUTH MPOXOAWTH (Pikcarris
a30Ty, a SIKIIO BOHU 3€JEHOr0 abo KPEMOBOTO KOJIbOPY, 3HAUUTH (PiKcallisi a30Ty He

BiIOyBaeThes. [HOKynmsHTH M pocdopy maroTh y cBoeMy ckiani rpud Penicillium
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bilali. 11e#t 1HOKYJISIHT TTOKpallye pO34YMHHICTh (ocdatiB 1, BIATOBIIHO, TOCTYIHICTh
ix pocimHaMm. [I'pu® CTBOPIOE KOJIOHIT HABKOJIO KOPEHEBOI CHUCTEMU POCIHH 1 B
pe3yNbTaTi BUAUICHHS! OPTaHIYHUX KUCJIOT MiJIBUIIY€E PO3YUHHICTH PocdatiB IpyHTY
a6o dochopuux noOpuB. OxHa rekTapHa J03a bOro npenapary Moxke 3amiHuTu 11
kr/ra P,Os. Kpame #oro 3actocoByBaTH pa3oM i3 BHECEHHSIM (PocPOpHUX TOOpHB.
Jlauwuii mpemapaT CyMiCHUH 3 a30TPIKCYIOUMMH OaKTEPisIMH.

CiBoa.

Hopwma BuCiBy cX0K0T0 HAaciHHS cTaHOBUTH 1,8-2,0 mutH/Ta, mob 10 30upaHHs
TyCTOTa CTOSIHHSL pociuH ctaHoBwia 140-160 pocnvH Ha KBaApaTHUl METp IpHU
mupuHi MKpsAL 15 cM. Tlpore, 11e JOCUTh OpiEHTOBHE 3HAYEHHS. 301IbIIyBaTH a00

3MEHIIIYBAaTH HOPMY BHCIBY MOTPIOHO 32 TAKUX YMOB:

— 3aJIE’KHO B1JI COPTOBHX OCOOJIMBOCTEN;
— 3aJIe)HO B1Jl TOTO, IKUM YAHOM IUIaHY€TbCA O0poTHUCs 3 Oyp'aHaMu;

— Ha 3a0yp'SHEHUX MOJIAX JJIsl MIABULIEHHS] KOHKYPEHTOCIIPOMOKHOCTI POCIIMH
3 Oyp'stHamu;

— TYCTIIIl TOCIBM Kpalle BIAPOCTAIOTH IICIs BHECEHHS repOiluaiB, alke
MTOBHICTIO HETOKCHYHUX ITICIISACX0I0BUX IepOIUIIB JIJIsl COUCBHUIIl HEMAE;

— 301IBIIYBaTH HOPMY BHCIBY MOTPIOHO MpH CiBO1 32 HECHPUSTIUBUX YMOB:
HEJIOCTaTHhO 3BOJIOKEHUN ab0 TMOTaHO MiATOTOBIICHUN IPYHT;

— 3arylieHHsl TOCIBIB OCOOJMBO HeOe3MeyHe 3a HasSBHOCTI HAJIMIIKOBOI

BOJIOTH B TPYHTI, TaK SIK CIpHUs€ OUIBII 1HTEHCUBHOMY PO3MOBCIOPKEHHIO XBOPOO.
HopMy BuciBY HaciHHS BH3HAuUalOTh IIISXOM JOAABaHHS O ONTHMAJIbHOI TYCTOTH
CTOSIHHSI POCIIMH Tepes 30MpaHHsIM BiICOTKY 3aru0eii pocivMH Ta 3 ypaxyBaHHSIM
CXOXOCTI HaciHHS. BumnamiHHS pOCIMH COYEBHUINl 3a BETETAIlll0 B CEPEAHHOMY
konuBaeTbes Biag 10 1o 30%, 3ayie’kHO BiJ T1APOTEPMIYHUX YMOB BECHSHO-JITHHOTO
nepiony. Tak, mpu cxoxocTti HaciHHA 95% Ta ipu 3aruderni pociuH 15%, BUKUBaHICTh
pociuH Oyzae ckianatu 80%. BiamoBigHO HOPMY BHCIBY MOTPIOHO 301JIbLIYBATH Ha

20%. Y BaroBoMmy €KBiBaJ€HTI HOpMa BUCIBY HACiHHSI MOe KoiuBatucs Bij 50 mms
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npioHoHaciHHUX 70 150 KT HaA TeKTap sl KpyITHOHACIHHUX COPTIB.

Cnoco6u ciBOu. CiroTh COYEBHIIO CYLUIBHHM CIIOCOOOM, IIMPHUHA MIDKPS/Ib
Moske konuBatucs Bij 10 1o 22 cm; 3arajgoMm BOHA HE 3/1HCHIOE 3HAYHOTO BIUIMBY Ha
ypOKaii; IpH MIUPIIOMY MDKPSIJII MOTPIOHO TMIPOCTO CISATH OLIBITY KUIBKICTh HACIHHS
B PAAKY, 00 30epiraTé ONTUMAajIbHY TYCTOTY CTOSIHHS POCJIMH Ha OJWHUII TUIOMII.
[Tpu By3bKIIIUX MDKPSAIASX POCTUHHU COYEBUI € O1TBIIT KOHKYPEHTOCTIPOMOXHUMHU J0
Oyp'sHiB, TOMy IO B TaKOMY BHUIAJKy BEreTaTMBHA Maca KyJbTYpHUX POCIWH
CKopille 3aKkpuBae IpyHT. [Ipu IbOMy TaK0K 3MEHIITYIOThCS BTPATH BOJIOTH 3 MIKPSIb
yepe3 BUMApOBYBaHHs. BHaciiiok OUIbII PIBHOMIPHOTO PO3MOAUICHHS MO IO
pOCIUHN €(EeKTUBHIIIE BUKOPUCTOBYIOTh IPYHTOBY BOJIOTY Ha INOYATKOBIN cTajii
PO3BUTKY. Y BOJIOr03a0€3MeYeHUX PErioHax NpH MIMPIIUX MUKPSIAIAX POCIHHH HE
Tak TYCTO NOKPHUBAaIOTh IPYHT, TOMY, BHACIIJOK Kpalloro MpPOBITPIOBaHHS,
3MEHIIYEThCS PHUZMK PO3MOBCIOMKEHHSI XBOpoO. ['nnOuHA 3aropTaHHs HACiHHS 1
cTpokH ciBOU. CiATH COUYEBUIIO MOTPIOHO PAHO, SIK TUIBKU IPYHT Ha TJIMOMHI 3apOOKHU
HaciHH# nporpieTses 10 S°C. PocauHu coueBULl MOKYTh BUTPUMYBAaTH KOPOTKOYAacHE
3HUKEHHS TeMmIepaTtypu MoBITps 10 -5...-6°C. ToMy BecCHsHI 3aMOpO3KU il He
ctpamHi. [Ipy paHHIX cTpokax ciBOM pOCTUHU OUIbII €(HEKTUBHO BUKOPHUCTAIOTH
OCIHHBO-3MMOBI 3aIlacy BOJIOTH, 1110 HAKOMMUYMIIUCS B IPYHTI, a TAKOX, B MEBHIN Mipi,
YHHUKAIOTh HETATUBHOI [Iii MOCYXW Ta BUCOKUX TeMIEpaTyp, SKi TPAIUISIFOTHCS BIITKY.
Panni mociBM MeHIIIE TOMIKOKYIOThCSA MIKITHUKAMH 1 MOXYTh CIPHUSATHA OUIBII
IHTEHCUBHOMY pPOCTY POCJIMH [0 TOYaTKy ILBITIHHA, a, BIANOBIAHO, 1 BUIIOMY
MPUKPITIICHHIO 0001B, 110 TMOJerurye 30upants Bpoxkaro. OnNTUMaNbHI CTPOKU C1BOU
coueswili B miBHIYHOMY CTeny Ta JlicocTeny 3BM4aitHO MpUMagaloTh Ha Mepion 3 5 10
25 kBiTHA. OnTUMAaIbHA TJIMOMHA 3arOpPTaHHS HACIHHS COYEBHII MPH CiBO1 CTAHOBUTH
4-6 cM, IpoTe, AKIIO IPYHT TIEPECOX, TO ii MOXKHA 30UIbITyBaTH 1 10 10 cM, royioBHE,
1100 HACiHHS MOTPANUIIO Y BOJOTUH I'PYHT. SIKIIO I'PYHT NEPE3BOJIOKEHUMN, TITUOUHY
3aropTaHHs MoTpiOHO 3MeHuTyBaTH. KpynmHOHACIHHEBI COPTH OUIBII TOJEPAHTHI 10
rmboKoi 3apobku. Kpim Toro, ciig MaTu Ha yBasi, SKIIO 1711 00pOTHOU 3 Oyp'sHaMu
MJIaHY€ThCSI BAKOPUCTAHHS TepOIln Ty 3€HKOP, TNIMOMHA 3aropTaHHs IOBUHHA OyTH HE

MEHIo 5 cMm. [l ciBOM cOYeBHIll MOKHA BUKOPHUCTOBYBAaTHM 3BHYAlHI 3€pHOBI
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ciBasiku. Ilicma c¢iBOM OakaHO NPOBECTH KOTKYBaHHS TIPYHTY,  OCOOJIMBO B
NOCYLUIMBUX PETiOHaX — 1€ MOKPAIIUTh KOHTAKT HACIHHS 3 IPYHTOM 1 CHPUATHME
OUTBLI JPYXKHIM MOSIBI CXOIB.

A0IJIA A 3A IOCIBAMM:

boporn0a 3 0yp’ssHamu.

CoueBuist c1abo KOHKypye 3 Oyp'sHaMu, a TaKOK BIJ3HAYA€THCA BHUCOKOIO
Yy TJIMBICTIO J10 OUTBIIOCTI repOilK/IiB, TOMY ONTUMAJIBLHUM € TIPOBEJEHHS 00pPOTHOU 3
Oyp'ssHaMH B TTOTIEPETHI POKH, TIPOTATOM POTaIlii BCi€l ciBo3MiHuU. Tak, micis 30upanHs
MONepeaHbO1 KyJIbTYPH, MPH MIATOTOBII IOJS, MOKHA BHECTH TiidocarT, SK OLIbII
JICHIeBITY aibTepHaTUBY 2,4-]1. K110 nose cuiibHo 3a0yp'siHEHE, a CiBOY MOXKHA JIEIIO0
BIIKJIACTH, TriihocaT MOXHA 3acTocyBaTh 1 3a 2-3 THXKHI A0 CiBOM. ApceHan
repOINU/IIB, AKI MOXHAa BUKOPHCTOBYBATH Ha IMOCIBaX COYEBHIN il OOpOTHOU 3
NBOJOJIbHUMU ~ Oyp'ssHamMH, JOCUTh oOOMexeHu. €auHuil  TepOiuma, SKUi
PEKOMEHJOBaHUN BUPOOHUKOM JIJIs1 3aCTOCYBaHHS Ha COUYEBHILI B YKpaiHl — re3arapi
(npometpuH). [Ipote, icHye Takox psij repOIUaiB, siKi B YKpaiHi He 3apeecTpoBaHi
JUISL 3aCTOCYBaHHSI Ha COYEBMII], aj€ iX YCHIIIHO BUKOPUCTOBYIOTH JUIsl OOpOTHOM 3
Oyp'ssHaMu Ha 11K KyJbTypl B iHIMX KpaiHax. L[i mpenapatu MokHa po3NOAUTUTH Ha
2 rpynu: 10CXOJ0BI1 1 MICISICXOI0BI.

Jocxonosi repoinman.

Cromn (menmuMmeraniH): 3-6 J/ra, peKOMEHJOBAHHWM ISl 3aCTOCYBaHHSA Ha
coueBuill B CIIIA, Ascrpamii, [naii 1 Typeuunni. OgHuM 13 floro mepepar € maina
PYXJUBICTh Y TPYHTI, BIATIOBIIHO 1 HEBEJIWKHUN pPHU3UK BHACHIJIOK MPOMHUBAHHS
repOiUy B HWXKHI IIapu TPYHTY MiJ 4yac CuibHUX nomiiB. [lpore, BiH Maio
e(eKTUBHUN MPOTH 3JIAKOBUX Oyp'saHIB. 3aJ€KHO BiJ] IHTEHCUBHOCTI 3a0yp'stHEHHS,
ICHy€ BHCOKA BIPOT1HICTh BHECEHHS CTPAXOBOTO TepOIHIY MICIsI CXO/IIB COYEBHIII.
He pexoMeHIyeTbcst BHOCUTH BEJIMKY /103y, KOJIU MJIaHY€ThCs CiBOa MIIESHUII 03UMOi
MEHIII HiXK uepe3 6 MICSIIIB MiC/Isl BHECEHHS TepOIlnIy.

["e3arapy (mMpoMeTprH) 3aCTOCOBYETRCS B CyMiti 3 repOitmaom ayan o (S-
Metonaxyiop). Jana cymim B 1031 3n/ra re3arapay i 1,6 n/ra nyan ['ongy mocuthb

e(heKTHUBHO 3aXUIIla€ COYEBUIIIO Big Oyp'sHiB. [IpoTe, MOXKIIMBA MICIISTisS HA TIIIICHUITIO
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03UMYy.

IicasicxoxoBi repoinmau.

[Tynbcap (imazamoxc): 0,5-0,7 y/ra, peKOMEHIOBAaHUHN ISl 3aCTOCYBaHHS Ha
coueBulli B CIIIA, ABctpauii Ta Kanani. Jlanuit repOinua € B MeBHIM Mipl TOKCUYHUM
1 JUIsI COYEBUIII HABITh IPH BHECEHHI MEHIIOI J03W BiJ PEKOMEHIOBAHOI TSI 1HIIIMX
3epH00000BUX. OCOOIUBO CHIIBHO TOKCHUUHICTH MPOSBIISETHCS 32 MOCYIUIMBUX YMOB,
OpU 3MEHIIEHHI X JO03M TepOilluay B3HIKYETbCS 1 e(PEeKTUBHICTH OOpPOTHOM 3
Oyp'sHamu. 3eHkop (MeTpuOy3uH): 0,6 11/ra, peKOMEHIOBAHUH 11 BAKOPUCTAHHS Ha
couepuili B CIIIA, ABcrpanii, Kanaai i TypeudunHi; 3aCTOCOBY€TbCS OApa3zy MicCIis
nosiBu cxo/liB. Hailkpamuii epexT nocsraeTbesi, KOJIM COUEBULS 3HAXOIUThCS y (a3l
Bl ABOX JO N'ATU BY37iB, a Oyp'ssHM HEBENHMKI. MOXJIMBE 3aCTOCYBaHHS IaHOIO
repOinuay y ABi ¢as3u: 2/3 TOBHOI 103U MpH MepiioMy BHeceHHI 1 uepe3 7-10 mib
MOBTOpHE BHeceHHs 1/2 moBHOI n03u. [Ipote, et repOiuug ManoepeKTUBHUMN IPOTH
3makoBux Oyp'sHiB. KpiM TOro, BiH AyXe€ pPYyXJIUBUWA B IPYHTI, OCOOJIMBO MICIIA
CWIbHUX JomiiB. Tomy, SKIIO IUIaHY€TbCA 3acCTOCOBYBATH LEH TepOilun, CisiTa
COUEBHIIIO TpeOa He MUIKIiIIE HIK 5 cM. He MokHa 3aCTOCOBYBaTH 3€HKOpP HA IPyHTax
3 HU3BKHUM BMICTOM OPraHiuyHO1 peuoBUHU (MeHIIe 5%).

Jnst GopoThOM 31 371aKOBUMM Oyp'ssHAMH MOKHA 3aCTOCOBYBATH OUIBIINICTh
MPOTHU3JIAKOBUX repOiluiiB, siki € B Peectpi (cenekt, Tapra Cynep, nmanrepa Ta iH.),
3TiJTHO PETJaMeHTIB iX 3acTocyBaHHs. bopoThOy 3 Oyp'ssHaMu MOTPIOHO PO3MOYUHATH
3a MOXJIMBOCTI paHille, TaK SK COYEBULS CIA0OKOHKYpPEHTHa MpOTH Oyp'dHIB, 1,
BHACIIJIOK iX Jii, CYTTEBO 3HIKYE ypoxai. boporucs 3 Oyp'ssHamMu Ha coueBHIIl
TOIIBHO 110 (ha3u 1BITIHHA. Byp'sHH, K1 3'IBISIOTHCS KOJIM COYCBHIIS 3HAXOIUTHCS B
(a3l UBITIHHA, CYTTEBO Ha ypokail He BIUIMBaIOTh. CoYeBHIS Ay>Ke YYTIUBA 0
repOIUaiB, SKUMH OOpOOJISIOTH 1HINI KyJIbTYPH, TOMY Iepel] BHECEHHAM repOiumy
Ha COYEBUIIl MOTPIOHO PETENBHO MPOMUBATU €EMHICTh JJIs1 poO04Ooro po3unny. Takox
MOTPIOHO O0EpeKHO BHOCUTH TepOilUIM Ha TOJIAX, AKI 3HAXOISThCA MOPST 13
coueBuliero. Kpaiiie He MpoOBOAUTH BHECEHHS IPU CHIIBHOMY BITP1 B CTOPOHY MOJIS 3
coueBuiletro. Tak sk Oyp'sHM Ha COYEBULI MOXYTh OYyTH MPUYMHOIO CYTTEBOIO

SHWKCHHA YPOKAK0, BAPTO YBAXHO ITOCTABUTUCA 10 HAJIAIITYBAHHA OIIPHUCKYBada.
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Cnii mepecBIIUUTUCS, YU BIAMOBIAHA JJIS 3aCTOCOBYBAHOIO Iperapary KUIbKICTh
po00OYOro po3uuHy MOMNaJa€e Ha IUIOULY, Y (DOPCYHKH OMPHUCKYBaya y CIPABHOMY
CTaHi, Y¥ MBHUJKICTh PyXy arperary 3ade3neuye HeoOXiTHEe MOKPUTTS IO poOOYrUM
PO3YHMHOM. AJIbTEPHATUBOIO XIMIYHOMY 3aXHUCTy POCIIHH Bij Oyp'sHIB € OOpOHYBaHHS
JIETKUMU Ta cepeHIMU OOpPOHAMH JI0 CXOJIIB Ta MICJISI TTOSBU CXOJIB COUYEBHIT, IOKH
pocnuHHu He aocsarau BucoTu 10 cm. HaitOinpmn eQexkTuBHUM € OOpOHYBaHHS, KOJIU
Oyp'sHM 3HAXOJAThCS y (a3l HUTOUKH. BOpoHYBaHHS MOTPIOHO MPOBOJUTH B YKapKi
COHSYHI JIH1, KOJM I'PYHT CYXHil, @ POCIHHHU JEIIO MPUB'SAIL.

Bopors0a 3 xBopo0aMu Ta MIKITHUKAMH.

XBOpoOU MOKYTh OyTH MPUUHMHOIO CEPHO3HOTO 3HIKEHHS BPOXKAI0 COYEBUIIL Ta
Moro sikocti. HailOutemn eeKTUBHUM crocoOOM OOpOTHOM 3 HUMHU € JOTPUMAaHHS
MPaBUJILHOTO YEPTyBaHHA KYJIbTYpP y C1BO3MiHI. MOkHA OOPOTHCS TaKOXK XIMIYHUMU
3aco0amu, ane BOHM € €()EeKTUBHMMH Ha paHHIX CTaJliX IPOsIBY XBOpoOH, abo
3acTocoBaHl MpodinakTuyHo. CKIAAHICTh NOJIATA€E B TOMY, LIO0 pPaHHI CHUMIITOMHU
JESKUX XBOPOO, Kl CIPUUMHSAIOTHCS TpUOaMu, TOCUTh BaXKKO BIIPIZHUTU OJIUH BiJl
OJIHOTO. Y MOBH HAaBKOJIMITHBOT'O CEPEOBHILA Ta TEPOIIUIN MOKYTh CIIPUUHHSIITH TaKi
K TIOIIKO/KEHHS POCIHH, SK 1 XBOPOOHW, BUKJIMKaHI TpubamMu, TOMY TPOBECTH iX
11eHTU(IKAIII0 TOCUTh CKiIagHO. OCHOBHI XBOPOOH, SIKI MPOSIBIISIOTHCS Ha COYEBHLIL,
MOYKHa TOJUIMTH Ha JB1 TPymHH: I'PYHTOBI matoreHu (¢y3apio3 Ta iH.) Ta XBOPOOU
BETETATUBHOI MacH (aCKOXITO3, aHTPAKHO3, CKJIEPOTHH103). boTpuTHHIO3 — MOXHa
BiIHECTH J10 000X rpyn. OrJsi/l MOCiBIB COUYEBUIII HA HASIBHICTH XBOPOO CIIil TOYMHATH
npubm3HO Ha ctaxdii 10 By3miB. B nepiry yepry, moTpiOHO 3BepHYTH OCOOJIMBY yBary
Ha T0JIs 3 OUIBIIMM PU3MKOM PO3MOBCIOKEHHSI XBOPOO: TUIOI, 3aCisiHI 3apaKEHUM
HACIHHSIM; T10JIs1, Ha SIKUX HEJaBHO BUPOIIYBaIKCS 0000B1 a00 YyTJIMBI JO IUX XBOPOO
KyJIbTYpH; IUIOINII, 3aCisHI CHOPUMHSTIMBHM JO XBOPOO COPTOM, SIKI MEXKYIOTh 3
MOJISIMU, Ha SIKUX MOKe OYTH 3apa’keHa CTEepHS; 3p1JIXKeH1 a0o 3aryieHi nocisu. Orsia
MOTPIOHO TPOBOJAUTH YACTIIIE, KOJIM CKJIaJIAl0ThCS BOJIOT1 MOTOHI YMOBH 3 YaCTUMHU
nomamu. [lepeBipky moTpiOHO MPOBOAUTH MIHIMYM y M'SITH MICISAX TOJs. SIKIIO TIoIe
BEJIUKE, TOA1 KUTBKICTh MICITh OIVISITY TpeOa 3011bIuTH. PyxaTucs mijg yac 00CTeKEHHSI

noTpiOHO y BUTIIsAAl OyKBU M, 11100 MOKpUTH OUIBLITY YacTUHY MoJiA. PaHHI cuMntomu,
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3a3BUYai, MOXHA MOMITUTU Y HIOKHBOMY SIPYCl MOCIBY COUYEBHIII. YBaXXHO JUBUTHUCA
Ha HIKHI JINCTKYU Ta cTebs1a (MO)KHA BUKOPUCTOBYBATH 301IbIITyBajIbHE CKJI0). baskaHo
MOMIYaTH MICIHS TMOIIKOKEHHSI MPAnopIsiMU — II€ JacTb MOXIIUBICTb OLIbII
e()EeKTHBHO KOHTPOJIFOBATH PO3MOBCIOKCHHS XBOpoOU ab0 BU3HAYATH €(DEKTUBHICTh
npoBeaeHNX (QyHrinUIHUX 0o0poOiTKiB. YuM panime Oyae BHUsBICHA XBOpoOa, TUM
Ot edekTuBHOIO Oyne O0opoThOa 3 Hero. [IpaBMIIBHO MPOBEACHUI OTJISAM MOCIBIB
Kpallle I0roMoe BUOpaTh HeoOXiaHui QyHriuua. B Toi ke yac XiMiuHi, MeXaH14H1
MOIIKO/PKEHHS, HEecTadya TMOXMBHUX PEUYOBUH, TOIIKO/KEHHS IIKITHUKAMHU 1
I'PYHTOBUMHM MATOT€HAMH MOXKYTh OyTH NOMMJIKOBO MPHUHMHSTI 3a JIUCTKOBI XBOPOOHU.
HenpaBuiibHe Ta HEeBYacCHE 3aCTOCYBaHHs (DYHTILMIIB, a00 KOJIU JJISl LIbOIO HEMae
0Cc00JIMBOI HEOOXIJHOCTI, € MPUYMHOI 3HAYHMX €KOHOMIYHHMX BTpPAT Ta OJHIEIO 3
IPUYUH PO3BUTKY PE3UCTEHTHOCTI 10 HUX Yy rpuliB. bakaHo mo MOXJIMBOCTI
noTpuMyBatucs (iTocaHiTapHOI YMCTOTH Toiid. llepen Tum, sk 3aX0IUTH Ha MOJeE,
MOTP10OHO OJISITaTH YKCTE B3yTTS, HE MOYHA IEPEHOCUTH XBOP1 POCIIMHU 3 OJHOTO MOJIA
Ha 1Hme. 3acTOCyBaHHA CydacHMX QYHTIIMIIB 3 PI3HUM CIEKTpOM Jii Ta
BUKOPUCTAHHA HOBHUX IpenapatuBHUX GopM (QYHTIOUAIB COPUATHUME OUIBII
e(eKTUBHOMY 3aXMCTy POCJIHMH BiJ] NATOTEHIB Ta 3MEHIIYBAaTHME PU3UK BUHUKHEHHS
PE3UCTEHTHOCTI 10 HUX. HaciHHeBI THWII, (y3apio3, BUIPIBAHHS, YOpPHA HIXKKAa,
KOpPEHEBa THWIb CHPUYMHSIOTHCS IpruOaMM, SIKI 3HAXOIATHCS B IPYHTI, 1 MOXYTb
MOILKO/KYBaTH MPOPOCTKHU COUEBHIII. 30KpEMa, BOHU BUKJIMKAIOTHCS TAKUMHU BUIAMU
rpubiB: PU3OKTOHI03 (Rhizoctonia), mitiym (Pythium), ¢y3apiym (Fusarium),
o6otputuHio3 (Botrytis). JlaHi BUAM MATOTeHIB HAasBHI B IPyHTax Maibke IO BCii
TepuTopli YKpainu 1 MOKYTh 1HGIKYBATH 1 ypa)KyBaTH POCIMHHU BIPOJOBK TPUBAJIOTO
nepioy BereTarlii (Bi mpopocTaHHs 10 IBITIHHS). CUMITOMU MOXYTh OYTH TaKUMH:
HEOJIHOYACH1 CXOJH, 3aTHUBAHHS KOPEHIB, KapJIUKOBICTh, TTOKOBTIHHSI, BIIMUPAHHS
cTeben. 3a HOpMaJbHUX YMOB IIi XBOPOOU MPOSBIISIIOTHECS HAa OKPEMUX POCIMHAX 1
PIAKO COPUYMHSAIOTH €KOHOMIYHO BIIYYTHI BTpaTH. BUKIMKATH CyTTEBE 3MEHILICHHS
BPO’Kal0 BOHU MOXKYTh 32 CTPECOBHX YMOB, TaKHX SIK MTOCYXa, MOIIKOJKEHHS POCIUH
repOiruaaMu Toio. JIo OCHOBHUX METOJIB OOpPOTHOM 3 I'PYHTOBHMHM IMAaTOrE€HAMMU

HaJeXaTh: BUKOPUCTAHHS JJISI CIBOM BUCOKOSIKICHOTO, HE 3apa)KEHOTO XBOpOOaMu
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HACIHHS; JIOTPUMaHHS CIBO3MIH, B SIKUX 3€pHOOO00OBI KyJIbTYpH BHCIBAIOTHCA Ha
OJIHOMY ¥ TOMY K TOJII HE YacTiiie, HiK pa3 y 4 poku. [Ipote, 6arato 3 nux maToreHiB
MOXXYTh BWXKMUBAaTH B TIPYHTI SK campogiTd, HaBITh 3a BIJACYTHOCTI UYyTJIMBOTO
rocnojapsa. ToMmy, SKIIO ICHye€ BHCOKa BIPOTIIHICTh 1H(IKYBaHHS BHACIIIOK
HECIIPUSATIMBUX YMOB Tl 4ac CiBOW, YU BHUCOKOTO 1H(EKIHHOro (GoHy, MOTPiOHO
00OB'SI3KOBO  MPOTPYIOBaTH HaciHHA. J[I1 1bOTO MOXHAa BHKOPHUCTOBYBATH
npoTpyroBayi HaciHHs: BiTaBakc 200 @D (2,5 /1), namapaop 400 FS (0,15-0,2 n/1),
makcum 025 FS (1,0 n/T) abo iumi, sxi € B Peectpi, 3rigHO perjamMeHTiB ix
3aCTOCYBAHHS.

ACKOXITO3 1 aHTpPakHO3 € CEpHO3HUMHU TIpPUOHMMHU 3aXBOPIOBAHHSAMU
BEreTaTUBHOI MacH COUYEBHIIl, SIKI MOXYTb MOUTUPIOBATHUCS K 3 XBOPUM HACIHHEBUM
MaTepiajioM, TaK 1 3 POCIMHHUMHU PEIITKaMHU, 110 3aIMIIAI0THCS B MOM1. Y PaxyrOThCs
3a3BUYall JUCTKU, cTeOna, 000M 1 HACIHHA. 3aXBOPIOBAHHS MPOSIBISIETHCS Yy BUIIIAI
TEMHO-KOPUYHEBHX, 200 CIpUX IUISIM 3 HOPHOIO OOJISIMIBKOIO, IK1 YAaCTO MalOTh JIP10OH1
4yopHi TUIOAOBI Tuna (euumii) B 1eHTpi. lIpoxonomnHa, aomoBa MOroja CrpuUse
1H(DIKYBaHHIO POCJIMH 1 MOUIMPEHHIO XBOpOoOU. HallO11bII MIKOTOYMHHOIO BOHA € TS
0001B 1 HaCiHHS, SKI J03piBalOTh. JlyKe MOIIKOMKEeHE HACIHHS BTpadae TOBAPHUU
BUTJISIA, @, BIAMOBIIHO, 1 TOBApHY IIHHICTh. CHIOpU MEPE3UMOBYIOTh Ha POCIMHHHMX
pEelITKax, TOMY JUIsl 3MEHIIEHHS MOIIMPEHHSI XBOPOO HE CIIIJI CISITU COYEBUILIIO MiCIIS
coueBwili. He OakaHoO TakoX CKOpOYYBAaTH POTAIIiIO MOMIB y CiBo3MiHax. biibiiicTh
CyYaCHHUX COpTIB COYEBHUIl XapaKTEPU3YIOTbCS MEBHUM PIBHEM CTIMKOCTI [0
ackoxito3y. IIpoTe, fKIIO HE AOTPUMYBATHUCS €JIEMEHTapHUX NPOPITAKTUYHUX
3aX0/iB, ICHY€ BHCOKa HWMOBIPHICTh BHHHMKHEHHS pac TpuOiB, fKI MOJOJAIOThH
PE3UCTEHTHICTh O HUX. SIKII0 BUHUKAE MIJIBUILIEHUNA PU3UK 1H(DIKYBAHHS BHACITIIOK
BHUCOKOTO 1H(MEKIIHHOTO (POHY Ha TOJi, YM 3apa)XEHOCTI HACIHHS, TO MOTPIOHO
00OB'SI3KOBO MIPOTPYIOBATH HACIHHSA. J[JIs1 IIHOTO MOXKHA BUKOPHUCTOBYBATH MpENapaTu
3 IIIOYUMU PEYOBHMHAMM: KapOeHJa3uM, OeHOMII, KapOaTiH, 1MOJ10H, TI0OeHAa301,
MeTajakcui Ta iHmm. [ ciBOM MOXXHA BUKOPHCTOBYBATH HACIHHS MPHU 3apaKEHOCTI
ackoxiTto3oMm He Outbiie 10%. [lpu BusABIEHHI XBOPOOW B MOJI, HA MOYATKOBUX Il

CTadisix, TMOTpiIOHO 00pobnaTH TmociBu  QyHrinugamu. s 1bhOro  MOXHA
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3aCTOCOBYBaTH (PYHTIIMAM TPynu CTpPOOIpyIiHIB, SIKI MalOTh B CBOEMY CKJal
JI09y PEYOBHHY THITY a30KCUCTPOOIH, JIEMOKCHCTPOOIH, MipakiIoCTpoOiH. Aule
ICHYIOTb JIaHI PO BUHUKHEHHS PE3UCTEHTHOCTI y Tpuba /10 IUX MpernapaTiB, TOMY 3a
yMOB BUPOOHHYOI HEOOX1THOCTI MPOBEJACHHS MIOBTOPHUX 0OPOOOK IMOCIBIB, MOTPIOHO
3aCTOCOBYBaTH (PYyHTIMAM IHIIMX XIMIYHUX Tpyn (kantadoi, XJIOPOTAIOHLI,
MeTtupam, (oibmeT). 3a3BUYail OJIHI€T, BYaACHO MPOBEACHOI 0OPOOKH TOCTATHHO IS
3aXMCTY COYEBHIII BiJl XBOPOO, MPOTE, KOJIU MOT0/1a CHPUITINBA 1JIs1 PO3MOBCIOIKEHHS
iHeK1ii, a COpT, Yy TJIMBHIA 0 HEi, TO J0 TPHOX 00POOITKIB MOTPiIOHO OyIe 3poOUTH
JUI 3aXUCTY TOCIBY.

Borputinio3 abo cipa THWIb, SIK YX€ 3TaayBajocs BHUIIE, MOXE MISTH SK
I'PYHTOBUI MMATOT€H, a TAKOK CIIPUYUHATU THUTTS cTeOes 1 0001B mij] Yac LBITIHHSA Ta
HanmuBaHHs 000iB. Lleit rpu6 momidar 1 HOoro iHOKYJIOM MPUCYTHIH B IPYHTOBOMY
CEpEeOBHUILI OUIBIIOCTI MOMIB. Ajie MpOOJEMHOIO i XBOpoOa CTa€ Ha 3arylieHHX
MOCIBax, SIKI CXWJIbHI JI0 BUJISITAHHS, 3@ MPOXOJIOAHOI 1 BOJIOroi moroau. CuMIToMH
IpPOSBISAIOTECS HACTYIMHMM UYWMHOM: JIUCTKM B'SIHYTh 1 ONAAal0Th, 000U He
HaJMBAIOTHCS, 1H(QIKOBaHI MiICLS CTAalOTh CIpuMU abo kopuuHeBuMH. [lpu
KOMOalHyBaHHI JUISHOK, YPaXXEHUX XBOpPOOOI, XMapu CIpUX CIOP MOXYThb
3M1MMaTHCs B TMOBITPSA 1 COPUYMHATH NPOOJIeMH 3 JUXaHHSAM. BOTpuUTIHIO3 Maiixke
3aBXK/IM 3yCTPIYAETHCS PAa30M 13 CKIEPOTHHIO30M (01100 THUILIIO).

CKJIepOTHHI03 TPOSIBISETHCS HA IMOCIBAX COYEBHII, IO J03piBa€, 3a BOJIOTOi
MOTOAM, KA MPOBOKYE HAAMIPHHUI PICT BEreTaTWBHOI MAacu 1 BUJISITAHHS POCIMH.
Bucokuii pusuk ypakeHHs COYEBHUINl I1I€I0 XBOpoOOw Oyjae TOii, KOJU BOHA
BUPOIIYETHCS B CIBO3MIHI 3 1HIIMMHU KYyJbTypamMH, YyTJIMBUMHU JO II€l XBOpOOH,
TaKUMU SIK pINaK, Tipyulsd, COHSUIHUK, ropoX. Bci wactuHu pocnun (McTku, 600w,
cTebia, KBITKH) MOXYTh OyTH ypakeHHMMH XBOpoOoro. Pocnmuuu, crapimie mectu
TWXKHIB, OUIBII CHOPUMHATIMBI 0 YpaxeHHs XBopoOor. Xouda 1H(]IKyBaHHA
CKJIEPOTIHIO30M 3a3BHYall TPAIUISETHCS Ha MI3HIX CTaIAX PO3BUTKY POCIMH, BOHA
MOK€ BUKIMKATH BIJYYTHI €KOHOMIYHI BTpaTH, OCOOJHMBO, BHACIHIJIOK IMOTIPIICHHS
saKocTl HaciHHs. LIIKiTHUKaMU COYEBHIIS TTOIIKOHKYETHCS B HE3HauH1i Mipi. [Ipote, B

OKpeMl, CIPUSATINBI ISl X PO3MHOKEHHSI POKU, BOHU MOXYTb BUKIUKATU CYTTEBI
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NOIMKOKeHHA. J[0 OCHOBHUX IIKIAHUKIB COYEBHINl HaleXaTh: OYJIbOOYKOBI
JIOBTOHOCUKHU, TIOMENUIll, BOTHIBKM, TpaB'siHi KJIOMHU, COBKH, TPUIICH, KOHUKH.
Haiibinpury mKoJy MOCiBaM COYEBHIIl OCTaHHIMH POKaMH HAHOCATH TOMEJIHIIL.
JlroniepHoBa (Aphis craccivora) i ropoxoa (Acyrthosiphon pisum) — 071 13 OCHOBHUX
IIKITHUKIB COYEBUII. 3yCTpiualoThcs MOBCIOAHO. Aphis craccivora — ue npibHi, 10 2
MM B JIOBKHHY, M'SIKOTiJIi, YOPHOTO KOJIBOPY OpraHi3mMu. Acyrthosiphon pisum nemo
O11b1111, 10 3-4 MM B JIOBXKHUHY, 3€JIEHOTO KOJIBOPY 3 IOBITMMH HiXKKaMu. [IpoTsarom mita
KHUBYTb, PO3MHOXKYIOUHCh aceKCyallbHUM crocoboM. Kpuiati xiHOYI 0coOuHU
PO3HOCSITBCS  BITPOM, BIATBOPIOIOTHCS IUIIXOM TMAPTEHOTEHE3y, YTBOPIOIOYH
KUBOPOJHI  KOJOHII OE3KpWIMX OKIHOYMX (opMm, SKi  MI3HINIE MOXYTh
MepETBOPIOBATUCS B KpHJIATI POPMHU JIJIs1 PO3TOBCIOIKEHHS 3 IEPEHACEICHUX KOJIOHIH
Ta 3aru0yux pocyivH. [lonenuiii KUBIATHCS, BACMOKTYIOUH CIK 13 MOJIOJIUX MApOCTKIB,
JIUCTKIB, CYyIBITh Ta 0001B. JIjisi coueBHIll OUIBIN MIKIIUBOIO € Aphis craccivora. 3a
CHPHUATIIMBUX yYMOB iX KOJIOHIi MOIIMPIOIOTHCS TyKe IMBHUAKO. Ha mormkomkeHnx
MOCIBax BOHU BUAUISIIOTECA Yy BUIJISIL IUISIM O1IbII HACHMUYEHOTO TEMHO-3€JIEHOTO
KOJIbOPY, B IKUX POCIMHU MEHIIIE PO3BMHEHI. X0Ya MOMENHIl MalOTh TOCUTh 0araTo
MPUPOHUX BOPOTIB, Y BUMIAJKY X 3HAYHOT'O PO3MOBCIOJKEHHS, TOTPIOHO MPOBOJIUTH
XIMIYHHUM 3aXUCT pociauH. EKOHOMIYHUHN MOPIT MIKOJOYMHHOCTI Jy1s ionenuti: 30-40
OCOOMH Ha OJMH NOMaxX €HTOMOJIOTIYHHUM caykoM (38 cMm B aiameTpi), KOJIM Mayo
MPUPOJHUX BOPOTIB, 1 KUIBKICTh TOMETUIb HE 3MEHIIYETHCS MPOTATOM JIBOX
HactynHux 110. OO0poOky 3a3Buuail mpoBoaATh mpu 50% 1BITIHHI pociuH. OgHOTO
OONMpHUCKYBaHHS B OUIBIIOCTI BHUIAIKIB JOCTaTHBO. Ajie, SKIIO 3acejeHHS
CIIOCTEPITa€ThCS 3HOBY, TO /IO TOYATKY J103p1BaHHS 0001B MOTPIOHO MPOBECTH 1€ OJTHE
OOMPUCKYBaHHS 1HCEKTUIIMIOM.

30upaHHs MpPoOXKALO.

3a BYACHOTO TMPOBEJCHHS CIBOM OUIBIIICTh COPTIB COYEBHUI JOCITAIOTh
CTUTJIOCTI 4epe3 85 mi0 micias mosiBu cxoiB. OpIEHTOBHO 1€ MPUIAJAE HA JPYTY
MOJIOBUHY JIMMHS a00 TMOYaTOK CeprHA. POCIMHM COYEBHIN XapaKTEpU3YIOThCS
1HAETEPMIHAHTHUM TUIIOM POCTY 1, 3@ CIPUATIUBUX MOTOJHUX YMOB, IPU TOCTATHIN

KUTBKOCTI BOJIOTHU B I'PYHTI, 000U B HUXKHIX pycax MOXYTb OyTH y>Ke CTUTJIUMHU, a Ha
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BEPXHIX sipycax MPOJOBKYBATUMEThCS LIBITIHHA 1 3aB's13yBaHHs 0001B. 3a TAKMX YMOB
NOJANBIINI PICT 1 PO3BUTOK POCIHUH TMPUIMHAIOTH MUIAXOM CKOIIyBaHHS abo
XIMIYHOIO JTIECHUKAITI€r0. SIK CKOITyBaHHs, TaK 1 IECUKAIlit0, TPOBOSATE TIPH JO3PiBaHHI
npubnu3zHo 70% 600iB Ha pociuHi. SKIIO 11e 3p0OUTH paHillle, TO 3Ha4HA KUIbKICTh
HAaCIHHA HE HAIEThCA 1 Oyme mymmmMm. [lpm 3aTpumimi 31 cKomryBaHHAM a0o
JICCUKAITIEI0 MOXJIMBI 3HA4HI BTpPaTH 3a PaxXyHOK pO3TPICKYBaHHS 1 BHUCHUIIAHHS
HaciHHS 3 0001B HA HUKHIX spycax. SIK CKOIIIyBaHHS, TaK 1 XIMIYHA JeCHUKaIlis, MalOTh
CBO1 TICBHI ITepeBaru. 3a ONTUMAIBHUX MMOTOJHUX YMOB CKOIITYBaHHS Ja€ MOXJIHBICTh
OTPUMATH HACIHHA OUTBIII BUCOKOI SIKOCTI, TaK K Y BajJKax BOHO MEHIIE ITiIJIa€ThCs
Il COHAYHUX TIPOMEHIB 1 30epirae piBHOMIpHUHN 3eneHuit komip. Ilpote, 3a
HECTIPUSITIIMBUX MOTOJIHUX YMOB, BHACIIIJIOK BUMAJAaHHs OB, MOXXYTh OyTH 3HAuHI
BTpaTH 13-3a JIOBIIOTO BHUCHUXAHHS POCIMH y BajKax, MPOPOCTAHHS HACIHHS, SKE
JEXKUTH OJMOK4Ye 0 3eMJll, OOCUIaHHS, 3apaKeHHsI HACIHHA TpUOHMMHU XBOpOoOamu,
0co0JMBO canpodITHUMH. 3aCTOCYBaHHS XIMIYHOI JECHKAIlll J03BOJISIE IIBUIIIEC
BUCYIIUTU POCIIMHU, 3MEHIIIUTH BTPATH 32 PAXyHOK PO3TPICKyBaHHS O001B mia dac
nouriB. [TociBu, Ha sikux OyJsia 3aCTOCOBHA HAa XIMIYHA JIECUKAIIisl, TOCUXAIOTh CKOPIIIIE
TMICHS JIONIY, HA HUX CIIOCTEPIraeThCsi MEHIIE PO3MOBCIOKEHHS XBOPOO. SK XiMiUHI
JIECUKAHTH MO>XKHA 3aCTOCOBYBATH PEIJIOH (JIMKBAT), a TakOX Tiidocar. Ane ocTaHHIN
3HMKY€E PEMPOIYKTHUBHI BJIACTUBOCTI HACIHHSI, TOMY MOT0 HEOaKaHO 3aCTOCOBYBATH Ha
HaclHHEBHX TiociBaXx. KpiM TOro, B JedKuX KpaiHax, SKIIMIIOPTYIOTh COYEBHIIIO,
ICHYIOTh OPCTKI OOMEXEHHsSI II0J0 MIHIMAJbHO JOMYCTUMOTO BMICTY B HACiHHI
saymmikiB Tmdgocary. Ilicms mpoBemeHHS CKolTyBaHHS a00 XIMIYHOI JIeCHKaIlii
COUEBHIIS BUCHXAE 1 CTa€ MPHUAATHOIO O OOMOJIOTY BIPOJOBXK 4-7 m10, 3aJIeKHO BiJl
MOTOAHUX YMOB Ta CTaHy MociBiB. OOMOJIOT MOTPIOHO PO3MOYMHATH, KOJIM HACIHHS
nocsirio Bosiorocti 14- 16%, Tomy 1110 pu nepecruxaHHi Bi0yBatOThCsS 3HA4YHI BTPaTH,
BHACJIIIOK HOTO MOIIKOKEHHS P 0OMOJIOTI Ta 3a paXyHOK PO3TpICKyBaHHs 0001B.
Kpim Toro, npu 3atpumiii 31 30upaHHsAM 1 iepecuxanHi HaciHHA 3 14% no 8%
BTpaTH 3 BOJOrow y Maci st ypoxaio B 500 T OynyTh exBiBajieHTHI 32 T 1
30UTBITYBaTUMYTh CyMY HENTPOIYKTUBHHX BTpaT. COUYEBHIIT — HU3bKOPOCIIA KYJIbTYpa,

TOMY BHCOTa 3pi3y MOBMHHAa OyTH Major, sSKOMora Ommk4e 10 3emii. PociuHu
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COYEBHIIl MalOTh clla0Ke CTeOJIO 1 CXWIbHI J0 BWJISATAaHHS, TOMY MOXE OYyTH

HEOOX1IHUM 3aCTOCOBYBaHHS CIICI[IaIbHUX TMPUCTPOIB IS MiJAHOMY CTeOell.

CkoluryBaHHS He Oa)kaHO ITPOBOJUTH B KapKi TOJUHH JHS, TaK SIK BTPATH BPOKAI0 U

IbOMY CHJIBHO 3pOCTArOTh. B HOpiBHSIHHi 3 IIMCHUIICIO, COYCBULAA BHUMOJIOYYETHCA

jermie i cama mo codbi BOHa JOCUTh KpUXKa, 0COOIMBO Mpu Majiil Bomorocti. Tomy

MIBUAKICTh 00epTanHs 6apabana Mae OyTH MEHIIO0, HIX s TieHut (tabm. 1-3).

Taoauusa 1.
JiameTp Gapabana abo poTopa 1 MBUJIKICTb iX 00EPTIB MPHU 0OMOJIOTI COUYECBHUIII
Hiametp Gapabana abo potopa, MM [IBuaKicTH 00EPTIB 32 XBUJIHHY
400 570
500 460
600 380
700 320
800 290
Tabmums 2.
iameTp Gapabana abo poTopa JIeIKUX MapoK KOMOalHiB
Bupo6auk Monenb IiameTp 6apabana abo
poTopa, MM
Case IH 1688 760
Claas 116CS 450
Deutz Fahr M36 600
Gleaner R70/72 635
John Deere 9600 660
Massey Ferguson 860 560
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TaOmurg 3.

OcHOBHI HaJTAIITYBaHHS KOMOaiHa Mpu 0OMOJIOTI COUYEBHIII

JlpibHOHAaciHHA
[Toxa3Huk 3eeHa COUYEBUII
YCPBOHA COYCBHIIS
) ) €110 OUTBIIA, HIK erfo O1JIbIIa, HIXK
[HBrpxicTs 0Geprie HmIIIBIH,HKiCTL ’ X I[mlllaln KICTh ’ X
MOTOBHJIA . PyXy A . PyxXy
KomOaiiHa KoMmOaiiHa
[IBrakicTe 00EpTIB
p uB. Ta0. 1 uB. Ta0. 1

Oapabana

3a30p MiX JEKOIO 1
Oapabanom 20-10 mm 20-13 mm
(BX11-BHX11)

Cina sitpy 60-75% 70-85%

BEHTUJISITOPA

Bepxne peuiero 10-20 mm 13-25 Mmm
Huxue perero 5-10 mm 8-16 MM

Hicasizo0upaibHa 10poOKa Ta 30epiraHHs HACIHHS.

30epiranHs 3a BosiorocTi 14% BBaXXAETbCA ONTUMANTBHUM JUIS  3€JICHOI
KpynHOHaciHHOi coueBull. Ilpu 1mpomy 3a0e3nedyeTbCss MaKCUMalbHO TPHUBAIHMA
TepMiH 30epiraHHs Ta MiHIMajbHE MONIKOKEHHsI HACIHHs MpH poOoTi 3 HUM. Jljis
YEepBOHOI COYEBHII MOKYMII BIJAI0Th mepeBary Bosiorocti 13%, Tak sk Mpu Takii
BOJIOTOCTI BOHA Kpale MiagaeThes nepepoOii. Tomy HaCiHHS COYEBHIN, SKE
HaJIXOJHUTh BiJ KomOaiiHa, SKIIO BOHO Ma€ BHIIY BOJIOTICTh, HEOOXITHO Biapa3y
OYMCTUTU 1 TPOCYIIUTH O CTAHJAPTHOI BOJOrocTi. OUHUINEHHS COYEBMIIl MOYKHA
npoBoauTu Ha MammHax OBII- 20A, 3AB-40, OCM-3V, OC-4,5A. /I miarotroBku
MajuxX MapTii  HACIHHS  3aCTOCOBYIOTH  HaciHHeO4YucHI  arperatd «lleTkycy.
VY mpoiieci BUCYITyBaHHS BOJIOTOTO HACIHHSI BAXJIMBO CIIIIKYBaTH 3a TEMIIEPaTypOIO
TEIJIOHOCIST 1 TepMiHOM 0OpoOku. 3a BosorocTi HaciHHA 16-19% Temmepatypa
TEIJIOHOCIA He nmoBHHHA niepeBunryBaTi 40°C. 3a oluH NPOIyCK HE CIiJ 3HIKYBATU
BOJIOTICTh HACiHHSA OuTblIe HIXK Ha 4%, OCKUIBKY 1€ TPU3BOAUTH JO PO3TPICKYyBAHHS

HACIHHEBOI 00010HKH. Halikpammum € mpocyiryBaHHS HaCIHHSI Ha BIIKPUTOMY TIOBITPI
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nig HaBicamu. HaciHHS pO3CUIIal0Th TOHKUM IIIAPOM 1 MEpPeIonavyoTh. 3a KOKHOTO
nepenonayyBaHHsi BTpadaerbes Big 0,5 mo 1,5% Bonoru. Asie moTpiOHO yBa)kKHO
CIIIIKyBaTH, 100 BOPOX COYEBHII HE MiAJaBaBCA il MPSIMHUX COHAYHUX MPOMEHIB,
TOMY IIO MiJ1 X I1€10 HACIHHA Oypi€ 1 BTpayae TOBapHUM BUTJIsA. OUHIlieHe 1 BUCYIIICHE
HACiHHS 30epiraroTh y MIIIKax 3a BUCOTH IITalems He Oinblie 2,5 M a00 HACUIIOM /10

1,5 m.
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2.4 EQeKTUBHICTL BUKOPUCTAHHS T€HETHYHOI0 MOTEHIIAJy COPTIB KapTOILIi 3
YPAXyBaHHSIM arpOHOMIYHMX Ta arpoiHKeHEPHHX TEeXHOJIOTI i eKOHOMIYHMX
YMHHHUKIB

IIocTanoBka mpoodJemMmn.

CydacHuUW PO3BUTOK arpapHOro CEKTOpy YKpaiHH XapaKTepU3y€eThCs
HEOOXIIHICTIO MiABHUIEHHS €()EeKTUBHOCTI BHUPOOHUIITBA CLIHCHKOTOCIOAAPCHKOT
IOPOAYKIIii, 30KpeMa KapToOIUll, KA € OJHIEID 3 OCHOBHUX IPOJOBOJBYMX KYJBTYP.
He3Baxatoun Ha 3Ha4yHI JOCSITHEHHS CEJIEKI[li, Cy4acHI COPTH KapTOILll MaroTh
BHUCOKUM '€HETUYHUN OTEHI1a] POYKTUBHOCTI, SIKUH Y BUPOOHMUMX YMOBAX 4acTo
peai3yeTbcsi JMIIE 4YacTKoBO. lLle 3yMoBieHO HHU3KOI0 (DaKkTOpiB, ceper SIKUX
HEJOCTATHIM pIBEHb BIPOBAJKEHHS 1HHOBAI[IMHUX arpOHOMIYHHMX TEXHOJIOTIH,
oOMeXeHe BUKOPUCTAaHHS Cy4aCHUX arpolHKEHEPHHUX 3ac001B, a TaKOK €KOHOMIUHI
TPYAHOIIII, 1[0 BILUTUBAIOTh Ha €(PEKTUBHICTh TOCMOAAPCHKOL NISTBHOCTI.

Y OaraThbOX TroOCHOJAPCTBAaX TEXHOJOri BHPOILYBaHHA KapTOIUIl HE
BIJINOBIAAIOTh CYYaCHUM HAYKOBMM BHMOIaM, IO MPU3BOJUTH JI0 3HMKEHHS
BPOXKAMHOCTI, MiJABUILIEHHS BUTPAT BUPOOHUIITBA Ta 3MEHILIEHHS PEHTA0EIbHOCTI
raysi.

3Ha4YHOI0 MPOOJIEMOIO 3AIMINAETHCS HENOCTATHIN PIBEHb MEXaH13allll OKpEMUX
TEXHOJIOTIYHUX OIepalid, HepalloHAIIbHE BUKOPHCTAHHS MaTepiaibHO-TEXHIYHHUX
pecypciB, a Takok 0OMEKEHE 3aCTOCYBaHHS TEXHOJIOT1M TOUYHOTO 3eMJIepoOCTRa.

Bax1MBMM YMHHHUKOM MiIBUIIIEHHS MPOAYKTHUBHOCTI KapTOILUTI € ONTHMAaJIbHE
MOEHAHHS TEHETUYHOTO TMOTEHIAy COPTIB 13 CyYaCHUMH arpOHOMIYHUMH Ta
arpoiHKEHEPHUMH TEXHOJIOTISIMH BHPOIIyBaHHSI. Pa3oMm 13 TUM €KOHOMIiYHA
e(eKTUBHICTh BUPOOHMIITBA 3HAYHOIO MIPOIO 3aJI€KHUTh BiJl palliOHAJIbLHOI OpraHi3anii
BHPOOHHUYHUX TMPOIECIB, OINTHUMI3amii BUTpPaT Ta BIPOBAIKCHHS I1HHOBAIIMHUX
TEXHOJIOT1YHHUX PIIIEHb.

VY 3B’s13Ky 3 IUM OCOOJMBO1 aKTyalIbHOCTI HA0yBa€ TOCHTIIKEHHS €(DEeKTUBHOCTI
BUKOPUCTaHHA TE€HETHUYHOrO0 TMOTEHIlaly COpPTIB KapTOIli 3 ypaxyBaHHSAM

arpOHOMIYHMX, arpolHKEHEPHUX Ta EKOHOMIYHMX UWHHHUKIB, IO JO03BOJIUTH
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BU3HAYUTH HAMPSMHU I1JIBUILIEHHS MPOAYKTUBHOCTI KYJIBTYPH Ta 3a0€3MEUUTH CTAIUN
PO3BUTOK KapTOIUISIPCTBA B YKpaiHi.

AHAaJi3 0CTAHHIX JOCTIIKeHb i myO Tikaiiid.

[IpoGnemaTnka epeKTUBHOTO BUKOPUCTAHHS T€HETUYHOTO MOTEHIIlATy COPTIB
KapTOILIi, @ TAKOK IMiIBUIIICHHS €KOHOMIYHOI €()eKTUBHOCTI 11 BUPOOHUIITBA IIIUPOKO
BUCBITIIIOETHCSL Yy MpalsdX BITYM3HSIHUX 1 3apyODLKHUX HayKoBLiB. JlocmimkeHHs
OXOILTIOIOTh arpOHOMIYHI, arpoiHKEHEepHI Ta EKOHOMIYHI AacCHeKTH PO3BHUTKY
KapTOILISIPCTRA.

3HaYHUN BHECOK Y PO3BUTOK HAayKOBUX OCHOB KapTOILUIIPCTBA 3pOOHUB
A. A. bonnapuyk, sikuil y nipatii « Kapmonaapcmeo 6 Yxpaini» po3rianae 610J10r14Hi
OCOOJIMBOCTI KYJbTYpH, TEHETHYHUN TMOTEHIlaJl CYYaCHUX COpTIB, a TaKOX
TEXHOJIOT14YHI YMOBH (hOpPMYBaHHS BHCOKOi BPOKaHOCTI. ABTOpP IMiJIKPECIIOE, IO
peanizallis MOTEHIIHOT MPOJYKTUBHOCTI COPTIB 3HAYHOIO MIPOI0 3JICKUTH BIJ
CUCTEMU yJIOOPEHHS, arpOTEXHIKH Ta IKOCT1 HACIHHEBOT'O MaTepiany.

ArpoHOMIYH1 acmnekTd (OPMYBaHHS BpPOXKANHOCTI KapTOIUN BHUCBITJICHI Yy
npaisx B. B. Kupuuenka ta C. 1. MenpHuKa, K1 pO3IIIJal0Th 0COOJMBOCTI CUCTEMU
BUPOIIYBAaHHS KYJbTYPH, POJIb IPYHTOBO-KJIIMATUYHUX YMOB, CHCTEMH yJIOOpEHHS Ta
3aXHCTy POCIHH. 30Kpema, IOCTIDKEHHS CBII4YaTh, 110 €()EKTUBHE MOEIHAHHS
arpOTEXHIYHUX MPUHOMIB 13 BUKOPUCTAaHHSIM CY4YaCHUX COPTIB € BaKJIUBOIO
MepeyMOBOIO TTIJIBUILIEHHS MPOTYKTUBHOCT1 KapTOTLII.

TexHOJNIOTIYHI ~ acMeKTH  MexXaHizalli Ta  TEeXHIYHOro  3a0e3MeueHHs
POCIMHHHUIITBA JleTalbHO po3risnae B. B. Jleper’sHko y mpaiii «Aepoindicenepis 6
pociuHHuymei».  ABTOp  3a3Haya€, IO 3aCTOCYBaHHS CydYaCHOI  TEXHIKH,
aBTOMATHU30BAHUX CHCTEM KEPYBaHHS Ta TEXHOJIOTiH TOYHOTO 3eMJIepoOCTBa CIpHsE
MIBUIIIEHHIO TPOIYKTUBHOCTI Tpalli, 3MEHIICHHIO BTPAT YPO’KAal0 Ta ONTHUMI3aIlii
BUKOPHUCTaHHS MaTepialbHO-TEXHIYHUX PECYpPCiB.

ExoHOMIYHI acniekTH QYHKIIOHYBaHHS arpapHOro BUPOOHMIITBA TOCHIIKYBaIu
A. JI. IlonuBanuit Ta M. O. MikyniHa. ¥ cBoix pobdoTax BOHM aHAI3YyIOTh MUTAHHS
€KOHOMIYHOi €(EeKTHUBHOCTI arpapHux NIAOpUEMCTB, (OpMyBaHHS COOIBApPTOCTI

MPOJYKIlii, peHTa0eIbHOCTI BUPOOHUIITBA Ta IiIBUIIIEHHS KOHKYPEHTOCTIPOMOKHOCTI
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arpapHoro cekropy. HaykoBmi MmiaKpecioTh, M0 €(EeKTUBHICTh BUPOOHUIITBA
CITBCBKOTOCIIOJIAPCHKOT  MPOAYKINI  3HAYHOI  MIpOI  3aJICKUTh Bl PIBHS
TEeXHOJOTIYHOTO 3al0e3meueHHs, opraHizauli BUPOOHHITBA Ta e()EeKTUBHOTO
BUKOPHUCTaHHS PECYPCIB.

BaxxnuBi pe3ynpTaTH OTpUMaHI TaKOXK y MUKHAPOJHUX AOCTIKEHHSIX. 3a
nanumu  [IpomoBombuoi Ta cimbchkorocmogapchkoi opranizamii OOH (FAO),
KapTOILISl BUPOILIYEThCA OUIbII HIXK y 150 KpaiHax CBITY 1 € OJIHIEIO 3 MPOBIIHUX
MIPOIOBOJIBYMX KYJIBTYpP. CBITOBE BUPOOHHUIITBO KAPTOILII CTAHOBUTH COTHI MUIBHOHIB
TOHH, 110 MIATBEPKYE ii BAXIMBY POJb Yy MI00ANBHIN MPOa0BOIbYIN cucteMi . [Tpu
[[bOMY 3HAYHUW TMOTEHIa] MiJABUIICHHS BPOXKaWHOCTI KyJbTYpU IIOB’S3aHUM 13
BUKOPHUCTAHHSM BHCOKOMPOAYKTHBHUX COPTIB Ta BIPOBAKCHHIM CY4YacCHHUX
TEXHOJIOT1 BUPOITYBaHHS.

Hocnimxkenns International Potato Center (CIP) Tako cBig4aTh IpoO HASIBHICTh
3HAYHOT'O PO3PHUBY MK MOTEHUIMHOK Ta (PAKTUYHOIO BPOKAWHICTIO KAPTOILIL, IO
3YMOBJIEHO HEJIOCTaTHIM PIBHEM TEXHOJOTIYHOTO 3a0e3MeUeHHs Ta arpOHOMIYHOIO
MeHeKMeHTy. [loTeHliiiHa BpOXAWHICTh Cy4YaCHUX COPTIB MOXE 3HAYHO
MepPEeBUIYyBaTH (PaKTUYHI MOKA3HUKH, IO MIATBEPIKY€E HEOOX1THICTh YIOCKOHAICHHS
CHUCTEM BHPOIIYBAaHHS Ta YIPABIIHHSI BUPOOHUINMHU TIPOIIECAMH.

Otxe, aHalli3 HAyKOBUX Tpallb CBIAYUTH, 110 MUTAaHHS €(PEKTUBHOIO
BUKOPUCTAHHS T€HETUYHOTO MOTEHITIATy COPTIB KapPTOILI 3aJUIIAETHCS AKTyaIbHUM 1
noTpedye moAaNbIINX A0CHIKeHb. OCOOIUBO BAXKJIMBUM € KOMIUIEKCHE MOETHAHHS
arpOHOMIYHMX, arpoiHKEHEPHUX Ta EKOHOMIYHMX IIJAXOAIB O IIiJBUINCHHS
e(DeKTUBHOCTI BUPOOHMIITBA KApTOILIl, IO JO3BOJUTH 3a0€3MEUUTH CTAOUIbHE
3pOCTaHHS IPOYKTUBHOCTI Taily3i.

KapTtorms € oaHi€ro 3 HallBaXXJIMBIIINX CUTBCHKOTOCIIOAAPCHKUX KYJIBTYP Y CBITI
Ta BIJIrpae 3HA4YHY poJib y 3a0e3MeueHHI MPOJOBOJIbYOI Oe3leKku HaceleHHs. B
VYkpaiHi BoHa I0C11a€ MPOBIHE MICLIE Cepe] TPOIOBOJIBUMX KYJIbTYP 3aBIASKU BUCOKIN
XapyoBid IIHHOCTI, YHIBEPCAIBHOCTI BUKOPUCTAHHS Ta 3HAYHOMY EKOHOMIYHOMY

MOTEHITIAITY.
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CyyacHU#l pO3BUTOK KapTOIUIIPCTBA I'PYHTYETHCS HA MOEJHAHHI JOCSTHEHb
arpoHOMIii, arpoiHXKeHepii, FeHETUKHU Ta €eKOHOMIKK. CaMe KOMIUIEKCHE 3aCTOCYBaHHS
UX HayK JI03BOJISIE MAaKCHMaJbHO peai3yBaTH TE€HETHYHUN TOTEHI[lal COPTIB
KapTOILIi Ta 3a0€3MEeYNTH BUCOKY €KOHOMIUHY €(PEeKTHUBHICTh BUPOOHMIITBA.

['eHeTHYHMIT TIOTEHIIa] CyYaCHUX COPTIB KapTOIUIl MOXKe 3abe3nedyBaTu
BpokaiHicTh Ha piBHI 40—60 T/ra 1 Oinpiie. OgHAK y IPAKTUYHOMY BUPOOHMIITBI LIeH
MOTEHIIaJ pealli3y€eThes JInie 4acTKOBO. OCHOBHUMHM NMPUYMHAMHU € HEJOCKOHAIICTh
arpoOTEXHOJIOTIH, HEIOCTATHIN piBEHb TEXHIYHOTO 3a0€3MEUYCHHS, a TAKOXK CKOHOMIYHI
0OMEeKEeHHsI TOCTIOAAPCTB.

BaxnuBy ponp y TIABUIIEHHI MTPOIYKTUBHOCTI KapTOIUIl  BIAITPAIOTh
arpOHOMIYHI 3aX0/IY, K1 BKJIIFOYAIOTh PalllOHAIIbHY CUCTEMY yIOOpEHHSI, ONTUMAJIbHI
CTPOKH CaJlIHHA, IPaBUILHUN BUOIp MONEPEIHUKIB, €hEKTUBHUN 3aXUCT POCIHH BiJl
XBOPOO 1 IIKIAHUKIB, @ TAKOK 3aCTOCYBAHHS Cy4YaCHUX COPTIB 13 BUCOKHM '€ HETUYHUM
MOTEHI[1aJIOM.

He wMeHIm BaXJIMBUMH € arpoiH>KEHEpPHI TEXHOJIOril, Mo 3a0e3MedyyroTh
MEXaHi3alil0 BHUPOOHWYUX TPOLIECIB, MIABUIINCHHS MPOAYKTUBHOCTI Mpaii Ta
3HIDKEHHSI BUTPAT PECYPCIB.

3 eKOHOMIYHO1 TOYKH 30py €(PEeKTUBHICTH BUPOOHUIITBA KAPTOILIl BU3HAYAETHCS
piBHEM BUTpAT, YPOKANUHICTIO KYJIbTYDH, SKICTIO OpoayKuii  Ta
KOHKYPEHTOCIIPOMOKHICTIO Ha PUHKY.

MeTtoro MoHOTpadii € JOCTIHKEHHS] €PEKTUBHOCTI BUKOPUCTAHHS T€HETUYHOTO
MOTEHITIaTy COPTIB KapTOIUIl 3 ypaxyBaHHSM arpoOHOMIYHUX Ta arpoiHKEHEepPHUX
TEXHOJIOT1H 1 EKOHOMIYHUX YHHHHKIB.

2.4.1. I'eHeTMYHUI MOTEHUIAJ COPTIB KAPTOIJI TAa HOro 3HAYEHHH IJIA
NiIBUIIICHHS TPOAYKTUBHOCTI

['eHeTHUHUIA TOTEHITIaJI COPTIB KAPTOILJIl BUBHAYAETHCSA CYKYITHICTIO CIIAJIKOBUX
O3HaK, M0 3a0e3NeuyrTh 3JAaTHICTh POCIUH (OPMYyBaTU BHUCOKHM Yypoxkall 3a

CIIPpUATIIMBUX YMOB BUPOUTYBAaHHA.
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CydacHi COpPTM KapTOIUIl XapaKTepU3YIOThCS BUCOKOIO BPOXKAMHICTIO,
CTIAKICTIO JI0 XBOPOO, QJaNTHBHICTIO JO PI3HUX KJIIMAaTHUYHUX YMOB Ta BHCOKOIO
AKICTIO TPOAYKIIII.

OCHOBHUMU XapaKTEPUCTUKAMU T€HETUYHOTO MOTEHINAIY €:

o TIOTEHIIIHA BPOXKANHICTh;

¢ CTIMKICTB JO XBOPOO 1 IMIKiTHUKIB,;

¢ AJIANITUBHICTD JI0 KJIIMAaTUYHUX YMOB,;

¢ SKICTH OYJIBO;

o JICKKICTH 1 TPAHCTIOPTAOEIBHICTS.

3aBASKH CENEKIIMHUM JOCATHEHHSM CTBOPEHO 3HA4Hy KUIBKICTh COpPTIB
KapTOIUNl, IO BIAPI3HAIOTHCS 3@ CTPOKAMHU JIO3pPIBAHHS, BPOXKAWHICTIO Ta
rOCIO/IapChKUMU BIACTUBOCTSIMHU.

Opnak peasi3allisi T€HETUYHOTO MOTEHLIATy 3HAYHOK MIPOKO 3aJIEXKHUTh Bij
YMOB BHUPOIIYBaHHS, PIBHS AarpoOTE€XHIKM Ta TEXHOJIOTIYHOTO 3a0e3MnedeHHs
BUPOOHMIITBA.

2.4.2. ArpoHoMiyHi OCHOBH peani3auil reHeTHYHOI0 NMOTEHLIaJdy COpTIB
KapTOILTi

ATpOHOMIYHI TEXHOJIOT'1] € OJTHUM 13 KJIFOUOBUX YNHHUKIB (POPMYBaHHS BUCOKOT
BpOXKaiiHOCTI KapToril. HaBiTh HAWMpOAYKTUBHILII COPTH HE MOXYTh IMOBHICTIO
peanizyBaTu CBii T€HETUYHUHN MOTEHIIa 0e3 3aCTOCYBaHHS HAyKOBO OOTPYyHTOBaHOL
CHUCTEMH BHPOIIyBaHHS.

Jlo OCHOBHHMX arpoHOMIYHUX (DaKTOpiB, MO BIUIMBAIOTh HA MPOJYKTUBHICTH
KapTOILTi, HAJISKATh:

o POJIOYICTH IPYHTY;

e cHCTEMa YIOOpEHHS;

o TOMNEPEIHUKHU Y CIBO3MIHI;

e CTPOKHM Ta I'yCTOTa CaJiHHS;

¢ CHCTEMa 3aXUCTy POCIUH;

e YMOBH 3BOJIOKCHHSI.
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BaxximBuM arpoHOMIYHUM TPUHOMOM € TIPaBUJIBHHM Mi10Ip MOMEPEIHUKIB Y
ciBo3MiHi. HaiikpammumMu monepegHuKaMu IS KapToIUll € 3€pHOBI KYJIbTYpH,
3epHO0000BI Ta GaratopiuHi TpaBu. BoHM CIpUSIIOTH MOKPAIIEHHIO CTPYKTYPU IPYHTY
Ta 3MEHIIYIOTh MOIIUPEHHS XBOPOO 1 IIKITHUKIB.

He MeHII Ba)XJIMBUM € pallioHaJIbHE 3aCTOCYBaHHS MIHEPAJIbHUX 1 OPTaHIgYHUX
no6pus. Kapromis xapakTepu3yeTbcsi BUCOKOIO MOTPEOOI0 B TMOKUBHUX PEUOBHHAX,
ocobimMBO B a30Ti, gocdopi Ta kami. OnTuManbHE CHIBBIAHOIIECHHS €JIEMEHTIB
KUBJICHHS 3a0e31euye aKTUBHAN PO3BUTOK POCITUH 1 OpMyBaHHS BUCOKOTO BPOJKALO.

3HauyHMI BIUIMB Ha peajizallii0 TeHETHYHOTO MOTEHIIATy COPTIB Ma€ CHUCTEMa
3aXUCTY POCIIHH.

OCHOBHUMHU HIKIJUTMBUMH OpPTraHi3MaMH, 0 3HUKYIOTh BPOKaHICTh KapTOILII,
€ ¢itoTOpO3, aTbTEpHAPIO3, KOJOPAJACHKHH JKYK Ta 1HII IITKITHUKH.

BukopucTaHHs 1HTETpOBaHMX CHCTEM 3aXHCTy POCIHH JO3BOJISIE€ 3MEHIIUTHU
BTpaTH BPOXKalo Ta 3a0€3MEYUTH CTAOLIbHICTh BUPOOHMIITBA.

TakuM YMHOM, AarpoOHOMIYHI TEXHOJOTi € OCHOBOIO  €(EeKTHUBHOIO
BUKOPHUCTAHHS T€HETUYHOTO MOTEHIlaTy COPTIB KapTOILII.

2.4.3. ArpoiHKeHepHi TeXHOJIOril Y BUPOIIYBAHHI KAPTOILTi

ATpOIHKEHEPH1 TEXHOJIOT1T 3a0€3MeUy0Th TEXHIUHY peaji3allilo arpOHOMIYHUX
3aXOAIB Ta CHOPUSIOTH IMIJIBUIICHHIO NPOAYKTUBHOCTI Tpall Yy CUIbCBKOMY
TOCTIOIapCTBI.

CyuacHe KapTOIUISIPCTBO XapaKTEPU3YEThCSI BUCOKUM pPIBHEM MeEXaHi3allii
BUPOOHUYHUX MPOIIECIB. J[J11 BUKOHAHHS TEXHOJOTIYHUX OTEPalliii BAKOPUCTOBYIOTHCS
crerianai3oBadl MAaIlIMHU Ta 00JIaJHAHHS.

OCHOBHMMHU arpoiHKEHEPHUMU 3ac00aMH Y BUPOOHHUIITBI KapTOILII €:

¢ KapTOIUICCAKATIKU;

¢ KYJIbTUBATOPH JJI1 MIKPSAHOTO OOPOOITKY;

« 00mpuCKyBaui;

¢ KapToOIJIe30MpaIbHI KOMOANHH;

¢ COpPTYBAJIbHI JIiHII.
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3aCTOCYBaHHS Cy4YaCHOI TE€XHIKM JI03BOJISIE MiJBUILMTU TOYHICTh BUKOHAHHS
TEXHOJOTIYHUX Omepauliid, 3MEHIIWTH BUTPATH PY4YHOI IMpami Ta MIJBULIUTH
e(eKTUBHICTh BUPOOHHIITBA.

BaxnuBuM HanpsiMOM pO3BUTKY arpOiHXKEHepli € BIPOBAIKEHHS TEXHOJIOT1N
TOYHOTO 3emiiepoOcTBa. BoHu 0a3yloThcs Ha BUKOPHCTAHHI CYMyTHHKOBUX CHCTEM
HaBiraii, IMQpoBUX KapT MOJIiB, aBTOMATU30BAHUX CHCTEM YIPABIiHHS TEXHIKOIO Ta
IHITUX 1HHOBAIIMHUX PIIICHb.

2.4.4. ExkoHOMIYHA e)eKTUBHICTh BUKOPHCTAHHS T€HETUYHOI0 MOTEHIIATY
COPTIiB KaAPTOILTI

Exonomiuna eeKTUBHICTh BUPOOHHUIITBA KAPTOIUIl € BAKIUBUM MOKA3HHUKOM
PE3YJbTaTUBHOCTI TOCIIOAAPCHKOI ISUIbHOCTI. BOHA BU3HAYAETHCS CITIBBIAHOIICHHSIM
MIDX BUTpaTaMu Ha BUPOOHHUIITBO MPOIYKIIi Ta OTPUMAHUMU PE3yJIbTaTaMHU.

OCHOBHUMH €KOHOMIYHUMHU TOKa3HUKAMH €(EKTUBHOCTI BHPOILYBAaHHS
KapTOILII €:

¢ COOIBapTICTh MPOIYKIIIT;

o YPOXKaHHICTB;

o TpUOYTOK;

¢ PIBEHb PEHTAOEIBHOCTI.

[TigBumIeHHS BpOXaHOCTI KyJIbTypU 3aBIISIKH BUKOPHCTAHHIO
BHUCOKOMNPOAYKTUBHUX COPTIB Ta Cy4YaCHUX TEXHOJIOT1H J103BOJISIE€ 3HAUYHO ITIBUIIUTH
€KOHOMIYHY €(DEeKTUBHICTh BUPOOHUIITBA.

2.4.5. llepciekTHBHY MiABUINEHHS e(eKTUBHOCTI BAUPOOHMIITBA KAPTOILII

OCHOBHMMH HampsiMaMH PO3BUTKY KapTOILIIPCTBA €:

e BIIPOBAKEHHS HOBUX BUCOKOIIPOIYKTUBHUX COPTIB;

¢ BHUKOPHCTAHHA CyYaCHUX arpOTEXHOJIOT1;

¢ 3aCTOCYBaHHSI TOYHOT'O 3€MJIEpPOOCTBA;

¢ MOJIEpPHIi3allisl MAIIMHHO-TPAKTOPHOTO NapKy;

e IIJABUIICHHS PIBHS MEXaHi3allil BUPOOHUIITBA.

KomMriniekcHe Mo€IHAHHS arpOHOMIYHUX, arpOiHXEHEPHUX Ta E€KOHOMIYHUX

3aXO0/1B JO3BOJIUTH 3HAYHO MIABUIIUTH €()EKTUBHICTH BUPOOHUIITBA KAPTOILII.
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2.4.6. BiiiuB IpyHTOBO-KJIIMATHYHHMX YMOB Ha peai3allil0 TeHeTHYHOI0
NMOTEHIiaJly COPTIB KapTOILIi

Peanmizaris TeHETMYHOrO0 TOTEHIIATy COPTIB KapTOIUNl 3HAYHOIO MIpPOIO
3aJIEKUTH BiJI TPYHTOBO-KJIIMAaTUYHUX YMOB BHUpPOIyBaHHs. KapTormis HaleXuTh 110
KyJbTYyp, SIKI YyTIHUBO pPEaryiTh Ha 3MIHYy TEMIIEpAaTypHOTO PEXUMY, BOJOTOCTI
IPYHTY Ta 3a0€3MeYEHICTh MOKUBHUMHU PEUYOBUHAMH.

Haii0ipi1 cnpusTIMBUMU I8 BUPOIITYBAaHHS KapTOIUNl € JIETKI Ta CEpeJHi
CYTJIMHKOB1 TPYHTH 3 BHCOKHM BMICTOM OPTaHIYHOi PEYOBMHU Ta JOOPUM BOJHO-
MOBITPSHUM pexuMoM. OnTUMaIbHa KUCIOTHICTh IPYHTY ISl KYJIbTYpU CTaHOBUTH
pH 5,5-6,5. Ha BayKKMX TITUHUCTUX I'PYHTAX a00 HAIMIPHO NIEPE3BOJIOKEHUX JUTTHKAX
(dbopMyBaHHS BPOXKAIO 3HAYHO 3HUKYETHCS.

KnimMatnuni ¢GakTopu TakoX BiJIIrpalOTh BaXJIHMBY poOJb Yy (opmMyBaHHI
BpoXkaitHOCTI. OnTUMaabHa TEMIEpaTypa s POCTy KapToIUl cTaHOBUTH 16—22 °C.
3a migBuuieHHs Temmepatypu 1noHaxa 25 °C mpouec  OynbOOyTBOpPEHHS
YHOBUIBHIOETHCS, 1110 HETATUBHO BILIMBAE HA MPOIYKTUBHICTh KYJIbTYPH.

BaxnuBum (Qaktopom € BogHuM pexuM IpyHTy. Kapromns mnotpedye
JIOCTaTHHOTO 3BOJIOKEHHSI MPOTATOM YChOTO TEpioAy Bererailii, 0coOOIUBO Tij 4ac
dbopmyBanHs Oynb0. HemocTaTHs KITBKICTh OmajiB abo TpUBAl MOCYXU MOXKYTh
MPU3BECTH JI0 3HAYHOTO 3HUKCHHSI BPOXKaHOCTI.

3 ornsAgy Ha KIIMaTUYHI 3MIHHM OCOOJHMBO AaKTyaJbHHUM € BIIPOBAKCHHS
aJanTUBHUX TEXHOJIOT1M BUPOILYBAaHHS KapTOIUIl, SIKI nepeadadyaroTh BUKOPUCTAHHS
CTIMKHMX COPTIB, ONTUMI3AIII0 CUCTEMH 3POIIEHHS Ta YIOCKOHAJICHHS arpOTEXHIYHUX
MPUIOMIB.

2.4.7. InHOBalilHI TEXHOJIOTIl Y BUPOOHMUTBI KAPTOILIi

VY cyyacHMX yMOBax pO3BUTKY arpapHOro BUPOOHHUIITBA Ba)KJIMBOTO 3HAUYEHHS
HaOyBa€ BIPOBAHKEHHS 1HHOBALIMHUX TEXHOJIOTIHM, SIKI CHPHUSIOTH IM1JABUIIECHHIO
e(eKTUBHOCTI BUKOPUCTAHHS PECYpPCiB 1 peasizallli FTeHETUYHOTO MOTEHIIIaly COPTIB.

OmHuM 13 MEpPCNEeKTUBHUX HAMPSAMIB € BUKOPUCTAHHS TEXHOJOTIA TOYHOTO

3emsiepoOcTBa. Bonu mepenbavarorh 3actocyBaHHs —cucteM GPS-nagiramii,

113



AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

JMCTaHIITHOTO MOHITOPUHTY CTaHy IMOCIBIB, aBTOMAaTHU30BaHOT'O KEPYBaHHS TEXHIKOIO
Ta BUKOPUCTaHHS HU(POBUX KapT MOJIB.

BukopucTtanHs Takux TEXHOJIOT1H JJO3BOJISIE:

¢ ONTUMI3YBaTH HOPMU BHECEHHS JOOPUB;

e TMIIBUIIMTU €()EKTUBHICTh 3aXUCTY POCIHH;

¢ 3MEHILIUTH BUTPATH MaJIBHOTO;

e MIJABUIIUTU BPOXKAWHICTh KYJIBTYP.

BaxxnuBuM HampsMoOM 1HHOBAIIHHOTO PO3BUTKY € TaKO0X BHUKOPHCTaHHS
CydacHUX cucTeM 30epiranHs kapTorii. CyyacHl KapTOIUJIECXOBHUINA 00JIaIHYIOThCA
CUCTEMaMM BEHTHWJIALIT, KOHTPOJIIO TEMIIEPATypH Ta BOJIOTOCTI, IO JT03BOJISIE 3HAYHO
3MEHIIUTH BTPATU IPOIYKUII i1 yac 30epiranHs.

KpiMm TOro, akTMBHO PO3BHUBAIOTHCS OIOTEXHOJOTIYHI METOAM IIiIBUINCHHS
MPOJYKTUBHOCTI KapTOIUIl, SIKI TependayaroTb BUKOPUCTAHHS BUCOKOSKICHOIO
HaCIHHEBOT'O MaTepialy, OTPUMAHOTO METOJIOM MIKPOKJIOHAIBHOTO PO3MHOKEHHSI.

TakuM YMHOM, I1HHOBAIlIMHI TEXHOJOTIi BIMITPAaIOTh BAXIUBY pPOJIb Yy
MIJBUILIEHHI €()EKTUBHOCTI BUPOOHHUIITBA KapTOIUIl Ta 3a0e3MeyeHHl CTaOlIbHOCTI
arpapHoOro BUPOOHUIITBA.

2.4.8. OpranizaniiiHO-eKOHOMIYHI MEXaHI3MHU MiABUIIECHHA e(EeKTUBHOCTI
KapTOILIAPCTBA

EdexTuBHICT BUPOOHUIITBA KapTOIUII 3HAYHOIO MIPOIO 3aJIeKUTh BiJ
oprasizaiii BHPOOHMYMX IIPOILIECIB Ha arpapHuX MianpueMcrBax. PaiioHanbHe
BUKOPUCTAHHS PECYPCIB, ONTUMI3allisl CTPYKTYPU TMOCIBHUX ILIOII Ta BIIPOBAKEHHS
Cy4YacHHUX TEXHOJIOT'1H € BOKJIMBUMU YUHHUKAMH 1 IBUTIICHHS
KOHKYPEHTOCIPOMOKHOCTI Tany3i.

OmgHuM 13 BaXKJIMBHX HAIpsMIB PO3BHUTKY KapTOIUISIPCTBA € CIHEIiami3allis
BupoOHuITBA. Crieniaii3oBaHi TocnogapcTBa MalTh MOMKIUBICTh €(QEKTUBHIIIE
BUKOPUCTOBYBAaTM  TEXHIKY, BIOPOBA/KYBAaTH  IHHOBAIIMHI ~ TEXHOJIOTHi  Ta

3a0e3neyyBaTH CTaOUIbHY SIKICTh TPOAYKIII].
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BaxuBuM (DakTopoM € TakoXK PO3BUTOK KoOOIepallii MiX BHPOOHUKAMH
KapTOILI, 110 J03BOJIsIE 00’ €AHYBATH PECYpCH JUIsl MPUAOAHHS CYy4YacHO! TEXHIKH,
oprasizaiii 30epiranHs Ta peai3arii mpoIyKIIii.

ExoHomMiuHa e(peKTUBHICTh BUPOOHUIITBA 3HAYHOIO MIPOIO 3aJICKHUTh Bl PIBHS
JepaBHOI MIATPUMKHU arpapHOro CEKTOpPY, PO3BUTKY 1H(PACTPYKTYpH PHUHKY Ta
BIIPOBAHKCHHS 1HHOBAI[IHHUX TEXHOJIOTIH.

VY cydacHHX yMOBax BaXJIMBUM 3aBAaHHSAM € (opMyBaHHS €()EKTUBHUX
MEXaHI3MIB  YIpPaBIiHHA BHUPOOHMIITBOM, IO 3a0€3MeuyyloTh  pallioHaJIbHE
BUKOPHCTaHHS PECYPCIB Ta MiJIBUILIEHHS PEHTA0EIbHOCTI BUPOOHHUIITBA.

2.4.9. CTpareriuHi HanpsiMM pO3BUTKY KapTOILUISIPCTBA B Y KpaiHi

[lomanpmuii  pO3BUTOK  KapTOILIAPCTBA B YKpaiHl  NOB’SI3aHUUA 13
BIPOBQ/DKCHHSAM 1HHOBAILIMHUX TEXHOJIOT1M, TIABHINCHHSAM pIBHSA MeXaHizamii
BUPOOHUIITBA Ta  YAOCKOHAJICHHAM  CHCTEMHM  YIPaBIIHHS  arpapHUMHU
M1IIPUEMCTBAMHU.

OCHOBHUMHU CTPATETIYHUMU HAIMIPSIMAMU PO3BUTKY Taly31 €:

e CTBOPEHHS Ta BIPOBAKEHHS HOBUX BUCOKOTIPOAYKTUBHUX COPTIB KapTOILTI,

e MIJABUIIEHHS PIBHS TEXHOJOTIYHOTO 3a0€31eUeHHS] BUPOOHUIITBA;

¢ PO3BUTOK HACIHHMIITBA KapTOILIL;

¢ MOJEpPHi3allisd MAIIMHHO-TPAKTOPHOTO MapKYy;

e BIIPOBA/KEHHS TEXHOJIOT1H TOYHOTO 3eMJIEpOOCTBa;

¢ PO3BUTOK IHPPACTPYKTYpH 30€piraHHs Ta NEPEPOOKU MPOTYKIIIi.

BaxxnuBum (pakTopom migBUIIICHHS €(PEKTUBHOCTI Tally31 € IHTErpallis HayKu Ta
BupoOHuITBa. CrmiBIpans HAyKOBUX YCTAaHOB, arpapHUX YHIBEPCUTETIB Ta
CLITBCHKOTOCTIOAAPCHKUX MiAIPUEMCTB CIIPUSITHME BIIPOBAKEHHIO HOBUX TEXHOJIOT1H
1 TIIBUITIIEHHIO MTPOTyKTUBHOCTI KapTOTUISIPCTBA.

VY mnepcrnekTuBI pO3BUTOK raiay3l mMae OyTH CHpSIMOBaHMI Ha MiABUIICHHS
KOHKYPEHTOCHPOMOXKHOCTI ~ YKpaiHChKOiI ~ MPOAYKLII HAa  BHYTPIIIHBOMY  Ta

MDKHApPOJIHOMY PHUHKaX.
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2.4.10. Ouinka eeKTUBHOCTI BAKOPUCTAHHS PeCypcCiB NpU BUPOIIYBAHHI
KapToILIi

ParionanbHe BUKOPHCTaHHS PECYpPCIB € BaXJMBUM (PAKTOPOM IiABHUILECHHS
eheKTUBHOCTI ~ BUpoOHMIITBAa  Kapromii.  OCHOBHMMHM  pecypcamu,  IIO
BUKOPHUCTOBYIOTBCSL y TPOIECi BHUPOIIYBaHHS KYJIbTYPH, € 3€MeNbHI, TPYAOBI,
MaTtepiaiabHi Ta TEXHIYHI PECypCH.

EdekTuBHICT BUKOPUCTAaHHS 3€MEJIbHUX PpECypCiB BU3HAYAETHCS PIBHEM
ypOKaMHOCTI KyJbTypH. [liABUIIEHHS pOAIOYOCTI IPYHTIB, 3aCTOCYBaHHS Cy4aCHUX
arpoTEXHOJIOTIN Ta BUKOPUCTAHHS BUCOKOIPOAYKTUBHUX COPTIB JO3BOJIAIOTH 3HAYHO
IT1IBUIIIUTH BPOKAMHICTh KapTOILII.

TpynoBi pecypcu BIOIrpalOTh BAXJIMBY pPOJb y 3a0€3MEUYEHHl SKICHOTO
BUKOHAHHS TEXHOJIOTIYHUX onepauid. BHKOpUCTaHHA cydacHOI TEXHIKM Ta
aBTOMATHU30BAHWX CHCTEM KEpyBaHHS BUPOOHHUIITBOM CIIPHSE  ITiIBUIIECHHIO
MPOYKTUBHOCTI Mpalli Ta 3MEHIIEHHIO BUTPAT pOOOYOTro Yacy.

MartepianbHi pecypcu BKJIIOYAIOTh HACIHHEBUM Marepian, J00puBa, 3acoOu
3aXMCTy POCIMH, MATMBHO-MAaCTUJIBHI MaTepiaiv Ta iHml BUTpatd. OnTuUmizamis
BUKOPUCTAHHS IIUX PECYPCIB € BAKINBOIO YMOBOIO 3HMKEHHS COO1BApPTOCTI MPOAYKIIII.

TakuM YuUHOM, TIJABHUINCHHS €(PEKTUBHOCTI BUKOPHUCTAHHS PECYPCIB CHpPHUSE
30UTBLIEHHIO MPUOYTKOBOCTI BUPOOHUIITBA KapPTOILII.

2.4.11. EkoHOMiYHe OOTPpYHTYBAHHSI T€XHOJIOTIii BUPOLYBAHHSA KAPTOILTi

ExoHOMIYHA €()eKTUBHICTh BUPOILYBAHHS KaPTOILIl 3HAYHOIO MIPOIO 3aJI€XKHUTh
BiJI PIBHSA TEXHOJOTIYHOTO 3a0e3leueHHs BUPOOHMIITBA. BUKOpHCTaHHS Cy4acHUX
arpOHOMIYHMX Ta arpoiHKEHEPHUX TEXHOJIOTIN JI03BOJISIE€ MIABUIIUTH BPOXKANWHICTH
KyJbTYPH Ta 3HU3UTU BUTPATH HA BUPOOHHIITBO.

OmHUM 13 OCHOBHUX €KOHOMIYHHUX TIOKA3HUKIB € cCOOIBapTiCTh MpoaykKilii. Bona
(hopMy€eThCS 1111 BIUIMBOM BUTPAT HAa HACIHHEBUM Matepiall, 100puBa, 3acO0U 3aXUCTY
POCIIVMH, TATUBHO-MACTUIIbHI MaTeplajy, OIjIaTy Mpali Ta aMOPTU3ALII0 TEXHIKH.

30inblIeHHST  BPOXKAWHOCTI  KapTOIUIlL 32 PaxXyHOK  BUKOPHUCTaHHS
BHCOKOIPOIYKTUBHUX COPTIB 1 Cy4aCHUX TEXHOJIOT1H JJO3BOJISIE€ 3HU3UTH COO1BAPTICTh

MPOJYKIIIi Ta MiBUIUTH PEHTA0ETbHICTh BUPOOHUIITBA.
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Moae/iioBaHHSI €KOHOMIYHOI €)eKTHBHOCTI BUPOLYBAHHS KAPTOILII.

Jlns oriHKU e(EKTUBHOCTI BUPOOHUIITBA KAPTOIUIl 3aCTOCOBYIOTh €KOHOMIYHI
PO3paxyHKH, SIKi JO3BOJIAIOTh BUSHAUUTHU PIBEHb BUTPAT, JOXOJIB Ta MPUOYTKOBOCTI
BUPOOHUIITBA.

OCHOBHMMH MOKa3HUKAMH €KOHOMIYHOT €(PEKTUBHOCTI €:

¢ YPOXXaMHICTb KyJIbTYPH,

e COOIBapTICTh MPOAYKIIii;

e BAJIOBUH JOXIJ;

o MpUOYTOK;

¢ PIBEHb PEHTAOEIBHOCTI.

MopnentoBaHHsI ~ €KOHOMIYHOI ~ €(EKTHBHOCTI  JIO3BOJIAE  MPOTHO3YBaTH
pe3yJIbTaT BUPOOHMIITBA 3a PI3HUX TEXHOJOTIYHUX YMOB.

IlepcneKkTHBM PO3BUTKY KapTOMJISIPCTBA.

KapTomnspcTBo € OfHi€I0 3 TPOBITHUX Taly3ed POCIMHHMIITBA, KA Mae
3HaYHUI MOTEHILIal PO3BUTKY. 3POCTaHHS MONUTY Ha MPOIYKIIIO KapTOIUISPCTBA
CTUMYJIIO€ BIPOBAPKEHHS HOBUX TEXHOJIOT1H Ta PO3IIMPEHHS BUPOOHUIITBA.

[lepcniekTUBHUMU HaMpsIMaMH PO3BUTKY Tajy3l €:

e CEJIEKIIisl HOBUX BUCOKOIPOJIYKTUBHUX COPTIB;

¢ BHUKOPHCTAHHA CyYaCHUX arpOTEXHOJIOTI;

¢ aBTOMATHU3AIlisl BUPOOHUUUX MPOIIECIB;

¢ YIOCKOHAJIEHHA CUCTEM 30epiraHHs IPOIYyKIIIi;

¢ PO3BUTOK MEPEPOOHOT MPOMHUCIOBOCTI.

OcoOnuBe 3HaueHHsS Ma€ IHTErpalis arpoHOMIYHUX, I1HXEHEPHHX Ta
€KOHOMIYHMX MIIXOAIB JI0 BUPOIIYBaHHs KapTOILII.

KommuiekcHe 3acTOCyBaHHS CydaCHUX TEXHOJIOTIH JO3BOJUTH MiABUIIUTH
OPOAYKTHBHICTh KyJIbTYpH, 3HU3UTH BUTpPaTH BHPOOHUIITBA Ta 3a0e3MEUYUTH
CTaOUIbHUM PO3BUTOK raiy3i.

VY nepcrekTrBi pO3BUTOK KapTOILISIPCTBA Oy/i€ MOB’SI3aHUH 13 BIPOBAIHKCHHIM

IHHOBAIIMHUX  TEXHOJIOTIHA,  HMUQPOBI3AIi  CUIBCHKOIO  TrOCHOJapcTBa  Ta
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BUKOPUCTAHHSM BHUCOKOMPOJAYKTUBHUX COPTIB 13 MIJABUIIEHHUM TE€HETUYHUM
MOTEHITIAJIOM YPOXKaHHOCTI.

BucHoBku:

1. 'eHeTHYHMI MOTEHIIIAN COPTIB KAPTOIUIL € OCHOBOIO (DOpMyBaHHSI BUCOKOL
BPOKaHHOCTI KyJIbTYPH.

2. Peanmizaniss 1pOro TMOTEHLIANy 3HAYHOIO MIpPOIO 3aJ€KUTh BiI PIBHA
arpOHOMIYHOTO 3a0€3Me4YeHHs] BUPOOHUIITBA.

3. BuxkopucTtanss cy4acHUX arpOoiHKEHEPHHUX TEXHOJIOT1N CIpUsIE MiIBUILIEHHIO
IPOAYKTHUBHOCTI IPalll Ta 3HUKEHHIO BUTPAT PECYPCIB.

4. ExoHOMIYHa €(EeKTUBHICTh BUPOOHHUIITBA KApTOILII BHU3HAYAETHCS PIBHEM
YPOXKaHHOCTI1, COOIBAPTICTIO MPOIYKIIIi Ta PpEHTA0ENbHICTIO BUPOOHHUIITBA.

5. KoMIuiekcHe BUKOPUCTaHHS CydYaCHUX COPTIB, arpOHOMIYHUX TEXHOJIOTIN Ta
arpoiHXEHEPHUX PIlIeHb 3a0e3Ieuye MiJIBUILEHHS €EeKTUBHOCTI KapTOILUISIPCTBA.

[IpoBenene MOCHIIKEHHSI JO3BOJUIIO Y3araJlbHUTU TEOPETHUYHI Ta MPaKTUYHI
acrleKTH €(EKTUBHOTO BUKOPHUCTAHHS T'€HETUYHOTO IMOTEHIaly COPTIB KapTOILI 3
ypaxyBaHHSAM arpOHOMIYHUX, arpOIHKEHEPHUX Ta EKOHOMIYHUX YNHHUKIB.

BcranoBneHo, 1m0 TEHETUYHWI TMOTEHIIal CY4YaCHHUX COPTIB KapTOIU €
BAXKJIMBUM (pakTopoM (hOpMyBaHHS BUCOKOT BPOKAMHOCTI Ta SIKOCTI IPOTYKIIIi.

CenexIiifHi  JOCSATHEHHS JIO3BOJISIIOTH CTBOPIOBATU COPTU 3  BHUCOKOIO
MPOyKTUBHICTIO, CTIMKICTIO JO XBOpPOO 1 HECTIPUATIMBUX YMOB cepenoBuia. [Ipore
e(eKTUBHICTh peai3alli IOr0 MOTEHLIATY 3HAYHOKI MIPOI0 3aJIEKUTh Bl YMOB
BHUPOIIYBAaHHSI Ta PIBHS TEXHOJIOTTYHOTO 3a0€3MeYeHHs] BUPOOHHUIITBA.

JloBeneHoO, IO arpoHOMIYHI TEXHOJIOTii, 30KpeMa pallloHaJlbHa CHUCTEMa
CIBO3MIH, ONTUMalbHA CHUCTEMa yIOOpPEHHS, BUKOPUCTAHHS SIKICHOTO HACIHHEBOIO
Marepiany Ta e(OEeKTUBHUU 3aXHUCT POCIMH Bl XBOPOO 1 IIKITHUKIB, € OCHOBOIO
(dhopmyBaHHS CTa01ILHOT BPOXKAMHOCTI KapTOILI.

[TpaBuiibHE MO€AHAHHSA AarpoOTEXHIYHUX TPHUMOMIB JI03BOJISIE MAKCUMATbHO

peaii3yBaTy TeHETUYHHI MMOTEHII1aJl COPTIB.
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BaxxiuBy poJib y miiBUIIICeHH] €PEKTUBHOCTI BUPOOHMIITBA KAPTOTLII BIAITPAOTh
arpoiH)KEHEPH1 TEXHOJIOTIi, sKI 3a0e3MeuyloTh MEXaHi3allll0 Ta aBTOMAaTH3aIlilo
BUPOOHUYHX MPOIIECIB.

BukopuctanHs Cy4acHOi CUIBCHKOTOCIOAAPCHKOI TEXHIKH, BIIPOBAIKECHHS
€JIEMEHTIB TOYHOTO 3eMJIEpOOCTBa Ta MOJEpHI3AIlisl MAIIMHHO-TPAKTOPHOTO MapKy
CHPUSAIOTH MiBULICHHIO MPOAYKTUBHOCTI Mpalli Ta 3HIKEHHIO BUTPAT PECYPCiB.

ExoHoMmiuHa  €()eKTHUBHICT,  BHUPOIIYBaHHS  KapTOIUII  BH3HAYAETHCS
CHIBBIAHOIIEHHSM BUTpaT Ha BUPOOHUIITBO Ta OTPUMAHUMH PE3yJIbTaTaAMH.
3acTocyBaHHS CY4YaCHHUX COPTIB, IHHOBAllIMHMX TEXHOJIOTIA BHUPOIIYBaHHS Ta
e eKTHUBHA OpTaHi3allisg BUPOOHHUIITBA CIIPUSIOTH MiABUIIICHHIO PEHTA0EIbHOCTI TaTy3i
Ta 3MITHEHHIO KOHKYPEHTOCIPOMOKHOCTI arpapHUX MIAIPHUEMCTB.

OTXe, KOMIUIEKCHE TIO€/THAHHSA T€HETUYHUX, arPOHOMIYHUX, arpOiHKEHEPHUX
Ta EKOHOMIYHMX (DaKTOPIB € OCHOBOIO TMIJBUIICHHS €()EKTUBHOCTI BUPOOHHUIITBA
KapTOILII.

[Tomanpmuii  pO3BUTOK KApTOIUISIpCTBA Mae OyTH CHOPSAMOBAHUM Ha
BIIPOBA/KEHHSI 1HHOBALIMHUX TEXHOJIOT1H, YAOCKOHAJIEHHS CHCTEMH YINpPaBIIIHHS
arpapHUM BHUPOOHHIITBOM Ta IIiJIBUIICHHS PIBHS TEXHOJIOTTYHOTO 3a0e3MeueHHs

TOCIOJIaPCTB.
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SECTION 3. LIVESTOCK

DOI: 10.46299/1SG.2026. MONO.AGRO.1.3.1

3.1 Mastitis in dairy cattle: impact on milk composition and trends in the
veterinary pharmaceutical market

Milk from cows is one of the most important food products for humans and the
primary raw material for the dairy industry and cheese production. Its production is of
strategic importance for the agricultural sector, as it provides the population with high-
quality food products and forms a significant share of Ukraine’s export potential. The
development of the dairy sector directly depends on cow productivity, the stability of
milk yields, and the quality of raw milk [84].

One of the most widespread and economically significant diseases in dairy
farming is mastitis, an inflammatory lesion of the mammary gland in cows. This
disease negatively affects not only the volume of milk yield but also significantly alters
the qualitative composition of milk. According to research data, each case of clinical
mastitis reduces the annual milk yield by 400—-700 kg of milk per cow, while in chronic
forms the losses may reach up to 60% of productivity [85]. In addition to economic
losses, mastitis leads to deterioration of the technological properties of milk, a decrease
in its nutritional value, and reduced suitability for processing [86].

Special attention in mastitis research is paid to changes in the enzymatic
composition of milk. Under normal conditions, milk enzymes—catalase, peroxidase,
alkaline phosphatase, lipase, proteases, and reductases—perform important functions:
they regulate oxidation—reduction processes, ensure the stability of the protein—fat
complex, and participate in the ripening of cheeses and fermented dairy products [87].
They are indicators of the physiological state of the animal and determine the
technological suitability of raw milk.

In mastitis, a significant increase in the activity of many enzymes occurs,
including plasmin, lipase, and proteases, as well as an increase in the level of alkaline
phosphatase. This leads to the hydrolysis of casein, the formation of free fatty acids,

the appearance of a bitter taste, and a decrease in the cheese-making suitability of milk.
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At the same time, a decrease in lactoperoxidase activity reduces the natural
antimicrobial action of milk [85, 86]. Thus, enzymatic imbalance in mastitis has serious
consequences for the quality and safety of dairy products, emphasizing the importance
of timely diagnosis and prevention of this disease.

As noted in the introduction, mastitis is one of the most widespread and
economically significant diseases in dairy farming, leading to decreased productivity
and deterioration in the quality of raw milk. This inflammatory lesion of the bovine
mammary gland is characterized by disruption of the structural integrity of udder
tissues, reduced functional activity of the secretory epithelium, and changes in the
physicochemical properties of milk [84]. The importance of this problem is emphasized
by the fact that mastitis is responsible for more than half of the cases of culling high-
producing cows on farms in Europe and North America [88].

Clinically, mastitis manifests in various forms. The subclinical course often
remains unnoticed but is accompanied by an increased number of somatic cells in milk
and a decrease in its technological suitability. Clinical mastitis is characterized by
swelling and tenderness of the udder, changes in the consistency and color of milk, and
productivity losses reaching 30-50%. Chronic mastitis has a prolonged course, leading
to atrophy of the secretory epithelium and replacement of functional tissue with
connective tissue, which causes an irreversible decline in productivity of up to 60%
[85]. Table 1 shows the effect of mastitis on milk yield depending on the form of the
disease [85].

Table 1.
Effect of mastitis on milk yield depending on the form of the disease
Form of mastitis Decrease in milk yield
Subclinical 5-15%
Clinical 30-50%
Chronic Up to 60 % (often irreversible)
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According to research data, each case of clinical mastitis reduces the annual milk
yield by 400-700 kg per cow [85].

Risk factors for the development of mastitis include teat microtraumas,
violations of milking hygiene, milk stasis, as well as a reduction in general and local
immune responsiveness [86]. The influence of housing and feeding conditions is also
important: deficiencies in microelements and vitamins, excessive humidity in barns,
and non-compliance with milking technology significantly increase the risk of the
disease [88]. Therefore, timely diagnosis and prevention are critically important for
maintaining milk yield and quality.

The etiology of mastitis is multifactorial, but pathogenic microorganisms, which
penetrate the mammary gland through the teat canal, play a key role. The most common
causative agents are Gram-positive bacteria, among which Streptococcus agalactiae
and Streptococcus uberis are the leading causes of subclinical and chronic forms of
mastitis. These pathogens can persist in udder tissues for prolonged periods, causing
gradual reductions in productivity and changes in milk composition [85]. Particularly
dangerous is Staphylococcus aureus, which, due to biofilm formation, exhibits high
resistance to antibiotics and can cause relapses even after treatment [89].
Staphylococcus epidermidis and other coagulase-negative staphylococci are usually
associated with milder forms of the disease, yet their role in deteriorating milk quality
is also significant [87].

Among Gram-negative bacteria, the most prevalent are Escherichia coli,
Enterobacter spp., Pseudomonas spp., and Klebsiella spp.. They can cause acute
clinical forms of mastitis, accompanied by a sharp increase in the cow’s body
temperature, intoxication, and significant reductions in productivity. Mastitis caused
by E. coli is particularly dangerous, as it can lead to toxic reactions and rapid
deterioration of the animal’s condition [86]. Pseudomonas spp. are noted for their high
antibiotic resistance, making eradication in the herd challenging [89]. Klebsiella spp.
are often associated with mastitis in farms with insufficient hygiene levels, as this

pathogen spreads through a contaminated environment [90].
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The pathogenicity mechanism of these microorganisms is associated with their
ability to adhere to the epithelial cells of alveoli and milk ducts. After attachment, they
produce toxins and enzymes that damage udder cells, trigger an inflammatory
response, and increase vascular permeability. This leads to massive migration of
neutrophils and macrophages to the infection site, causing a sharp increase in the
number of somatic cells in milk [86, 87]. While leukocytes perform a protective
function, they simultaneously damage the secretory cells, directly affecting the
synthesis of proteins, fats, and lactose.

An important aspect is the ability of certain pathogens to form biofilms, which
protect them from antibiotics and the immune system. This is particularly characteristic
of Staphylococcus aureus, explaining its chronic course and frequent relapses [89].
Biofilms create a microenvironment where bacteria can survive for extended periods,
reducing the effectiveness of standard therapeutic regimens. Therefore, current
research pays significant attention to the development of new methods to combat
biofilms, including the use of antimicrobial peptides and phage therapy [91].

Thus, mastitis-causing microorganisms exhibit considerable diversity and
complex pathogenic mechanisms. Their activity not only initiates the inflammatory
process in the mammary gland but also leads to profound changes in milk composition,
which is critical for the dairy industry and food safety.

It is also important to note the antibiotic resistance of Staphylococcus aureus,
which complicates therapy and necessitates the search for alternative treatment
strategies [89].

Thus, bovine mastitis is a complex multifactorial disease that encompasses
infectious, immunological, and technological aspects. Its prevention and treatment
require a comprehensive approach, including veterinary control, adherence to sanitary
and hygienic standards, optimization of cow housing conditions, and the use of modern
pharmaceutical preparations. This approach helps reduce economic losses and ensures
the production of high-quality dairy products.

The pathogenesis of mastitis is a complex multifactorial process that involves

the action of pathogenic microorganisms, the immune system response, and changes
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in mammary gland tissues. At the initial stage of the disease, bacteria adhere to the
epithelial cells of alveoli and milk ducts, after which they begin producing toxins and
enzymes that damage udder cells. This triggers a local inflammatory response,
accompanied by increased vascular permeability and the leakage of plasma proteins
into the intercellular space [85, 86].

In response to pathogen invasion, the innate immune system is activated.
Neutrophils, macrophages, and lymphocytes intensively migrate to the site of
inflammation, resulting in a sharp increase in somatic cell count in milk. Neutrophils
serve as the first line of defense: they phagocytose bacteria and release reactive oxygen
species, but simultaneously damage alveolar secretory cells, directly reducing the
synthesis of proteins, fats, and lactose [87]. Macrophages act as regulators of
inflammation, producing cytokines that coordinate the immune response.

The cytokine profile in mastitis includes elevated levels of interleukins (IL-1f,
IL-6, IL-8), tumor necrosis factor a (TNF-a), and chemokines that stimulate leukocyte
migration into udder tissues [92]. These inflammatory mediators not only activate
immune cells but also contribute to epithelial destruction and the development of
edema. Prostaglandins produced during the inflammatory process enhance vascular
permeability and pain, which are characteristic clinical signs of mastitis [93].

A prolonged inflammatory process leads to atrophy of the secretory epithelium
and replacement of functional tissue with connective tissue. This results in a persistent
decline in productivity even after clinical recovery of the animal. In chronic mastitis,
these changes are often irreversible, explaining the long-term economic losses in dairy
production [88].

Recent studies also highlight the role of rumen dysbiosis in the development of
mastitis, where disturbances in the gut microbiota lead to systemic alterations in
immune responses and increased susceptibility of the mammary gland to infections
[86]. This opens new perspectives for prevention, particularly through microbiota
modulation using probiotics and functional feed additives [94].

Thus, the pathogenesis of mastitis involves the interaction of infectious agents,

the immune system, and tissue alterations, leading to complex disturbances in the
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mammary gland and milk composition. Understanding these mechanisms is key to
developing effective prevention and treatment strategies aimed not only at pathogen
elimination but also at regulating immune responses and maintaining udder functional
activity.

Bovine mastitis is accompanied by a significant reduction in milk productivity
and profound disturbances in the biochemical and enzymatic composition of milk. As
mentioned above, each case of clinical mastitis reduces the annual milk yield by 400—
700 kg per cow, while in chronic forms, losses may reach 60% and often have an
irreversible character [85]. Current research confirms that mastitis has cumulative and
long-lasting effects: even after animal recovery, reductions in milk yield and lactose
content are observed, indicating persistent impairments in mammary gland functional
activity [95].

Changes in milk composition during mastitis affect the protein, fat, and
carbohydrate fractions. As shown in Table 2, protein content decreases from 3.2-3.4%
under normal conditions to 2.6-3%, and casein from 2.5-2.7% to 1.8-2.2%. Lactose,
which is the primary energy source for lactic acid bacteria, declines from 4.6—4.8% to
3.5-4%, negatively impacting fermentation processes and cheese-making suitability
[95]. Fat content also decreases from 3.6—4% to 3—3.5%, reducing its nutritional value
[84, 85].

Changes in the enzymatic composition of milk are of particular importance. In
mastitis, there is a sharp increase in plasmin activity (from 0.3-0.5 U/mL to 1.5-2
U/mL), leading to intensive hydrolysis of casein and deterioration of cheese structure.
Plasminogen increases almost twofold, indicating activation of proteolytic processes.
Alkaline phosphatase rises from 40—70 U/mL to 150-300 U/mL, serving as a marker
of mammary gland cell damage. Lipase increases from 1.5-2 U/mL to 4-6 U/mL,
causing hydrolysis of milk fat and the development of a rancid taste. At the same time,
lactoperoxidase activity decreases from 30-35 U/mL to 15-20 U/mL, reducing the
natural antimicrobial properties of milk [85, 87, 96]. Table 2 [84, 85, 95] presents a

comparative characterization of the enzymatic composition of two milk samples (from
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a healthy cow and a mastitic cow), as well as other key characteristics by which they

differ.

Table 2.

Comparative characteristics of milk composition from a healthy cow and a cow with

mastitis
Measured parameter Milk from a healthy | Milk from a cow with
COW mastitis
Protein, % 3,2-3,4 2,6-3
Casein, % 2,5-2,7 1,8-2,2
Lactose, % 4,6-4,8 3,54
Fat, % 3,6-4 3-3,5
pH 6,6-6,8 6,9-7,3
Plasmin, U/mL 0,3-0,5 1,5-2
Plasminogen, U/mL 8-10 15-25
Alkaline phosphatase, U/mL | 40-70 150-300
Lactoperoxidase, U/mL 30-35 15-20
Lipase, U/mL 1,5-2 4-6
Total somatic cell count, | <100-200 300-5000
x103/mL

Thus, mastitis is accompanied not only by a reduction in milk productivity but
also by profound disturbances in the enzymatic composition of milk. The increase in
proteolytic enzyme activity by 3—8 times leads to casein degradation, deterioration of
the technological properties of milk, and a decrease in its nutritional value. This renders
milk from affected cows unsuitable for the production of high-quality dairy products
and underscores the necessity of timely diagnosis, prevention, and treatment of mastitis
[95-98].

The treatment of mastitis in cows is a complex, multi-component process that

cannot be reduced solely to intramammary antibiotic infusions. Modern practice in
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Ukraine and Europe is gradually shifting from a narrow approach to comprehensive
therapy that considers disease pathogenesis, microbial resistance, the animal’s immune
status, and the economic aspects of production.

Antibiotic therapy remains the primary treatment for bovine mastitis in Ukraine
and determines the effectiveness of combating both acute and chronic forms of the
disease. The use of pharmaceutical preparations is regulated by the State Register of
Medicines of the Ministry of Health of Ukraine, the Compendium reference, and
pharmacy platforms such as Tabletki.ua, which allows for standardized treatment and
assessment of the economic accessibility of different drugs [99-102].

As of 2025-2026, the Ukrainian market has 18 commercial antibiotic
formulations from six major manufacturers. A Ukrainian intramammary product,
«Mastitsid», contains amoxicillin combined with an anti-inflammatory component; the
average price on Tabletki.ua is 45-60 UAH per dose. An injectable enrofloxacin 10%
in 100 mL vials is priced between 350—400 UAH. A French product, «Mastiforty, is
based on cephalexin in capsule-syringe form, with an average price of 80—120 UAH
per syringe. A British product, «Mastiprim» (trimethoprim + sulfadiazine), is used for
mixed infections, costing 70-90 UAH per syringe, as well as «Flunixin-Vet» as an anti-
inflammatory adjunct.

American intramammary preparations based on cloxacillin are traditionally used
for chronic staphylococcal mastitis; the retail price of these drugs is 100—150 UAH per
dose. A systemic «Amoxicillin LA» in a long-acting formulation costs 500-600 UAH
per 100 mL vial. A Slovenian enrofloxacin injectable solution is priced at 350450
UAH per 100 mL wvial. Finally, a German third-generation cephalosporin,
«Cefquinomey, is used for severe mastitis cases; its price is significantly higher — 900—
1200 UAH per 100 mL vial — reflecting high efficacy against resistant strains.

Intramammary formulations (syringes and capsules) account for 11 commercial
products, approximately 60% of the market, while systemic injectable preparations
represent 7 products, or about 40%. Ukrainian drugs occupy the lower-cost segment
(up to 400 UAH per treatment course), whereas imported drugs belong to the premium

segment (up to 1200 UAH per vial). The choice of antibiotic therapy largely depends
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on the size of the farm. In small private farms (10-30 cows), preference is given to
inexpensive Ukrainian drugs, as the cost of treating one cow averages 400-600 UAH,
which is acceptable for limited budgets. On medium-sized farms (100-300 cows),
combined schemes are used, where intramammary preparations of Ukrainian origin are
combined with imported systemic antibiotics, reducing the risk of relapses; the cost of
treatment reaches 700-900 UAH per cow. In large industrial complexes (500—2000
cows), expensive imported drugs are more commonly used, including «Mastiforty,
«Amoxicillin LA», and «Cefquinomey, as the economic losses from mastitis on such
a scale significantly exceed the treatment costs; therapy can cost 1000—1500 UAH per
cow, compensated by maintaining milk yield and quality. Thus, the structure of the
antibiotic market for mastitis treatment in Ukraine not only reflects the diversity of
drugs but also correlates closely with farm size: from low-cost local solutions for small
farms to expensive imported schemes for large industrial complexes.

Antibiotic therapy remains the basic treatment method; however, its
effectiveness 1s significantly reduced due to the spread of antibiotic resistance,
especially in infections caused by Staphylococcus aureus and Pseudomonas spp.
Therefore, modern treatment protocols combine systemic antibiotics (amoxicillin,
enrofloxacin, cephalosporins) with anti-inflammatory agents (flunixin meglumine,
ketoprofen), which not only combat infection but also reduce clinical signs of
inflammation, pain, and intoxication.

An important approach is the use of combination drugs that provide both
antibacterial and anti-inflammatory effects. This allows for shorter treatment duration,
fewer injections, and reduced stress for the animal. In Ukraine, antibiotic therapy for
bovine mastitis is gradually complemented by the use of anti-inflammatory and
combination drugs, which help control infection while mitigating inflammation, pain,
and intoxication. Non-steroidal anti-inflammatory drugs (NSAIDs) are most
commonly used, such as flunixin meglumine and ketoprofen. The Ukrainian market
offers «Flunixin-Vet» in injectable form; its average price is 250-350 UAH per 50 mL
vial. Ketoprofen is available from several manufacturers and costs approximately 200—

300 UAH per 100 mL vial. These drugs are used as adjunct therapy to antibiotics,
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especially in cases of acute clinical mastitis, when rapid reduction of inflammation and
alleviation of animal suffering is crucial.

A separate group consists of combination drugs that provide both antibacterial
and anti-inflammatory effects. These drugs help reduce the duration of treatment,
decrease the number of injections, and minimize stress for the animal. An example is
the Ukrainian intramammary product «Mastycid», which contains amoxicillin in
combination with clobutinol, providing both antibacterial and anti-inflammatory
action. The average price of this product is 4560 UAH per intramammary syringe,
making it accessible for widespread use even on small farms. Similar combination
products are gradually gaining popularity in large dairy complexes, where the
economic efficiency of treatment is critical: reducing the number of procedures lowers
labor costs and decreases stress for the animals.

Sulfonamide drugs also deserve special attention. Historically, they were among
the first treatments for mastitis and still retain their significance in veterinary practice.
The most common example is the British intramammary product «Mastiprim», which
combines trimethoprim and sulfadiazine; it is administered as intramammary syringes,
with an average price of 70-90 UAH. Such combinations effectively combat mixed
infections, especially when the pathogens are streptococci and Gram-negative bacteria.
Injectable forms of sulfonamides combined with trimethoprim are also available in
Ukraine, priced at 300-400 UAH per 100 mL vial. On medium and large farms, these
drugs are used as an alternative to expensive cephalosporins, particularly when it is
necessary to reduce treatment costs without compromising efficacy.

Modern mastitis treatment protocols also pay increasing attention to alternative
methods, gradually integrated as a supplement to classical antibiotic therapy. One of
the most promising approaches is the use of bacteriophages, which show high activity
against antibiotic-resistant Staphylococcus aureus strains. In Ukraine, research and
trials of intramammary phage preparations are already underway, particularly within
projects based at veterinary research institutions, and initial results indicate a reduction
in relapse rates and shorter treatment duration. The cost of experimental phage drugs

is currently significantly higher than conventional antibiotics (approximately 1500—
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2000 UAH per course), but their use could become economically advantageous on
large farms where resistance issues are most critical.

Another approach involves antimicrobial peptides, which have a broad spectrum
of activity and can disrupt biofilms formed by pathogens in udder tissues. Studies show
that peptides may be effective against Pseudomonas spp. and Klebsiella spp., which
often exhibit natural resistance to classical antibiotics. Although commercial forms of
such drugs are not yet registered in Ukraine, pilot batches already exist in the EU and
the USA, with treatment course costs estimated at 2000—2500 UAH.

Phytopreparations also play an important role in the prevention and adjunctive
treatment of mastitis. Extracts of garlic, echinacea, and turmeric have pronounced
immunomodulatory effects, stimulate nonspecific resistance of the organism, and
reduce the risk of recurrent infections. Ukrainian veterinary supplements already offer
phytocomplexes in the form of powders and solutions for feed additives, with an
average price of 150-250 UAH per package, making them accessible for regular use
on small and medium farms.

Recent studies also emphasize the importance of a systemic approach: mastitis
has a cumulative and long-lasting effect on milk yield and composition, particularly
lactose content [95]. This means that even after clinical recovery, functional
impairments remain, affecting productivity. Therefore, treatment should focus not only
on pathogen elimination but also on supporting udder tissue recovery and normalizing
metabolism. In this context, alternative methods—bacteriophages, antimicrobial
peptides, and phytopreparations—can become an important supplement to antibiotics,
especially in large dairy complexes where economic losses from mastitis amount to
hundreds of thousands of UAH per year.

Thus, it can confidently be stated that modern mastitis treatment practices in
Ukraine are gradually moving beyond traditional antibiotic therapy and acquiring a
comprehensive nature. At the same time, this allows for a complete picture of the
current state of mastitis management in dairy cows in Ukraine and the prospects for the

development of the domestic pharmaceutical market.
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Antibiotic therapy remains the primary method of treatment; however, its
effectiveness is decreasing due to the spread of antibiotic resistance, especially in
infections caused by Staphylococcus aureus and Pseudomonas spp.. As of 2025-2026,
18 commercial antibiotic formulations from six major manufacturers are registered on
the Ukrainian market. Intramammary forms (Ukrainian «Mastitsid», French
«Mastiforty, British «Mastiprime») account for approximately 60% of the market,
while systemic injectable drugs (U.S. «Amoxicillin LAy, Slovenian enrofloxacin,
German cephalosporins) make up 40%. The price range varies from 45-60 UAH for a
Ukrainian intramammary syringe to 900-1200 UAH for imported systemic
cephalosporins. This creates a two-tier market: affordable drugs for small and medium
farms and expensive imported products for large dairy complexes.

Anti-inflammatory drugs have become an important addition, such as flunixin
meglumine (U.K. «Flunixin-Vet», 250-350 UAH per 50 ml vial) and ketoprofen
(Slovenian, Ukrainian, 200-300 UAH per 100 ml vial). Their use helps reduce clinical
signs of inflammation, pain, and intoxication, which is especially important in acute
forms of mastitis. A separate group includes combined drugs that provide both
antibacterial and anti-inflammatory effects. «Mastitsid» (amoxicillin + clobutinol) is
an example of this approach, providing both pathogen elimination and reduction of the
inflammatory response. Such products are gradually gaining popularity in large farms,
where reducing the number of procedures decreases labor costs and lowers stress for
the animals.

Sulfonamide drugs, such as «Mastiprime» (trimethoprim + sulfadiazine), remain
an important tool in the treatment of mixed infections. Their price 1s 70-90 UAH per
intramammary syringe, making them accessible for medium and large farms as an
alternative to expensive cephalosporins. Injectable sulfonamide forms in combination
with trimethoprim (Ukrainian) cost 300—400 UAH per 100 ml vial and are used in cases
of systemic infections.

Alternative treatment methods are gradually being integrated into practice.
Bacteriophages («Phagomast») show promising results against antibiotic-resistant

strains of Staphylococcus aureus, although their cost is currently significantly higher
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(1500-2000 UAH per treatment course). Antimicrobial peptides, which can disrupt
biofilms and act against Pseudomonas spp. and Klebsiella spp., are still under
investigation but may become an important supplement to classical treatment
regimens. Phytopreparations («Phytomast», complexes based on extracts of garlic,
echinacea, and turmeric) are already available on the market as feed additives, with a
price of 150-250 UAH per package, making them suitable for preventive use in small
and medium farms.

The economic aspect remains crucial: treatment costs for mastitis account for up
to 20-30% of all veterinary expenses in dairy farms. In small private farms (10-30
cows), the average cost of treating one cow is 400—600 UAH; in medium-sized farms
(100-300 cows) — 700900 UAH; and in large industrial complexes (5002000 cows)
— 1000-1500 UAH. This highlights the importance of effective and sustainable
strategies that consider not only pathogen elimination but also support the recovery of
udder tissues and normalization of metabolism.

In summary, mastitis treatment in Ukraine is gradually transforming from
classical antibiotic therapy to complex regimens that include anti-inflammatory drugs,
combined agents, immunomodulators, and alternative methods, combined with the
implementation of HACCP systems to ensure the safety of dairy products.

The development of the veterinary and pharmaceutical market in Ukraine for
mastitis treatment in cows has several strategic directions. First, Ukrainian
manufacturers have the potential to expand the range of intramammary and combined
drugs, which will reduce dependence on imports and ensure accessibility of treatment
for small and medium-sized farms. This primarily involves expanding the assortment
of domestic products, especially intramammary and combined forms, which can
provide affordable treatment for small and medium farms. Today, Ukrainian
manufacturers are actively working on creating new drugs that combine antibacterial
and anti-inflammatory effects, as well as phytocomplexes for the prevention of
recurrences.

Second, integration with European standards and compliance with HACCP

requirements stimulates the search for alternative treatment methods that reduce
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antibiotic load. This includes bacteriophages, antimicrobial peptides, and plant extracts
with immunomodulatory effects. Their use allows not only to combat resistant strains
but also to ensure that products meet international safety requirements, opening
prospects for the export of Ukrainian milk and dairy products.

Third, the growth of large dairy complexes with more than 1,000 cows creates
demand for more expensive and innovative drugs. This opens opportunities for joint
projects with European and American companies, as well as for localizing the
production of modern agents in Ukraine. In the future, this may lead to the formation
of a mixed market: cheaper domestic drugs will cover the mass segment, while
innovative products will target the premium segment, aimed at large farms and export.

Thus, the future of mastitis treatment in Ukraine lies in combining classical
antibiotics with new drugs and methods that meet modern requirements and European
trends. This will ensure a comprehensive approach to animal health, reduce economic
losses for farms, and simultaneously increase the competitiveness of the Ukrainian

dairy industry in the international market.
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3.2 IIpoayKTHBHIiCTh CBHHell Ta HAKICTb IX NPOAYKUII 32 BUKOPHCTAHHS
PI3HOTHIIOBHUX PALIOHIB Y 30Hi TEXHOT€HHOI'0 HABAHTAKEHHA

Beryn.

Bracmimoxk aBapii Ha YopHOOWIBCHKIN aTOMHIM €JIEKTPOCTAHIli BeJIUKa
KUIBKICTh 3eMeJb YKpaiHchKoro Ilosicest mignanucs 3a0pyIHEHHIO palOaKTHBHUMHU
peuosunamu — ’Cs, *°Sr Tomo. Ix HagX0MWKEHHS 10 OpraHi3My TBApUH 3 KOPMaMH
paIfioHiB BHMMAara€ 3a BHUPOOHHWIITBA TBApPUHHHUIBKOI MPOAYKIII 3aCTOCYBaHHS
TEXHOJIOT1H, 10 Jal0Th 3MOTY BHPOOJIATH €KOJOTIYHO Oe3NeuHi 1 SKICHI MPOAYKTH
XapuyBaHHS JJI HACEJICHHsI, 110 MPOoXKuBa€ B AaHux perioHax [103, 104]. 3HmwxeHHs
BIUIMBY HACJIJIKIB YOPHOOMJIBCHKOT aBapii Ha CIIILCHKOTOCIIONAPChKY cepy, a came Ha
MPOJYKIII0 POCIMHHUIITBA, MPOIYKIIIO JIICOBOTO TMOXO/KEHHS Ta MPOAYKIIIO
TBapUHHUIITBA, [0 BUPOOISETHCS Ha 3a0pyIHEHUX 3EMIISIX, € OCHOBHOIO 33Ja4eio
CyCIUIbCTBA ISl OTPUMaHHS O€3MeYHO1 CUPOBUHHU Ta MPOJYKTIB XapuyBaHHs [105,
106]. Tomy ogHUM 13 TPIOPUTETHUX 3aBJAHb CY4YaCHOI PaJl0EKOJOTIYHOI HAYKH €
CUCTEMATUIHUI KOHTPOJIb 3a0pyTHEHHS POCTUHHUIIBKOI 1 TBAPUHHUIILKOI MPOAYKITIT
B7Cs i *°Sr Ta BHMBYUEHHS 0COONMBOCTEH Mirpamii LMX PpagioHYKIgiB y
clabcbKoTOcnoaapcehki ekocuctemu [107, 108].

3Ha4yHOIO MPOOJIEMOIO MOJIICHKOTO PETIOHY € 3a0pyIHEHHS TEPUTOPIi COJIAMHU
BaXKHUX MeTaniB, Takumu sk Pb, Cd, Cu, Zn [109]. 11i Baxki MeTanu Ta iX MOXiJHI y
BUCOKMX KOHIIGHTpAIliIX € TOKCUYHUMHU 1 3aBJAalOTh IIKOAW  3/I0POB’IO,
MPOTYKTUBHOCTI TBApWUH Ta SKICHUM TOKa3HMKaM MpoayKiii TBapuHHUIITBA [110,
111]. Ixxepenamu 3a0pyIHEHHS] HABKOJMIITHBOTO CEPEAOBUINA BAXXKUMHU METajlaMu €
MEePEBAXXHO MPOMMCIIOBICTh, TEPMIUYHA Ta XIMIYHA MEpepoOKa KOPUCHUX KOMAJIMH,
CHAJIOBAHHS BYTUUIA, Ta3iB 1 pIIKOro TajuBa, KOMYHAJIbHE TOCIOAApCTBO
(cMmiTTE3BANMINA, CTIUYHI BOJHM), & TAKOXK CUIbCHKE TOCIOAAPCTBO, 1[0 BUKOPUCTOBYE
HEHOPMOBAaHE BUKOPHUCTAHHS MIHEPAIBbHUX JOOpHB, 3ac00iB 3aXUCTy pociuH [112,

113].
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3a JaHUMHU BITYM3HSIHUX aBTOPIB [114], y KOMIUIEKCI MPOMIOHOBAHUX MPUHOMIB
BeJIy4e MICIIEC BIABOAUTHLCS 01010T1YHO MOBHOIIHHIN ro/iBIII TBapHH. Pariionu roismi
CLIbCHKOTOCTIOAAPCHKUX TBApUH TMOBHHHI OyTH PO3paxOBaHI TaKUM YHHOM, II00
pPIBEHB 1 KOHIIEHTpAIlisl eHeprii, MPOTeiHy, 1HIIMX MMOXUBHUX 1 010JI0TIYHO aKTUBHUX
pPEYOBMH, a TaKOX CIIIBBIIHOIIEHHS MDK HHMH B CKJIaJl KOPMOBHUX palliOHIB
BIJIMTOBIIaTIN JETATI30BAHUM HOpMaM TOAIBII. SIK 3HA4YHE 3aBUINCHHS, TaK 1 3HAYHE
3aHIDKEHHS Xo4ya O 10 OJHOMY TIOKa3HUKY MOXXMBHOCTI MPHU3BOAUTH 1O
po30anaHCyBaHHSA palliOHIB, 3HIKEHHS MPOAYKTUBHOCTI Ta 30UIBIICHHS BUTpAT
KOpPMIB Ha BUPOOHHIITBO OAMHUII TPOIYKITIi.

OnTuMi3oBaHi pallioHd TOAIBJII TBAPUH CHPUSIOTH MOCUJICHHIO METa0OIIYHUX
MPOILIECIB Y OpraHi3Mi, MiJIBUIIYIOTh BUKOPUCTAHHS TMOKUBHUX PEUYOBUH KOPMIB, L0
3HAYHO MOKpAIIy€e 010JI0TTYHY MOBHOLIIHHICTh M 5ICa 32 PaXyHOK 301IbIIICHHS BMICTY B
MpOayKLIi kupy Ta Ouky [115, 116].

BaxxuBy poib y 3MEHIIIEHH1 HAJAXOHKEHHS MIKIITUBUX PEYOBHH JI0 OpraHi3ZMy
CUIBCHKOTOCTIONIAPCHKUX TBapHH, @ TAaKOX Y IIJIBUIIEHHI iXHBOI CTIHKOCTI MPOTH
10HI3YIOUMX BUIIPOMIHIOBaHb, BIAIrpatoTh MikpoenemeHTH [117, 118]. OcobnuBo e
cTocyeThcsl perioHiB Ilomiccs, TpyHTH SKUX, a OTXKe, 1 KOpMHU, OiJIHI HE JIMIIE Ha
OCHOBHI MaKpOEJIEMEHTH, a i Ha OUIBIIICTh O10J0TIYHO BAXKJIMBUX MIKPOEJIEMEHTIB,
Takux sk Mog, ®top, I{unk, KobGanbr, Manran, Kynpym, Cenen [119, 120].
30arayeHHs pallloHy TBapWH COJISIMU BKAa3aHUX €JIEMEHTIB € BAXJIMBUM 3aX0JIOM Y
CUCTEMI BEJEHHS TBapUHHUIITBA Ha 3a0pyAHEHUX pallOHYKIiAaMu TepuTopisx [121,
122].

VY mnpakTuill TOmIBII TBApWUH MJIs TOKPUTTS JedIIUTY OKPEMUX BITaMIHIB,
MIHEpaJIbHUX €JIEMEHTIB y pallilOHaX BUKOPUCTOBYIOTh pi3HI O1JIKOBO-BITaMIHHO-
MminepaibHi 1o6aBku (bBMJI). Bonu cTBOoproroTs HEOOX1IHI YMOBH JIJIs1 HOPMAJIBHOTO
(GyHKIIOHYBaHHS (PEPMEHTIB 1 TOPMOHIB, MIITPUMAHHIO KUCIOTHO-TYKHOI pIBHOBaru
1 OCMOTMYHOTO THCKY Ha HeoOximHomy piBHI [123, 124]. Tomy, 30araueHHs
3epHOCYMIIIEH 1 KOMOIKOPMIB MiHEpaIbHO-BITAMIHHUMH J100aBKaMH Ta I1HIIAMH
010JI0T1YHO-aKTUBHUMHM PEYOBHMHAMH, MOKE ICTOTHO BIUIMHYTH Ha IIJBHUILEHHS

KOHBEpPCIi MOKUBHUX PEYOBHH KOPMY 1 CIIPUATUME POCTY MPOAYKTUBHOCTI TBAPHH Ta
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3HUKEHHIO HAKOTTMYCHHS PaJIIOHYKIIIJIIB 1 BAKKUX METaJIIB y IPOAYKIIi TBAPUHHUIITBA
B 30H1 paJIl0aKTUBHOTO 3a0pyTHCHHS.

Mera noCHmiKeHb — BCTAaHOBHTH €(EKTUBHICTH BUKOPHUCTAHHS PI3HUX 103
BBM/I 3 nmonuHOM  3a BHpOOHHUIITBA CBUHMHHU B 30HI1 [lojiccst Ykpainu, BIUTMBY
KOPMOBHX (DakTOpiB Ha MPOAYKTUBHICTh MOJIOJHSAKY CBUHEH 1 Horo ¢izionoriuHui
craH Ta HakonmudyeHHs °’Cs 1 BaXKKUX METaIiB y M’S30Bill TKaHHHI.

3.2.1. IIpoaykTuBHi i 3a0iiiHi AKOCTI CBMHEHd 32 BUKOPUCTAHHA PIi3HOIO
CKJIALy 3epHOCYMilIei

VY KOMIUIEKCI TPOMOHOBAHUX KOHTP3aXOJIB IIOAO 3HUKEHHS HAKOIMYEHHS
37Cs 1 BaxKUX MeTaiB y TBAPMHHMIBKIN IPOMYKIii HAMOIIBII MEPCIEKTHBHUMH Ta
€KOHOMIYHO BHUT1JJHUMHU € BUPOOHHUIITBO 1 3rOI0BYBAHHS TBAPHUHAM «YUCTUX» KOPMIB,
MIPUPOTHUX MiHEPaTiB-COPOCHTIB Ta IX CYMIIIOK 1 OallaHCyBaHHS pPalllOHIB TOAIBII 32
KUTTEBO-HEOOX1THUMU €JIEMEHTaMU KUBJICHHS.

Buxonsuu 3 b0oro, METOI0 HaIllMX JOCTIIKEHb 0yJI0 BUBUCHHS €(EKTUBHOCTI
BUKOPUCTAHHA PI3HUX 1103 O1JIKOBO-BITAMIHHO-MIHEpaJIbHOI JOOABKU Ta JIOMUHY Y
CKJIaJl 3€pHOCYMIIIE MICIIEBOTO BUPOOHUITBA 3a BUPOOHUUTBI CBMHUHU B 30HI
[Tomiccst Ykpainu, BIUTMBY JOCHIKYBaHUX (DaKTOPIB HA MPOAYKTHBHICTH MOJIOJTHSKY
CBUHEH Ta 3HIKEHHS KOHIeHTpaii ’Cs i Ba)KKUX METasiB y HPOMYKILi.

3r11HO 31 CXEMOIO JIOCTiAY, B MOPIBHSIBHUN MEP10]l TBAPUHHU YCIX MIAA0CITITHUX
rpyn oTpuMmyBasid 3epHOcyMimn Nel, sika ckiamanacs 3 KOHIIEHTPOBAaHUX KOPMIB
MICIIEBOTO BHPOOHUIITBA, BUpoileHuXx B IIl 30H1 pagioakTUBHOrO 3a0pyJHEHHS, 3
100aBKOIO O17TKOBO-BiTaMiHHO-MiHepanbHOi g006aBku (BBMJI). Piznuist B romismi
IIITOCTIAHUX CBUHEH B OCHOBHUM ITEP10/] TOCIIKEHD T0JIsATaNia B TOMY, 110 TBAPUHH
[ (KOHTpPOJIBHOI) TPYNU OTPUMYBAJIM KOPMHU DAIIOHY $IK 1 B MOPIBHSJIBHUN MEpioj
excriepuMenTy. Bonnouac migcsunkam 11 (mocminnoi) rpymu 5 % BBM/] (3a macoro) B
CKJIaJl pallioHy 3aMmiHIOBalM Ha 5 % nepti JonuHy, a poecHukam 11 (mocnignoi)
3rofIoByBasii 1epTh nieHnuny (80 % 3a macoro), nepth JdronuHoBy (10 % 3a macoro)

ta 10 % BBMJI.
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Tomy ckitan 3epHOCyMIIIEH I BIATOAIBI1 MIAJOCIIIHUX TBApUH OYB Pi3HUM
(% 3a macoro): I rpyna: mmenunts - 90, BBM/I - 10; Il rpyna: nmenuns - 90, jironuH -
5, BBMJI - 5; III rpyna: nmenuns - 80, monud - 10, BBM/] - 10.

VY cepennbomy 3a 100y MiAJOCHIIHUA MOJIOAHSK CIOXKHMBAaB JEHIO PI3HY
KUTBKICTb 3epHOCYMiMI — 2,32-2,43 kr. ToMy 1 MOXKHUBHICTH | KT KOpMY IS TT1ICBHUHKIB
Oyna HeogHakoBoro — 24,7-26,3 MJlx obwminHoi eneprii Ta 1988-2088 1 cyxoi
PEYOBHUHM. 3a Mepio/i BUPOITYBaHHS MOJIOAHSKY CBUHEH KOHIIEHTpaIlisi eHeprii B 1 kr
CyX01 peuoBHHU parfiony ctanoBuia 12,4-12,7 MJI>x o6miHHOT eHeprii.

EdexTuBHICTS TO/IBI TBAPUH 3aJTEKUTh AK Bijl P1310J0TIYHOTO CTaHy, TaK 1 Bij
30a71aHCOBAHOTO 32 MOKMBHUMH Ta O10JIOT1YHO-aKTUBHUMHU PEYOBHHAMHU PAIlIOHY.
OCHOBHUMHU TIOKa3HHMKAMU, SIKI XapaKTePHU3YIOTh MPOAYKTHBHICTH Ta PICT MOJIOJIHUX
TBAapUH, € MPUPOCTH iX KUBOT Macu. Pe3ybTaTi MpoBEACHHUX JTOCTIIKEHb MTOKa3alH,
[0 32 OJHAKOBHUX YMOB TOJIBJII Ta YTPUMaHHS TBapUH Ha BIJTOJIBII, IT1JICBUHKU

3aJIEKHO Bl BUY 3€pHOCYMIIII, IKU BOHU CIOKMBAJIA, MAJH Pi3HY )KHUBY Macy IO

3aKIHYCHHIO eKCIIepuMeHTy (Tabm. 1).

Taoaunga 1
[Toka3HukM MPOAYKTUBHOCTI MiIIOCIIITHOTO MOJIOAHSKY cBUHEN (n=10; M £ m)
IToka3Huk ['pyma
I - konTponwsHa | II - mocmigna | III - mocmigHa
TpuBanicts nocniny, aid 124 124 124
’Kupa Maca, KI: MO4YaTOK JOCHTiAY 37,8+ 1,4 37, 7+2,2 37,7+ 1,1
3aKIHUYECHHS JOCIITY 1142 +53 111,0+35,5 113,0+3,8
[TpupicT >xuBoi Macu:
aOCOIIOTHUH, KT 76,4 +£5,1 73,3 +£3,6 75,3 +4,2
cepeaIHbO000BHM, T 616+41 591 +29 607 + 34
+ 200 — 10 KOHTPOJIIO: r - -25 -9
% - -4,1 -1,5
Butparu o6miHHOT eHeprii Ha 1
KT IPUPOCTY KUBO1 Macu, MJIx 40,1 44,5 433
+a00 — 10 KOHTPOJIIO: M /Tx - +4.4 +3,2
% - +11,0 +8,0

137




AGRICULTURAL RESEARCH: INNOVATIONS IN PLANT PRODUCTION AND MINING,
CURRENT STATE OF ECOLOGY, RESEARCH IN THE FIELD OF AGROENGINEERING

CepenHbOI000BUIM TIPUPICT KUBOI MACH TBAPUH YCIX MIJAOCIIIHUX TPYI 3a
nepio MPOBEACHHS JIOCIKEHb KOJIMBaBCs B Mexax Bia 591 r go 616 r. HaliBuia
IHTEHCUBHICTh POCTY BiIMiu€Ha Y MOJIOJIHSAKY cBUHEH | (koHTponbHOT) Tpynu — 616 T.
3a UMM TOKa3HUKOM MiJCBUHKU IIi€i Tpynu nepeBaxkanu poBecHukiB 13 II ta III
(mocnigamx) rpyn Ha 9-25 T, a6o Ha 1,5-4,1 % 3a HewiporigHoi pizaUI (P<0,95).

3a BuTpaTamMu OOMIHHOI eHeprii Ha | Kr MpUpPOCTy >KMBOI Macu TBapHHU
JOCIITHUX TPYT TAaKOXK MOCTYIATUCS Mepe] MOJIOAHSIKOM 3 KOHTPOJIbHOI IpyIy Ha 3,2-
4,4 MIx oominnoi eneprii (na 8,0 -11,0 %). Butpatu neperpaBHoro npoteiny Ha 1
KI' IPUPOCTY KUBOT Macu KoJuBasiuca B Mexax 450-544 r 1 6ynu Ounbmmu Ha 10,2-
20,9 % y mincBuskiB II Ta Il (mocnigHux) rpym, HIXK y KOHTPOJIL.

Buxosuu 3 BUIIEBUKIIAJIEHOTO aHAlli3y, MOKHA 3pOOUTH BUCHOBOK MPO TE, IO
3aMmiHa B ckJaji 3epHocyminn 5-10 % (3a macoro) aeprti nenuii 1 BBMJI Ha Taky x
KUIBKICTb JI€PTI1 JIFONUHY 3@ BIATOA1BIII MOJIOAHSIKY CBUHEW Y MONICHKIA 30H1 YKpaiHu
HETaTHUBHO MO3HAYAETHCS HA 1X MPOIYKTUBHHUX SKOCTSIX Ta KOHBEPCii KOPMY.

3 METOI0 TMOPIBHSUIBHOI OLIHKK M’SICHOT MPOJYKTUBHOCTI, B KUJIbKICHOMY Ta
SKICHOMY BIJIHOIIEHHI, MICJIS MPOBEICHHS HAYKOBO-TOCIOJAPCHKOTO JAOCIITYy, Oyi0
3MIMCHEHO KOHTPOJIBHUM 3a01¥ MIOCTIAHUX TBAPUH TO 3 TOJOBH 3 KOXKHOI TPYTIH.
Hapasi nans 3aboro Oynu BimiOpaHi MIACBUHKKA 3 CEPEIHBOIO MJIS BiAMOBIIHOT
MIIOCTIAHOT TPy JKMBOIO Macoro. 3a0iifHI MOKAa3HUKU MOJIOJIHSKY CBHHEW Mayu
MEeBHI MDKTPYTIOB1 BIAMIHHOCTI (Ta01. 2).

Ta0auus 2
3a61iiH1 AKOCTI MATOCHIAHUX cBUHEN (n=3; M £+ m)

[Toka3Huk ['pyna
I - koaTpoasHa | Il - nocmpana | III - mocaigHa

[Tepenzabiiina xuBa Maca, KT 118,7 £ 3,72 112,7+5,60 | 115,3+4,63
Maca mapHoi Ty, Kr 80,3 +4,40 79,5 £ 6,52 78,9 £ 7,32
Buxia mapsoi tymii, % 67,6 70,5 68.4
Maca BHYTPIIIHBOTO XKUPY, KT 2,34+0,41 2,50+0,32 2,49 £ 0,45
Buxin xupy, % 1,97 2,22 2,16
Maca, Kr: ToJIOBH 7,51 +£042 7,03 £ 0,39 7,29 +£0,19

HI>KOK 1,48 £0,02 1,36 £ 0,10 1,33 £0,05
3a0iifHa maca, Kr 91,63+4,98 90,39+7,16 90,01+7,81
3a0iitHuit BuXia, % 77,2+1,81 80,2+2,64 78,1+4,22
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Tak, >kuBa maca TBapuH | (KOHTpoIBLHOT) rpynu nepea 3aboem ckiana 118,7 kr,
a B Il Ta Il (mocnmiguux) rpymnax cranoswia 112,7-115,3 kr, abo Oyia MeHIIOO 3a
KOHTPOJIbHI TIOKa3HWkW  Ha 3,4-6,0 kr (Ha 2,9-5,1 %). BcTanoBnena HecyTTeBa
MDKTPYTIOBa PI3HUIIS 32 MAcOK TYIII Ta 3a01iHOI0 MAacOr MOJIOTHSAKY cBuUHEH. Lli
MOKA3HUKH y MiJICBUHKIB | (KOHTPONBHOI) rpynu OyJin TEHIEHIIHHO OUTBIIMMHU Ha
0,8-1,4 xr (ma 1,0-1,8 %) Ta 1,24-1,62 kr (sa 1,4-1,8 %) BignoBigHo, HiX y II Ta III
(TOCHiIHUX) TpyTIax.

Boanouac croctepiraetbcsi TEHIEHIS A0 3pOCTaHHS 3a0iifHOrO BUXOAY B
MIJCBUHKIB JIOCHIIHUX TPYyH, SKUM 3roJoByBaiu 3epHocymimii No2 1 Ne3. Ilew
MOKa3HUK Y HUX OyB OUIBIINM MOPIBHSIHO 3 POBECHUKAMHU, SIKUM BBOJIMJIN JIO CKIIATY
3epHOCYMilI TUIbKH aepTh nmenuni 1 BBMJI, na 0,9-3,0 % alc.

[TopiBHsIBHUN aHaAMI3 XIMIYHOTO CKJIaAy HaAWJOBIIOTO M SI3y CIIMHHU
BIITO/IBEJIBHUX CBUHEW TOKa3aB, IO y MiJCBUHKIB, SIKUM 3TOJIOBYBAJIM B CKJaji
pauiony 3epHocyMim Nel (mmenuns + BBMJI), koHmeHTpamis y M’aci Cyxoi
PEUYOBHHHM Ta >KUpPY OyJia HaMOUIBIIO 1 MepeBa)kaja aHaJOTI4yHI TOKa3HUKHU
poBecHUKIB gocaiaHux rpymn Ha 0,28-0,42 % ta 0,39-0,70 % abc¢. BinnoBiaHO (TabII.
3). BoapHowyac HaWOUIBIIMM yMICTOM MPOTEIHY Ta 30JM B M SI30BIA TKaHWHI
xapakTepu3yroTbcsa TBapuHu Il rpynu, siki cnoxkuBaiu 3epHocymimn Ne2 (aepThb
nmennyHa — 90 %, BMBJI — 5 %, nepte monuHoBa — 5 %) — 22,83 % Tta 1,11 %
BIIMOBIHO, 110 Oinbie 3a rnmoka3Huku poBecHukiB I ta Il rpym ma 0,12-0,27 % Ta
0,01-0,05 % abc.

Taoauus 3.

XiMIYHUN CKJIaJl HAWOBIIOTO M s3y CIIMHU CBUHEH, % B HaTypaJibHIil pedOBUHI

I'pyna IToka3Huk

cyxa MPOTETH XKUP 30714
pedoBrHA
I — xonTponpna | 28,01 £0,80 | 22,56 + 0,86 4,35+ 1,36 1,10 £ 0,04
IT — nocnigna 27,59 +0,80 | 22,83+0,24 3,65+0,63 1,11 +0,03
1T — nocninna 27,73 £1,12 | 22,71+0,13 3,96 £ 1,24 1,06 + 0,01
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Jlemno 1HII1 3aKOHOMIPHOCTI BCTAHOBJICHI B XIMIYHOMY CKJIaJly TI€U1HKH (TaOI.

4). Tak, y upoMy oprani Mmonogausky csunei Il ta Il (mociigaux) rpyn yMicT cyxoi

peYOBHHM Ta NpoTeiny OyB OinmbmuMm Ha 1,36-1,40% Tta 1,11-1,57% abc. BiAmoOBiAHO,

HIK Y poBecHUKIB | (KOHTpOsbHOI) rpynu. Haiibinpie >xupy MICTHUIIOCS B IEYIHII

niacsuHkiB Il rpymu (3,36 %), Toal sIK 307U — OJHAKOBA KUIBKICTh Y TBapUH YCIX
nignocaigaux rpyn (1,42 %).

Tadoaunga 4

XiIMIYHUH CKJIa[ IIEYIHKA MOJIOOHAKY CBHHEH, % B HaTypaJIbHINA PEUYOBHUHI
9

I'pymna [Tokaznuk
cyxa MPOTETH KUP 30J1a
peyoBHHA
I — koHTpONBHA 30,82 +£0,89 26,29+0,92 | 3,11 +0,05 1,42 + 0,06
I — nocnigna 32,18 +£0,92 2740+ 1,11 | 3,36 £0,16 1,42+ 0,03
III — nocninHa 32,22+ 0,31 27,86 £0,35 | 2,94 £0,29 1,42 + 0,04

Pi3Huii XiMIYHMIA CKJIaJ, HAWJOBLIOTO M A3y CIMHU Ta IMEYIHKH MOJOIHSKY
CBUHEW KOHTPOJBHOI Ta JOCIITHUX TPy HECYTTEBO BIUIMHYB HAa €HEPreTUYHICTDH
(kajopiiHICTh) MPOIYKIlI CBHHApPCTBA. Tak, eHepreTnyHa IIHHICTh 1 Kr M’S30BO1
TKaAaHWHU MIAJA0CIITHUX TBApUH KoJuBaacs B Mexax 5,34-5,57 MJIx. Lleit nokazHuk
y HalJOBIIOMY M 531 CIMHU OyB HAWBUIIKM Y MiJICBUHKIB | (KOHTpOIBHOT) Tpynu —
5,57 MJx/kr, nopiBasiHO 3 aHanoramu Il Ta I (mocnigHux) rpyn mepesara ckiiaja
0,23 MTx/kr (4,3 %) ta 0,13 M]JDx/kr (2,4 %) BiAMOBIAHO.

Eneprernuna miHHICT, | Kr TEYIHKA MOJIOAHSKY CBHHEW TMOPIBHSHO 3
HaWJIOBIIUM M’ S30M CIIMHU Jieio Oinbiia — 5,73-5,93 M/Ix (1a 2,9-11,0 %). Y TBapun
JOCIITHUX TPYII 1Iel MOKa3HUK cTaHoBUB 5,84-5,93 MJDx/kr, mepeBara BiIHOCHO
koHTpouto ckiana 0,11- 0,20 M/[x/kr, abo O6yina Giabiioro Ha 1,9-3,5 %.

Buxonsum 3 oTpuMaHUX Pe3yNbTaTiB JOCIIIHKEHb, MOXHA KOHCTATyBaTH, IO
BUKOPUCTAHHS JJISl BIATOMIBI CBUHEW 3E€pHOCYMIIIEH PI3HOTO CKJIAAy CYTTEBOTO
BIUIMBY Ha XIMIYHHMI CKJIaJl HAMIOBIIOTO M 3y CIIUHU 1 IEYIHKU Ta iX EHEPreTUYHY

IHHICTH HE MAJIO.
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3.2.2. Hakonuuenns ’Cs, Pb i Cd y m'si30Bili TkanuHi i neuinni cBuneii 3a
BUKOPHUCTAHHS Pi3HOTUIIOBHUX PalliOHIB

B yMoBax cydacHOTO TEXHOTE€HHOTO 3a0pyJHEHHS  HABKOJHUITHHLOTO
CepeoBHIIA €KOJIOT1YHI MTPOOJIEMH, MiABUIIICHHS SKOCT1 TBAPUHHHUIIBKO1 MPOIYKIIIi Ta
il xap4yoBoi Oe3nekr HabyBalOTh BUKIIIOUHOT aKTYaJIbHOCTI.

[TuToMa akTuBHiCTh *’Cs y KOpMax pariioHiB KOIMBAIACS B IIUPOKMX MEXKAX —
Bix 70,2 bx/no6y no 116,9 bx/no6y 1 Oyna 6inbmioro Ha 27,9-66,5 % y I (mocmiaHii)
rpymi, Hik y | ta Il rpynax (ta6xa. 5). Lle moB’a3aHo 31 CIOKUBaAHHAM MiAOCTITHUM
TOTOJIB’IM CBUHEil 3epHOCYMilleil pi3HOro cKiagy. MIMOBIpHO, HAKOIHYEHHS

PAJIOHYKIIITy B JIFOTIMHI MOPIBHSHO 3 MIIEHUIICIO 0YJI0 3HAYHO OLIBIITNM.

Tadoaunga 5

[TuToMa akTuBHICTH °'Cs B KOpMax parioHy Ta mpoAyKTax 3a0010 cBUHEH (n=3; M +

m)
Vwuicr 1¥'Cs
I'pyna cepeHbO1000BUM POYKITiA, + J10 KOHTPOJIbHOI TPyIU
paiiioH, bk Bbx/kr Bk/kr ‘ %
Hatimosimmii M’ 13 cniHU
I — KOHTpOJBHA 91,4 309+4,1 - -
Il — nocaimHa 70,2 30,5+3,5 -0,4 -1,3
IIT — nocnigna 116,9 36,7+ 35,9 +5,8 +18,8
ITeuinka
I — KOHTpOJBHA 91,4 373+1,7 - -
Il — nocmingna 70,2 353+ 2,1 -2,0 -5,4
IIT — nocnigna 116,9 35,2+ 4,7 -2,1 -5,6

3a pe3yabTaTaMmu JOCII)KEHb BCTAHOBJIEHO HECYTTEBY MIKIPYIIOBY PI13HUIIIO 32
BmictoM ’Cs B HalioBIIOMY M’S31 CIMHM i II€YiHII MiAJOCIiZHOIO MOJIOJHSAKY
cBuHeil. [Iutoma aktuBHicTs *’Cs B Hali[oBIIOMY M’S131 CIIMHM TBapUH KOJIMBAJACs
no rpymnax y mexax 30,5 — 36,7 bx/kr 1 He nepeBuiyBaia qomyctTuMux piBHiB (JIP-
2006 = 200 bk/kr). Bonnowac, npu 3amini y ckianai 3eprocymimti 10 % (3a macoro)

JEpTi NIIEHUYHOI Ha aHaJoriyHy KuibkicTh nepti monuny (Il gocnigna rpyna),
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KOHIICHTpAIIisl PaJio1e310 B M’ SI30B1M TKAHWHI BITHOCHO KOHTPOJIIO MiJBUIIYETHCS HA
5,8 bk/kr, a6o Ha 18,8 % (P<0,95).

Jle1o iHIIa 3aKOHOMIpHICTE CIIocTepiranacs 3a HakonuueHHsaM °’Cs B medinmi
MIII0CTITHOTO MOJIOJHAKY CBHHEW — II€M TMOKa3HUK Yy TBAapWUH MOCTIIHHUX TPy
BUSIBUBCSI MCHIIIUM Ha 5,4-5,6 %, HI’K y KOHTPOJTI.

[TapameTpoM, sikuil XapakTepu3ye 3a0pyJIHEHHS MPOIYKIi TBapUHHUIITBA
PAIIOHYKIIIIJaMU  3aJIeKHO B1JI iX HAJIXOJKEHHS JI0 OpraHi3My TBapWH 3 KOPMaMH, €
KpaTHICTh Hakonu4eHHs. lle BigHOLIEHHS BMICTY HYKJIiAy B OpraHi, TKaHUHI YU
OpraHi3Mi B ILUJIOMY [I0 BMICTYy y JA00OBOMY paIlioHl. Y HaIIUX JOCITIKCHHSIX
KpaTHicTh HakonuueHHs °’Cs B HalioBmmii M’s3 crman cknanana 0,314-0,434 1 Gyna
Ounbioro Ha 28,4-38,2 % y MOJOIHAKY CBHHEH, SIKI OTPUMYBaJIU 3epHOCYMIII Ne2,
IOPiBHSAHO 3 BUKOPHCTAaHHAM 3epHocyMimmeii Nel i Ne3. Kparnicts Hakonmuenns 2’Cs
B IIEY1HII1 MIJIOCIIHUX TBApUH BapitoBana y mexax 0,301-0,503 1 BusiBunacs Ha 23,3-
67,7 % Oiunpmoro y migcBuHKiB 11 (mocnianoi) rpynu  nopiBusiHo 3 I ta Il rpynamu.

BpaxoByroun BUKIIaJeHE, MOXHA CTBEpPJUKYBaTH, IO BBEJCHHS JI0 CKIIATy
3epHocyMi 1o 5 % (3a macoro) aeptTi ronuHy 1 BBMJI 3a BiaromiBiai MOJIOTHSKY
ceuHeir y 3oH1 [lomiccs VYkpaiHum  mpu3BOAUTH 10 OUIBIIOTO HAKOMWYEHHS
PaAIOHYKIIITY B IXHIM MPOAYKIII.

3rimfHo  moBiAOMJIEHb  aBTOpiB  [125], ocoOmuBy  HeOe3meky A
CUTbCHKOTOCTIONIAPCHKUX TBAapUH 1 JIOACH CTAHOBIATH BaXKKI METaIM BHUCOKOI
tokcuyHocti — Pb, Cd, Hg, As, Se, F, Zn. Bognouac, 3a nanumu excreptie BOO3 Ta
IHIIAX ~MDKHAPOJHUX OpraHizaii, OJHMM 3 TJ00QJIbHMX 1 HeOe3meuHux
3a0pyaHtoBauiB  noBKULIL € Pb. Ileit Meram Mae A0CTaTHBO BEJIUKI 0OCSTH
BUPOOHUIITBA Ta MIMPOKY cPepy 3aCTOCYBaHHS, 110 3YMOBIIIOE MOT0 HAIXOJKEHHS 1
MOIIMPEHHS B Pi3HI 00’ €KTH HaBKOJIUIITHBOTO IPUPOTHOTO CEPEAOBHINA. 3IATHICTD J0
KyMyJISIii B OpraHax 1 TKaHMHaX, BUCOKa O10JOT1YHA aKTUBHICTH Pb CTBOPIOIOTH
peanbHy 3arpo3y JUIsl 30pOB’ sl TIOJIMHY 1 TBApHH. 3a HOT0o KOHIIeHTpaIlii B kpoBi 200-
400 MKr/n y mrofe MOXKyTh HACTaTU O3HAKU OTpYy€eHHs [126].

ExcnepuMeHTallbH1 JOCHIIKEHHSI TOKa3aldu, 110 B OpraHi3M MiJA0CIIIHUX

CBUHEW 13 KOPMOBHMMH paIlioHaMU HaJXOJWJIa 3HAYHAa KUIbKicTh Pb, mobGose
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CIIO’KMBAaHHS SIKOTO MOJIOJIHSKOM CBUHeW KoJsmBanocs Bif 3,32 mo 4,59 mr i Oyno
OunbiuM Ha 22,9-38,2 % y AOCHIAHUX IpyMax, HXK y KOHTpo:i (Tad. 6).
BinnoBigHo no mpuiiHATUX JlepaBHUX CaHITApPHUX MPaBUI 1 HOPM YKpaiHu
[127], rpannuno ponyctumuid piBeHs (I'JIK) cBuniio B M’sci ctanoButh 0,10 Mr/kr, y
nevinii Ta Hupkax — 0,5 mr/kr. Pe3ynbrati oOcTexeHb MOKa3aiy, M0 HAKOMYCHHS
Pb y naiigoBmomy m’s3i ciuau  Oyno 6uneimm 3a I'JIK y cBuneit ycix rpym B 1,46-
6,18 pasu. BogHouac KOHIIEHTpallisi I[bOTO Ba)XXKOrO MeTaldy B M’ S30BiM TKaHUHI
tBapuH Il 1 Il (mocniguux) rpym, siKi CIOKUBAJIA 36pHOCYMIII 3 JTIOMMHOM, BITHOCHO

poBecHukiB | rpynu migBuniacs va 70,5-423,3 % (P>0,95-0,99).

Tadoaunda 6

YwmicT Pb y kopMOBHX pallioHax 1 MPOAYKTax 320010 CBUHEH

['pymna Konuenrpauis Pb Koedimient
CepeaHbO- MPOAYKITiS, + J10 KOHTPOJIIO Mepexoay,
T000BUH MI/KT MI/KT % %
palioH, Mr
HaiinoBmmii M’ 3 cniHU
I — koHTpOIBHA 3,32 0,146+0,022 - - 4,40
Il — mocmgnaa 4,08 0,249+0,024* | +0,103 | +70,5 6,10
III — mocmigHa 4,59 0,618+0,058** | +0,472 | +423,3 13,46
I'’IK - 0,10 - - -
Ileuinka
I — xoHTpONBHA 3,32 0,451+0,043 - - 13,58
Il — mocmgnaa 4,08 0,718+0,063* | +0,267 | +159,2 17,60
III — mocmigHa 4,59 1,311+0,089** | +0,860 | +290,7 28,56
I'’IK - 0,50 - - -

Ipumimxa. * - P>0,95; **P>(0,99.

Bwmict cBuHIto B meuidii  mojoaHsky cBuHed II ta Il (mocmignux) rpymn
BUSIBUBCSI TaKOX OUIBIIMM 3a TPAaHUYHO JOMYCTUMUUN piBeHb y 1,44-2.62 pazu. Jlo
TOTO K 3r0JIOBYBAaHHSI MiJICBUHKAM JOCTIAHUX TPYM y cKiial 3epHocymiteit No2 1 No3

JIONHUHY TIOPIBHSHO 3 KOHTPOJIEM MPHU3BEIIO A0 30uIbleHHs BMICTY Pb y nedinmi Ha

159,2-290,7 % (P>0,95-0,99).
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[lomo nepexoay I[lmomMOymy 13 KOpMiB pallioHy B IPOIYKTH 32000 MOJIOAHSKY
CBUHEW, TO CIIJl 3ayBaKUTH, IO Il MOKa3HUK Yy TBapuH | (KOHTPOJIbHOI) rpyIii
BUSIBUBCS HabOaraTo HKk4YuM, HOK y Il ta Il (mocmimgamx) rpymax.

Kinekicte Cd, mo Hagxoauaa 10 OpraHi3my IMiJII0CTIAHOTO MOJIOTHSAKY CBUHEH
BEJIMKOi O1JI01 MOPOIM 3a MOT0 BiATOIBII PI3HUMH BapiaHTaMU 3epHOCyMieH, Oyia

3HAYHO HWXUOI0, HIX Pb, mo cranoBmio 0,061-0,097 mr/no0y (tad:mn. 7).

Tadoaunga 7

Yuict Cd y KOpMOBHX palfioHax 1 MpoIyKTax 3a0010 CBUHEH

['pyna Konnenrparis Cd Koedirmient
cepeaHbO- MPOAYKINSA, | & 0 KOHTPOJBHOL nepexoy,
no00oBUM MT/KT Py %
palioH, Mr MI/KT ‘ %
Hatinosmmit M’ 13 cniHU
I — KOHTpOJIBHA 0,097 0,025+0,001 - - 25,77
Il — nocnigna 0,061 0,026+0,001 +0,001 +4,0 42,62
III — nocmigna 0,083 0,025+0,002 - - 30,12
I'IK - 0,05 - - -
Ileuinka
I — KoHTpOJBHA 0,097 0,052+0,002 - - 53,61
II — mocmigHa 0,061 0,059+0,006 +0,007 | +13.5 96,72
III — mocnigHa 0,083 0,053+0,009 +0,001 +1,9 63,85
I'JIK - 0,50 - - -

3a pesyabTaTamMu JOCIIPKeHh MOXHA KOHCTaTyBaTH, 1m0 koHieHTpaiis Cd y
M’S30B1i TKaHWHI MIIIOCTIAHUX CBUHEH BapitoBaJia y HE3HAYHOMY Jl1alia30H1 3Ha4Y€Hb
— 0,025-0,026 Mr/kr 1 HEe IEpEeBUIIyBaJla TPAHUYHO JIOMYCTUMY KOHIIEHTPAITIIO.

Haii6inpma kimpkicts Cd HarpoMapKy€eTbes B IEUIHII MIAAOCTITHUX TBAPUH —
0,052-0,059 wmr/kr. Hatomicte HaiiMenma KimbkicTh Cd wmicTunacs y mediHIl
nigcBuHKiB | rpymnu (0,052 mr/kr), skux BiarogoByBaiu 3epHocymimo Nel (90 %
nmenuiti + 10 % BBMJ] 3a macoro).

Koepiuientu nepexony Kaamiro y cBUHUHY (HalIOBIINIA M’ 3) Ta IEUIHKY OyJIU
JIOBOJT1 BUCOKUMU — 25,77-42,62 12 53,61-96,72 % BiAnoBiAHO. 32 BBEACHHS /10 CKJIATy

3epHOCYMIiII pi3HuX 103 AepTi domuHy 1 BBM/J] nmepexin Cd y HaiinoBmmii M’s13 CIMHA
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TBApUH JIOCJIIHUX IPyIl MijiBUIyBaBcs Ha4,35-16,85 % abc. MOpiBHSIHO 3 KOHTPOJIEM.
Haiitmenmmum koedirienTom nepexoay Kaamito y mediHKy BiApI3HAETHCS MOJOAHSK |
(koHTpOIBHOT) TpymH, a HalOUTbImM — I1 (mocigHOT) Tpymy.

OTxe, BUKOPHUCTAHHA JUIs BiATOMIBII MOJOAHAKY cBuHed y III 30Hi
panioaKTUBHOTO 3a0pyaHeHHs 3epHocymimiei Ne2 1 Ne3 HeraTMBHO BIUTMHYJIO Ha
€KOJIOT1YHY SIKICTh MPOAYKIIIi, MiJBUIMYIOYA BMICT 1 MEpeXill BaXKKUX METaliB Y
HaWOBIINN M’SI3 CITUHH Ta MEYIHKY.

BucHoBku:

BukopucranHs s BIATOAIBII MOJOJHSIKY CBHHEH 3epHOcymimeir Ne2
(mmenuttst — 90 %, mronun — 5 %, BBMJI — 5 %) 1 Ne3 (nmenuns — 80 %, mronuH — 10
%, BBMJI — 10 %) BimHocHo 3epHocyMimi Nel (mmenuns — 90 %, BBMJ[ — 10 %)
HEraTUBHO MO3HAYAETHCS HA X MPOAYKTUBHUX SKOCTAX, 3HUKYIOUH CEPEIHBOI000BI
MPUPOCTH KMUBOI MacH TBapuH Ha 1,5-4,1 % Ta 30UTbLIyI0YM BUTPATH OOMIHHOT €HEpTii
Ha OJUHUIIIO TTpupocTy Ha §,0-11,0 %.

3amina B ckiani 3epHocyminr 5-10 % (3a macoro) aepti nenuri 1 BBM/] na
TaKy >k caMy KUIbKICTb JEpTI JIIOMUHY 3a BIJITOJIIBIII MOJIOAHSIKY CBUHEH y MONICHKIN
30HI YKpaiHM CyTT€BOTO BIUIMBY Ha 3a0iiiHI MOKAa3HUKUA TBAPWH, XIMIYHMHA CKJIaj
HaWJJOBIIOTO M A3y CIIMHH 1 IEYIHKH Ta IX €HEPreTUYHy LIHHICTh HE MaJia.

[TutoMa akTuBHICTH '¥’Cs B HAZOBIIOMY M’s31 CIIMHU TBAPHH KOJIMBAJIACS 10
rpynax y mexax 30,5 — 36,7 bk/kr 1 He nepeBuiyBana gomyctuMux piBHiB ([IP-2006
= 200 bx/kr). Bognouac, npu 3amiHi y ckiaji 3epHocyminn 10 % (3a macoro) aepri
MIIEHUYHOI Ha aHaJOTIuyHy KUIBKICTh JEpTI JIIONUHY (III' mocnmigna rtpyma),
KOHIICHTpAITiS PaioNe3ito B M’ 130B1il TKaHWHI BIJIHOCHO KOHTPOJTIO ITiIBUIY€E€THCS Ha
5,8 bk/kr, a6o Ha 18,8 % (P<0,95).

PesynbraTti 006cTe)XEHb MOKa3aH, M0 HAKOMUYCHHS Pb y HalmoBIoMy M’si3i
cnuHu Oyno 6uibimM 3a I'JIK y cBuneit ycix rpyn B 1,46-6,18 pasu, y nediHui TBapuH
II ta I rpyn - y 1,44-2,62 pa3u. Hapasi KoHIeHTpallid IbOr0 BaXXKOI0 METaly B
M’si30Bi TkanuHl Ta mewiHii TBapuH Il 1 Il (mocmigHWX) Tpym, sIKi CIIOXHBAIH
3€pHOCYMIII 3 JIIOMUHOM, BIJIHOCHO poBeCHUKIB | rpynu miaBuiunacs Ha 70,5-423,3

% Ta 159,2-290,7 % BinnosigHo (P>0,95-0,99).
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3a BBEJCHHS 10 CKJIaAy 3€pHOCYMIIIl pi3HUX 103 AepTi dronuHy 1 bBMJI
nepexin Cd y HaiijoBmMid M’S3 CHOUHU 1 MEYIHKY TBapUH JOCHIIHUX TPyl

nigBuIryBaBcs Ha 4,35-16,85 % a6c. 1 10,24-43,11 % alc. mOpiBHSIHO 3 KOHTPOJIEM.
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