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Abstract. Electronic speed governors have become widespread on marine
diesel engines. In comparison with hydromechanical ones, they have an
additional setting parameter - input signal sensitivity. This parameter allows
changing the response of governors to high-frequency disturbances. In
camshaft diesel engines, such disturbances are generated when the cams run
over fuels pump push rods, while in ME (MAN Energy Solutions) or RT-flex
(Wartsila) engines they result from the use of inductive sensors with a serrated
tape on the diesel shaft for speed measurement. If the engine is used as a
main engine on vessels,the governor’s sensitivity additionally allows governors
to vary the response to propeller shaft resistance moment fluctuations in
sea waves conditions. In practice the value of sensitivity of electronic speed
governors of main marine engines is selected intuitively. As a result, the
adjustment of governors doesn’t provide satisfactory stability of speed modes
at the change of sea conditions. The study aims to develop a methodology
for adjusting the sensitivity of main engines electronic speed governors
with considering the stochasticity of the load on the diesel engine in sea waves
state. The study was carried out using the systems of automatic speed control
model, which is based on the assumption of relatively small deviations of
diesel engine shaft rotation speed and load parameters at sea waves conditions.
Considering the character and magnitude of change of load on diesel engine
at sea waves conditions depend on many variables of external conditions
(waves levels, course of a vessel in relation to wind-wave conditions, wind
gusts, vessel’s loading condition, given speed of a vessel), any set value of
sensitivity of electronic speed governors appears to be optimum only for a
particular case of vessel movement in sea waves state. The scientific novelty
is defined by the fact that recommendations on the choice of governor
sensitivity are determined with considering stochasticity of propeller shaft
resistance moment fluctuations at sea waves conditions, that increased
accuracy, and validity of recommendations. The practical significance of the
research consist in the increase of stability of speed modes of the main
engine with electronic speed governor at various sea waves conditions

Keywords: marine vessels, marine diesel engine, internal combustion reciprocating
engine,automatic speed control system, electronic speed governor, speed control
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Sensitivity optimisation of a main marine diesel engine...

INTRODUCTION

Main marine diesel engines operate in sea waves con-
ditions for a considerable part of the operational period,
when propeller shaft resistance moment fluctuates in
wide ranges of amplitude and fluctuations period. Based
on statistical data of wind force values and waves height
distribution repeatability of wind speeds (in Beaufort
scale points) on lines of transport vessels, for example, of
Black Sea Shipping Company in the third quarter of the
year 1988 was: 0 ... 4 grade - 63.8%, 5 grade - 18.1%,
6 grade - 9.9%, and 10 or more grade - 0.2%. For pro-
pulsion systems of transport vessels, a wave of a 5 grade
or more is considered to be tangible. That is why it can
be approximately considered that propulsion systems
work 1/3 of running time on unsteady modes, connected
with sea waves state [1]. It means that systems of au-
tomatic speed control (ASCS) of main marine diesel en-
gines should provide stability of speed mode at various
amplitudes and periods of fluctuations of load on the
diesel engine. At that, it is necessary to consider that
amplitudes and periods of fluctuations of loading on main
marine diesel engine at sea waves are random values
depending on wave levels, course, and yaw of a vessel,
gust of wind, and speed of a vessel. Therefore, if ASCS
operation is optimised for specific deterministic rather
than random disturbances, the stability of the diesel engine
speed mode may deteriorate as the sailing conditions
change. Electronic speed governors (ESG), in comparison
with hydromechanical ones, has additional configuration
parameters: the value of the reduced sensitivity range,
which can usually vary from 0 to 5 ... 10%; the signal
transfer coefficient in this range, which can be set from
0.1to 1.0.

Decreasing the sensitivity increases the stability
of the ASCS in the calm waving state but deteriorates the
dynamics of the ESG in the rough sea especially with a
smallwaving period.Normally,this parameteris selected
intuitively, which does not provide optimum control under
variable sailing conditions. One of the reserves for opti-
misation of diesel plants control in sea wave conditions
is the consideration of stochastic characteristics of dis-
turbing propeller action. The present study is devoted to
this problem [2]. Merchant vessels often undertake last-
ing voyages in difficult operating conditions because of
sea waves, where thermal stress values can reach ex-
tremes [3].Therotation frequency of a main engines (ME)
shaft at sea waves can be accompanied by mechanical
overloads of details of the cranking mechanism [4], which
leads to a decrease in efficiency and reliability of the
work of the engine [5]. Besides, as a result of the decrease
in excess air coefficient quality of fuel combustion pro-
cesses worsens causing coking of a gas-air path and the
increased wear of details of a cylinder-piston group.The
problem of ensuring the quality of diesel engine speed
control, taking into account the operational conditions

Scientific Horizons, 2021, Vol. 24, No. 11

of their work, remains relevant [6]. At the same time,
electronic governors implementing proportional-inte-
gral-derivative (PID) control law provide the greatest
opportunities for adaptation of ASCS operation to the
working conditions [7]. Stabilisation of diesel engine shaft
rotation speed, continuous monitoring, and automatic
maintenance of the same load on all cylinders increase
the reliability of engine operation as a whole and increase
periods between inspections of cylinders and exhaust
gas tract [8]. During the operation of an automated en-
gine, it is also advisable to ensure systematic monitor-
ing of its power utilisation and the effectiveness of the
ESG configurations [9].

Quality and accuracy of engine rotation speed
control are standardised by the international standard
ISO 3046-4:2009 “Reciprocating internal combustion
engines - Performance - Part 4: Speed governing” [10].
ESG not only provides stabilisation of speed mode of a
diesel engine but also allows prevention of mechanical
and thermal overload of a diesel engine on variable modes
of operation [11], which also provides a decrease in the
volume of harmful emissions with exhaust gases [12].
ESG using an electric motor as an actuator have a per-
formance capability sufficient for engines of almost any
capacity [13]. In sea waves conditions due to variable
weather, it is often necessary to readjust the ESG to en-
sure the stability of the diesel engine speed mode [14].
However,the problem of ensuring maximum operational
reliability, optimum control in conditions of sharply pro-
nounced load dynamics, quality of operation of main
marine diesel engines in sea waves conditions remains
unsolved [15]. Unsatisfactory governor dynamics can cause
increased fuming and thermal overloading of details of
a cylinder-piston group [16], exchange power fluctua-
tions between diesel engines working in parallel, and
insufficient capacity of the unit. In the study S.I. Gorb [17],
methods to improve the accuracy of simulation of ASCS
dynamics are proposed to optimise the operation of gov-
ernors under deterministic disturbances. These methods
can be used for optimisation of hydromechanical governors
or optimisation of ESG in S.I. Gorb and M.I. Budurov [18].
However, the proposed models for accounting for ASCS
nonlinearities with refinement can also be used to opti-
mise ASCS operation under stochastic variations in the
main engine load under sea waves conditions.

The study aims to develop a methodology for ad-
justing the sensitivity of main engines ESG with consid-
ering the stochasticity of the load on the diesel engine
in sea waves state. The realisation is aimed to improve
the reliability of main engines, optimise vessel speeds
and improve the energy efficiency of the fleet, being in
line with the aims of resolution MEPC 77/6/2 as well
as ‘related” resolutions MEPC 73/5/1, MEPC 74/5/5, and
MEPC 75/6/2 [19].




MATERIALS AND METHODS

The study was carried out using the ASCS model [17],
which is based on the assumption of relatively small
deviations of diesel engine shaft rotation speed and load
parameters at sea waves conditions. Under this assump-
tion, the propeller characteristics are linearised, and the
diesel speed characteristic is assumed horizontal (it is
assumed that diesel shaft speed has no influence on fuel
supply by high-pressure fuel pumps (HPFP) and on the
diesel indicator efficiency, which is typical of modern types
of diesel engines).To solve the optimisation problem the
model allows analysing the influence of ESG configura-
tion parameters on dynamic properties of ASCS diesel
engine. This model provides consideration of delays in
the channel of control action transfer from the governor
to the diesel engine (due to fuel cycling and peculiarities
of torque change in the cranking mechanism). The mini-
mum instability of the requlated parameter was chosen
as the criterion of optimality. This minimum must be
achieved, first of all, at the most probable fluctuations
of the disturbing influence. The study was conducted
taking into account the results of S.I. Gorb [20], which
substantiated the correctness of assumptions about sta-
tionarity and normality of disturbing influence on diesel
system at sea waves, including the fact that the system
under study contains linear inertial links, which normalise
the law of distribution of random signals. Author borrowed
from the work S.I. Gorb [20] quantitative dependencies
of changes in the disturbance variance D, on the wind
strength according to the Beaufort scale and the rela-
tionship of parameters @ and f («=0.16p), which charac-
terise the correlation function of the disturbing effect.

The signal dispersions in the ASCS were deter-
mined through the spectral densities, which are related
in different coordinates of the system by the square of
the frequency transfer function modulus. The spectral
density of the disturbing effect was set by Firsov’s ap-
proximation formula, which reflects well the physical
picture of the phenomenon, as it gives the lowest density
at low frequencies in comparison with other formulas.
The mathematical model didn’t include the gas turbo-
charger dynamics, as the charge air pressure remains
practically stable [21] in the dynamic modes of transport
vessels’ ME associated with sea waves state. The pres-
ence of non-linear links significantly complicates the
calculation of system response to random disturbances
because the transfer functions of the links depend on the
parameters of random signals. To calculate the nonlinear
transformation of random signals a method of statistical
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linearisation was used, the idea of which is based on the
replacement of nonlinear links by linear ones that are
equivalent concerning the response to a given random
disturbance. As a result of this replacement, the system
as awhole is linearised and the apparatus of linear theory
can be applied for its investigation. The minimum ex-
pectation of the square of the difference between the
random processes at the output of a nonlinear link and
an equivalent linear link is chosen as the criterion of
statistical linearisation for the system under study. This
criterion combines satisfactory accuracy of statistical lin-
earisation with the simplicity of calculation expressions
for inertia-free links.

In statistical linearisation, each non-linear stage
is replaced by two linear stages - one of which transforms
the conditional expectation of the input signal and has
a transfer ration of k™ and the other transforms the cen-
tered random component and has a transfer coefficient
of k. To make these coefficients time-independent, the
disturbing effect on the system under study must be
stationary. If, in addition, the random signals in the sys-
tem have a normal distribution law, the coefficients k™
and k” are only functions of the conditional expectation
and variance of the signals on links input. A closed-loop
control system is calculated in the following sequence.
First,some values of the coefficients are given k™ and k”
of all nonlinear links. Using transfer functions of the sys-
tem author determine in first approximation conditional
expectations and dispersions of signals at the input of
non-Llinear links. Using the found values of conditional
expectations and dispersions of signals author find the
coefficients k™ and k”.Then the cycle of expectation and
variance calculations is repeated many times until the
values obtained during the approximations coincide with
the previous ones with sufficient accuracy. The object of
investigation is the main diesel plant of HITACHI ZOSEN
MAN - B&W type 6S60MC-6 of the large-capacity oil
tanker “KORO SEA’, which was built at Namura Ship
Building Co. Ltd. in Japan and put into service 27.02.2008
(Table 1).The engine has a vertical cylinder arrangement,
is crosshead, reversible, and runs with a direct transfer
to a fixed-pitch four-bladed propeller, in increments of
4715 mm and 7300 mm in diameter. Gas turbine charging
is provided by a MITSUBISHI HEAVY INDUSTRIES MET66SE
series turbocharger.

The main technical data of the HITACHI ZOSEN -
MAN B&W 6S60MC-6 engine is taken from the design
documentation [22] and provided in Table 2.

Table 1. Main characteristics of the large-capacity tanker “‘KORO SEA”

Gross register tonnage, tonnes 56355
Net register tonnage, tonnes 32524
Deadweight, t 105905
Displacement, t 121852
Draught, m 14.92
Length, m 241.03
Length between perpendiculars, m 232.0
Width, m 42.0
Submersible propeller draught, m 771
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Table 2. Technical data of the HITACHI ZOSEN - MAN B&W 6560MC-6 engine

Number of cylinders 6
Cylinder diameter, mm 600
Piston stroke, mm 2292
Nominal power, kW 11770
Nominal speed, min.*! 101.0
Average indicator pressure, kgf/cm? 18.4
Maximum combustion pressure, kgf/cm? 143
Average piston speed, m/s 7.72

The HITACHI ZOSEN - MAN B&W 6S60MC-6 en-
gine is equipped with the Nabtesco electronic control
system which does not contain hydraulic or pneumatic
elements and consists of the M-800-IIl type automatic
remote control system, the MG-800 type ESG and engine
protection system. The Nabtesco MG-800 ESG [23] is based
on a controller and is equipped with an electromechanical
servo drive for fuel racks. The actuator with the maximum
torque on the output shaft — 330 Nm is an AC electric mo-
tor with a planetary reduction gear whose output shaft
is connected to the fuel rack. The controller provides PID
control law. The ESG setting parameters can be changed
according to a preset programme depending on the en-
gine operating mode, allowing the control characteristics
to change. For example, the basic setting of the gover-
nor ensures that the control law changes from PID to PI
(proportional-integral) when the speed increases above
60 min by zeroing out the differential time constant.
The governor settings such as gain, integration time, and
differentiation time are set independently of each other
for five engine operating modes (depending on engine
rotation speed or fuel supply). The governor is set to a
reduced sensitivity zone (RSZ) ranging from 0 to 10 min™*
(for the diesel engine in question from 0 to 0.099 relative
units).

The transfer coefficient in this zone is set within
a range 0.5-1.0 (the sensitivity can be reduced by up
to 50%). When the diesel shaft speed stabilises in the
specified limits within the recommended time range of
10 ... 30 s, the zone value doubles. It is recommended
that the signal transfer coefficient in the doubled zone
is set in the range from 0.1 to 0.5 (it is recommended
that the sensitivity is reduced by 50-90%). The control
panel is equipped with a HIGH GAIN mode key, in which
the PID configuration parameters are changed to a more
“active” operation of the governor (the setting values in
this mode can be changed). This mode is recommended
if the governor does not provide the required speed sta-
bility in rough sea conditions, especially if a shaft generator
is used. The engine speed is measured by an induction
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converter,whose circuit generates current pulses as the
serrated tape mounted on the engine shaft. The pulse
frequency is converted into a direct current with a volt-
age proportional to the engine shaft rotation speed.

RESULTS AND DISCUSSION

The structural scheme of the investigated ASCS is shown
in Figure 1. Due to the fact that the modelling aims to
improve the dynamics of the ESG under near-harmonic
disturbances, the structural scheme did not consider the
limitations of the permissible stroke of the actuator: as
a function of the measured rotation speed; as a func-
tion of the charge air pressure and rigidly set on the
control panel. In diesel engines, it is characteristic that
the change in the relative torque of the diesel relative
against the change in the relative stroke of the fuel
pump racks }Tr is delayed. This lag can be explained by
the fact that the torque indicator does not reach its
maximum value immediately after the fuel cut-off. The
maximum torque value corresponds to the angle of ro-
tation of the crank from the upper dead centre (UDC)
22 ... 32° Smaller values are characteristic of partial
fuel supply. When controlling the fuel supply by chang-
ing the end of the supply, the fuel cut-off torque depends
on the value ofhiand usually varies from UDC to 18° of
the crank turn. Considering the above, it can be assumed
that with hj close to 1, a delay of change of indicating
torque of a diesel engine approximately corresponds to
10°of a turn of a crank,and at hj close to zero, increases
to 20°. Then the value of the delay:

20 — 107,

= 1
Tgel 614000 1)

where: n , - rotation speed of diesel engine shaft in nomi-
nal mode, min*; w, - is a relative anqular speed of the
diesel shaft.

The study was carried out at an average engine
load of 80% of nominal load, which corresponds to the
main operating mode of the 93 min™.
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Figure 1. Structural scheme of ASCS of marine diesel engine HITACHI ZOSEN - MAN B&W 6560M(C-6
with ESG Nabtesco MG-800
Note: 1,3,8,10,13,15 - adders; 2, 7,15, 17 - integral links; 4 - functional converter, introducing a zone of low sensitivity;
5 - differentiating link; 6, 11, 18, 19, 20, 21 - proportional links; 9, 12, 14, 16 — nonlinear links, which consider signal
saturation at level + 1; 22 - nonlinear link, which consider transport delay t

The system is perturbed by the change in the rel-
ative torque on the diesel shaft IWC via the adder 1 (by
the load channel). Nonlinear transformations of signals
are carried out by a link 4 which introduces a zone of
the decreased sensitivity of ESG to unbalance signals
w,and w, ; links 9, 12, 14 and 16 which limit the
signal at a level of relative unity; link 22 which realises
a transport time delay of change of the diesel engine
torque in relation to the index of fuel pumps. Elements
3-9 produce the required value of the actuator stroke z "
This value is “worked out” by elements 10-20.The value
z ' is calculated directly from the signal for angular
speed setting w. If the signal z ' does not provide the
necessary fuel supply to the diesel engine (there is a
difference between the set w_and the measured w,,
angular speeds), links 3-7 will generate correction signals
to the adder 8. These correction signals allow the signal
Z ' to be refined. Link 4 realises a zone of reduced sen-
sitivity € (from 0 to 0.099 relative units) to the input
signal with transfer coefficient k (from 0.1 to 1 relative
units). Links 5, 6 and 7 convert the signal according to
the PID control law. With the normal ESG sensitivity set
on the control panel, the proportional link gain coeffi-
cient k , integration time T, and the differentiation time
T, are adjustable within the limits of 0.1 ... 5 relative units,
0.5...30sand 0 ... 2 s respectively.

The actuator has two feedbacks: barrel nut po-
sition (output signal z ) and electric motor speed 71,. In
steady states z =z ' and i =0. Therefore, the adder 10
output signal is zero. If an imbalance between the set
and the exhausted signals occurs (z,"and z) the output
signal of the adder 10 becomes non-zero. This signal is
amplified by the control element 11, having the output
signal limitation at the relative unity level. The occur-
rence of the signal at the output of element 11 causes
the acceleration of the electric motor which in the cir-
cuit is represented by an integral link 15. The electric
motor moves the barrel nut. The speed converter of the

del

electric motor into the nut stroke is represented by an
integral link 17 in the scheme. The barrel nut is moved
until the signal zZ, equals z " Rotation speed feedback
of the motor ensures its quick acceleration and quick
braking. Braking starts when the barrel nut approaches
the desired position. The scheme explains it as follows.
When the signal value Z_is approached to the value z '
the output signal of element 19 on the adder 10 will
become dominant. This will cause the signal at the out-
put of element 11 to decrease sharply and be reversed.
The maximum level of the output signal of element 18
is approximately equal 0.4. When the output signal of
element 11 which has received the opposite sign ex-
ceeds this value in absolute value, the motor will start
to decelerate. A reduction in the motor speed will re-
duce the signal at element 18 output, which will reduce
the speed even more.When accelerating the motor, ele-
ment 18 will only accelerate the process if the relative
output signal of element 11 is less than unity. This is
because the adder 13 output signal is also limited at the
relative unity level. The signal is also limited to one 7,

Transfer coefficient k determines the level of
signal unbalance z'and z at which the electric mo-
tor is braked (speed limitation — during acceleration). If
k =0.08, braking begins at approximately the unbalance
of the Z"and z, equal to 0.08 (at k <0.04 the electric
motor may not have time to stop and overshoot occurs).
Control element unbalance §_, is several times lower
than k. Link 20 feedback is used in the governor to
ensure parallel operation of main engines. If a single
main engine is used, its transfer coefficient k,, can be
zero. Link 21 takes into account the value of the stroke
utilisation of the ESG during the transition from zero
to nominal fuel supply, which is recommended in the
design documentation [23] (k, - relative stroke utili-
sation).ASCS model of the HITACHI ZOSEN - MAN B&W
6S60MC-6 marine diesel engine with Nabtesco MG-800
electronic governor is shown in Figure 2.
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Figure 2. Model of automatic speed control system for HITACHI ZOSEN - MAN B&W 6S60MC-6 marine diesel engine
with Nabtesco MG-800 electronic governor

The following values are used in the model: diesel
acceleration time Td‘p=2.3 s; delay time 7,,=0.02 rel.un.;
relative value of RSZ ¢ (dbz)=0.001 ... 0.099 rel. un.; co-
efficient of RSZ transfer kg=O.1 ... Lrel.un.; proportional
link gain coefficient k =0.5 ... 5 rel. un.; integration link
time T,=0.5 ... 8 s; differential link time T =0 s; ESG
actuator time T =0.4 s; inequality of control element of
the actuator §_=0.04 rel. un.; electric motor accelera-
tion time T,=0.03 s; transfer link coefficient for acceler-
ation and deceleration of electric motor k =0.3 rel. un.;
feedback transfer coefficient in electric motor speed

<)

X4

Y003
2 0.02608

x4

¥:003

2002615
uf

k =0.06 rel. un.; governor stroke utilisation coefficient
k, =0.75 rel.un.; feedback coefficient k.= O rel.un.Figure 3
shows the dependence of mean square deviation of the
shaft rotation speed \/D" and relative stroke of HPFP
rack \/Dh ,on the value of RSZ (with fixed kg=0.5 rel.un.)
ESG (with configuration parameters k=2.2 rel. un;
T=2.0s; T =0 s), defined by modelling. The results are
obtained with three average fluctuation periods of per-
turbation T,=3.3;7.9 and 20.9 s, which practically cover
the entire range of values encountered in operation.

b)

Wind

force
{number]

Figure 3. Effect of sea waves levels on the mean square deviation of relative shaft rotation speed VD and relative

stroke of HPFP rack VD

h

when changing the value of RSZ ESG - ¢, rel. un. (transfer coefficient RSZ kg=0.5 rel. un.)

Note: for waye condition with period: ab-T=33s;¢d-T=79s;ef-T,=209s
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Figure 3, a shows that for a period of fluctuations
of the disturbing effect T =3.3 s, decrease of sensitivity
in ESG from RSZ value of 0.099 to 0.03 rel. un. (with the
ESG transfer coefficient of 0.5 rel. un.) increases stability
of the speed mode of operation of the ME within the
whole range of wind-wave conditions. For example,
in a wave caused by 4-grade wind \/D" has decreased
from 0.0211 to 0.0197 rel. un. Decrease in RSZ value
from 0.03 to 0.01 rel. un. practically does not lead to
improvement of stability of the speed mode \/Dn does
not change). The further reduction does not lead to the
change of \/D,. in the whole range of the wind wave, it
is not expedient to decrease the governor sensitivity at
small deviations of the controlled parameter. Figure 3, b
shows that at T =3.3 s throughout the entire range of
wind-wave, a similar to speed mode tendency to stabi-
lise the thermal regime is observed with a decrease in
the sensitivity of the ESG. For example, in sea waves
caused by 4-grade wind, \/D is stabilised at the level
of 0.0296 rel. un. The reason fvor this is that the ESG no
more responds to low amplitude disturbances. If, how-
ever, the sensitivity of ESG is decreased in the range of
values of RSZ from up 0.05 to 0.001 rel. un., there is a
tendency of deterioration of stability of the ME thermal
regime, for example, at a waves caused by the 4-grade
wind, \/D increased from 0.0296 to 0.0461 rel. un.
This is explalned by the fact that when the sensitivity
decreases, the ESG moves the HPFP rail with a delay,
but in spurts, which does not reduce the amplitude of
its movements. Consequently, it can be concluded that
since the increase in sensitivity of ESG is accompanied
by an excessive increase in instability of speed mode
(especially at rough seas), an increase in sensitivity of
ESG cannot be recommended for stabilisation of thermal
mode of diesel engine.

Figure 3, ¢,and d demonstrate that for the period
of fluctuations of the disturbing effect T,=7.9 s in ESG
there is a similar tendency (as well as at T,=3.3 s) to
increase the stability of a speed mode and to decrease
the stability of a thermal mode at the decrease of sensi-
tivity of ESG. For example, in a waves caused by 4-grade
wind, with a decrease in RSZ from 0.099 to 0.03 rel. un.
(with RSZ transfer coefficient k =0.5 rel. un) \/D de-
creases from 0.037 to 0.027 rel. un. and \/D increases
from 0.060 to 0.072 rel. un. Figure 3, e, and fshow that
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at a period of fluctuations of disturbing effect T7,=20.9 s
with the decrease of ESG sensitivity, improvement of
both speed and thermal regimes of the ME is observed.
For example, in the case of waves caused by 4-grade
wind decrease and the decrease of RSZ from 0.099 to
0.05 rel.un. (with RSZ transfer coefficient of k =0.5 rel.un.)
\/D decreases from 0.0410 to 0.0262 rel. un and \/D
decreases from 0.0874 to 0.0811 rel. un. Further decrease
in sensitivity of ESG practically does not lead to the change
of stability of both speed and thermal modes of the ME.

By decreasing the ESG sensitivity at calm sea con-
ditions in operational conditions, an increase in ASCS
stability is observed while maintaining the stability of
the engine thermal mode due to the fact that the ESG
stops overreacting to load changes on the diesel engine.
At rough sea conditions it is recommended to reduce a
zone of sensitivity of ESG for it to more “actively” regulate
shaft rotation speed, stabilising a diesel engine thermal
mode. In this case, there is no gain in thermal mode
stability (reduction of \/Dh , if sensitivity is reduced in
a range of small values. This is explained by the fact
that when the sensitivity is reduced, the ESG begins to
move the HPFP rack with a delay, but in spurts, which
does not reduce the amplitude of its movements. As a
result of the investigation, it can be concluded for the
ESG sensitivity reconfigurations it is recommended to
decrease the setpoint unit of ESG sensitivity to the cal-
culated average value of 0.015 ... 0.03 rel. un. (with the
RSZ transfer coefficient kg=0.5 rel.un.) in the wave con-
ditions, which causes intensive and large variations of
shaft rotation speed (at a large dispersion of disturbing
effect). In turn, the increase in sensitivity of ESG both at
low (caused by 6-grade wind or less wind) and at rough
seas (caused by 6-grade or more wind) worsens dynamics
of ESG, as evidenced by the significant increase in the
estimate of mean square deviation of the relative speed
of a diesel engine shaft \/Dn. Figure 4 demonstrates the
specified by modelling dependence of mean square de-
viation of the shaft rotation speed and relative stroke
of HPFP rack on the timing of the ESG integrating link
at a RSZ value of 0.03 rel. un. with fixed kg=0.5 rel. un.
and ESG setting parameters kp=2.2 rel.un.and T=0 s.
Modelling has also been performed for three average
fluctuation periods of the disturbance T,=3.3; 7.9 and
209ss.
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Figure 4. Effect of wave levels on mean square deviation of relative shaft rotation speed YD and relative stroke of HPFP
rack VD, at ESG integrating link time variation - T, s (RSZ value £=0.03 rel. un. and transfer coeﬁ‘iaent of k 0.5rel.un,)
Note: for wave condition with period: a,b —T =3. 5 s;¢d-T=79s;ef-T,=20.9s

It follows from Figure 4,a and b that if the fluctu-
ation period of the disturbing effect is 7,=3.3 s reducing
the time of the integrating link increases the stability of
the speed mode of the ME operation in the whole range
of wind-wave conditions from 4 to 6-grade of Beaufort
scale. However, a decrease of value T, below 2 s leads
to significant instability of the thermal mode of the ME
operation. For example, in a wave caused by a 4-grade
wind, the estimate \/th increases from 0.0418 rel. un.:
at T=8 s to 0.0437 rel.un.; at T=2 s and at T= 0.5 s to
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0.0583 rel. un. Figure 4, ¢, and d show that if the period
of fluctuation of the disturbance T,=7.9 s over the entire
range of variation T, there is an increase in stability of
the speed mode of the ME operation. For example, in
case of a disturbance caused by 4-grade wind, when
decreasing T, from 8 to 0.5 s, estimate /D, decreased
from 0.03240 to 0.02345 rel. un. The parameter T, sig-
nificantly affects the stability of diesel engine thermal
conditions, and its influence is especially noticeable in
the case of rough sea conditions. For example, at waves




caused by 7-grade wind, estimate \/Dh increased from
0.068 rel.un.;at T=8 sto 0.076 rel.un.;at T, = 2 s inter-
mittently to 0.102 rel. un.

Figure 4, e, and f show that when the period
of fluctuation of the disturbance T,=20.9 s in the ESG
there is an increase in stability of the speed mode of
the ME, in case of sea waves conditions caused by the
4-grade wind, the estimation \/D,. has decreased from
0.035 to 0.015 rel. un. At the change of T, from 8 to 0.5.
At the same time, there is a tendency for the stability of
the thermal regime of the ME to deteriorate over the
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entire range of wind waves, e.g., in sea waves conditions
caused by 7-grade wind, the estimate \/D increased
from 0.0775 to 0.0853 rel. un. while changmg from T,
from 8 to 0.5 s. Figure 5 demonstrates the specified by
modelling dependence of mean square deviation of the
shaft rotation speed and relative stroke of HPFP rack
on the ESG proportional link gain coefficient at a RSZ
value of 0.03 rel. un. with fixed k =0.5 rel. un. and ESG
configuration parameters k =2.2 rel. un. and 7,=0 s at
three average fluctuation periods of the disturbance
T=3.3;79 and 209 s.
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Figure 5. Effect of wave levels on the mean square deviation of relative shaft rotation speed VD _ and relative stroke
of HPFP rack w/D at ESG proportional link gain coefficient change k rel. un. (RSZ value £=0.03 rel. un.
and transfer coefficient of k =0.5 rel. un )
Note: for wave condition with period: a,b ~T,=3.3s; c,d T =79s; ef 7,=20.9 s
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Figure 5, a, and b demonstrate that for a period
of fluctuations of the disturbing effect T=3.3 s with a
decrease of the proportional link gain coefficient leads
to the appearance of self-fluctuating phenomena in
the ASCS. It can be explained by the occurrence of re-
configuration in the ASCS (estimates of \/D" and \/Dh

increase simultaneously). Figure 5, ¢, and d show that

when the period of fluctuations of the disturbance
T,=7.9 s there is a significant improvement in the sta-
bility of both the wind speed and the thermal modes
of the ME. For example, if the disturbance is caused by
4-grade wind, by increasing k, from 0.5 to 5 rel. un. the
\/D estimate decreased from 0.068 to 0.015 rel.un.and
the \/D estimate decreased from 0.0738 to 0.714 rel. un.
Also, in ‘the area of small values of kp the phenomenon
of reconfiguration in ASCS is observed, especially in
rough sea conditions. Figure 5, e, and f show that if the
period of fluctuation of the disturbance T,=20.9 s with
increase of k there is a positive effect in stabilising the
shaft rotation speed and thermal regime. For example,
if the disturbance is caused by a 4-grade wind, by in-
creasing k from 0.5 to 5 rel. un. the \/D estimate has

decreased from 0.0523 to 0.0156 rel. un. and the \/Dp

estimate decreased from 0.1065 to 0.0762 rel. un.

CONCLUSIONS

Considering the character and magnitude of change of
load on diesel engine at sea wave conditions depend
on many variables of external conditions (sea waves
levels, course of a vessel in relation to windy conditions,

wind gusts, vessel loading, given speed of a vessel), any
set value of sensitivity of ESG appears to be optimum
only for a particular case of vessel movement in rough
sea conditions. At the same time, there is a possibility
to optimise the operation of ESG at sea waves with the
most probable intensity (for example, for wind waves
up to 5-grade including) and fulfilment of the addition-
al condition on tolerable instability of fuel supply to a
diesel engine (instability of a thermal mode). For HITACHI
ZOSEN - MAN B&W 6560MC-6 marine diesel system it
is recommended a RSZ ESG value of 0.03 rel. un. with
a signal transfer coefficient in this zone of 0.5 rel. un.
It allows to keep the speed mode stability in rough
seas (caused by wind force of 6-grade and higher) and
doesn’t cause considerable disturbance of the thermal
mode stability by changing external sailing conditions
(change of course and vessel’s speed in relation to the
sea waves level).

If in very rough seas (wind force greater than
6-grade) the recommended configuration values do not
provide the required stability of the speed mode, the
sensitivity zone value can be reduced to 0.015 rel.un.while
increasing the proportional gain to 3 rel.un.With a “heavy”
propeller (including a fully laden vessel), speed stability
can be improved by increasing the proportional link gain
and reducing the integration time of the ESG. Further
research is planned in the direction of automating the
configuration parameters of the ESG, depending on the
value of the actual stochastic indicators of changes in
diesel engine speed and the ESG output signal.
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OnTuMi3auia YyTIMBOCTI €e/IEKTPOHHOIO perynsaropa 4actoTm o6epTaHHS
rofIoBHOro CyAHOBOIro AnU3ens
Cepriit IBaHoBMuY MNop6?, Makcum BanepiitoBuu JleBiHcbKuitl, Mukona byaypos?

'HauioHanbHuit yHiBepcuteT «Opecbka MOpCbKa akaaemisy
65029, Byn. [igpixcoHa, 8, M. Opeca, YkpaiHa

2Eastern Pacific Shipping Pte. Ltd. (EPS)
039192, npocn. Temacek, 1, m. Cinranyp, CiHranyp

AHoTaujig. ENeKTpoHHI peryngaropm 4actoti obepTaHHs Habynu LWMPOKOro NOLUMPEHHS HA CYAHOBUX AMU3ENX i, TOPIBHAHO
3 rifpOMexXaHiYHUMU, MaKOTb AOAATKOBMIM NapaMeTp HanalTyBaHHS YyTAMBOCTI A0 BXiAHOro curHany. Llei napametp
[03BOJISIE 3MIHIOBATU peakLiito perynsatopiB Ha BUMCOKOYACTOTHI 30ypeHHs. Y au3ensix 3 po3nofibHUM BasioM TaKi
30ypeHHs reHepytoTbCs NpY HabiraHHi KynaykiB Ha LWTOBXaYi Ma/IMBHMX HACOCIiB, a B ABuryHax Tuny ME (MAN Energy
Solutions) ab6o RT-flex (Wartsild) BOHM BUHMKAIOTb BHAC/IAOK BUKOPUCTAHHS IHAYKTUBHUX JATUYMKIB i3 3y6UACTO CTPiuKO0
Ha Bany AM3ens ANS BUMIpIOBAHHS YacTOTW 0bepTaHHs. SKLO ABUIYH BUKOPUCTOBYETLCS SK FONIOBHUIA HA CyAHAX, TO
YYTUBICTb perynsTopa AOAATKOBO [03BOJISIE 3MIHIOBATU PEaKLLit0 perynsaTopiB Ha KONMBAHHS MOMEHTY OMopy rpebHoro
Bany Npu xBWoBaHHI. OQHaK Ha NPaKTUL BEAMYMHA YYTSIMBOCTI €1EKTPOHHUX PErynsTopiB YacToTM 0B6epTaHHS FONOBHMX
CYLHOBMX AM3eniB BUOMPAETLCS iHTYITMBHO. Lle npn3BOAUTL A0 TOTO, WO HANALUTYBAHHS Perynatopis He 3abesnevye
3a[0BiIbHY CTabiNbHICTb WBUAKICHUX PEXMMIB NPU 3MiHIi MOPCbKOi 06CTaHOBKM. MeTOK LOCNiIKEHHS € po3pobka
MeTOLOMOriT HaNALUTYBAHHS YYTAIMBOCTI eNIEKTPOHHMX PEryNSToOpiB YacTOTH 0OepTaHHS FONIOBHWUX ABUIYHIB 3 ypaxyBaHHAM
CTOXaCTUYHOCTI HABAHTAXEHHS HA AM3E/bHUIM ABUIYH Mif YaC XUTABMLI Ha Mopi. JJocnigkeHHs NpoBeAeHO 3 BUKOPUCTAHHSM
Mofeni CMCTeM aBTOMATUYHOIO PeryntoBaHHA LWBKUAKOCTI, IKa 6a3y€eTbCs Ha MPUNYLLEHHI BIAHOCHO Mannx BiAXUNeHb
LWBMAKOCTi 0O6epTaHHS Bany AM3ens Ta NapaMeTpiB HAaBaHTAXXEHHS B YMOBAaX MOPCbKUX XBW/b. BpaxyBaHHs xapakTepy
Ta BEJIMYMHM 3MiHU HABAHTAXKEHHS HA AN3€NbHUIN ABUTYH B YMOBAX MOPCbKMX XBU/b 3aN1€XKMTb BiJ 6araTbOX 3MiHHMX
30BHIiLIHIX YMOB (BanbHiCTb MOpS, KypCy CyOHa LLOAO YMOB BiTPOBMX XBW/b, MOPUBIB BiTPY, CTaHY 3aBaHTAXKEHHS
CyAHa, 33[1aHOI WBKWAKOCTI pyXy CyAHa), Oyab-ske 3afaHe 3HaYeHHS YYTMBOCTi /1eKTPOHHUX PEerynsTopiB 4acToTy
00epTaHHS BUSBNSETLCS ONTUMAJbHWM JMLLE AN KOHKPETHOTO BUMaAKy pyxy CyAHa Nig Yac XuTaBuui Ha Mopi. HaykoBa
HOBM3HA BM3HAYAETbCA TUM, LWLO peKOMeHaLii oo BMOOpY YyTIMBOCTI Perynsatopis BU3HAYEHI 3 YpaXyBaHHAM
CTOXaCTUYHOCTI KONMBAHb MOMEHTY OMOpPY rpebHOr0 Bay NMpW XBUKOBAHHI, LLO MiABULLMIO TOYHICTb T 0OIPYHTOBAHICTb
pekoMeHaLiN. MpaKTUYHA 3HAYYLLICTb JOC/IKEHHS NONMArAE Y NiABULLEHHI CTabiNbHOCTI LWWBMAKICHUX PEXXUMIB FONIOBHOMO
[BUIYHa 3 eNEeKTPOHHUMU PerynsaTopamMmmn 4actoTu obepTaHHs 3a pi3HOTO XBUIKOBAHHS

KntouoBi cnoBa: MOpcCbKi CyaHa, CyaHOBUIM AMU3ENbHUIA ABUTYH, TOPLUHEBWIA ABUIYH BHYTPILLUHbOIO 3rOPSIHHA, CUCTEMA
ABTOMATMYHOIO PEryNtOBAHHS YaCTOTM 0DEpPTaHHS, eNeKTPOHHUI PErynsaTop YacToTU 06epTaHHS, peryoBaHHS LBUAKOCTI
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strawberry plantations, the population of mite eggs was in the range of
90.8-180.0 pcs/100 leaves, larvae - 37.0-57.0 pcs/100 leaves,imago - 17.3-
95.3 pcs/100 leaves. The effectiveness of the chemical plant protection
systems under study (Masai® (0.4 kg/ha) + Biskaiia® (0.8 L/ha); Apollo®
(0.5 I/ha) + Tsezar™ (0.2 L/ha) + Mavrik™ (0.6 l/ha)) against phytophage
mites was almost at the same level. The exception was a direct ovicidal
effect of the Masai and a mixture of Apollo + Tsezar; on the 3™ day after
their introduction, the larvae in the eggs were unviable and the eggshells
were mummified. The application of strawberry protection systems ensured
berry yields of 33.4 t/ha in the Murano variety and 25.4-25.6 t/ha in the
Vivara variety and a yield increase of 16.6-16.7 t/ha and 12.4-12.5 t/ha,
respectively. The positive effect of plant protection systems against pests
on the indicators of physiological and biochemical processes in the leaves
of strawberries of both varieties was established. An increase in the content
of chlorophyll by 33-58%, phenolic compounds - by 7-15%, sugars - by 6-10%,
vitamin C - by 2-6% compared to the control was recorded in strawberry
leaves. Given the high environmental safety requirements for berry growing
technologies, the search for alternative biological products in the control
of Tarsonemus fragariae is promising
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INTRODUCTION

Marketing research shows a constantly growing market
for berry products worldwide [1]. The main factors de-
termining the increase in berry production are the ac-
tive development of modern trends related to healthy
eating, vegetarianism and new storage and processing
technologies in the food industry. Strawberries remain
the most popular berry on the global market and about
70% of the global berry production is accounted for by
this crop [2]. The chemical composition of strawberries
is rich in pectin (1-2%), contains 8-10% sugar, 0.8-1.8%
organic acids (dominated by citric, malic, oxalic, ascorbic,
folic, salicylic, quinic). Berries contain trace elements
such as potassium, phosphorus, calcium, magnesium, iron,
and iodine. The special value of berries - is the high
content of antioxidants and vitamins (A, C, PP, B, E, K). In
terms of vitamins C and P, strawberries are second only
to black currants [3].

Strawberries (Fragaria x ananassa Duch.) is a
valuable berry crop with a high content of vitamins and
antioxidants, which is grown in many countries of the
world and is called the “Queen of Fruits”[3; 4]. The main
countries producing this berry are the United States,
Mexico, Turkey, Spain, Egypt, South Korea, Japan, Poland,
Ukraine, and Germany. The average yield of strawber-
ries in the world is 6.9 t/ha.According to official data [2],
the global cultivation of strawberries in 2019 reached
4.5 million tonnes and is projected to grow in individual
countries due to increased yields, the introduction of in-
novative methods of production and business organisa-
tion, and the expansion of berry plantations.

According to the State Statistics Service of Ukraine,
the area of wild and garden strawberry plantations in the
fruitful age in 2020 in Ukraine covered 8.1 thousand hect-
ares, its gross annual harvest is 55.2 thousand tonnes,
which is 20-30% more than other berry crops [5]. Consider-
ing the agroclimatic and resource potential of Ukraine,
the cultivation of strawberries and the sale of berries
in the EU countries is a promising and competitive area
for national producers of fruit and berry products, the
consumption of which is constantly growing worldwide [1].

A considerable reserve for improving the quality
of crops and increasing the productivity of Berry plan-
tations is to improve their protection against pests and
pathogens. This can be achieved only with the complex
application of agrotechnical, quarantine, mechanical,
physical, and chemical measures [6].

Notably, berries are a product that is consumed
mainly fresh, so there is an urgent issue of developing
technologies for protecting berry crops, which allow
minimising the ingress of pesticides on the organs of
plants that are eaten [7; 8]. One of these measures is
the use of resistant varieties, predecessors, biological
products, etc. In addition, organic production is actively
developing in the world with strict requirements for
the use of chemicals in agricultural technologies and
high-quality standards for grown products.
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Ensuring optimal agroecological and technological
conditions during the growing season contributes to ob-
taining stable berry yields. When greening agricultural
production, new alternative approaches should be used,
which consider the complete elimination or reduction
of the use of chemical plant protection products and the
introduction of biological methods in combination with
adapted elements of cultivation technology. To prevent
the spread of pests, a set of preventive and extermi-
nation measures is used, the implementation of which
considerably reduces, and sometimes prevents, the de-
velopment and spread of harmful organisms. It also
corresponds to the ideology of integrated plant protec-
tion, the implementation of which is aimed at greening
chemical plant protection, reducing the use of pesticides,
choosing less toxic preparations, and preserving the
natural environment. Now the scientific community is
widely discussing the environmental hazards of modern
agricultural technologies due to the use of chemical plant
protection products and unpredictable results of biolog-
ical control.

The purpose of the study is to examine the bio-
logical and ecological features of strawberry mite (Tar-
sonemus fragariae) in strawberry plantations of Murano
and Vivara varieties in the Vinnytsia region and to de-
termine the effectiveness of plant protection chemicals
in controlling strawberry mite population and their im-
pact on plants.

LITERATURE REVIEW

Experience shows that one of the important reserves
for the fulfilment of the yield potential of strawberries
is the prevention of losses through the use of effec-
tive protection of crops from pests [6; 8; 9]. More than
380 species of arthropods have been found in strawberry
plantations located in the right-bank forest-steppe zone
of Ukraine. Strawberries are damaged by 66 species of
insects, mites, and nematodes, 19 of which are the most
numerous and harmful. More than 100 species of inver-
tebrates live in the biocenosis of strawberries, but their
harmfulness is minor. The development of the species
composition of pests on berry crops from the beginning
of their planting occurs in different ways, with the age of
plantations harmful fauna is increasingly diverse [8; 9].

The most common species in Ukraine are bee-
tles, including June beetle (Amphimallon solstitiale L.),
western May beetle (Melolontha L.), eastern May beetle
(M. Hippocastsni Fabr.), marble beetle (Polyphylla fullo L.),
hairy May beetle (Anoxia pilosa Fabr.), mole cricket (Gry-
llotalpa grillotalpa L.), blossom feeder (Epicometes hirta
Poda.), field slug (Agriolimax agrestis L.), strawberry mite
(Tarsonemus fragariae), spider mite (Tetranychus urticae
Koch.), a strawberry-blossom weevil (Anthonomus rubi
Hrbst.), small root strawberry aphid (Aphis forbesi Weed.),
strawberry nematode (Dytilenchus dipsaci Filipjeu.),
strawberry leaf beetle (Pyrrhalta tenella L), curled rose
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sawfly (Allantus cinctus L.) [9]. Among the numerous
types of pests, Tetranychus urticae Koch is the most com-
mon and dangerous one [10; 11].

In the late 1950s, an integrated plant protec-
tion system was proposed, which provided a long-term
containment of pests with means and measures that
would ensure minimal negative consequences for the
environment [12-14]. Since then, systems of integrated
protection of crops from harmful organisms have been
given a lot of definitions. Thus, Yu.N. Fadieiev and
KV.Novozhylov [15] established that the integrated system
involves the use of available methods and measures
in space and time, which give energy conservation, en-
vironmental impact, and are environmentally friendly.

An integrated plant protection system against
pests is defined as one that provides for a rational com-
bination of a number of tactical protection measures -
agrotechnical, mechanical, biological, chemical, consid-
ering the economic thresholds of harmfulness and the
presence of entomophages and acariphages in plantings
under certain meteorological conditions [16]. Therewith,
the pest population is kept below the economic level of
harmfulness not only by applying pesticides. Not all meth-
ods can be suitable for a particular economic manage-
ment system, so integrated protection systems should
be developed separately for each region and culture.

Based on the above definitions, it should be noted
that integrated plant protection systems should be based
on a biocoenotic approach to the use of chemical pes-
ticides [12; 17; 18]. It is known that the biocoenotic
approach consists in investigating relationships in ag-
rocenoses and based on this it is possible to model and
regulate them. The rapid and effective action of chem-
ical pesticides has helped to increase the pace of their
production and use. However, uncontrolled use of pes-
ticides has led to many negative consequences, from
local to global. In particular, between 400,000 and
2 million cases of pesticide poisoning are reported world-
wide each year.

The concept of plant protection, which is char-
acterised by the transition from total destruction to the
reduction of the population of pests at environmentally
and economically efficient levels, is very important. Cur-
rent “integrated” systems should be considered as more
or less coordinated chemical protection programmes,
which are the basis for their transformation into truly
integrated ones [9; 13; 16]. This is especially relevant to
growing strawberries [19].

MATERIALS AND METHODS

Field research was conducted during 2016-2020 in the
Experimental Farm of Podolsk Horticulture Station (Vin-
nytsia region) on two varieties of remontant strawber-
ries: Vivara and Murano. During the growing season, the
phenological phases of strawberry mite development
were determined using common entomological methods.
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During the examination period, plants, fallen leaves, and
soil were inspected, and samples of soil and damaged
plants were taken for detailed analysis in the laboratory.
Due to the wide variety of pests on the experimental
site, it was examined and accounted for several times
during the growing season.

Assessment of the settlement of strawberry plan-
tations of various varieties by strawberry mites is con-
ducted from the II-11l decade of April to the | decade of
August - during the mass reproduction of the pest. Due
to its very small size and hidden way of life (mainly in
the folds of young unbroken leaves), strawberry mites
were counted in the laboratory using a microscope
on young leaves collected from registered plants (at
least 100). To examine the dynamics of the population
of strawberry mites, 50 young unopened strawberry
leaves were periodically selected every 15 days during
the growing season, on which the number was calculated
in the laboratory using binoculars and the phases of pest
development were determined.

The degree of damage to strawberry plants was
determined on a five-point scale:

¢ 0 - no damage, leaf colour and plant development
are normal,;

¢ 1 —weak damage, the change in leaf colour is barely
noticeable;

e 2 — medium, clear colour change on less than half
of the leaves, green shades predominate, plant suppres-
sion is weakly expressed;

e 3 - strong, most of the leaves are yellowed, the
leaves and berries are small, deformed, the growth and
development of plants is very suppressed;

e 4 — very strong, all leaves turn yellow, the plant
dies [20].

The effectiveness of systems for protecting straw-
berries from pests, which included chemical preparations
was also examined:

1. Control, water treatment.

2.Etalon - Sanmait® (0.7 kg/ha) + Mospilan® (0.5 kg/ha).

3.Option | - Masai® (0.4 kg/ha) + Biskaiia® (0.8 l/ha).

4.0Option Il - Apollo® (0.5 L /ha) + Tsezar™ (0.2 L/ha) +
Mavrik™ (0.6 l/ha).

The experiment is repeated three times, the area
of the experimental site is 36 m? (18 m each? for each
strawberry variety). Scheme of the planting of the crop
in experiments: a strip with 2 rows of 30 cm between
them, the distance between plants in a row is 25 cm,
the distance between strips is 70 cm. According to this
scheme, 84,204 plants are placed per 1 ha. There were
152 Murano bushes and 152 Vivara bushes at the ex-
perimental sites. The area without insecticides and aca-
ricides was taken as the absolute control, the approved
technology of garden strawberry protection on the pro-
duction areas of the experimental farm was taken as
the standard, and the options with insecticide and aca-
ricide consumption rates were examined.




The effect of insecticides on strawberry plants
was determined by the content of chlorophylls, sugars,
phenolic compounds and their derivatives,and vitamin C.
The content of vitamin C was determined by photocolo-
rimetric method using Tillmans’ paint, GOST 24556-89 [21].
The content of sugars in leaves and berries - according
to Bertrand’s method of DSTU 4954:2008 [22], phenolic
compounds - using Folin-Denis’ reagent, colourimetry
(in leaves),and spectroscopy (in berries) [23]. The content
of chlorophylls in strawberry leaves was determined by
generally accepted methods [23]. Statistical processing
of experimental data was performed by the method of
variance analysis using Microsoft Excel.

RESULTS AND DISCUSSION

In the conditions of the experimental farm of the Podolsk
horticultural station (Vinnytsia region) strawberry plan-
tations are represented by a large number of high-yield-
ing varieties. The complex of pests that live in the soil and
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on its surface causes great damage to strawberries. In
years of mass development of such phytophages, espe-
cially after relatively warm winters, crop losses may ex-
ceed 10-15% [10; 24; 25]. During the period under study,
the development of phenological phases of strawberry
mites was observed. A close dependence of the pheno-
logical phases of strawberry mite development on the
weather conditions of the year was established. The long
autumn with high air temperatures (14.6°C) in October
allowed a number of wintering pests to enter the win-
ter diapause. In 2017, in the first decade of May, the air
temperature was at +12.5°C and humidity at 61%, that
is, the conditions were not favourable for the develop-
ment of strawberry mites, so the development of various
generations was somewhat prolonged. Weather conditions
in 2018 and 2019 were characterised by a very high
daytime air temperature of +18.2-24°C and humidity of
74-80%, so the development of the pest was very fast
and its population grew rapidly (Table 1).

Table 1. Phenology of the development of Tarsonemus fragariae Zimm., T. pallidus Banks, 2016-2020

Months

Year April May June

July

August September October

2016

2017

2018

2019

2020

§ - female imago

" €99, 2 -larva, (wintering stage)

] ctive stages

X - imago of both
sexes

Mass appearance Wintering stage
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Phenology and population of strawberry mites and effectiveness...

After almost five years under study, the degree of
damage to plants by strawberry mites (Tarsonemus fragariae
Zimm., T. pallidus Banks) in experiments using pesticides
can be estimated at 0-1 on a five-point scale [20; 25].
In experiments where chemical means of protecting

strawberries from strawberry mites were examined, the
number of all stages of the pest was recorded after process-
ing plantings for 10 days. Accounting for the strawberry
mite population of Murano and Vivara strawberry using
various protection systems is presented in Tables 2 and 3.

Table 2. Strawberry mite population of Murano strawberry using various protection systems, 2016-2020

Name of the preparation and

Average for

Option application rate, L, kg/ha 2016 2017 2018 2019 2020 5 years
Egg, pcs /100 leaves
Control - 105.3 117.8 110.0 165.0 109.8 1216
Etalon Sanmait, 0.7 58.8 87.8 65.5 75.0 84.0 74.2
Option | Masai, 0.4 0.0 0.0 0.0 0.0 0.0 0.0
Option Il Apollo, 0.5 + Tsezar, 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Larva, pcs /100 leaves
Control - 61.3 37.0 57.0 48.8 40.8 49.0
Etalon Sanmait, 0.7 8.8 30.5 2.5 0.5 1.3 8.7
Option | Masai, 0.4 0.3 0 0 0.3 0.1
Option Il Apollo, 0.5 + Tsezar, 0.2 0.3 0 0.3 0 0.1
Imago pcs /100 leaves
Control - 20.8 52.5 96.3 54.8 48.8 54.6
Etalon Sanmait, 0.7 0.5 1.0 0.5 0.8 1.0 0.8
Option | Masai, 0.4 0.3 0.8 0.3 0.0 0.3 0.3
Option Il Apollo, 0.5 + Tsezar, 0.2 0.3 0 0.3 0 0 0.1

Table 3. Strawberry mite population of Vivara strawberry using various protection systems, 2016-2020

Option Naa"';:l‘i’:att'?gnp::{’:'l?ﬁ;;‘haa"d 2016 2017 2018 2019 2020 AV;?E;:°’
Egg, pcs /100 leaves
Control - 101.5 115.8 90.8 180.0 1220 1220
Etalon Sanmait, 0.7 64.0 89.0 68.5 86.0 79.5 774
Option | Masai, 0.4 0 0 0 0 0 0
Option Il Apollo, 0.5 + Tsezar, 0.2 0 0 0 0 0 0
Larva, pcs /100 leaves
Control - 37.5 57.0 370 39.8 47.8 43.8
Etalon Sanmait, 0.7 7.5 30.5 3.5 1.0 1.5 8.8
Option | Masai, 0.4 1.0 0 0 0 0 0.2
Option Il Apollo, 0.5 + Tsezar, 0.2 0.3 0 0 0 0 0.1
Imago pcs /100 leaves
Control - 17.3 95.3 51.5 51.0 38.0 50.6
Etalon Sanmait, 0.7 0.8 0 1.0 1.3 2.0 1.0
Option | Masai, 0.4 0.5 1.8 0.3 0.3 0.3 0.6
Option Il Apollo, 0.5 + Tsezar, 0.2 0.3 0 0.3 0 0 0.1

It was established that the effectiveness of op-
tions | and Il is almost the same. In addition, a direct
ovicidal effect of Masai and a mixture of Apollo + Tsezar
preparations was detected. On the 3™ day after the appli-
cation of the Masai and Apollo + Tsezar mixture, the lar-
vae in the eggs were non-viable and the eggshells were
mummified. In contrast to the Sanmait (Etalon), where
the effectiveness of ovicidal action over the years ranged
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from 23-55%. It is also necessary to note the resistance
of the mixture of Apollo + Tsezar preparations to wash-
ing away by precipitation that fell 2 hours after spraying
in 2018. According to the results obtained, precipitation
did not reduce the effectiveness of the preparations. The
use of pest control products also had some effect on the
physiological and biochemical processes in the leaves of
Murano and Vivara strawberries (Tables 4, 5).
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Table 4. The content of chlorophyll, sugars, phenolic compounds and their derivatives, vitamins in the leaves
of strawberries at the beginning of the growing season (Murano variety, average for 2016-2020)

Content
e erete v Chorophytl g Phenolic
scheme appricatio & nia of dry matter Sugars, mg/g compounds, mg/g Vitamin C, mg%
Control - 14 11.0 31.6 101.2
Etalon Sanmait, 0.7 1.6 11.0 32.0 103.0
Option | Masai, 0.4 1.9 11.7 33.9 103.6
Option Il Apollo, 0.5 + Tsezar, 0.2 2.0 11.7 35.0 1071
NIR 0.80 0.56 0.81 0.19

Table 5. The content of chlorophyll, sugars, phenolic compounds, and vitamins in the leaves of strawberries
at the beginning of vegetation recovery (Vivara variety, average for 2016-2020)

Experiment Name of the preparation and Content .
scheme application rate, |, kg/ha Ch‘l;fgrl;hr):‘l:t :‘:egr,/g Sugars, mg/g com::uer?;sl::ng/g Vitamin C, mg%
Control - 1.2 10.7 30.8 100.3
Etalon Sanmait, 0.7 1.6 11.0 32.5 102.2
Option | Masai, 0.4 1.6 11.6 33.3 104.1
Option Il Apollo, 0.5 + Tsezar, 0.2 1.9 11.8 354 105.7
NIR 0.83 0.51 0.34 0.46

According to Tables 4 and 5, on average, Murano
plants had the lowest chlorophyll value of 1.4 mg/g of
dry matter in the control, the highest of 2.2 mg/g of
dry matter in option Il; the Vivara variety, respectively,
1.2 mg/g of dry matter in the control, 2 mg/g of dry
matter in option |I. Affecting the content of chlorophyll
in the leaves, that is, indirectly, the activity of photosyn-
thesis, pesticides positively influenced the sugar con-
tent in the leaves of strawberries at different stages of
organogenesis. On average, over the years under study,
the Murano variety had the lowest sugar values of
11 mg/g in the control, the highest values of 11.7 mg/g
in plants of both varieties. The Vivara variety, respectively,
10.7 mg/g in the control,11.7 in the | and 11.8 mg/g in
the Il option.

Chloroplasts are the site of the synthesis of wa-
ter-soluble phenolic compounds and their derivatives.
In plants, the role of phenolic compounds is associated
with protein synthesis, enzyme activity, and photosyn-
thesis of structural components. According to the data
in Tables 4 and 5, an increase in the indicators of phe-
nolic compounds and their derivatives occurred in all
experimental options in relation to control when using

pest control products at various stages of strawberry
organogenesis. Therewith, the lowest rate of phenolic
compounds at the beginning of the growing season of
strawberries on the Murano variety was - 31.6 mg/g
in the control. The highest rate is 35 mg/g in option II.

One of the factors of plant resistance to pest
damage is the content of ascorbic acid in their organs,
as A. Olkhovska-Burkova notes [26]. Increased solar ac-
tivity and drought contribute to the strengthening of
biochemical processes in plants at the cellular level and
activate the antioxidant protection system [27-29]. The
results have shown that the content of antioxidants:
ascorbic acid (vitamin C), in the leaves depends on the
phase of plant development. Notably, the ascorbic acid
content is very sensitive to soil and air humidity - these
indicators decrease during the dry period.

On average, over the years under study, the Murano
variety had the lowest ascorbic acid index of 101.2 mg%
in the control, the highest - 109.4 mg% in option II; the
Vivara variety, respectively, 100.3 mg% in the control
and 108.2 mg% in option II. All the processes that took
place in strawberries also affected the yield of the crop
in a certain way (Table 6).

Table 6. The yield of strawberries of Murano and Vivara varieties under various plant protection systems,
the average for 2016-2020

Murano variety

Vivara variety

Experiment Name of the preparation and
scheme application rate, |, kg/ha t/ha Cropt%gmh, t/ha Cropt%gmh.
Control - 16.7 - 13.1 -
Etalon Sanmait, 0.7 33.2 +16.5 25.1 +12.1
Option | Masai, 0.4 334 +16.6 25.4 +12.4
Option Il Apollo, 0.5 + Tsezar, 0.2 334 +16.7 25.6 +12.5
NIR 3.17 - 1.84 -
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The yield of Murano and Vivara strawberries varied
according to the experimental options. The average yield
control (without the use of pesticides) was 16.7 t/ha for
Murano and 13.1 t/ha for Vivara. The reference variant
showed yields of 33.2 and 25.1 t/ha, respectively, by va-
riety. The yield of strawberries in options | and Il was at
the same level of 33.4 t/ha for the Murano variety and
25.4-25.6 t/ha for the Vivara variety.

CONCLUSIONS

Based on the data obtained, the expediency of using
a mixture of Apollo + Tsezar preparations and Masai
acaricide as effective means to prevent an increase in
the population of strawberry mites is confirmed. It is

also necessary to note the resistance of the mixture of
Apollo and Tsezar preparations to washing away by pre-
cipitation that fell 2 hours after spraying in 2018 and em-
phasise that this circumstance did not reduce the effec-
tiveness of the preparations. The use of pesticides had a
positive effect on the adaptation of plants to environmen-
tal conditions and the response to phytophage damage.
Namely, the content of chlorophyll, phenolic compounds,
and ascorbic acid in the leaves of strawberries grew.

The yield of strawberries in the use of pesticides
notably exceeded both the control and reference op-
tions but was at the same level. The difference between
the control and experimental options is confirmed by the
results of statistical processing.

REFERENCES

[1] Galat, L. (2021). World berries market: Current trends and prospects for Ukraine. Efficient Economy, 2.
doi: 10.32702/2307-2105-2021.2.76.

[2] The market of berry crops in Ukraine and the world. (2017). Retrieved from http://ukrsadprom.org/blog/rynok-
yagidnyh-kultur-v-ukrayini-ta-sviti/.

[3] Liu,L.Ji,M.L,Chen,M,,Sun,M.,Fu,X,,Li,L.,Gao,D.S., & Zhu,C.Y.(2016).The flavour and nutritional characteristic
of four strawberry varieties cultured in soilless system. Food Science and Nutrition, 6,858-868.doi: 10.1002/fsn3.346.

[4] Zhang, C., Li,W., Zhu, B., Chen, H., Chi, H., Li, L., Qin, Y., & Xue, J. (2018). The quality evaluation of post-harvest
strawberries stored in nano-ag packages at refrigeration temperature. Polymers (Basel), 10(8), article number
894. doi: 10.3390/polym10080894.

[5] Official site of the State Statistics Service of Ukraine. (n.d.). Retrieved from http://ukrstat.gov.ua.

[6] Lapa, O.M.(2004). Protection of berry crops. Kyiv: Kolobih.

[7]1 Song,L.,Zhong,Z.,Han,Y.,Zheng,0.,Qin,Y.,Wu,Q.,He,X., & Pan,C.(2020).Dissipation of sixteen pesticide residues
from various applications of commercial formulations on strawberry and their risk assessment under greenhouse
conditions. Ecotoxicology and Environmental Safety, 188, article number 109842. doi: 10.1016/j.ecoenv.2019.109842.

[8] Kuyan,V.G.(2004). Special fruit growing. Kyiv: Svit.

[9] Yanovsky, Yu.P.(2015). Integrated protection of fruit crops. Kyiv: Phoenix.

[10] Bergeron, PE., & Schmidt-Jeffris, R.A. (2021). Spider mite resistance to miticides in South Carolina strawberry
and implications for improved integrated pest management. Experimental and Applied Acarology, 84,407-418.
doi: 10.1007/510493-021-00621-7.

[11] Bessin,R. (2014). Some common strawberry pests. Retrieved from https://entomology.ca.uky.edu/ef207.

[12] Vereshchagin, L. (2010). Pests and diseases of strawberries. Gardener, 4,41-44.

[13] Foord, K., Hahn, J., & Grabowski, M. (2015). Pest management for the home strawberry patch. Retrieved from
https://hdl.handle.net/11299/198101.

[14] Vereshchagin, L.N. (2012). Pests and diseases of fruit and berry crops. Kyiv: Univest Media.

[15] Fadeev, Yu.N., & Novozhiloy, K.V. (1985). Modern principles of integrated plant protection. Plant Protection, 5,
22-25.

[16] Agriculture: Pest Management Guidelines. Strawberry. (n.d.). Retrieved from https://www?2.ipm.ucanr.edu/
agriculture/strawberry/.

[17] Slavgorodskaya-Kurpieva, L.E., Slavgorodsky, V.E., & Alpeev, A.E. (2003). Protecting crops from pests and diseases.
Donetsk: Donetskchina.

[18] Antonyuk,S.l., & Goncharenko, O.I. (1973). Species composition of pests of berry crops. Protection of Plants from
Pests and Diseases, 11,120-125.

[19] Smessaert, J., Baets, D., Melis, P., & Van Delm, T. (2021). Scouting of pests and beneficials is essential in
application of IPM strategy in strawberry. Acta Horticulturae, 1309, 741-750.

[20] Omeliuta, V.P, Hryhorovych, LV., Shepherd, V.S. (1986). Accounting for pests and diseases of agricultural crops.
Kyiv: Urozhai.

[21] GOST 24556-89. (2003). Products of fruits and vegetables processing. Methods for determination of vitamin C.
Moscow: IPK Standards Publishing House.

[22] DSTU 4954:2008. (2009). Products of fruits and vegetables processing. Methods for determining sugars. Kyiv:
Derzhspozhyvstandart of Ukraine.

[23] Hrytsaienko, Z.M., Hrytsaienko, A.O., & Karpenko, V.P. (2003). Methods of biological and agrochemical studies
of plants and soils. Kyiv: ZAT “NICHLAVA.

Scientific Horizons, 2021, Vol. 24, No. 11




Mostoviak et al.

[24] Lapa, O.M.,Khomenko, I.I., & Yanovskyi, Yu.P. (2002). Patent 48271 Ukraine, A0161 / 00 Method of controlling
soil pests when planting seedlings; applicant and patent owner Mliiv Institute of Horticulture named after
L.P. Symyrenko; UAAN. - publ. 15.08.2002, Bull. No. 8.

[25] Lapa, O.M., Yanovskyi, Yu.P., & Chepernatyi, Ye.V. (2006). Modern technologies for growing and protecting berry
crops. Kyiv: Kolobih.

[26] Olkhovskaya-Burkova, A.K. (1984). Strategy and tactics of control of leafhoppers in the gardens of Ukraine.
In IX Congress of the All-Union Entomological Society (p.79). Kyiv: Naukova Dumka.

[27] Mostoviak, S.M. (2004). Microelements the system of pest control of black currant plants in the conditions of the
Right-Bank Forest-Steppe of Ukraine (Candidate dissertation, National Agrarian University, Kyiv, Ukraine).

[28] Yanovskyi, Yu.P.,, Voevodin, VV., Lapa, O.M., & Chepernatyi, Ye.V. (2009). Berry. Kyiv: Kolobih.

[29] Vasyukova, N.I., & Ozeretskovskaya, O.L. (2007). Induced plant resistance and salicylic acid (review). Applied
Biochemistry and Microbiology, 43(4), 405-411.

®deHornoris i YncenbHICTb KNilla CYHUYHOro Ta epeKTUBHICTb 3aCTOCYBaHHS
3aco6iB 3aXMCTy CyHULi cafoBoi B yMOBax NpaBo6epeXXHoro nicocteny YKpaiHu

CeiTnaHa MukonaiBHa MoctoB’ak?, Biktopia MukonaisHa Monpoubka?,

IBaH IBaHOBMY MocToB’aK!, Bonoaumup Metpoeuu Lnanak?!

1YMaHCbKMI HaliOHaNbHUI YHIBEPCUTET CafiBHMLUTBA
20300, Byn. IHCcTMTYTCbKA, 1, M. YMaHb, YKpaiHa
2KomnaHiss ADAMA-YkpaiHa
04050, Byn. [MMMoHeHKa, 13, M. Knis, YKkpaiHa

AHoTauif. BupoLyBaHHS CyHULi Caf0BOi — NepCneKTUBHMIA | NPUOYTKOBMIA HAaNpsM Yy ranysi CiNbCbKOro rocnofapcrsa.
OnHaK iCHYE HM3Ka NIMITYHOUMX YUHHUKIB, SKi BU3HAYAKOTb MPOAYKTUBHICTb KYNbTYpU, 30KpeMa LWKiAHWKK-diTodaru.
MeToto poboTn 6yno Bu3HAYeHHS 0COBNMBOCTEN MPOXOLXEHHS GeHOoNoriYHMX a3 po3BMUTKY KAilWa CYHWYHOrO
(Tarsonemus fragariae) Ta BUBYEHHS ePEKTUBHOCTI 3aCTOCYBAHHS 3aC06iB 3aXMCTy Ha YMCENBHICTb KAila-@iTodara,
BMNAMB Ha @i3ionoro-6ioxiMiuHi NpoLec B poCIMHAxX CyHULL cagoBoi copTiB MypaHo i Bisapa. ocnigpkeHHs npoBoaMau
3rigHO i3 3araNbHONPUINHATUX Y eHToMOonorii i ekonorii MeToamK. CTyniHb NOLWKOAXEHOCTI POC/IMH CYHMULi CafoBO1
BCTAQHOB/IOBAM 33 MATMOANBHOLO LUKANOH, KM Y cepeaHboMy 3a 2016-2020 pp. 6yno ouiHeHo B 0-1 6an. ChopmoBaHo
(EeHONOriYHY KapTy pO3BUTKY KAilla CYHUYHOrO, BCTAHOBNEHO 3anexHicTb dpeHoda3 ditodara Bif NOrogHMX yMOB.
Y HacamXeHHaX cyHuui copTy MypaHo y cepeaHboMy 3a 2016-2020 pp. UncenbHICTb €L KNilLa CyHU4YHOro byna
B Mexax 105,3-165,0 wTt./100 nuctkis, nnumnHok — 37,0-61,3 wrt./100 nuctkis, imaro — 20,8-96,3 wrt./100 nucTkis.
Y HacamyKeHHsX cyHuLi copTy BiBapa umcenbHicTb feUb Kniwa byna B Mexxax 90,8-180,0 wt/100 nucrkis, MMUMHOK —
37,0-57,0 wt./100 nucrkis, imaro — 17,3-95,3 wt.,/100 nucTkiB. EQEKTUBHICTb 4OCNIAKYBAHUX CUCTEM XiIMIYHOTO 3aXMCTY
pocnuH (Macai® (0,4 kr/ra) + bickana® (0,8 n/ra); Anonno® (0,5 n/ra) + Llesap™ (0,2 n/ra) + Maspik™ (0,6 n/ra))
Big Kniwa-ditodara 6yna Mamxe Ha 0OAHOMY piBHi. BUHATKOM ByB BapiaHT, fie HasBHa NpsaMa OBiLMAHA AiS Npenaparty
MacaiTa cymiwi npenapatis Anonno+Le3ap,- yxe Ha 3-Tto L06Y MiC/Is iX yHECEHHS IMUMHKM B AMLAX OYIN HEXXUTTE3OATHI, a
000/10HKM F€LLb MyMidiKOBaHI. 3aCTOCYBaHHSA CUCTEM 3aXMCTY CYHULi Caf0BOi 3abe3neumnnio OTpUMaHHs BPOXKaMHOCTI
arip Ha piBHi 33,4 1/ra y copty MypaHo Ta 25,4-25,6 T/ra y copty BiBapa Ta npupocty Bpoxato 16,6-16,7 1/ra i
12,4-12,5 1/ra BignoBiaHo. BCTaHOBNEHO NO3UTUBHWUI BMIMB CUCTEM 3aXMUCTY POCIMH Bif, WKiIAHMKA HA MOKA3HWUKM
aKTMBHOCTI nepebiry disionoro-6ioxiMi4yHMX NPOLLECIB Y IMCTKAX CyHULI cagoBoi 060x copTis. DikcyBanu y nncTkax
CYHMUI NiABULLEHHS BMiCTY xnopodiny Ha 33-58 %, peHonbHux cnonyk —Ha 7-15 %, uykpis — Ha 6-10 %, BiTamiHy C -
Ha 2-6 % NOpiBHSAHO 3 KOHTPO/eM. BpaxoBytoun BUCOKI BUMOTM €KONOTiYHOT 6e3MneKkn [0 TEXHOMOTI BUPOLLYBAHHS
AT AHWUX KYNbTYP Y NOAANbLIOMY NEPCNEKTUBHUM € MOLLYK aNbTEPHATUBHMX BioNOriYHMX NpenapaTiB y KOHTponi Tarsonemus
fragariae

KntouoBi cnoBa: iHTerposaHa cuctema 3axucty pocauH, ditodaru, Tarsonemus fragariae, akapuumom
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INTRODUCTION

Due to the rapid growth of the world’s population [1; 2],
Ukrainian crop producers, as one of the leading agri-
cultural countries in the world, face an acute task of
increasing production volumes and improving grain quality
indicators that would meet the requirements of European
standards [3-5]. An essential role in solving this issue
belongs to winter wheat (Triticum aestivum L.), the leading
world culture [6; 7], grain products of which form the
basis of human nutrition [1; 2].

One of the most common ways to increase and
stabilise yields is to create and introduce into production
highly productive varieties and hybrids of soft winter
wheat with high grain quality [8-10]. The genotype of
the variety, as a means of production, should combine
the maximum number of traits and properties contrib-
uting to a high level of yield. The potential of the variety
is fulfilled when the genotype interacts with environ-
mental conditions [11; 12]. Considering the transforma-
tion of environmental conditions [13], scientists are faced
with the task of creating new varieties adapted to certain
soil and climatic zones of cultivation [14; 15]. Improvement
of varieties should be based on environmental stability,
considering special interactions between the environment
and the genotype, which will provide new approaches to
the development of stable productivity [16; 17].

The main ear of soft winter wheat plays a critical
role in increasing the productivity of the wheat plant [18].
Graininess of the ear constitutes an essential quantitative
feature that is closely related to grain yield [19; 20] and
is frequently used by scientists in practical breeding work.

One of the most common and effective methods
in practical breeding work is hybridisation, wherein a
new organism is born and formed from a zygote (fertilised
egg), which is developed as a result of the fusion of fe-
male and male gametes.Hybridisation allows combining
the necessary traits in one genotype, as well as due to genetic
recombination and transgressive variability, obtaining
qualitatively new source material [21] and information
about the breeding and genetic features of parental forms
involved in cross-breeding and their offspring [22]. It is
also important to know how traits and properties are
inherited by offspring under changing environmental
conditions [23; 24].

The purpose of this study is to determine the effect
of heterosis and the degree of phenotypic dominance
in F, according to the number of grains in the main ear,
when used in hybridisation of different early-maturing
varieties of soft winter wheat.

MATERIALS AND METHODS

The experimental part of this study was carried out in
2018-2020 on the experimental field of the Research
and Production Centre of the Bilotserkivskyi National
Agrarian University. The research material involved 45 com-
binations of F . Hybridisation involved varieties of soft
winter wheat that differed in the duration of the growing

Lozinskyi

season, namely early-maturing: Myronivska early (Myr.
early), Kolchuha, Bilotserkivska semi-dwarf (B. Ts. s-d);
medium-early: Zolotokolosa, Cherniava, Shchedra Nyva;
medium-maturing: Stolychna, Vidrada, Myronivska 61,
Antonivka, Yednist; mid-late: Dobirna, Pyvna, and Vdala.

F, seeds were sown manually according to the
scheme: mother form (%), hybrid (F), male form ().
The hybrid generation was handled using the pedigree
method. During the growing season of wheat, pheno-
logical observations were made, and after the onset of
full maturing of the grain, biometric analysis of the ma-
terial under study was performed on an average sample
of 75 plants [25; 26]. The predecessor of soft winter wheat
was mustard. The soil of the experimental field is typical
deep low-humus chernozem, coarse-sawn medium and
light loamy chernozem. According to the 2016 agrochem-
ical survey, the content of humus is 3.4-3.8%, alkaline
hydrolysed nitrogen — 118-134 mg/kg of soil, mobile
phosphorus — 180-208 mg/kg of soil,and exchange po-
tassium — 73-91 mg/kg of soil. The reaction of the soil
solution is slightly acidic and close to the neutral. Phos-
phorus-potassium fertilisers of 60 kg/ha in the form of
superphosphate and potassium salt were added to the
main fertiliser. During the resumption of spring vegetation,
ammonium nitrate was added in the active substance
of 60 kg/ha. Herbicides and irrigation were not used in
the breeding nursery.

Hypothetical (Ht) and true (Htb) heterosis by the
number of grains in the head ear in F, was determined
according to the developments made by D.F.Matzinger [27]
S.Fonseca, F. Patterson [28]:

Ht (%)=(F, - MP)/MP x 100
Hbt (%)=(F, - BP)/BP x 100

where: F, is the arithmetic mean of the hybrid; BP is the
highest manifestation of the trait of one of the parents;
MR is the arithmetic mean of the indicator of both parent
forms.

Degree of phenotypic dominance (hp) according
to method of B. Griffing [29]:

hp=(F, - MP)/ (BP - MP)

where: hp is the degree of dominance; F, is the arithmetic
mean of the hybrid; BP is the arithmetic mean of the
parent component with a stronger manifestation of the
feature; MR is the arithmetic mean of the indicator of
both parent forms.

The obtained data were grouped according to the
classification by G.M. Beil, R.E. Atkins [30]: positive super-
domination (heterosis) hp>+1; partial positive dominance
+0.5<hp<+1; intermediate inheritance -0.5<hp<+0.5; par-
tial negative inheritance -1<hp<-0.5; negative superdomi-
nation (depression) hp<-1.

The number of grains in an ear of wheat is developed
from the exit into the tube of the main ear (30 micro-
stage) to the formation of grain — 70" micro-stage accord-
ing to the international BBCH scale.
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At the time of sowing (October 1), meteorological
conditions in 2017-2019 contributed to the simultaneous
germination and growth and development of soft winter
wheat in the autumn period. The amount of precipitation
during this period exceeded (2017) or was at the level
of long-term average indicators. Soft winter wheat
stopped growing in the autumn period on 20.11.(2017),

12.11.(2018) and 21.11.(2019), which contributed to the
successful hardening of plants. Precipitation in the win-
ter period considerably exceeded the long-term aver-
age (112 mm) in the 2017/2018 and 2018/2019 grow-
ing seasons and was slightly inferior to 2019/2020. The
temperature regime that developed in winter contributed
to the successful overwintering of plants (Table 1).

Table 1. Meteorological conditions in 2018-2020 (according to the Bilotserkivska Meteorological Station)

g Precipitation, mm Air temperature, °C
(]
Month & 2017 2018 2019 2020 Multivear 2017 2018 2019 2020 Mulfi-year
September 5322 479 19.2 35 161 162 153 138
October 50.4 220 66.1 33 8.0 9.9 106 79
November 36.4 23.1 234 41 3.2 -0.1 5.0 2.0
December 923 711 35.1 44 16 20 25 2.4
January 305 56.8 226 35 27 48 0.4 59
February 34.6 214 384 33 -4.2 0.4 2.2 -4.4
March 74.0 234 17.2 30 21 47 59 0.3
| 15 - - 14 103 9.6 79 70
April I 13 14.2 5.5 17 13.8 73 8.0 78
N 53 313 77 16 157 132 117 104
| 37 267 30.8 16 204 121 128 133
May I 19.1 15.3 176 12 159 183 132 153
n - 12,0 53.9 18 188 193 115 1538
| 2.2 353 71 23 194 211 185 173
June I 233 - 50.4 27 219 236 232 174
1 332 439 3.2 23 191 214 220 187

The temperature regime after the resumption of
vegetation in 2018 (April 4) was described by elevated
temperatures, which accelerated the growth and develop-
ment of soft winter wheat. The average monthly tempera-
ture for April (15.5°C) was significantly higher than the
long-term average (8.4°C), and the average air temperature
for May and June was higher by 3.5 and 2.3°C, respectively.
Therewith, the amount of precipitation in April and May
was less than the long-term figures by 17.1 and 21.6 mm,
respectively.

Vegetation of soft winter wheat from the time of
recovery (02.03.— 2019, 28.02. — 2020) occurred during
the month at low average monthly temperatures with a
gradual increase in them. The amount of precipitation
in March (23.4 mm) and the first two decades of April
(14.2 mm) in 2019 was considerably lower than the
long-term average. In March and April 2020, 46.6 mm
less precipitation fell than the long-term average. Thus,
meteorological conditions in the years of study were
described by contrasting indicators, temperature regime
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and precipitation distribution, which significantly af-
fected the development of the number of grains in the
main ear.

RESULTS AND DISCUSSION

The obtained experimental data in 2018-2020 indicate
that the number of grains in the main ear of the parent
components of hybridisation was from 34.1 pcs. (Yednist
in 2020) up to 59.0 pcs. (Chorniava 2019) (Table 2). The
conducted studies indicate that the development of the
number of grains in the main ear of soft winter wheat is
influenced by the genotype, the conditions of the year
and the interaction between the genotype and the con-
ditions of the year.

Other studies [31] found that the greatest influ-
ence (53.96%) on the development of the number of
grains in the main ear was the interaction between the
genotype and the conditions of the year, wherein the
genotype influence was at 31.02%, while the conditions
of the year only at 7.90%.
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Table 2. Number of grains in the main ear of parent hybridisation components, pcs.

Varieties 2018 2019 2020
Myronivska early 39.1 39.8 42.3
Bilotserkivska semi-dwarf 37.7 39.5 49.5
Kolchuha 41.8 38.4 38.3
Zolotokolosa 42.2 39.8 37.9
Chorniava 54.4 59.0 52.1
Shchedra Nyva 45.5 474 43.7
Stolychna 40.5 38.9 39.0
Vidrada 37.2 37.6 35.9
Myronivska 61 41.4 40.7 39.7
Antonivka 41.1 40.6 38.1
Yednist 40.8 44.1 34.1
Dobirna 40.7 43.8 47.7
Pyvna 41.2 38.4 53.5
Vdala 39.9 40.7 39.8

HIP, 2.2 2.6 1.9

05

Note: SSD . is the slightest significant difference

For F, hybrids obtained for the use of early-matur-  variability of the number of grains in F,, for 2018-2020 is
ing varieties by the mother form, the number of grains  conditioned upon both the components of hybridisation
in the main ear in the years of research had a consideable  and the conditions of the year (Table 3).
differentiation — 30.1-76.5 pcs. It is established that the

Table 3. Number of grains in the head ear F,and parent forms for the use
of early-maturing varieties by the mother form, pcs.

. L 2018 2019 2020
Cross-breeding combinations 0 F, g 0 F, g 0 F, g
Q early maturing / J early maturing
Myr. early / B.Ts.s-d” 39.1 63.5 37.7 39.8 61.8 39.5 42.3 53.1 49.5
Muyr. early / Kolchuha 39.1 59.5 41.8 39.8 61.3 384 42.3 42.2 38.3
B.Ts.s-d / Kolchuha 377 55.6 41.8 39.5 67.8 384 49.5 51.0 38.3
Q early maturing / & mid-early
Muyr. early / Zolotokolosa 39.1 63.8 42.2 39.8 72.7 39.8 423 47.2 379
Muyr. early / Chorniava 39.1 64.9 54.4 39.8 67.0 59.0 42.3 50.9 52.1
B.Ts.s-d / Zolotokolosa 377 60.2 42.2 39.5 59.2 39.8 49.5 514 379
B.Ts.s-d / Cherniava 377 76.5 544 39.5 60.2 59.0 49.5 53.6 52.1
Kolchuha / Chorniava 41.8 53.6 54.4 384 60.8 59.0 38.3 479 52.1
Q early maturing / § medium maturing
Myr. early / Antonivka 39.1 53.6 411 39.8 65.7 40.6 42.3 30.1 38.1
Muyr. early / Yednist 39.1 64.2 40.8 39.8 62.0 44.1 42.3 52.8 34.1
B.Ts.s-d / Antonivka 377 60.1 411 39.5 69.3 40.6 49.5 55.1 38.1
B.Ts.s-d / Yednist 37.7 69.0 40.8 39.5 58.3 44.1 49.5 44.1 34.1
B.Ts.s-d / Vidrada 377 55.4 37.2 39.5 63.7 37.6 49.5 44.9 35.9
Kolchuha / Antonivka 41.8 62.6 411 38.4 69.2 40.6 38.3 50.1 38.1
Kolchuha / Yednist 41.8 49.0 40.8 38.4 55.9 44.1 38.3 44.7 34.1
Kolchuha / Vidrada 41.8 51.0 37.2 38.4 53.0 37.6 38.3 38.0 35.9
Kolchuha / Stolychna 41.8 64.8 40.5 38.4 62.9 38.9 38.3 49.2 39.0
Q early maturing / 4 mid-late
Myr. early / Vdala 39.1 69.1 39.9 39.8 67.5 40.7 42.3 37.6 39.8
Myr. early / Dobirna 39.1 63.1 40.7 39.8 69.1 43.8 42.3 48.8 477
B.Ts.s-d / Dobirna 377 58.2 40.7 39.5 64.9 43.8 49.5 45.0 477
HIP 24 2.1 2.3 3.8 2.0 2.8 2.1 2.4 2.2

Q5.

Note: " — Myronivska early, ** — Bilotserkivska semi-dwarf, @ — mother form, F, — hybrid, & — male form, SSD,, — the
slightest significant difference
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The largest average number of grains for hybrids
(63.3 pcs.) in the main ear was formed in 2019. Slightly
lower indicators (60.9 pcs.) were noted in 2018. Low
number of grains (46.9 pcs.) was formed by hybrids in
the conditions of 2020.

By average F, variability in the number of grains
in the main ear (18.5 pcs.), in years of research, stable
manifestation (8.8-12.9 pcs.) were established among the
following: B.Ts.s-d / Zolotokolosa; Myr. early / B.Ts. s-d; Kol-
chuha / Yednist; Myr. early / Yednist; Kolchuha / Chorniava.
Therewith, the number of grains higher than the average
for hybrids for 2018-2020 (57.1 pcs.) was determined in Myr.
early/Yednist (59.6 pcs.) and Myr.early / B.Ts.s-d (59.5 pcs.).

Manifestation of heterosis and degree of phenotypic dominance by the number...

A high amplitude of variability in the number of grains
from the ear was established in hybrids Myr. early/ An-
tonivka (35.6 pcs.), Myr. early / Vdala (31.5 pcs.), Myr. early /
Zolotokolosa (25.5 pcs.), B. Ts. s-d / Yednist (24.9 pcs.),
B.Ts.s-d / Chorniava (22.9 pcs.).

In 2018-2020, the use of medium-early, medium-
maturing, medium-late varieties for hybridisation yielded
the number of grains in the main ear F, amounting to
38.6-87.8 pcs. The obtained experimental data indicate
considerable variability depending on the selection of
parent hybridisation pairs. In addition, most hybrids have
a significant influence on the manifestation of the indi-
cators of the year conditions (Table 4).

Table 4. Number of grains in the head ear F1 and parent forms for use in hybridisation of medium-early,
medium-maturing and medium-late varieties, pcs.

. L 2018 2019 2020
Cross-breeding combinations 0 E, g 0 E, g 0 E, g
Q mid-early / & mid-early

Zolotokolosa / Chorniava 42.2 62.2 54.4 39.8 64.1 59.0 379 61.6 52.1
Zolotokolosa/ Shchedra Nyva 42.2 62.2 45.5 39.8 58.8 474 379 53.9 437
Cherniava / Shchedra Nyva 54.4 63.9 45.5 59.0 53.3 47.4 52.1 46.2 437

Q mid-early / & medium maturing
Zolotokolosa / Antonivka 42.2 53.3 41.1 39.8 62.5 40.6 379 54.3 38.1
Zolotokolosa / Yednist 42.2 70.5 40.8 39.8 73.3 441 379 48.5 34.1
Zolotokolosa / Vidrada 42.2 60.9 37.2 39.8 63.0 37.6 379 53.7 359
Zolotokolosa / Stolychna 42.2 57.2 40.5 39.8 64.6 38.9 379 61.2 39.0
Cherniava / Antonivka 54.4 70.3 41.1 59.0 41.0 40.6 52.1 437 38.1
Cherniava / Yednist 54.4 62.0 40.8 59.0 48.4 441 52.1 423 34.1
Cherniava / Vidrada 54.4 71.0 37.2 59.0 62.5 37.6 52.1 53.1 35.9
Cherniava / Stolychna 54.4 774 40.5 59.0 61.4 38.9 52.1 56.2 39.0
Shchedra Nyva / Antonivka 45.5 64.1 411 47.4 433 40.6 43.7 50.3 38.5
Shchedra Nyva / Stolychna - - - 474 68.4 38.9 43.7 60.1 39.0
Shchedra Nyva / Vidrada 45.5 65.9 37.2 474 38.6 376 437 50.3 35.9

Q@ mid-early / & mid-late
Shchedra Nyva / Dobirna 45.5 714 40.7 474 60.6 43.8 43.7 56.4 47.7
Q@ medium maturing / & medium maturing

Antonivka / Yednist 41.1 52.0 40.8 40.6 61.3 441 38.1 51.4 34.1
Antonivka / Vidrada 41.1 65.0 37.2 40.6 48.5 376 38.1 50.5 35.9
Antonivka / Stolychna 41.1 68.2 40.5 40.6 60.2 389 38.1 55.9 39.0
Antonivka / Myronivska 61 - - - 40.6 69.2 40.7 38.1 56.4 39.7
Myronivska 61 / Yednist 414 62.7 40.8 40.7 66.1 44.1 39.7 42.5 34.1
Yednist / Vidrada 40.8 63.5 372 441 66.5 376 34.1 479 35.9

Q medium maturity / & mid-late
Yednist / Dobirna 40.8 67.2 40.7 441 60.8 43.8 34.1 443 47.7

Q mid-late / & medium maturity
Vdala / Stolychna 39.9 61.0 40.5 40.7 64.6 38.9 39.8 51.9 39.0

Q mid-late / § mid-late

Vdala / Pyvna - - - 40.7 87.8 384 39.8 62.3 53.5
Dobirna / Pyvna 40.7 74.5 41.2 43.8 80.5 38.4 47.7 50.8 53.5
HIP 1.5 1.7 2.3 2.7 1.5 2.1 1.6 1.2 2.2

05

Note: @ is the female form, F, is the hybrid, & is the male form, SSD,, is the slightest significant difference
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The most favourable year for the formation of the
average number of grains for F, in the main ear (64.8 pcs.)
was established in 2018. In the conditions of 2019, the
number of grains was considerably smaller - 61.2 pcs.,
and the minimum (52.2 pcs.) was formed by hybrids in
2020.

The average variability of the number of grains
from the ear in these hybrids is determined at the level
of 16.9 pcs. With a slight variation of the attribute (2.5-
12.3 pcs. of grain), the hybrids Antonivka / Stolychna
(64.1 pcs.), Zolotokolosa / Stolychna (61.0 pcs) were de-
scribed by a consistently high reliable manifestation of
the number of grains in 2018-2020.

High variability of the attribute was determined
in the following hybrids: Dobirna / Pyvna (29.7 pcs.), Chor-
niava / Antonivka (29.3 pcs.), Shchedra Nyva / Vidrada
(27.3 pcs.),Vdala / Pyvna (25.5 pcs.), Zolotokolosa / Yed-
nist (24.8 pcs.), Myronivska 61 / Yednist (23.6 pcs.), Yed-
nist / Dobirna (22.9 pcs.), Chorniava / Stolychna (21.2 pcs.),
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Shchedra Nyva / Antonivka (20.8 pcs.).

A special feature of hybrids of the first generation
is the manifestation of the effect of heterosis in certain
quantitative and qualitative characteristics, primarily
due to the heterozygous state of the body [32; 33]. The
manifestation of heterosis is explained by an increase
in heterozygosity [34; 35], and its indicators F, vary
widely.

In most F,’s the authors of this study determined
a positive hypothetical heterosis from 0.2% (Chorniava /
Shchedra Nyva) to 122.0% (Vdala / Pyvna). Therewith, the
true heterosis varied from 0.2% (Shchedra Nyva / Dobirna)
to 115.7% (Vdala / Pyvna). A considerable influence of
hybridisation components and year conditions on the
manifestation of the heterosis effect was established.
Thus, depending on the selection of parent pairs for
cross-breeding, the indicators of hypothetical and true
heterosis in the years of research have substantial dif-
ferences (Tables 5, 6).

Table 5. Heterosis and degree of phenotypic dominance in F, according to the number of grains in the main ear,
given the use of early maturing varieties with the mother form

2018 2019 2020
Cross-breeding combinations Heterosis, % h Heterosis, % Heterosis, % h
Ht Hbt ’ Ht Hbt P Ht Hbt P
Q early-maturing / & early-maturing
Myr. early /B.Ts.s-d” 65.4 62.4 35.9 55.9 55.3 147.7 15.7 73 2.0
Muyr. early / Kolchuha 46.9 42.3 14.5 56.8 54.0 31.7 4.7 -0.2 0.9
B.Ts.s-d / Kolchuha 39.7 33.0 79 74.1 71.6 52.5 159 3.0 1.3
Q early maturing / & mid-early
Muyr. early / Zolotokolosa 56.8 51.2 154 82.6 82.6 16440 17.7 11.6 3.2
Myr. early / Chorniava 38.7 19.3 24 35.6 13.6 1.8 7.8 -2.3 3.1
B.Ts.s-d / Zolotokolosa 50.5 42.7 9.2 49.3 48.7 130.3 17.6 3.8 1.3
B.Ts.s-d / Cherniava 65.9 40.6 22.1 21.2 2.0 1.1 5.5 29 2.2
Kolchuha / Chorniava 11.43 -1.5 0.9 24.9 3.0 1.2 6.0 -8.1 0.4
Q early maturing / § medium maturing
Myr. early / Antonivka 337 30.4 13.5 63.4 61.8 63.8 -2.5 -28.8 -4.8
Myr. early / Yednist 60.5 574 30.3 47.8 40.6 9.3 38.2 24.8 3.6
B.Ts.s-d / Antonivka 52.5 45.2 12.2 73.0 70.7 53.2 25.8 11.3 2.0
B.Ts.s-d / Yednist 75.6 69.1 19.8 39.5 32.2 72 5.5 -10.9 0.3
B.Ts.s-d / Vidrada 477 47.0 89.5 68.7 61.3 27.9 5.2 -9.3 0.3
Kolchuha / Antonivka 50.8 49.8 70.3 75.2 70.4 27.0 31.3 30.8 79.7
Kolchuha / Yednist 18.6 17.2 154 35.5 26.8 5.1 235 16.7 4.0
Kolchuha / Vidrada 29.1 22.0 5.0 65.8 38.0 62.5 24 -0.8 0.8
Kolchuha / Stolychna 57.3 55.0 39.3 62.7 61.7 97.0 27.3 26.2 30.1
Q early maturing / 4 mid-late
Myr. early / Vdala 74.9 73.2 74.0 67.7 65.8 60.6 -84 -11.1 -2.8
Myr. early / Dobirna 58.1 55.0 29.0 65.3 57.8 13.6 8.4 2.3 1.4
B.Ts.s-d / Dobirna 48.5 43.0 12.7 55.8 48.2 10.8 -74 -9.1 -4.0

Note: " — Myronivska early,** — Bilotserkivska semi-dwarf, Ht — hypothetical heterosis, Htb — true heterosis, hp — degree

of dominance, @ — maternal form, & — male form
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Table 6. Heterosis and degree of phenotypic dominance in F, according to the number of grains in the main ear given
the use of medium-early, medium-maturing and medium-Late varieties for hybridisation

2018 2019 2020
Cross-breeding combinations Heterosis, % Heterosis, % Heterosis, % h
Ht Hbt P Ht Hbt P Ht Hbt P
@ mid-early / & mid-early
Zolotokolosa / Chorniava 28.5 14.3 2.3 29.8 8.64 1.5 36.9 18.2 2.3
Zolotokolosa/ Shchedra Nyva 41.4 36.7 12.1 349 24.1 4.0 321 233 4.5
Cherniava / Shchedra Nyva 27.8 17.5 3.2 0.2 -9.7 0.02 -3.5 -11.3 -0.4
Q mid-early / § medium maturing
Zolotokolosa / Antonivka 27.8 26.3 23.2 55.5 53.9 55.8 429 425 163.0
Zolotokolosa / Yednist 69.9 67.1 41.4 74.7 66.2 14.6 34.7 28.0 6.6
Zolotokolosa / Vidrada 53.4 443 8.5 62.8 58.3 2.2 45.5 41.7 16.8
Zolotokolosa / Stolychna 38.2 35.5 19.8 64.2 62.3 56.1 59.2 56.9 41.4
Cherniava / Antonivka 47.1 29.2 3.41 -17.7 -30.5 -1.0 -3.1 -16.1 -0.2
Cherniava / Yednist 30.3 14.0 2.1 -6.1 -18.0 -0.4 -1.9  -188 -0.09
Cherniava / Vidrada 55.0 30.5 2.0 29.4 5.9 1.3 20.7 1.9 1.1
Cherniava / Stolychna 62.9 12.3 4.3 254 4.0 1.2 234 79 1.6
Shchedra Nyva / Antonivka 48.0 40.9 9.5 -1.6 -8.6 0.2 23.0 15.1 3.4
Shchedra Nyva / Stolychna - - - 58.5 44.3 5.9 45.3 37.5 16.4
Shchedra Nyva / Vidrada 59.2 448 6.0 -9.2 -18.6 -0.8 264 15.1 2.7
Q mid-early / & mid-late
Shchedra Nyva / Dobirna 65.7 56.9 11.8 329 27.6 8.3 234 0.2 5.4
Q medium maturing / & medium maturing
Antonivka / Yednist 27.0 26.5 737 447 39.0 108 424 34.9 77
Antonivka / Vidrada 65.8 58.2 13.9 24.0 19.5 6.3 36.5 32.5 12.3
Antonivka / Stolychna 67.2 65.9 91.3 514 48.3 241 450 433 38.6
Antonivka / Myronivska 61 - - - 69.7 70.0 4.2 45.0 421 219
Myronivska 61 / Yednist 52.6 51.5 72.0 55.9 49.9 139 15.2 7.1 2.0
Yednist / Vidrada 62.8 55.6 13.6 62.8 50.8 79 36.9 334 14.3
Q medium maturity / § mid-late
Yednist / Dobirna 64.9 64.7 529.0 383 379 112.3 8.3 -7.1 0.5
Q mid-late / & medium maturity
Vdala / Stolychna 51.7 50.6 69.3 62.3 58.7 27.6 31.7 30.4 31.3
Q mid-late / & mid-late
Vdala / Pyvna - - - 122.0 115.7 42.0 33.5 16.4 2.3
Dobirna / Pyvna 81.9 80.8 1342 623 83.3 14.6 0.4 -5.0 0.07

Note: Ht — hypothetical heterosis, Htb — true heterosis, hp — degree of dominance, @ — maternal form, & — male form

Stable high manifestation of hypothetical (27.0-
75.2%) and true (26.2-70.4%) heterosis in the years of
research was determined in Myr. early / Yednist, Kol-
chuha / Antonivka, Kolchuha / Stolychna, Zolotokolosa /
Antonivka, Zolotokolosa / Yednist, Zolotokolosa / Vidrada,
Zolotokolosa / Stolychna, Antonivka / Yednist, Antonivka /
Stolychna, Yednist /Vidrada, Vdala / Stolychna. A certain
level of heterosis does not always allow predicting the
emergence of valuable forms in subsequent generations
of splitting, since interallelic interactions may occur that
are not passed on to descendants. Therefore, it is better
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to use heterosis with other performance characteristics
that yield more efficient selection [36-38].

Analysis of the degree of phenotypic dominance
in the years of research indicates that the inheritance of
the number of grains from the main ear in most hybrids
(85.6%) occurred with positive over-dominance. Inter-
mediate inheritance is typical for 8.3% of cross-breed-
ing combinations. For positive dominance and negative
overdomination, inheritance of the trait occurred in the
same amount — 4.6%. The least common type of inheri-
tance is negative dominance — 1.5%.




In similar studies for crossing varieties of soft
winter wheat of different origin inheritance of the num-
ber of grains from the ear in F, was followed by partial
positive dominance, positive over-dominance, and inter-
mediate Inheritance [39]. During hybridisation of vari-
ous ecotypes of soft winter wheat under the conditions
of the Bilotserkivska Experimental Station, the number
of grains from the main ear in 9 out of 10 hybrids was
determined by positive over-dominance [40].

The conducted studies demonstrate that the indica-
tor of the degree of phenotypic dominance in F, depends
on both the selection of hybridisation components and
the year conditions. In 2018-2020, positive over-dom-
inance was detected in 26 out of 42 cross-breeding
combinations. As a result of the study, hybrids with positive
overdomination were identified, which formed a high
number of grains in the main ear (55.1-77.4 pcs.), namely:
B.Ts.s-d / Antonivka, Zolotokolosa / Cherniava, Zolotoko-
losa / Stolychna, Cherniava / Stolychna, Shchedra Nyva /
Dobirna, Antonivka / Stolychna.

The methods for determining indicators of hetero-
sis and the degree of phenotypic dominance to assess
F, used in this study are widely used by scientists in the
breeding of winter wheat [4; 41], winter rye [42], winter
triticale [43], spring barley [44], spring rapeseed [45].
Thus, by attracting to hybridisation, in the conditions
of the forest-steppe of Ukraine, varieties of soft winter
wheat that differ in precocity, the authors of this study
managed to obtain hybrids of the first generation, which
in comparison with the parent forms are described by
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a statistically significantly larger number of grains in
the main ear. The analysis of the obtained experimental
data allows predicting the influence of pairs selected
for hybridisation and hydrothermal conditions of the
year on the manifestation of the number of grains in
the main ear F, and the nature of inheritance of the
attribute under study.

CONCLUSIONS

1. The manifestation and variability of the number of
grains in the main ear in hybrids of the first gener-
ation of soft winter wheat is considerably influenced
by both the parent pairs of hybridisation and the year
conditions.

2. A significant influence of the genotypes of the
parent components of cross-breeding and the year con-
ditions on the indicators of heterosis and the degree of
phenotypic dominance in F, was established.

3. The most common type of inheritance (85.6%)
of the number of grains in the main ear is positive over-
dominance.

4. Cross-breeding combinations were singled out,
which on average for three years statistically significantly
exceeded the average number of grains from hybrids
from the main ear: Myr. early / Zolotokolosa, Myr. early /
Cherniava, B. Ts. s-d / Cherniava, B. Ts. s-d / Antonivka,
Kolchuha / Antonivka, Zolotokolosa / Cherniava, Zolotoko-
losa / Yednist, Cherniava / Vidrada, Chernyava / Stolychna,
Shchedra Nyva / Dobirna, Antonivka / Stolychna, Dobirna /
Pyvna.
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MposaB rerepo3sucy i cTyneHo $eHOTUNOBOro AOMiHyBaHHS 3a Ki/lbKiCTIO 3epeH
3 roJIOBHOIO KoJiocy Npu ri6puamnsauii pisHUX 3a CKOPOCTUMNICTIO COPTIB
nweHuui M'aKoi o3nmoi

Mukona Bnagucnasosuu JlosiHcbkuit, FanuHa JleoHinisHa YcTuHOBa,
TetaHa OnekcanpapiBHa paboBcbka, KOniga OnekcaHppiBHa KymaHcbKa,
Onekcanap CrenaHoBuy lopoaeLbKuii

binouepkiBCbKMIM HaLLiOHANbHUI arpapHMii yHiBepCUTET
09100, nnowa CobopHa, 8/1, M. bina Llepksa, YkpaiHa

AHortauig. Mwenunug (Triticum aestivum L.) 031Ma € rof0BHOK NPOLOBOILYOK KY/IBTYPOH CBITOBOrO MaclTaby, B 3pOCTaHHiI
i cTabinizauii BpoxanHOCTi koi BaroMnM (GakTopoM € COPTOBI pecypcu. B npakTuyHil cenekwuiiHin poboTi BaxamBy ponb
Bifirpa€ pisHOMAHITHWI OCKOHANO BUBYEHMI BUXiAHMI MaTepian. MeToto gocnigxeHb nepenbavyanocs BUSHAYEHHS
rinOTETUYHOrO Ta ICTUHHOTO reTepo3unCy | BCTAHOBNEHHS XapaKTepy YCMNaAKyBaHHS KiflbKOCTi 3€peH 3 roI0OBHOMO Konocy
B ribpuaie nweHuui Makoi 03numoi. Y 2018-2020 pp. B yMOBax LOCNILHOIO N0 HaYKOBO BUPOOHMYOTO LLEHTPY
binouepkiscbkoro HAY pocnigxyBanu 45 koMbiHaLiM cxpellyBaHHS OTpMMaHMX Bif ribpuamsauii pisHuMx 3a
TPMBanicTiO BereTauiiHOro nepioay COpTiB NWeHMLi M'AKOi 03uMoi. [lns BU3HAYEHHS FiNOTETUYHOrO Ta iCTUHHOMO
reteposucy i ctyneHo GeHoTUMNOBOro AOMiHYBAaHHS 3a KiNbKiCTIO 3epeH Yy rOJI0OBHOMY KOM0Ci BUKOPUCTOBYBANN
3aranbHONPUIAHATI MeToaMKM. [poBefeHi JOCNiIAXKEHHS CBifYaTb, LLO KiNbKiCTb 3€peH Y KOOCi rofoBHOrO cTebna
6aTbKiBCbKMX KOMMOHEHTIB ribpmnamn3sauii obyMoBneHa reHoTMNOM Ta 3HAYHO MiAJJETHCH BMAMBY TiApPOTEPMIUHMX
YMOB pOKY. BcTaHOBNEHO BNAMB MaTePUHCBKOI LMTONIA3MK HA NPOSIB AOCAIAXKYBAHOI 03HAKK. Tak, 3@ BUKOPUCTAHHS
B ribpuam3auii paHHbOCTUIINMX COPTIB MAaTEPUHCbKOK GOPMOI Halbinblia cepeaHs No ribpnaax KinbKicTb 3epeH y
ronoBHOMYy konoci (63,3 wr.) dpopmyeanacs y 2019 p. BoaHouyac 3a BUKOPUCTAHHSA B ribpuan3aLii cepeaHbopaHHiXx,
CcepenHbOCTUIINX | CepeaHbONi3HIX COPTIB MaKCMMasbHa KiNbKiCTb 3epeH (64,8 wr.) BigMiveHa B 2018 p. Mpu upomy
MiHiIManbHy KinbKicTb 3epeH yci ribpuan dopmysanu y 2020 p. OTpuMaHi ekcnepuvMeHTanbHi AaHi CBig4aTb Npo
BNIMB 6ATbKIBCbKMX FEHOTUNIB | YMOB POKY Ha MOKAa3HMKM reTeposuncy i cTyneHo GeHOTMNOBOro AOMiHYBaHHS
y ribpuais neploro nokoniHHA. BusHayeHo, Wwo Hanbinbw MowMpeHnM TUMNOM ycrnafkyBaHHs (85,6 %) KinbkocTi
3epeH 3 roIOBHOrO KONIOCY € NO3UTUBHE HAAAOMIHYBaHHS. [paKTUUHY LiHHICTb ANS cenekuii nweHuui MaKoi 03MMoi
CTaHOBNATb BUAINEHI HAMK KOMBIHaLii cxpeLlyBaHHS: MUPOHiIBCbKa paHHS / 3010ToKonoca, MUPOHIBCbKa paHHS /
YopHsiea, binouepkiscbka HaniBkapaunkosa / YopHsasa, binouepkiBcbka HaniBkapnukoBa / AHTOHIBKA, Konbyyra /
AHTOHIBKa, 30n10TOKON0CA / YopH$Ba, 3on0Tokonoca / €aHicTb, YopHsiea / Bigpaaa, YopHsaea / CronuuHa, Leapa Huea /
[obipHa, AHToHiBKa / CtonnyHa, [lobipHa / IN1BHA, Ki B MiHAMBMX 3@ FigpoTEPMiYHUMU YMOBAMU POKU AOCILKEHD
AOCTOBIPHO NEpEeBMLLYBaNM CEPEAHIO MO F, KiNbKiCTb 3epeH 3 ro/I0BHOMO Kos1oCy

KntouoBi cnoBa: 6aTbKiBCbKi KOMMOHEHTM CXpeLLYBaHHS, yMOBU POKY, yCNaAKyBaHHS, ribpuan, iCTMHHWIA | rinoTeTUYHUIA
reTeposuc, CTyniHb GeHOTUMNOBOro LOMIHYBAHHS
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INTRODUCTION

In the context of the functioning of new forms of market-
type management in the agricultural sector, the scientifi-
cally based use of mineral fertilisers remains an effec-
tive factor in the guaranteed and efficient production
of agricultural products [1-3]. Majority of scientists and
specialists believe that the best conditions for seed
formation occur when mother plants are fully supplied
with nutrients [4-6]. Intensive technologies for growing
soft winter wheat are based on the widespread use of
mineral fertilisers and pesticides; therefore, their uncon-
trolled use is economically unjustified and environmen-
tally hazardous [7-9]. According to scientific recommen-
dations, the rate of application of nitrogen fertilisers
for growing winter wheat in intensive technologies is
120 kg/ha a.b. [10-12]. However, an excess of nitrogen
worsens the quality of seeds, since in the phases of milk
and wax ripeness nitrate forms, toxic to the embryo,
and accumulate in it. And also the supply of potassium,
calcium, and magnesium to mother plants is delayed,
which leads to the biological inferiority of seeds [13-15].
Phosphorus is an indispensable element for the
complete development of plants. It promotes the assimi-
lation of nutrients by the plant, thereby improving the
sowing qualities and yielding properties of seeds, it actively
participates in phosphorylation reactions; it is a part of
organic compounds and largely determines the level of
energy processes in the plant. Therefore, its presence in
the seeds in sufficient quantities ensures the life of a
young plant at a high energy level and determines the
intensity of further biochemical transformations, plant
development, and the final yield. In soil, phosphorus is
mainly in a bound state, so the concentration of mobile
forms in it is low [16-18]. The diffusion at soil tempera-
tures above 14°C is the main method of its delivery to
the root hairs; in lower plants, they suffer from its defi-
ciency even at a high content in the soil [19].
Potassium serves as a regulatory and transport
“agent” in a plant, promotes quality optimisation, increases
plant resistance to diseases and pests, regulates water
regime, improves root development, and prevents lodging
of plants. Insufficient potassium supply to the soil leads
to a delay in wheat growth, a sharp reaction of plants
to soil temperature and moisture is observed, and the
quality of seeds deteriorates [20; 21]. Sulfur is a key
component of most proteins as it is found in the amino
acids methionine and cysteine. In wheat, this microele-
ment affects the increase in the content of proteins in
seeds, grain for protein synthesis. A culture cannot as-
similate nitrogen without a sufficient amount of sulfur,
therefore the N:S ratio should not exceed 4-8:1 [22; 23].
In recent years, there has been a tendency in
Ukraine to introduce higher norms of mineral fertilisers
for wheat, but they remain significantly less than the
standards adopted in the developed countries of the
world. According to the FAO World Organisation, the
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increase in grain crop yields from the use of 1 kg of
nitrogen in Germany is 20.3 kg, France - 21.2 kg, Great
Britain — 24.3 kg, and in Ukraine it does not exceed
11-12 kg [24].

World experience in the use of mineral fertilisers
convincingly confirms their 40-50% share in the formation
of winter wheat yields, considering soil fertility, prede-
cessors, and varietal characteristics [25-27]. According
to the variety testing data in the Forest Steppe zone of
Ukraine, on the production fields of Western Polissya,
the Right-Bank and Left-Bank Forest Steppe, the aver-
age parameters of nutrient absorption by winter wheat
of modern varieties are (kg/t): for grain N - 21.6; P,O, -
6.5; K,0 - 4.6, for straw - 4.9; 1.1 and 17.5; trace ele-
ments (mg/kg): for grain - Zn - 19, Co - 0.51, Fe - 37,
Mn - 30, Cu - 2.1, for straw - Zn - 1.8, Co - 0.52, Fe -
27, Mn - 12, Cu - 0.6 [28]. Studies conducted in the
Eastern States of Australia confirm that when nitrogen
fertilisers are applied up to 100 kg/ha active ingredient
the yield of winter wheat increases significantly, but this
effect strongly depends on environmental conditions
(precipitation, temperature, and water-holding capacity
of the soil) [29].

This problem is very important within the Western
Forest Steppe zone, which is characterised by low natu-
ral fertility, leaching regime, high acidity, etc., which de-
termines the physiological needs of varieties to obtain
biologically valuable seeds.

The purpose of the study was to determine the
features of the formation of seed productivity and sowing
qualities of soft winter wheat seeds depending on the
levels of mineral nutrition of plants in the Western Forest
Steppe.

MATERIALS AND METHODS

Field experiments in the crop rotation were carried out
in the laboratory of the Institute of Agriculture of the
Carpathian Region of the National Academy of Agrarian
Sciences, from 2018 to 2021. The total area of the exper-
imental site was 60 m?, the accounting area was 50 mZ,
Placement of variants was systematic, repetition - three-
fold. The soil of the research plots was grey forest, super-
ficially gleyed, light loamy, which was characterised by
such indicators, as humus content (according to the Tyu-
rins) - 1.7%, the number of absorbed bases - 13.7 mg-eq
per 100 g of soil, puddle-hydrolysed nitrogen (according
to Cornfield) - 89.6 mg/kg, mobile phosphorus and ex-
changeable potassium (according to the Kirsanovs) -
69.5 and 68.0 mg/kg, respectively. As for gradation, such
a soil has a very low nitrogen, medium phosphorus, and
low potassium supply. The reaction of the soil solution
(pH sol - 5.4) is weakly acidic.

Agricultural technology for growing varieties of
winter wheat is common for the crop in this area. The
predecessor is winter rapeseed. Sowing time is from
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09.25 to 01.10. Seeding rate - 5.5 million viable seeds/ha,
application of mineral fertilisers (basic) - N,,P, K .S, .
Seed treatment - dressing agent Vitavax 200FF, 34%
(water suspension concentrate, 3.0 l/t). Plant protection
against weeds and diseases - herbicides: Roundup,
48% (4.0 l/ha); Granstar, 75% (water-soluble granules,
0.025 g/ha); Fungicide: Falcon (emulsion concentrate,
0.6 l/ha) [30].

The experimental scheme included 1 - control
(without fertilisers), 2 = N, P, K, S,.,3 =N, ,P.K S,
4 = NP oKyoSss- Mineral fertilisers were applied in
various forms, in particular: in all variants - phosphoric
potash fertiliser — nitroammophoska NPK_ ;.o (39).

1 variant of experiment - N P, K S/ - nitroam-
mophoska NPK_ ... (3S) - 265 kg/ha for cultivation;
BBCH 20-22 (permafrost soil) ammonium sulfate — 50 kg/ha;
BBCH 30-32 (phase of plant emergence into the tube)
ammonium nitrate - 90 kg/ha; BBCH 37-49 (heading
phase) ammonium nitrate - 80 kg/ha.

2 variant of experiment - N P, K S,/ - nitroam-
mophoska NPK_ ... (3S) - 370 kg/ha for cultivation;
BBCH 20-22 (permafrost soil) ammonium sulfate -
50 kg/ha + ammonium nitrate - 150 kg/ha; BBCH 30-32
(phase of plant emergence into the tube) ammonium
nitrate — 130 kg/ha; BBCH 37-49 (heading phase) ammo-
nium nitrate - 93 kg/ha.

3 variant of experiment - N P. K S ;5 nitroam-
mophosk NPK. ... (3S) - 450 kg/ha for cultivation;
BBCH 20-22 (permafrost soil) ammonium sulfate -
60 kg/ha + ammonium nitrate — 190 kg/ha; BBCH 30-32
(phase of plant emergence into the tube) ammonium
nitrate — 160 kg/ha; BBCH 37-49 (heading phase) ammo-
nium nitrate - 150 kg/ha.

The studies were carried out according to generally
accepted methods,such as phenological observations of
the growth and development of plants, evaluation of
crops in autumn and during the restoration of spring
vegetation, the structure of plants in the phase of full
grain ripeness — H.K. Fursova, D.I. Fursov, V.V. Serhyeyey,
2004 [31]; phytopathological assessment - according to
V.P.Omelyuta, L.V.Hryhorovych,V.S.Chaban et al., 1986 [32];
leaf surface area and net productivity of photosynthesis
were determined by N.V. Peterson, T.0. Chernomyrdina,
Ye.K.Kurilyak, 1993 [33]. The yield was taken into consid-
eration when determining the moisture at the time of

harvesting and recalculating to a standard 14% moisture.
The output of conditioned seeds was determined after
bringing them to sowing conditions on the grain clean-
ing machine Petkus “Giant”, multiplication factor - con-
cerning the cleaned seeds to the sown ones. Processing
and summarising the results of the study was carried
out using Microsoft Excel programs. The obtained data
were processed by the method of dispersion and correla-
tion analysis by B.A. Dospekhov, 1985 [34].

RESULTS AND DISCUSSION

Seed technologies should be based on varietal agricul-
tural technology, considering the reaction of the variety
to certain growing conditions, including the nutritional
system, under which the genetic potential laid down
by selection can be used to the maximum. Yield is a
complex feature that is formed from many structural
elements, the value of each of which is determined by
the impact on the effective value.

According to the grain yield formed by the varieties
in 2019, theyield of conditioned seeds was the lowest in
the control and amounted up to 65%. With an increase
in the rates of application of mineral fertilisers, this
indicator grew by 6-11%. Plants on the control (with-
out fertilisers) created a shrivelled grain, therefore, the
yield of conditioned seeds in 2020 was also low - 52%.
The introduction of mineral fertilisers at different rates
contributed to a better supply of plants with nutrients,
which positively influenced the formation of full seeds.
Under such conditions, the yield of conditioned seeds
grew up to control simultaneously with an increase in
the rate of fertilisation, according to the N, P. K. S

90" 50 90719
option by 18%, N, ..P, K. ,,S,, - by 21%. High rates of ap-
plication of nitrogen fertilisers at rates of N,, P, K, . .S,

somewhat reduced this indicator. In comparison with
the control, its increase was significant, and with the
norm N, P K .S, it was less by 3%. In 2021, the yield
of conditioned seeds varied from 48% in the control
(without fertilisers) to 76% with the application rate of
mineralfertilisersN_, P, K, S,..There are no differences

between the norms N, P, K/, S, and N, P, K S, for
this indicator. Over the years of research, the rate of
yield of conditioned seeds was the lowest in the control
(without fertilisers) (Table 1). With the introduction of

mineral fertilisers, this indicator increased by 16-20%.

Table 1. Indicators of seed productivity of winter wheat varieties depending on the norms
of mineral fertilisers application (from 2019 to 2021)

Mineral fertilisers

- The yield of conditioned seeds Seed yield Seed multiplication factor
rate, active
substance/ha %  to control t/ha  to control units * to control
ControF {without 55 B 158 B 63 ~
fertilisers)
NgoPoKooS 1o 71 16 3.14 1.56 12.6 6.3
N, oPooK50S,, 75 20 4.12 2.54 16.6 10.3
N, PooK oS ,e 73 18 4.95 3.37 19.8 13.5
SSD 2.1 0.47 2.8

005
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In 2019, under the influence of different rates of
application of mineral fertilisers under control (without
fertilisers), the average seed yield varied from 2.12 t/ha
for the Gratsia Bilotserkivska variety to 2.37 t/ha for
Trudivnytsa Myronivska and Vodograi Bilotserkivskiy. De-
pending on the yield of conditioned seeds in 2020, the
yield under control was, respectively, 1.35 t/ha,and when
the rate of mineral fertilisers N, P. K/ S,; was applied,
it increased to 3.37 t/ha. Under the weather conditions
of 2021, the seed productivity of varieties varied from
1.11 t/hain the control (without fertilisers) to 4.59 t/ha
at the rate of application of mineral fertilisers N, P, K, S,..
The average indicators over the years of research on the
yield of seeds of soft winter wheat varieties varied from
1.58 t/ha for control to 4.95 t/ha for the option of applying
mineral fertilisers at the rate of N, P, K, S, ..

Depending on the yield of conditioned seeds in
2020,theyield under control was, respectively, 1.35 t/ha.
When applying the rate of mineral fertilisers N, P, K, S,
it increased to 3.37 t/ha, or 2.02 t/ha. The highest was
the application rate of N, P, K S,. - 4.33 t/ha, or
2.98 t/ha in the control.

Under the weather conditions of 2021, the seed
productivity of varieties ranged from 1.11 t/ha in the
control (without fertilisers) to 4.59 t/ha at the rate of
application of mineral fertilisers N, P, K/, S,.. An in-
crease in the application rate of mineral fertilisers in
N, sP7oK,,05,, contributed to a significant increase to
the lower rate by 1.0 t/ha and by 1.68 t/ha - to the
N,,PsoK, 09,4 Fate. The average indicators over the years
of research on the yield of seeds of soft winter wheat
varieties varied from 1.58 t/ha on the control to 4.59 t/ha
according to the option of applying mineral fertilisers
at the rate of N, P, K., .S,

The regulating factor for expanding the area under
crops is to build up a sufficient number of pre-basic seeds
of new varieties in the first years of their introduction

after being included in the Register of plant varieties

Voloshchuk et al.

suitable for distribution in Ukraine. This is facilitated by
obtaining a high rate of reproduction. In our experiments
in 2019, compared with the control (without fertilisers),
the seed multiplication factor increased from 9.2 to
23.8 units and was significantly higher than SSD, . =
4 units. Depending on the obtained seed yield, the
multiplication factor in 2020 increased with the rate
of application of mineral fertilisers by 8.5-11.9 units in
comparison with the control. With SSD . = 3.0, all the
studied variants of the mineral nutrition of plants pro-
vided a significant increase in this indicator.In 2021, the
seed multiplication factor grew from 4.4 units in the
control to 18.4 units of the rate of application of min-
eral fertilisers N,, P, K, ,.S,.. Over the years of research,
the indicator of the seed multiplication factor in the
control (without fertilisers) was -6.3 units and grew to
19.8 units of the application rate of mineral fertilisers
N220P90K160528'

Under the influence of weather and agro-technolog-
ical factors, seeds with different weights were formed
within the ear and on the plant as a whole, which deter-
mined its fractional composition when brought to sow-
ing conditions and its assessment. Presented in Table 2
data allow us to assert that in the control (without fer-
tilisers) the yield of the fine fraction of seeds was the
highest - 28.0-29.9%, and the highest - 30.5-31.7%.
When mineral fertilisers were applied at the rate of
NyoPsoKooS,6 the output of coarse (from 2.2 mm to 2.8 mm)
and medium (from 2.2 mm to 2.5 mm) fractions increased:
up to 41.6-42.0% and 44.6-45,0%, and small (from 2.0 mm
to 2.2 mm) decreased to 12.4-13.8%. The same pattern
was observed at the highest rate of mineral fertilisers
N, sP;0K,,09,, these indicators were, respectively: 52.2-
53.4% (large), 36.7-37.8 (medium) and 9.9-10.0% (small).
The highest total yield of coarse and medium fractions
of 94.9-95.2% was provided by the rate of mineral fer-
tilisers N, P, K, ,S,¢ With a phased application of nitrogen
at the stages of organogenesis.

Table 2. Fractional warehouse of the population of winter wheat varieties fallow
as normal application of mineral goodness (2019-2021), %

The output of seed fractions by years, mm
The average
2019 2020 2021

_ in —_ — in — —_ in _ _ in —_

Mineral fertilisers rate, 2 o : : o : : o : 2 o :
active substance/ha & N S & R S & S S & R S
o = a a ) = o o = s o = o

e 5 % & 2 3 & 2 I & : 3

5 &8 & 5 8 & 3 & & 5 ¢ &

Control (without 305 396 299 317 403 280 310 400 290 - - -

fertilisers)

NooPoKooS o 416 446 138 423 453 124 420 450 130 110 5.0 -16.0
N, oP2oK50S,, 52.2 37.8 10.0 534 367 9.9 52.8 37.2 100 2138 -2.8  -19.0
N,,oPooK (oS,e 60.7 34.2 5.1 61.2 34.0 4.8 61.0 34.0 5.0 30.0 -6.0 -24.0

The problem of increasing the sowing quality of
seeds remains extremely important due to the influence

of negative factors during its formation and maturation.
One of the important indicators of the sowing properties
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of seeds is the mass of 1000 seeds. The parameters of
this indicator were genetically incorporated when cre-
ating a variety, however, the formation of biologically
valuable seeds is provided primarily by the plant nutri-
tion system. This issue acquires particular importance
in cases where the cultivation technology does not cor-
respond to the genetic capabilities of the variety to en-
sure a sufficient degree of reliability and protection of
the genotype from the unfavourable influence of biotic
and abiotic environmental factors.

In the conducted experiments, a balanced com-
plex of macronutrients had a positive effect on the for-
mation of the mass of 1000 seeds. The average given
indicator over the years of research varied from 38.2 in the
control to 45.7 g at the rates of application of mineral
fertilisers N,, P, K, .S, (Table 3).

The effect of fertilisers on the growth of this in-
dicator was significant in all years of research. In 2019,
in comparison with the control, this indicator grew by
4.2-5.6 g.In 2020, under the control (without fertilisers),

the varieties formed a mass of 1000 seeds at the level
of 36.3 (Gratsia belotserkivska) - 37.3 g (Kvitka poliv).
It was higher by 5.8-8.4 g in the variants of applying
mineral fertilisers. Compared to the control, the lowest
rate of application of mineral fertilisers - Ny P, K, S o
contributed to its growth by 5.8 g, and the highest
N,,0PsoK 60,5 — DY 8.4 g, with the smallest significant dif-
ference of 0.8 g between all rates of mineral fertilisers.
Under the influence of weather conditions and levels of
mineral nutrition of plants in 2021, the average weight
of 1000 seeds by varieties was 35.9 g and higher by 6.1-
8.7 g at the studied rates of mineral fertilisation.

Seeds with a higher mass of 1000 seeds provided
a high percentage of germination energy (from 73.1%
to 76.7%) and laboratory germination (from 92.8% to
93.6%). With a high rate of mineral fertilisers N_,,P. K S,
compared to the rate of N, P, K . S, ,the difference in
seed germination energy and laboratory germination
was within the error limits of 2.1 and 0.5% (SSD ;= 2.5
and 1.1).

Table 3. Sowing qualities of seeds of winter wheat varieties depending on the application rates
of mineral fertilisers (average for varieties and years 2019-2021)

Mineral fertilisers rate, Weig:et d15000 Seed germination energy Laboratory germination of seeds
active substance/ha
g £ to control % * to control % * to control
Control (without 38.2 - 683 - 792 -
fertilisers)
NgoPooKeoS 1o 43.5 5.3 73.1 4.8 92.8 13.6
N, oP2oK50S,, 447 6.5 76.7 8.4 93.6 14.4
N, PooK 0S,e 45.7 7.5 74.6 6.3 93.1 13.9
SSD 0.6 2.5 1.1

005

CONCLUSIONS

In the zone of the Western Forest Steppe of Ukraine, on
low in natural fertility grey forest surface gleyed soils,
obtaining a high yield and quality of seeds depends on
the provision of soft winter wheat plants with an optimal
level of mineral nutrition.

1. At the rate of application of complex mineral
fertilisers at the rate of N, P, K/ S,; (nitroammophoska
NPK, .5, 3S) — 450 kg/ha for cultivation and feeding in
BBCH 20-22 (frozen ground) with ammonium sulfate -
60 kg/ha + ammonium nitrate - 190 kg/ha + BBCH 30-32
(phase of plant emergence into the tube) ammonium
nitrate - 160 kg/ha + BBCH 37-49 (heading phase) am-
monium nitrate - 150 kg/ha, varieties provided a higher

(before control without fertilisers) 18% yield of condi-
tioned seeds, 3.37 t/ha yield and 13.5 units of multipli-
cation factor.

2. With an increase in the rates of application of
mineral fertilisers,the yield of large (from 2.2 to 2.8 mm)
and medium (from 2.2 to 2.5 mm) seed fractions increased.
At the rate of N,, P, K, S.. with staged nitrogen addition
by stages of organogenesis, the total yield of these frac-
tions was from 94.9% to 95.2%.

3.Mineral fertilisers at different application rates
contributed to an increase in the mass of 1000 seeds by
5.3-7.5 g, which increased the seed germination energy
by 4.8-8.4% and laboratory germination by 13.6-14.4 g.
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dopMyBaHHA HAaCiHHEBOI NPOAYKTUBHOCTI Ta NOCIBHMX AKOCTEN HACiHHS NWEeHULL
M'IKOi 03MMOI 3aN1e)XHO Bif PiBHIB MiHepasIbHOro YXUBJIEHHS! POCNTUH
y 3axigHoMy JlicocTeny YKpaiHu

Irop CrenanoBuu Bonouwyk, Onekcangpa MetpisHa Bonouwiyk,
BanentuHa BikropiBHa nuBa, Mapia CtenaHiBHa 3anicoubka

IHCTUTYT cinbcbKkoro rocnogapcrea Kapnartcbkoro periony HAAH
81115, Byn. Ipywescbkoro, 5, c. O6poLwunHe, YkpaiHa

AHoTauis. CboroaHi 3Ha4yHa yBara NpuaingeTbcs iHTeHCUdikaLii BUpOOHULTBA 3€pHOBUX KYbTYP, KA 3a1€XWTb Bif,
NMPUCKOPEHOrO BMNPOBAaAXXEHHS BUCOKOMPOAYKTUBHMUX COPTOBMX pecypciB i3 36epexeHHsM BNacTMBOCTEN COPTY B
npoueci NoAanbLIOro MOro PO3MHOXEHHS, BUPOOHMLTBA BUCOKOSIKICHOI Ta KOHKYPEHTOCMPOMOXHOT NpoAyKLii Ans
cybpuHkiB no6a3oBoro, 6a30BoOro Ta cepTMdiKOBAHOro HACiHHSA. YOOCKOHANEHI TEXHOMOTIT BUPOLLYBAHHS MLUEHMUL
M'IKOT 03MMOi NOBMHHI 6a3yBaTUCS HA eDEKTUBHOMY BUKOPUCTAHHI FPYHTOBO-K/IMAaTMYHMX YMOB LOCAiAXYBAHOIO
perioHy, 6ion0riYyHOMY ¥/ reHeTUYHOMY MOTeHLiani COpTiB, TEXHOMOMYHMX IHHOBALIAX B arpOTEXHIYHUX MpuitoMax
BMPOLLYBaHHS KyNbTypUu Ta ONTUMANIbHOMY 3aCTOCYBaHHI MaTepianbHO-TEXHIYHMX pecypcCiB, byTH ebeKTUBHUMU SK AN9
BMPOOHMKA, TaK i CMOXMBAYa HACIHHEBOI NPOAYKLii. MeTa HaWMX AOCNIAKEHb NOAsSTaNa y BUSHAYEHHI ocobansocTen
(hOpMYBaHHA HACiHHEBOT NPOAYKTUBHOCTI T NOCIBHUX SKOCTEN HACIHHS MLWEHULL MAKOi 03MMOI 3aNeXHO Bif, PiBHIB
MiHEpasIbHOrO XXMB/EHHS POCAMH B 3axigHoro Jlicocteny YkpaiHu. MeToaonoriyHy OCHOBY CTaHOBM/IM 3arasibHOHAYKOBI
Ta crneuianbHi MeToaM AocnigxeHb. [locniokeHHAMU BCTAHOBAEHO, WO 33 HM3bKOI MPUPOAHBLOI POAKOYOCTI Cipmx
NiCOBMX NOBEPXHEBO-OMMEEHNX MPYHTIB 3axifHoro JlicocTeny Ta 3 ypaxyBaHHAM 3MiH KNiMaTy B CTOPOHY NOTENiHHS
i 3MEHLLEHHS KiNbKOCTi OMajiB, BNPOBAAXKEHHSM Y CilbCbKOrOCMoAapCbKe BUPOOHMULTBO HOBMX BiNbLU NPOAYKTUBHUX
COpTiB iHTEHCMBHOTO TUMY, CKNAAHUX POPM MiHepanbHUX [,0OpUB, MiKpOAoOpPUB, PErynsaTopiB pocTy, HEAOCTATHLO
00r'pyHTOBaHWMM B AAHOMY PETiOHi € MUTAHHS CUCTEMMU XKXMBJIEHHS POC/IMH MILEHMLi MKOi 03uMoi. NodaHi B cTaTTi
pe3ynbraTu gocnigkeHb 33 2019-2021 pp. BUCBITAOTb NUTaHHS BMIMBY HOPM BHECEHHS! MiHepanbHUX f00pUB 3
NOeTanHUM NiOXMBIEHHSM a30TOM Y pi3Hi ha3un opraHoreHesy Ha hOpMyBaHHS NOKA3HUKIB HACIHHEBOT MPOAYKTUBHOCTI
COpTIiB NiCOCTENOBOrO €KONOMYHOMO TUMY NIWEHMULI M9KOi 03MMOi. BCTaHOBNEHO, WO NOKa3HUK BUXOAY KOHAMLIMHOMO
HaCiHHSA HalHWK4YMM ByB Ha KOHTponi 6e3 mobpuBe) i 3poctaB Ha 16-20 % 3a BHeceHHS MiHepanbHUX A06pwMB.
YpoxalHicTb HaciHHs BapitoBana Big 1,58 1/ra Ha koHTponi mo 4,59 1/ra 3a HopMmM N220P90K160528,a KoeiLieHT
PO3MHOXEHHS, BiANOBIAHO Big 6,3 80 19,8 oguHMLb. 33 AAHOrO BapiaHTy CyMapHUI BUXiA KPYMNHOI | cepeaHboi GpakLii
cTaHoBMB 94,9-95,2 %.36anaHcoBaHM KOMNIEKC MaKPOENEMEHTIB MO3UTUBHO BMIMBAB HAa POPMYBaAHHS NMOKA3HMKIB
NOCIBHMX AKOCTeW HaciHHg nigsuwytoum Macy 1000 HaciHmMH Ha 5,3-7,5 T, eHeprito npopocTaHHsa - Ha 4,8-8,4 %,
NnabopaTopHy CxoxicTb — Ha 13,6-14,4 %

KntouoBi cnoBa: copT, ypoxaiHicTb, KOediLieHT pO3MHOXEHHS, BUXiA KOHAMLIMHOMO HACIHHS, PpaKLUiiHMIA CKNag,
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Abstract. As of today, Heracleum Sosnowskyi have expanded from transformed
habitats and small areas into natural conditions, where they occupy
stable positions and is characterised by high phytocenotic activity, often
being dominant or co-dominant. Considering that there are no clearly
developed methods of control of this invasive species, there still is
an urgent need to develop the methods of control of both annual and
perennial plants under conditions of Ukraine. The aim of the study was to
determine the effectiveness of different methods of control of Heracleum
Sosnowskyi. A field experiment was carried out during 2015-2020 on
typical medium loam black soil. Four experiments were conducted: 1 -
mechanical measures; 2 - screening; 3 - hot steam; 4 - use of herbicides.
A randomised experimental design with four repetitions was used. It was
found that an effective approach is the removal of the weeds with the
root to a depth of at least 10-15 cm. Complete shading of the plants to the
stage of four leaves within 30 days ensured their complete disappearance.
The rate of Heracleum Sosnowskyi plants mortality by hot steam ranged
from 100% (cotyledon stage) to 85% (6 leaves stage). The most sensitive
to herbicides were the shoots in the cotyledon stage, from 97.3% to
100%. The most susceptible to herbicides in the phase of cotyledon was
from 97.3% to 100%. To the phase of 6 leaves sensitivity decreased from
43.2 to 60.7%. The most effective herbicides were: TaskExtra 66.5 WG
(rimsulfuron-23g-kg?,nicosulfuron-92 g-kg*,dicamba-550g-kg*)+Trend-90
at a consumtpion rate of 385 g-ha*+ 0.2 [-ha!and MaisTer Power OD
(foramsulfuron, 31.5 g-L'** + iodosulfuron, 1.0 g-L'* + tincarbazone-methyl,
10 g-l* + cyprosulfamide (antidote), 15 g-l') at a consumption rate of
1.5 l-ha). Heracleum Sosnowskyi the following herbicides proved to be
efficient: Elumis 105 OD, MD (mesotrion 75 g-l?, nikosulfuron, 30 g-1%) at a
consumption rate of 2.0 l-ha and the following tank compositions: Elumis
105 OD, MD + Roundup Max v.r. (glyphosate potassium salt, 551 g-L'?) at
a consumption rate of 2.0+6.0 L-ha™. In further study of this issue, it is
advised to increase the efficiency of controlling the number of Heracleum
Sosnowskyi plants and reducing the chemical effect on the environment

Keywords: weeds, mechanical measures, screening, hot steam, herbicides

*Corresponding author

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



46

Control of Heracleum Sosnowskyi plant numbers...

INTRODUCTION

Heracleum Sosnowskyi Mandenova is significantly wide-
spread in Ukraine. It is dangerous so it must be controlled.
Since these plants are characterised by high biological
productivity,competitiveness and vitality, they form a seed
bank, that can grow under natural conditions during up
to 5 years of conservation, it is difficult to effectively
control their presence in residential areas and on agri-
cultural land [1; 2].

Heracleum Sosnowskyi occupies a specific place
among the weeds in the crops and the environment
in general. The species, being at one time a promising
fodder crop, has turned into an aggressive invasive and
adventitious object, which poses a threat both for natural
phytocoenoses and humans. The genus Heracleum L.
belongs to the botanical family Apiaceae. The family includes
some 300 genera and 3,990 species spread throughout
the world. Central Asia and the Caucasus are considered
to be the centre of the species diversity of the family [1].
The renowned Swedish taxonomist Carl Linnaeus described
the genus Heracleum L.in 1735, which the Roman bot-
anist Pliny named after the hero of Greek mythology
Heracles, for its ability to rapidly increase its vegetative
mass, large size, and its very stout appearance. The genus
Heracleum L. is widely distributed in the world flora and
includes 69 species, growing mainly in the temperate
climatic zone of Eurasia [2; 3].

In Eurasia, the north border of the range of the
genus stretches from the Scandinavian Peninsula to Ka-
mchatka, and in North America from Alaska to Labrador
and Newfoundland, the southern - covers North Africa,
West and North Asia, in West America stretching from
California and eastern Mexico to North Carolina. There
are several major centres: East Asia,the mountainous re-
gions of southern Europe and the Caucasus. Accordingly,
the active expansion of giant Heracleum Sosnowskyi as an
invasive species started approximately in the mid-1980s,
almost simultaneously in different parts of Ukraine as
well as in Europe, Russia and the Baltic states. Heracleum
Sosnowskyi as an invasive species is also present in Ger-
many, Hungary, Denmark and Poland [4; 5].

After successful acclimatisation, these plants due
to their extremely high reproductive capacity (the main
mass of Heracleum Sosnowskyi seeds crumbles right near
the mother plant (up to 75,000-80,000 seeds per 1 plant)
and are spread by wind, water currents, road and rail
transport over long distances); their adaptability to hab-
itat conditions is widespread [6]. At the beginning of its
expansion, Heracleum Sosnowskyi was detected only in
heavily anthropic disturbed ecotopes - along the roadsides,
on the outskirts of settlements, in waste grounds, trash,
near farms, in pits. At the second stage, they consider-
ably increase the number and area of population and
growth, some of them merge into large, solid groups. At
the third stage, Heracleum Sosnowskyi plants successfully
expand into natural ecotopes, croplands, and forests [7-10].
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In the Baltic States since the 1980s, Heracleum
Sosnowskyi has been considered a malignant and dan-
gerous weed. In 1986 in Latvia and 1987 in Estonia, it
was declared an aggressive weed, primarily due to the
negative impact on the flavour of the meat and milk
of the animals that ate it and partly because of health
risks for humans and animals [11; 12]. In Belarus, accord-
ing to recent data, every year the number of Heracleum
Sosnowskyi growth increases by 30%, and the area of
existing populations - by 20-25%. Analysis of the dis-
tribution of Heracleum Sosnowskyi growth areas by land
categories showed that more than a half (49%) of popula-
tions of this species is centred on the lands of industry,
transport, communications, energy, defence and other
purposes, and primarily — on the roads. A significant pro-
portion of the populations were found on lands of agri-
cultural and farming purposes (23%), and lands of set-
tlements, gardening associations, dacha cooperatives
(26%) [13].

In Ukraine, Heracleum Sosnowskyi gradually invades
new territories. It grows particularly fast in unkempt fields
and other places with disturbed natural vegetation. Due
to its large size, fast accumulation of biomass, and a high
degree of plasticity, Heracleum Sosnowskyi is able in a short
time to reduce the size of populations of a large number of
local plants species, especially those growing in mead-
ows and near-river areas, until they are completely
displaced [14].

The purpose of this study was to investigate the
control methods for both annual and perennial Heracleum
Sosnowskyi plants within the Ukrainian environment.

LITERATURE REVIEW

According to the researchers, only 15-20 species of
mostly weed-ruderal plants can survive in the synusia
with Heracleum Sosnowskyi. From the structure of flood
plain phytocenoses, this species pushes back the species
of fodder and medicinal plants.As a consequence, there
is a fall-out from the grass of rhizomatous plants with
the replacement for Heracleum Sosnowskyi with a rod
root system, which is not capable of forming a dense turf
and holding the soil layer, leading to soil erosion [14; 15].
The life cycle of Heracleum Sosnowskyi plants can proceed
in two variants: in the first one the plant develops as a
biennial plant: in the first year it forms a large, ramified,
and strong root system with a rosette of leaves, and in
the next year — a sprout with inflorescences, that produce
a significant amount of seed. In another variant, the species
develop as a biennial plant and can blossom and bear
fruit at the age of 3-7 years. The Heracleum Sosnowskyi
is a cold-resistant plant and can live at — 4-7°C during
its first year of life; from the second year onwards it can
bearup to-25°Cand even to-45°Cwhen under the layer
of snow.At the same time, the plants are light-demanding,
poorly tolerant of shade and cover crops, and require
moist soil [16; 17].




Human activity contributes to the spread of giant
Heracleum Sosnowskyi plants: they often grow in roadside
ditches and on roadside verges and other ecotopes of a
ruderal character. Heracleum Sosnowskyi from transformed
habitats move into natural, where they occupy a rather
stable position and are characterised by high phytoco-
enotic activity, often acting as a dominant or co-dom-
inant species. It is known that Heracleum Sosnowskyi
increases the area occupied by its plants by 10% per year,
but there is also information about its more intensive
growth [18; 19]. Control of invasive Heracleum Sosnowskyi
species requires the use of a wide variety of techniques.
Phytosanitary control of roads and railways, settlements,
green areas, roadside and field protective plantations
needs to be strengthened. In order to choose optimal
control methods it is necessary to consider environmen-
tal and coenotic needs of such species and peculiarities
of agricultural activities in the region [20].

Mowing is one of the mechanical methods of con-
trolling Heracleum Sosnowskyi. If to mow weed after seeds
are created, it is not possible to prevent fresh seed from
entering the soil. After pollination and fertilisation, the
seedlings will be fully emerged after 10-12 days and
will be able to fully develop into new full-grown plants.
The efficient method is the cutting of flowers during the
period of budding and the beginning of flowering and
burning of plants during the period of seed development.
It is effective to cut plants of any age to a depth of at
least 10-15 cm from the soil surface, resulting in their
complete death.However, this can be done in small areas.
In addition, such an operation is potentially dangerous
for staff, as it is easy to get juice and strong dermatoses
on different parts of the body [21-24].

It is difficult to control the number of Heracleum
Sosnowskyi due to the specifics of their biology, the po-
tential risk posed by the plants themselves, the high
level of plant productivity and the formation of a seed
bank. Therefore, the chemical area is one of the ten-
sions of control. Among systemic herbicides, specialists
recommend using a product based on such active sub-
stances as glyphosate, sulphometuron-methyl and other
sulphonylureas, imazapyr, or their tank compositions. The
optimum phases of the treatment are from the beginning
of the growing season in spring to the beginning of
flowering. Herbicide application during the later stages
of organogenesis is less effective [25; 26].

According to the data of both European and
Ukrainian studies, the fastest results are obtained by
the use of the active substance gliphosate (N-(phos-
phonomethyl)-glucine, C,H,NO,P) in the form of ammo-
nium, isopropylamine and calamine salt [18; 27]. Up to
date, in Ukraine, chemical methods of Heracleum Sos-
nowskyi control have not been investigated sufficiently.
Due to the latest data [18], the control of Heracleum
Sosnowskyi plants use Roundup with the rate of con-
sumption - 6.0 l-ha?, or its analogues 6-8 l-ha* for the
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formation of vegetation height of 30-50 cm (the end of
April - the first half of May). The available method is to
mow the plants twice a year during the period of the
flowering of the main (central) and repeatedly during the
regeneration of the weed plants.

The heating effect of Heracleum Sosnowskyi plants
(thermal method) is promising for agricultural areas where
the use of herbicides is limited. Traditionally, plants are
heated by a flare of fire or hot gases - products of the
combustion of natural gas or petroleum products. High
temperatures lead to denaturation of protein-enzymes
and loss of their catalytic properties. As a result of this
disorganisation of metabolic processes, the plants sub-
sequently die [28-30].

MATERIALS AND METHODS

The research was carried out during 2015-2020 at the
Herbology Department of the Institute of Bioenergy
Crops and Sugar Beet of the NAAS (IBCBSBN) and the
Bila Tserkva Experiment Breeding Station (BCEBS), located
in the Central Forest Steppe of Ukraine, in the unstable
hydration zone. Climate is temperate continental. Station
area is located on the Prydniprovsk plateau of the Right
Bank Highland. Relief terrain is flat. Forest is the main
soil-forming agent. The depth of forest cover varies from
4 to 18 m. The prevailing soil is of the black soil type,
surface, medium depth low-humus and different degrees
of leaching, with a pronounced natural structure and good
provisioning with nutrition elements. The soil of the in-
vestigated field is a typical leached black soil, of a medi-
um loam mechanical composition, with humus horizon
depth from 100 to 120 cm and humus part in the arable
layer (0-30 cm) - 3.9%, which is characteristic for low
humus black soil. It is also characterised by the following
agrochemical indicators: the depth of the humus hori-
zon - 50-60 cm, Ca and Mg carbonates occur at a depth
of 50-65 cm. Hydrolytic acidity is 1.5-1.8 mg-eq-100 g'*
of soil. The amount of alkaline-hydrolysed nitrogen (ac-
cording to Kornfield) is from 120 to 140 mg-kg?, nitrate
is 14.2-19.6 mg-kg*; mobile phosphorus and exchange-
able potassium (according to Chirikov) are from 180 to
240 and from 90 to 120 mg-kg? of soil. The acidity of
the soil is neutral or close to neutral.

The main source of soil humidity is rainfall. Pre-
cipitation is variable throughout the year, most of it oc-
curring during the warm period, especially in the middle
of the summer (July) in the form of rain.In some years there
is a period without rain in summer, which negatively af-
fects the growth and development of crops. According
to the Bila Tserkva meteorological station sum of effec-
tive temperatures (the sum of temperatures above 10°C
during the growing season) is from 2,500 to 2,800°C,
the amount of precipitation per year is 521 mm. The
average air temperature is +7.4°C (@ summary of the results
of the last 25 years). In the years of research, weather
conditions showed some deviations from the average

Scientific Horizons, 2021, Vol. 24, No. 11

47



48

Control of Heracleum Sosnowskyi plant numbers...

perennial indicators, but in general, they were favourable
for the growth and development of most species of crops,
weeds and Heracleum Sosnowskyi.

The evaluation of the efficiency of different control
methods Heracleum Sosnowskyi plants required a field study:

1. Mechanical influences on weed plants. The research
included planting the seeds of Heracleum Sosnowskyi
and their vegetation during one year. The following year,
in the spring, experiments were carried out on the
plots. At each site, 20 Heracleum Sosnowskyi plants were
selected. The experiment was set in 4-time repetition.
That is, 80 plants of weeds were used in each variant.
The experiment plan included the following options:
1. Control. Plants grow without mechanical damage.
2. Cut into the ground at a depth of 5 cm. 3. Cut into the
ground at a depth of 10 cm. 4. Cut off on the ground
surface. 5. Cut off at a height of 5 cm above the ground.
6. Cut off at a height of 10 cm above the ground. 7. Cut
off at a height of 15 cm above the ground. Mechanical
damage to Heracleum Sosnowskyi plants is done when
reaching the shoot height of 20 cm.

2. Control of Heracleum Sosnowskyi plants by the method
of screening (monitoring of energy nutrition). Heracleum
Sosnowskyi plants of the first (grown from seed) and the
second year of growing were used for field experiments.
The plot was planted with 20 plants in four repetitions.
Accordingly, each variant had 80 Heracleum Sosnowskyi
plants. The first plant cut was carried out during the for-
mation of 20 cm high shoots. Experiment plan for plants
of the first year of growing included: 1) shading during
the phase of formation of 2 leaves for a period of 15 days;
2) cutting during the phase of 2 leaves + shading 15 days;
3) in the phase of the formation of 6 leaves + shading
15 days; 4) in the phase of 6 leaves + shading 30 days. For
perennial plants: 1) cutting and shading during 15 days;
2) during 30 days; 3) during 45 days; 4) during 60 days;
5) during 30 days + second shading for 30 days.

3. Control of Heracleum Sosnowskyi plants by the
heating method. The research was field-based. The area
of the seeding plot is 3.0 m?, the experimental plot is
2.0 m%. The experiment is carried out 7 times. Plots lo-
cation is regular. A portable steam generator was used
to heat the Heracleum Sosnowskyi plants during their
vegetation. The plants were heated with hot steam us-
ing a non-contact laser thermometer. To obtain plants
with different phases of their development during the
hot steam treatment, spring planting was carried out
at an interval of 5 days. Heracleum Sosnowskyi plants were
subjected to hot water vapour treatment during the
following growth phases: 1.fruiting, 2. 2 leaves, 3.4 leaves,
5.6 leaves, 6. 8 leaves. The estimation of the efficiency
level of hot steam heating of Heracleum Sosnowskyi plants
to different temperatures was carried out according to
the scheme: 1. Control - without induced heat stress
of the plants. 2. Induced heat stress with a steam tem-
perature of 800°C. 3. Heat-stress with steam at 850°C.
4. Heat stress with a steam temperature of 900°C.
5. Heat stress by steam at 950°C. 6. Thermal stress with
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steam at a temperature of 1,000°C. On each m? of the
experimental plot, the density of 50 Heracleum Sosnows-
kyi plants was formed after the emergence of shoots.
Accordingly, 700 plants were used for each variant of
the study. Plants were always treated with hot steam in
the experiments on all variants and repetitions on the
same day. The efficiency level of hot steam was evaluated
7 days after the treatment.

4. Control of Heracleum Sosnowskyi plants using chemical
protection agents. The size of the tested plots was 25 m?,
The experiment was carried out on a 4-times repeated
basis. The agents were applied by a special laboratory gas
sprayer on wheels with a reducer, rod, and a constant
working pressure of 2.1 atm. The working fluid consump-
tion rate was from 200 to 210 l-ha. The screening was
carried out at a temperature of 18°C,and in sunny weather
with a wind speed of up to 4 m-sec. The working liquid
was prepared without any intermediary before applying.
In the process of changing herbicides, the applicator
was necessarily washed with water, a part of the water
was passed through a rod and sprayers. The evaluation
of the herbicidal effect on Heracleum Sosnowskyi plants
was carried out during the following growth phases of
the weed plants: cotyledon, 2 leaves, 4 leaves, 6 leaves,
8 leaves.

Experiment plan with annual Heracleum Sosnows-

kyi plants:
1. Control, plots with no use of herbicides;

2.Betanal Max Pro 209 OD (phenmedipham 60 g-L'* +
desmedipham 47 g-l'* + ethofumesate, 75 g-l* + lenacil
(activator) 27 g-1'%) at a cost of 1.0 L-ha’;

3.Gezagard 500 FW (promethrin 500 g-1'%) at an expanse
rate of 3.0 l-ha;

4. Granstar Gold 75 (tribenuron-methyl 562.5 g-kg*,
tifensulphuron-methyl 187.5 g-kg?) at an expanse rate
of 35 g-ha;

5. Esterone 600 EC (905 g:l* 2-ethylhexyl ether;
2.4-dichlorophenoxyacetic acid, in acid equivalent 600 g-L'%),
at a rate of 0.8 l-ha’;

6.Tasc Ekstra 66.5 WG (rimsulfuron 23 g-kg, nicos-
ulfuron 92 g-kg?, dicamba 550 g-kg?) + Trend-90 at a rate
of 385 g-ha' +0.2 l-ha};

7. MaisTer Power OD (foramsulfuron 31.5 g:l* + iodo-
sulfuron 1.0 g-L'* + thiencarbazone-methyl 10 g-'* + cy-
prosulfamide (antidote), 15 g-l'!) at a rate of 1.5 l-ha™%.

Plan of experiment into the perennial Heracleum

Sosnowskyi plants:
1. Control, plots without the use of herbicides.

2.Roundup Max WG (Glifosatu potassium salt 551 g-1'%)
at a consumption rate of 6.0 l-ha™.

3.Banvel 45,480 SL (dicamba 480 g-L'!) at a consump-
tion rate of 0.8 l-ha™.

4. Elumis 105 OD (mesotrion 75 g-l%, nikosulfuron
30 g-l'") at a rate of 2.0 l-ha™.

5.Banvel 45,480 SL at a consumption rate of 0.8 -ha* +
Roundup Max WG at a consumption rate of 6.0 l-ha™.

6.Elumis 105 OD at a consumption rate of 2.0 l-ha* +
Roundup Max WG at a consumption rate of 6.0 l-ha™.




RESULTS AND DISCUSSION

Mechanical impact on Heracleum Sosnowskyi plants

The study was carried out with Heracleum Sosnowskyi
plants of the second year of the growing season. In spring,
after the beginning of active growing of weed plants which
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successfully survived winter and reached a height of 20 cm,
they were cut mechanically according to the scheme given
in the methodology. The results of this mechanical influence
on Heracleum Sosnowskyi plants are presented in Table 1.

Table 1. Regeneration capacity of Heracleum Sosnowskyi plants after mechanical damage, 2013-2015

No. Schematic diagram of the design Shoots growth, cm Raw plant mass, g-m? Leaf area, cm?-plant1
1 Control (no cuts) 273 4,241 15,734

2 5 cm lower than the soil surface 74 327 811

3 10 cm lower than the soil surface - - -

4 0 cm from the soil surface 139 412 913

5 5 cm above the surface of the soil 147 421 927

6 10 cm above the surface of the soil 153 425 1,010

7 15 cm above the surface of the soil 157 432 1,017

LSD 9.3 32.4 68.3

005

The following growth of the weed plants was
successful in most of the experiment variants. In the
control plots, variant 1, where no cuts were carried out,
the plants underwent successive stages of organogenesis.
At the generative stage of organogenesis (flowering)
the height of Heracleum Sosnowskyi plants reached an
average of 2.73 m with the leaves area of 15,734 cm?-plant™.
The mechanical cuts of the plants on the soil level re-
quired the renewal of the lost above-ground parts and
the re-forming of the stems and leaves. The new stems
heights averaged 1.39 metres, or 49.1% less than the
control variant plants (var. 1). In addition to a decrease
in the ability to form the height of the shoots, the possibility
of forming the above-ground mass in the previously cut
plants also decreased. On average it was 412 g-(m?)?
or a 90.3% decrease compared to plants of variant 1.
The leaf area of Heracleum Sosnowskyi at the time of
flowering was 913 cm? per plant or 94.2% less than in
the plants of variant 1.

There was a tendency to a decrease in the height
of the shoots, which growth was less pronounced, of weed
plants with an increase in the height of their mechanical
cut (5, 10,15 cm from the soil surface). Part of the above-
soil mass of such plants, and primarily, their leafy appara-
tus, was preserved and continued to function successfully.
The plants did not need to completely renew it.As a result,
the height of the plants’ shoots was between 147 cm and
157 cm after growth. The total volume of formation of
a raw mass of above-soil parts of Heracleum Sosnowskyi
after cut and subsequent growth also decreased, but the
value of the decrease was in the range of 89.8-90.1% of
the total volume of a raw mass of plants of the weed plants
of variant 1. A similar trend was noted in the value of the
formation of the leaves area of weed plants. The cutting
of the above-ground parts of Heracleum Sosnowskyi plants
significantly decreased their biological productivity, but
they successfully continued their growth and passed the
next stages of their organogenesis.

The mechanic cutting of the weed plants below
the soil surface was based on the morphological pecu-
liarities of the upper buds on the underground parts of
the plants in the soil (cryptophytes). Mechanical cutting
of the plants at a depth of 5 cm from the surface of the
soil significantly reduced their regenerative capacity to
renew lost above-ground parts and buds. The most de-
veloped apical buds in the plants were lost as a result
of such mechanical damage. After the application of such
mechanical undercuts, only those adventitious buds
which remained undamaged on the underground parts
of Heracleum Sosnowskyi plants ensured regrowth. By the
end of the growth period, the new bud of weed plants
had an average height of 74 cm or a decrease of 72.9%
compared to the plants of variant 1 was 72.9%.The plants
formed an average of 327 g-(m?)"* mass of above-ground
parts or the decrease compared to the level of plants
on the control plots was 92.3%.

The use of such a technique significantly reduced
the biological potential of Heracleum Sosnowskyi plants,
but showed a significant disadvantage: it did not ensure
the complete elimination of the weed plants. During the
following growth periods, the plants were able to gradually
regain their high competitiveness. The research scheme
included (var. 3) cutting of the weed plants 10 cm below
the soil surface. This depth of mechanical damage involved
damaging almost all the buds of the growth regeneration
that plants form at the top of the overgrown root. This
mechanical approach deprived the weed plant of its
ability to regenerate. The underground parts, which had
a well-developed root system and a reserve of plastic
substances, lost their connection with the buds of the
growth recovery as the result. The upper part buds were
not linked with plastic substances and the root system.
Consequently, both parts of the plants have since been
non-viable and have gradually died out. Similar results
were obtained by researchers in Lithuania [27], Poland [24],
and Russia [22].
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Control of Heracleum Sosnowskyi plants with the method
of screening (monitoring of energy consumption)

For successful photosynthetic processes, the essential
prerequisite for green plants is the availability of access
to the flow of light energy, first and foremost PAR energy
(photosynthetically active radiation of the light wave-
lengths between 380 nm and 710 nm), which is supplied
to their above-ground parts. To achieve attenuation or
complete deprivation of the energy (light) life of weed
plants, including Heracleum Sosnowskyi, thus blocking the
photosynthesis processes in them is the easiest way to
screen with the optically non-isolated screen [16; 17].
The study evaluated the reaction of Heracleum Sosnowskyi
plants of the first year growth (from seed) on the duration
of the period of their shading and their ability to bear
mechanical damage.

On the plots of variant 1, the young weed plants
grew without mechanical damage or screening. In the
plots of variant 1, the young plants grew without me-
chanical damage or scarring. On the plots of var. 2 after
the formation of 2 true leaves, the plants were covered
with black film for a period of 15 days. After the shading
period was over, the plants were in severe energy distress,
but they gradually resumed photosynthetic processes
and continued their successful growth. On the plots of
variant 3 Heracleum Sosnowskyi plants, after the formation
of 2 leaves, were cut and covered with black film for
15 days. The plants were 100% dead before the shading
period was over.

The plants from the plots of var. 4 successfully
grew after the emergence of shoots. They were cut during
the formation phase of 6 leaves and then covered with
black film for 15 days. After the shading period, 6.2 units
of plants or 7.7% continued growing. The main part of
the Heracleum Sosnowskyi died out. On the plots of variant
5 bushes were cut in the phase of 6 leaves and covered
with black film for 30 days. By the end of the shading period,
all the test plants were dead. The ability of Heracleum

Sosnowskyi plants of the first year of growth to survive
primarily depended on the presence and size of plastic
substances reserves and the duration of the shading
period.

In order to evaluate the possibilities of control of

perennial Heracleum Sosnowskyi plants (of the second
year of growth) through screening, field studies were

carried out. On the plot, 20 units of plants were grown
in four replications. Accordingly, each variant was repre-
sented by 80 Heracleum Sosnowskyi plants. The change
of conditions of energy (light) supply to the plants at the
initial growth period (from the appearance of buds on
the roots) manifested unequal influence on the course
of the following stages of their organogenesis. The most
important was the change in the intensity of the PAR
energy flux, which reached the surface of leaves of young
plants and the possibility of its absorption by their
above-ground parts. In Heracleum Sosnowskyi plants of
the second-year growth, at the initial stage of ontogenesis
under conditions of almost complete absence of (light)
provision, the energy distress occurred, which manifested
itself in loss of the ability of plants to form new organic
substances.

The reserves of plastic substances of the previous
growth period in the underground (perennial) parts of
the plants are used for the formation of repeated annual
shoots and leaves since the previous ones were lost as
a result of their first cut. According to the growth con-
ditions of Variant 2, where Heracleum Sosnowskyi plants
were cut above the soil surface and then shaded for the
next 15 days, the formation of raw mass amounted to
4,702 g per m? during the following growth period. The
plants tolerated the increased duration of the shading
period up to 30,45 and 60 days, but in such conditions
of photosynthetic processes absence, the plants de-
creased their ability to produce above-surface weight
during the next growth period by 8.5, 20.2, and 63.3%
(Table 2).

Table 2. The capacity of Heracleum Sosnowskyi plants to form above-surface weight, (g per 1 m?)
after cutting and the period of screening, 2015-2020

Experiment variants

Period of shading, days

15 45 60
1 Control without cutting (all plants grow successfully)
2 4,702 4,333 3,910 2,880
3 4,705 4,544 1,638 793
4 4,755 4,386 1,480 _
5 4,597 4,491 1,585 -
LSD 126.2

005

Variants 6 and 7 of the research scheme included
two subsequent cuttings of Heracleum Sosnowskyi plants
(the second growth of above-surface parts after 30 days
of shading after the first) and the following shading for
another 30 days (variant 7 for 45 days) resulted in partial
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(variant 6) mortality (67.5% or 54 plants out of 80 in this
variant) The weed plants bourbon from variant 7, where
the duration of re-shading after the second cutting was
45 days, died completely.




Identification of the sensitivity of Heracleum Sosnowskyi
plants to water vapour during different phases of their
development

According to a range of scholars herbologists [28-30],
the heating of juvenile Heracleum Sosnowskyi plants may
contribute to significant control of their numbers. Inves-
tigation of the reaction of weed plants to induced ther-
mal distress was carried out using a portable steam gen-
erator. Heracleum Sosnowskyi plants were treated with
100°C steam at the nozzle outlet at a distance of 10-12 cm.
The velocity of the steam flow is 5 m-sec®. The power
of the flow of steam on the emerged plants lasted from
0.5 to 0.8 sec. The investigations were model field-based.

Makukh et al.

The results of the research are summarised in
Figure 1. Heracleum Sosnowskyi plants’ treatment with
hot steam resulted in complete disorganisation of me-
tabolism processes in cells of young plant tissues. The
thickness of tissue descents in the phase of cotyledon
in the above-surface parts of plants is insignificant and
they were quickly heated to a temperature close to
100°C. The transfer of heat from the plant surface into
the soil was well handled by the tissues themselves
since they are very watered during this period of organ-
ogenesis. Traditionally, the water part in cells of Heracleum
Sosnowskyi plants tissues is from 80 to 94% of their total
mass.
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Figure 1. Changes in phase sensitivity of Heracleum Sosnowskyi plants to water vapour heating

The weed growth phases build-up (formation of
2 true leaves) increased the area of their contact with
the flow of hot steam, but the mass of the plants grew
steadily and their ability to resist the rapid heating of
tissues in the depths increased. The Heracleum Sosnowskyi
plants died completely. At the phase of formation of
4 leaves in the different species of weed plants, their sen-
sitivity to the influence of high temperatures compared
to the previous phases of growth tended to decrease.
Heracleum Sosnowskyi plants, which were used in the
study in this phase of growth, died out by 97%, or 339 units
in the study variant. However, 11 plants or 3% of the total
number in the variant survived and continued to grow.

The hot steam treatment of the emerged Heracleum
Sosnowskyi plants during the formation of 6 leaves showed
a significant increase in their resistance to heating. This
effect can be explained by the accumulation by the above-
surface parts of young Heracleum Sosnowskyi plants of a
greater mass, which requires a greater amount of heat
energy to heat as well as the complicated process of
heating the plant tissues in their midst, especially the
heating of meristem tissues at the growth points both
apical and collateral on the stems. Consequently, the rate
of mortality of the Heracleum Sosnowskyi plants was
lower than that of the previous plants. The plants were
dying by 65% during the phase of formation of 6 leaves.

The hot steam treatment of Heracleum Sosnowskyi
plants was less effective in the phase of formation of
8 leaves compared with the previous stages of their
growth. The weed plants died by 80% as a result of tem-
perature stress by means of hot steam, i.e., 62 plants
out of 350 in the study variant continued to grow.

Identification of the sensitivity of Heracleum Sosnowskyi
plants to water vapour at different temperatures

In the process of research of peculiarities of sensitivity
of Heracleum Sosnowskyi plants to hot steam, a certain
specificity of indicators of plants sensitivity and phases
of development on the level of their mortality from heat
stress was determined. However, the level of plant vul-
nerability to heat is influenced by the parameters of hot
vapour flow temperature, i.e., the level of heating of the
emerged plants themselves and their ability to survive
in the next period. The temperature of hot steam flow
that was in contact with the plants in the experiments had
different temperatures: from 80 to 100°C with intervals
between variants of 5°C. The growth phase of Heracleum
Sosnowskyi plants in the studies was the same - 4 true
leaves. The temperature of plants heating with hot steam
was controlled by a special non-contact laser thermometer.

The treatment of the above-surface parts of plants
by a stream of water vapour at 80°C had a significant
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effect on their ability to continue their growth. The Hera-
cleum Sosnowskyi plants which were heated to a tempera-
ture of 80°C received thermal stress which resulted in
the mortality of 53% of the total number of plants that
were in the variant. At the same time, 164 plants or 47%
of the total number survived (Fig. 2). The rise in the
temperature of Heracleum Sosnowskyi plants by water
vapour to 85°C provided them with more severe thermal
stress and accordingly tended to increase the number

of plants which could not counteract such negative
influences. The result was that the mortality rate was
64%, or an average of 126 plants survived out of 350
emerged ones in the variant. Application of higher heat
up to 90°C for Heracleum Sosnowskyi plants increased
the mortality rate of plants due to thermal stress. As a
result of heat treatment, 78% of the plants that were
used in the study variant died.
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Figure 2. Sensitivity of Heracleum Sosnowskyi plants
during the 4 leaves phase to water vapour heating

Heating the Heracleum Sosnowskyi plants to 95°C
resulted in 97% mortality of all in the variant. Only
11 plants out of the 350 used in the study survived.
Thus, the level of efficiency in the protective effect of
hot steam flow on the emerged Heracleum Sosnowskyi
plants was at a level that can provide a highly effective
herbicide. The increase of Heracleum Sosnowskyi plants
(phase of forming of 4 leaves) heating temperature up
to 100°C led to complete death, that is 100% of weed
plants stopped their growth.

Summarising the results of the efficiency of wa-
ter vapour effect on the emerged Heracleum Sosnowskyi
plants with the temperature of plant heating to 80°C
it can be stated that the applied thermal stresses can
influence the young plants significantly. Increasing the
heating temperature of the emerged Heracleum Sosnowskyi
plants to 90°Cresulted in greater heat stress in the plants.
As a result some of them gradually died out, the other
part after a long period of depression (from 7 to 20 days)
survived and continued their growth.An increase in water
vapour temperature and heating level of the emerged
Heracleum Sosnowskyi plants, according to the research
plan requirements, up to 95°C, ensured an increase of
thermal stress in young plants and correspondingly high
level of their next death.
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The general level of reduction in a number of the
emerged Heracleum Sosnowskyi plants as a result of
heating of plants during the phase of formation of 4 leaves
at 95°Creached an average of 96.3%.

Effectiveness of herbicides on Heracleum Sosnowskyi
plants

The study was carried out on Heracleum Sosnowskyi plants
of the first year of growth, that emerged from seed. Her-
bicides were applied by means of application during dif-
ferent growth phases of the weed plants. The research
showed that such agents as TaskExtra 66.5 WG (385 g-ha)
and MaisTer Power OD (1.5 l-ha*) can effectively control
Heracleum Sosnowskyi plants during the cotyledon phase.
The effectiveness of their action reaches - 100%. In the
growth and development build-up phase of Heracleum
Sosnowskyi, the efficiency of these agents decreased
and reached accordingly in the phase of formation of
2 leaves - from 99.7% to 99.4%, in the phase of 4 leaves -
from 85.7% to 84.2%, in the phase of 6 leaves - from
63.2% to 60.7%. The effect of the growth of phase resis-
tance of plants to herbicides appeared. Other herbicides,
which were used in the research plan, showed a lower
rate of the efficiency level of control of emerged weed
plants (Table 3).
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Table 3. Level of efficiency of herbicides on Heracleum Sosnowskyi plants during the first growth period
in different phases of their development, (% mortality) 2015-2020

Herbicides and their consumption rates

Phases of development of Heracleum Sosnowskyi plants

cotyledon 2 leaves 4 leaves 6 leaves 8 leaves

Control, without the use of herbicides 0 0 0 0 0

Betanal Max Pro 209 OD - 1.0 l-ha™* 97.3 854 62.1 43.2 233
Gezagard 500 FW s.c.- 3.0 l-ha™* 80.1 73.2 61.1 38.4 214
Granstar Gold 75,w.g. - 35 g-ha! 87.3 79.4 61.3 39.7 22.6
Esteron 600 EC e.c.- 0.8 l-ha™ 87.2 779 62.2 40.1 24.5
TaskExtra 66.5 WG + Trend - 385 g-ha® + 0.2 l-ha? 100 99.7 85.7 63.2 38.7
MaisTer Power OD, 0.d. - 1.5 kg-ha'* 100 99.4 84.2 60.7 43.2

Heracleum Sosnowskyi plants change their level
of sensitivity to herbicides in the process of ontogenesis.
While in the cotyledon phase the mortality rate of the
emerged plants reached 100%, in the phase of 6 leaves the
level of sensitivity decreased to an average of 40-60%.
The treatment of the plants during the next phases of
growth (8 leaves) was less effective. One of the prereg-
uisites for successful control of Heracleum Sosnowskyi
plants in crops is to carry out the immediate treatment
when the plants are in the cotyledon phase of 2 leaves.

Effect of herbicides on Heracleum Sosnowskyi plants

It is more difficult to control the Heracleum Sosnowskyi
plants of the second and subsequent years of growth with
herbicides than those annual plants. To assess the level of
efficiency of herbicides application on plants of the sec-
ond year of growth after the beginning of regrowth and
the formation of 3 true leaves, the field studies were carried
out. Evaluation of the efficiency of various herbicidal tank
combinations on Heracleum Sosnowskyi plants was carried
out in 30 days after the treatment in accordance with the
research plan showed the following results (Table 4).

Table 4. Effectiveness of various herbicides, (mortality, %) on Heracleum Sosnowskyi plants (2013-2015)

Weed plant mass, g-plant™*

No. Herbicid d . Lhat Effectiveness
var. erbicides and consumption rates, l-ha of herbicides, % 30 days after 60 days after
herbicide application herbicide application
1  Control, without the use of herbicides - 3,124 3,251
2 Roundup Max WG at a rate of 6.0 l-ha* 87.0 - 322
3 Banvel 45,480 SL at a rate of 0.8 l-ha! 54.0 2,731 3,010
4 Elumis 105 MD at a rate of 2.0 l-ha* 100 0 0
Banvel 4S s.c. at a rate of 0.8 l-ha* + Roundup Max WG
> at a rate of 6.0 l-ha? 100 0 0
. Lo
6 Elumis 105MD at a rate of 2.0 l-ha® + Roundup WG 100 0 0

at a rate of 6.0 l-ha™*

The Heracleum Sosnowskyi plants successfully passed
the stages of their ontogenesis and started flowering on
the plots of the variant 1 (Control without herbicides).
In the plots of var. 2 as a result of herbicide Roundup,
a.s.(6.0 l-ha*) the above-surface part of the plants com-
pletely died out (100%). However, some of the plants
still continued to grow and formed above-surface mass.
The results of research carried out in Lithuania also in-
dicate the low efficiency of different rates of glypho-
sate application, because after 4-6 months the plants
emerged again. A mixture of gliphosate and triasulphuron
was more effective [27].

On the plots of variant 3 the result of herbicide
Banvel 4S 480 SL (0.8 l-ha) the Heracleum Sosnowskyi

plants had a downtrodden appearance, the leaves were
twisted. However, the above-surface parts of the plants
remained alive and continued their growth. In the plots
of variant 4 as a result of herbicide Elumis 105 OD MD
(2.0 L-hal) was noted complete destruction of weed
plants. On plots of variant 5 as a result of tank herbicid-
al compositions Banvel 4S 480 SL + Roundup WG at a
rate consumption of 0.8+6.0 l-ha* Heracleum Sosnows-
kyi plants were completely dead. In the plots of Variant
6 as a result of exposure to herbicides Elumis 105 OD,
MD + Roundup WG at a rate of 2.0+6.0 l-ha’ the Heracleum
Sosnowskyi plants both above- and below-surface parts
died out completely (Table 4). Such tank herbicide com-
positions for control of perennial Heracleum Sosnowskyi
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plants are suitable for use on arable lands after harvesting
of cultivated plants.

According to foreign researchers [24],the complete
struggle against this weed is achieved by cutting the
roots of plants up to 5 years old to the depth of 15 cm or by
continuous (5 years) application of three times during the
growth period with the use of a tank mixture of Gliphosate
and Flazasulphuron.(1,260 g of glyphosate per 1 ha+50g
of flazasulphuron on 1 ha). It is also noted that a high effect
on Heracleum Sosnowskyi plants is caused by a mixture of
Fluroxipyr + Metsulphuron-Methyl [27].

A prerequisite for successful control of annual
Heracleum Sosnowskyi plants in crops is a regular test of
crops and identification of species composition of weeds
in cotyledon phase to detect in time the presence of such
species of weeds and implement preventive measures.

CONCLUSIONS

1.Mechanical control methods. Heracleum Sosnowskyi plants
are characterised by a high level of biological productivity
and can easily regenerate the lost above-surface parts.
The regeneration process only reduces the ability of
plants to form above ground mass by 89.8-90.3%. The
maintenance of the perennial plants is advisable to be
carried out in the soil at a depth of more than 10 cm,
which ensures the effective control of Heracleum Sosnowskyi
and eliminates the effect of their subsequent regrew.
2.Screening techniques. Annual Heracleum Sosnows-
kyi plants are quite sensitive to their screening (total
shading), especially in the early stages of organogenesis:
from 2 to 4 leaves. Efficient shading of juvenile annual
plants for more than 30 days ensured their death. Screen-
ing of Heracleum Sosnowskyi plants at the next stages
of their organogenesis proved to be less effective. For
a significant decrease in biologic productivity of annual
weed plants before their death after their formation of
6-10 leaves the minimum period of shading should be at
least 60 days. In perennial Heracleum Sosnowskyi plants,

supplementing shading with two consecutive cuttings
of the shaded above-ground parts accelerated depletion
of their plastic substances and dying during 45-60 days
of the next treatment.

3. Thermal control method. The sensitivity of Hera-
cleum Sosnowskyi plants to hot steam decreases with
growth build-up phases of plants. The level of mortality
was from 100% (cotyledon phase) to 85% in the phase
of the formation of the 6-leaf plant. The efficiency of
thermal control of Heracleum Sosnowskyi plants (4 leaves)
also depended on the indicators of heat-carrier — hot steam.
At a hot steam temperature of 80°C, 53% of the weed
plants died. An increase in steam temperature to 95°C
led to the mortality of plants at 96.3%, which means
that they did not concede the level of herbicides. The
thermal method of Heracleum Sosnowskyi control is suf-
ficiently effective and environmental-friendly. It can be
successfully used for Heracleum Sosnowskyi control in rural
areas where the use of herbicides is restricted.

4.Chemical control method. The sensitivity of weed
plants to herbicides varied with the growth build-up
phases of plants. Heracleum Sosnowskyi plants were the
most sensitive to herbicides in the phase of cotyledon:
the level of efficiency was from 97.3 to 100%. Up to the
phase of 6 leaves, the sensitivity of the emerged weeds
decreased from 43.2 to 60.7%. Among the agents, the
highest level of efficiency on Heracleum Sosnowskyi plants
was recorded in the plots with the use of herbicides
Task Ekstra 66.5 WG + Trend-90 at a consumption rate
of 385 g-ha! + 0.2 [-ha* and MaisTer Power OD at a rate
of 1.5 l-hat. The study of the level of efficiency of herbi-
cides effect on perennial Heracleum Sosnowskyi plants
showed that the most powerful was the effect of her-
bicides Elumis 105 OD, at a rate of 2.0 l-ha and a tank
composition of Elumis 105 OD, MD + Roundup Max WG
at a rate of 2.0+6.0 l-ha! and Banvel 4S s.c. at a rate of
0.8 l:-ha* + Roundup Max WG at a rate of 6.0 l-ha™.
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KoHTposnb YucneHHocTi pocnuH Heracleum Sosnowski B cinbcbKorocnogapcbKux
i nicorocnopapcbkux diTtoueHo3ax YKpaiHu

flpocnas MeTtpoBuu Makyx?, Irop AiMutpoBuu IBaHiok?, CBiTnaHa OnekcaHapisHa PeMeHiok?,
CHixxaHa BaneHTuHiBHa MowkiBcbKal, Bnaaucnas Mukonaitosuy PizHuk!

HcTHTYT BioeHepreTUYHUX KynbTyp i LykpoBux Bypskis HAAH
03141, Byn. KniHiuHa, 25, M. Kuis, YkpaiHa

2ManuHcbKuit haxoBuit Konemx
11645, Byn. M. Maknas, 1, c. [amapHs, YkpaiHa

AHoTauis. Ha cborogHi 6opuiBHMk COCHOBCHKOrO i3 TpaHCHOPMOBAHUX MiCLLE3POCTaHb UM HEBEMKMX OCEpPEenKiB
NOWMpPUBCSA Y NMPUPOLHI YMOBM, fie 3alMMaE CTabinbHi No3uLii M XapakTepu3yeTbC BUCOKOH (IiTOLEHOTUYHO
AKTUBHICTIO, YaCTO BUCTYMNAE AOMiIHAHTOM abo cniBAOMiHaHTOM. BpaxoBywouu Te, LLO HEMAE YiTKO PO3pobreHux
MeTOAiB KOHTPOJI0 POC/IMH LibOro iHBA3iMHOMO BUAY, aKTyaNbHMUM 3a/IMLIAETLCS pO3p0OKa NPUIMOMIB KOHTPOHOBAHHS
K OAHOPIYHMX, TaK i HaraTopiyHMX MOro pociMH B ymoBax YKpaiHW. MeTow pocnigkeHHs Oyno BM3HAYEHHS
eeKTUBHOCTI pi3HMX MeToLiB 60pOTbOU 3 pocnnHamu Heracleum Sosnowskyi. [lonboBUiA eKCNepUMEHT NPOBOAMBCS
npotsrom 2015-2020 pokis Ha TMNOBOMY CEpeHbOCYIMHKOBOMY YHOPHO3€eMi.byno CTBOPEHO YOTUPU eKCMEPUMEHTH:
1 - MexaHiuHi 3axoau; 2 - ekpaHyBaHHS; 3 — rapsya napa; 4 - 3acTocyBaHHS repbiuumais. BukopuctoByBanu
paHOOMI30BaHWIA eKCnepuMEHTaNbHWUIA NAaH i3 YOTMPMa MOBTOPEHHAMU. BCTaHOBNEHO, WO eheKTUBHUM 3aX040M
€ BMOANEHHS OYpsHIB 3 KOPIHHAM Ha rnbuHy He MeHwe 10-15 cMm. [ToBHe 3aTiHEHHS pOCAMH A0 CTadii YOTUPbOX
nuctkis npotarom 30 AHiB 3abe3neunno ix NoBHe 3HUKHEHHS. BiocoTok BuMMpaHHS H. sosnowskyi Big rapsyoi
napu konueaeca Big 100 % (ctagia cimaponi) no 85 % (cTamia wectv nucTkiB). Hanbinbw vytauei fo repbiumais
cxofm bypsHiB y cTagii cimaponeit - Big 97,3 no 100 %. Hanbinbw vytnuei cxoam 6yp>aHy fo aii repbiumais y dasy
cimaponb: BigMupanHa Big 97,3 no 100 %. Lo da3un 6-Tn AUCTKIB YYTAMBICTb 3HWXKYBanach Bif 43,2 no 60,7 %.
Haiibinbl edekTMBHUMM Bynu repbiumnamn: Tack ekctpa 66,5 B.T. (puMcynbhypoH - 23 r-kr, HikocynbdypoH — 92 r-kr,
amkamba - 550 r-kr?) + TpeHa-90 y HopMi BTpaTh 385 r-rat + 0,2 n-rat Ta MaiicTep Mayep OL, (bopaMcynbdypoH,
31,5 r-nt + MopocynbdypoH, 1,0 r-nt + Tienkap6aszoH-metun, 10 r-nt + umnpocynbdamig (@Htnaor), 15 r-nt) y Hopmi
ButpaTn 1,5 n-rat). Ha 6aratopiuHi pocnunH 6oputisHmka CocHoBCbKoro edekTMBHO Aisnun repbiumnam: Entomic 105 OD,
M[ (Me3oTpioH, 75 r-n, HikocynbdypoH, 30 r-nt) y Hopmi Butpatn 2,0 n-ral Ta 6akosoi komno3suuii: Entomic 105 OD,
M[ + PayHaan Makc, B.p. (rnidocaty kaniiiHa cinb, 551 r-nt) y Hopmi Butpatn 2,0+6,0 n-ra’. Y noganbluoMy LOCNIAKEHHS!
L€l NpobieMu OUINbHO NPOBOAMUTM B HANPSAMI MiABULLEHHS eDEKTUBHOCTI 3aX0/,iB KOHTPOOBAHHS YMCENBbHOCTI POC/IMH
6opLiBHMKa COCHOBCHKOrO Ta 3MEHLLEHHS MNP LLbOMY XiMiYHOrO Npecy Ha A0BKiNNS

KniouoBi cnoBa: 6ypsHuM, MexaHiuHi 3ax04u, eKpaHyBaHHS, rapsya napa, repbiuunam
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INTRODUCTION

The need to increase productivity and integrated use of
wood and non-wood forest resources forces foresters
to manage forests on a typological basis differentiated
depending on various economic and forestry conditions [1].
Scientific works of a number of Ukrainian researchers
are devoted to forest typological studies in the Ukrainian
Carpathians [2-4]. At the present stage of development
of typological science in Ukraine, researchers are trying
to create a detailed typological scheme of forests, which
would consider not only edaphic, but also climatic and
coenotic factors. At the same time, the forest typology
has a significant practical application, as it solves the
problem of classification of forest areas that are homo-
geneous in soil, hydrological, climatic, and forest site
conditions. This results in the possibility to develop uni-
form requirements for forestry management.

The constant development of main conditions of
the forest and ecological method of forest type diagno-
sis, the development of quantitative approaches to the
assessment of edatops, and the expansion of possible
areas of application makes it universally applicable in
both industry and research. The forest typology is the basis
for close to nature forestry, the methods of which are most
relevant in forestry and environmental management in
the context of climate change.

Forest typology is yet to get sufficiently integrated
into related ecological and geographical sciences. The
succession of plant phytocenoses forces to make constant
adjustments of forest types. One of the reasons behind
such a state is the lack of quantitative determination of
edatope.

A number of researchers have been introducing
adjustments to the existing model to improve the ex-
isting classification system. In particular, A. Shvydenko
suggested to introduce additional trophotopes and hyhro-
topes [5]. At the same time, O. Migunova argued about
the need to combine the existing edaphic grid with the
predominant soil rocks and the content of certain chem-
ical compounds (phosphate anhydride and potassium
oxide) [6], and assumed the possibility of applying the
principles of the forest ecological classification system
for the classification of nature as a whole. The study in-
volved the analysis of subor and coniferous forest types
aiming to improve the forest topology, establishment
of permanent sample plots within the tree stands that
did not meet the existing diagnostic features aiming to
detect and diagnose new forest types.

Considering the global climate change on our
planet that leads to drying of spruce forests, Scots pine
deserves the attention of foresters as an indigenous,
reclamation, forest forming tree species, and not only
as arelict species that is in a need of careful protection.
Proper diagnosis of forest types would allow carrying
out all necessary forestry and environmental measures
correctly to form the forthcoming tree stand composi-
tion, living ground cover, undergrowth, and other forest

Scientific Horizons, 2021, Vol. 24, No. 11

elements as close to the natural forest habitat as possi-
ble. In particular, natural stands of Scots pine should be
used for both protective and forest breeding purposes. To
solve these problems, foremost, it is necessary to study
relevant issues related to forestry and ecological features
of the formation of these stands, along with their spatial
and morphological structure. This knowledge will help to
properly carry out further research, especially in forestry,
geobotany, dendrology, soil science, geology, etc.

MATERIALS AND METHODS

Objects of the study have been determined within the
Ukrainian Carpathians using own experimental research
based on the materials from forest management expe-
dition databases, state forest inventory data, and additional
information obtained during communication with forest
workers on the territory of the study area.

The choice of areas for establishing the set of
sample plots was based on the previous inventory and
a route method of inspection of the studied objects.
Field research included establishment of sample plots
according to the standard of organisation of Ukraine
02.02-37-476:2006 [7] and processing of the obtained data
according to the generally accepted methods in forestry
and inventory research [2; 3; 8; 9]

The work within the permanent sample plots in-
volved the following:

1. Complete enumeration of trees with simultaneous
measurement of DBH. Tree numbering was performed
using white paint on the same side of the trunk that is
relative to the sample plot.

2.Height measurement was performed using a laser
altimeter TruPulse 360B with an accuracy of 0.1 m ac-
cording to the method of using the device.

3. Assigning individual coordinates to each tree by
using a pre-established relative grid of coordinates within
the sample plot area [10; 11].

4. Assessment of the sanitary condition of trees and
their categorisation in accordance with the “Sanitary rules
in the forests of Ukraine”.

5. Counting the undergrowth within the sample plot
area separately for each species. Simultaneously, under-
growth has been distributed into one- two-, five-, seven-,
and ten-year age groups. Coordinates of the undergrowth
location have been recorded as well.

6.ldentification of all types of grass cover and deter-
mination of dominant and co-dominant species, along
with identification of indicator plant species that are
relevant to forest vegetation conditions.

7. Recording the outline of the living above ground
cover distribution using a coordinate grid to determine
the percentage and nature of its spatial scattering.

8. Excavation of soil profile and determination of
soil horizons within the sample plots where the soil was
well-formed.

9.Taking photos of work stages, types of living above




ground cover, creators of mycorrhiza, pathogens, and pests
for further illustration of the research.

10. Collection of cones and needles, sampling of wood,
fruiting bodies of fungi, and soil of all horizons for further
laboratory research.

Typological analysis of subor and coniferous for-
est types in the territory of the Ukrainian Carpathians
was carried out using own research, the conclusions of
other researchers along with the forest inventory data.
Determination of forest types and distribution of tree
stands within natural and successive categories was made
in accordance with the generally accepted forestry methods
and on the basis of the Pohrebniak & Vorobiov forest ty-
pology grid, and using practical recommendations sug-
gested by Herushynskyi [3].

The obtained results of measurements and observa-
tions were processed using standard methods of statistical
analysis as developed by the Department of Forest Inventory
and Forest Management of the Ukrainian National Forestry
University.All photos and tables in the paper represent own
research results.

RESULTS AND DISCUSSION

Initial data. Forest fund areas of the Carpathian region
have been divided based on the materials from forest
management expedition databases by types of forest
vegetation conditions. According to the findings, the
majority of subor forest areas are located on the territory of
Ivano-Frankivskregion (fresh subor conditions-118.8 ha
(8.0%), humid subor conditions - 1,230.6 ha (82.4%), moist
subor conditions - 1.6 ha (0.1%), wet subor conditions -
132.2 ha (8.9%). As of the Lviv region, subor areas are
located on the territory of the Sambir State Forest
Management Enterprise (dry subor conditions - 0.5 ha
(0.03%), fresh subor conditions - 9.4 ha (6.3%). The to-
tal area of subor forests on the territory of the Ukrainian
Carpathians is 1,493.1 ha. The total area of coniferous
forests on the territory of the Ukrainian Carpathians is
28,190.2 ha. The vast majority of coniferous forest con-
ditions are managed by the Ivano-Frankivsk Regional
Forest and Hunting Management Enterprise - 79.58%
(dry coniferous forest conditions - 3 ha, fresh coniferous
forest conditions - 333.5 ha (1.15%), humid coniferous
forest conditions - 21,954.9 ha (75.94%), wet conifer-
ous forest conditions — 716.2 ha (2.48%). As of the Lviv
Regional Forest and Hunting Management Enterprise,
coniferous forest conditions are present on the area of
2,633.3 ha (9.11%), while Chernivtsi and Zakarpattia
Regional Forest and Hunting Management Enterprises
manage 1,374.3 ha (4.75%) and 1,895.0 ha (6.55%) of
coniferous forest areas.

Research of predecessors. Herushynskyi has estab-
lished 5 permanent sample plots in the areas of fresh
subor forest types and 10 permanent sample plots in the
areas of humid subor forest types during his studies of
forest typological features of the Carpathian forests [10].
Based onthe carried-out researches,Herushynskyi considers
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the types of Scots pine forest to be interregional for the
Pokuty-Marmorosh part of the Ukrainian Carpathians.
As aresult of his typological study, Herushynskyi described
all forest types he discovered on the territory of the
Ukrainian Carpathians, including subor and coniferous
ones [3]. This work is the basis for determining forest
types for scientific and practical purposes. It identifies
the main indicator plants for the proposed forest types.

However, R. Yatsyk [12] cites the most common
forest types of Pinus sylvestris L. of relict origin in the
Ukrainian Carpathians based on his own research. The
author notes such less common forest types as moist
spruce-pine Carpathian coniferous forest type, moist
spruce-pine Carpathian coniferous forest type, and wet
pine coniferous forest type. The forest types have not
been identified earlier by Herushynskyi.

Shevchenko suggests the division of pine forests
and their types depending on the ecological conditions.
In particular, into coniferous forest types with the dom-
inance of Pinus sylvestris L. but sufficient admixture of
Picea abies (L.) Karsten, Betula pendula Roth, and Abies
alba Mill. in trophotopes from B, to B.. Trophotope B, is
predominant among all relict pine forests [10].

Milkina (1987) provides a detailed description of
cenoses which have Pinus sylvestris L. in tree species com-
position on the territory of the Ukrainian Carpathians [12].
The author divides pine forests, in particular in conifer-
ous forest types, into three main sub-formations. These
sub-formations, in their turn, are divided into associations
and sub-associations.

Sub-formation Pineta sylvestris consists of the
following monodominant pine cenoses (associations):
Pinetum vaccinioso-hylocomiosum and Pinetum myrtilloso-
hylocomiosum (those are formed within the forest type
B,-Ps individually in the geographical tracts “Sokil’,
“Bredulets”, “Pichne”); Pinetum empetroso-hylocomiosum,;
Pinetum sphagnosum as divided into 4 sub-associations:
(a) Pinetum myrtilloso-sphagnosum (forest type B,-Ps, in-
dividual trees of spruce can be found in the second
storey and has class V@ bonitet); (b) Pinetum eriophoroso-
sphagnosum (pure tree stands with slightly higher pro-
ductivity in forest type B,-Ps with the climatic admixture
of Betula pubescens Ehrh. of less than 500 trees per ha of
undergrowth).

Sub-formation Piceeto-Pinetum represents spruce-
pine cenoses, which mostly grow within coniferous forest
conditions and represent a transitional form of cenoses
between pure pine stands and spruce stands. It is repre-
sented by such associations as Piceeto-Pinetum myrtil-
loso-hylocomiosum (forest type - B,-paPs, B,-paPs);
Piceeto-Pinetum myrtilloso-sphagnosum typicum (forest
type - B,-paPs, and can be found in the geographical
tracts “Liutoshary”). Sub-formation Abieto-Piceeto-Pineta
is represented by the association Abieto-Piceeto-Pineta
myrtilloso-hylocomiosum (forest type - B,-paPs).

Practical review and analysis of previous research.
Avisual inspection has been carried out for tree stands,
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which had corresponded to the previously described
forest types. Observations have been used for visual
comparison with stands that have distinctive features.The
following forest types have been distinguished within
subor forest vegetation types:

Forest type — humid spruce and pine subor type
(A;-paPs) is common in the upper belt of the Ukrainian
Carpathians (Pokuty Carpathians, Gorgany) within the
heights of 900-1,450 m above sea level,on slopes with a

steepness of 15-30°, and on fine soils in micro-depressions
and crevices of rock placers. The composition of the
stand is dominated by Pinus sylvestris L.and Picea abies (L.)
Karsten (class IV bonitet mostly) (Fig. 1) with an ad-
mixture of Betula pendula Roth. Sorbus aucuparia L. is
present as a part of a sparse undergrowth. Vaccinium
myrtillus L., Calluna vulgaris (L.) Hull, Empetrum nigrum L.
and mosses, less herbaceous species, predominate in the
layer of above-ground cover.

Figure 1. Humid spruce and pine subor forest type (A,-paPs)

Forest type — humid mugo pine subor type (A,-Pm)
can be found in the high mountain belt of the Carpathians
within the altitudes of 1,400-1,750 m above sea level
on the territory of Chornohora, Chyvchyny, Gorgany,
Grynyava mountain massifs. Soils are underdeveloped,
low-strength with a small layer of fine soil (up to 25 cm).
Tree stand layer is represented by the continuous thickets

of Pinus mugo Turra with the height of up to 2 m (Fig. 2).
Sorbus aucuparia L., Salix caprea L., Salix silesiaca Willd.,
Juniperus sibirica Burgsd. form the layer of a sparse un-
dergrowth. Vaccinium myrtillus L., Vaccinium vitis-idaea L.
and a large variety of herbaceous species can be found
within the layer of above-ground cover.

=

Figure 2. Humid mugo pine subor forest type (A,-Pm)
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Forest type — humid stone pine and spruce su-
bor type (A,-pcPa). This type is common on mountain
tops and their slopes within altitudes of 1,250-1,550 m
above sea level in Gorgany and Chornohora massifs. Soils
are underdeveloped, low-strength with a small layer of
fine soil (up to 30 cm), stony. Tree stand is dominated
by Picea abies (L.) Karsten with an admixture of Pinus

Pohribnyi et al.

cembrae L. (class IV bonitet mostly) and Betula pendula
Roth. (Fig. 3). Sorbus aucuparia L., Salix caprea L., Salix
silesiaca Willd., Juniperus sibirica Burgsd. represent the
layer of undergrowth, while Vaccinium myrtillus L. and
mosses can be found as above-ground cover. These for-
ests are one of the many virgin areas of the subalpine
belt of the Carpathians [14].

Forest type — moist mugo pine subor type (A,-Pm)
is common in the highlands of the Carpathians (Chornohora,
Gorgany, Chyvchyny,and Grynyava massifs) on flat locations
or concave slopes up to 15° peat-podzol soils within alti-
tudes of 1,300-1,800 m above sea level (Fig.4).Undergrowth
and underbrush are absent in Pinus mugo Turra thickets

e

Herushynskyi (1996) has identified and described

16 coniferous forest types, which are composed by almost

all forest-forming tree species of the Carpathians. Fagus

sylvatica L. is a forest-forming species for such forest
types as:

— fresh beech coniferous forest type (B,-Fs) is rather

uncommon, but can still be found on the slopes of the

Figure 3. Humid stone pine and spruce subor forest type (A,-pcPa)

of up to 1.2 m tall. Mosses are commonly present in the
above-ground cover, while Vaccinium myrtillus L., Ledum
palustre L., Oxycoccus microcarpus Pers., Empetrum nigrum L.,
are represented much less. Similarly to the previously men-
tioned moist mugo pine subor type, forests of A,-Pm may
have areas of virgin vegetation within the subalpine belt [14].

Figure 4. Moist mugo pine subor forest type (A,-Pm)

Southern exposure in the Pokut Carpathians and Gorgany
massif in the altitude range from 500 to 1,200 m above
sea level. A stand has low bonitet value and consists of
the trees of vegetative origin with low market value
(Fig. 5a). Soils are gravelly with the release of the parent
rock to the surface [15].

— humid beech coniferous forest type (B,-Fs) is formed

Scientific Horizons, 2021, Vol. 24, No. 11
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in similar forest vegetation conditions as B,-Fs does.
However, it is mostly located on the slopes of Northern
exposure (Fig. 5b).

Picea abies (L.) Karsten is a forest-forming species
for such forest types as:

— humid spruce coniferous forest type (B,-Pa) is exclu-
sive to the highlands of the Carpathians in the altitude
range of 1,000-1,500 m above sea level. regardless of
the slope exposure with a slope of 20-30°. Soils do not

a) fresh beech coniferous forest type (B,-Fs)

have a great thickness (only 20-40 cm thick) on rock
placers and rubble (Fig. 6a).

— moist spruce coniferous forest type (B,-Pa) can be
found in the highlands of the Carpathians in the lower
slopes of the northern exposure. This forest type features
peat soils with excessive moisture level. Tree stand
have low productivity values and rarely exceed class
IV bonitet (Fig. 6b). The vast majority of these forests
belong to the virgin areas of the Carpathians [16; 17].

b) humid beech coniferous forest type (B,-Fs)

Figure 5. Coniferous forest types of Fagus sylvatica L.

5

a) humid spruce coniferous forest type (B,-Pa)

b) moist spruce coniferous forest type (B,-Pa)

Figure 6. Pure spruce coniferous forest types

—humid fir and spruce coniferous type (B,-aaPa) is
formed everywhere in the Carpathians at altitudes of
650-1,300 m above sea level with western and northern
exposure of the slopes. Tree stand has an average produc-
tivity. Trees of Abies alba Mill. have much lower growth
rates compared to Picea abies (L.) Karsten (Fig. 7a).

— humid stone pine and spruce coniferous forest
type (B,-pcPa) is common mainly for Gorgany massif in
the upper part of the forest cover at absolute altitudes of
1,300-1,500 m above sea level. However, it can be found
on small area within Chornohora and Pokyty massifs
of Carpathians as well. Tree stand has an average pro-
ductivity and class Il or Il of bonitet. Pinus cembrae L. is
mainly present in the overstory (Fig. 7b). These forests
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on the territory of the Ukrainian Carpathians have been
disturbed severely or destroyed because of the valuable
qualities of Pinus cembrae L.timber [18].

— humid larch, stone pine and spruce coniferous forest
type (B,-ldpcPa) is exclusive to Gorgany on the slopes of
the southern exposure in the altitude range of 1,000-
1,300 m above sea level. Soils are poorly developed, very
stony. Tree stands have class Il or Il of bonitet.

— moist stone pine and spruce coniferous forest
type (B,-pcPa) is common for heights of 1,100-1,400 m
above sea level in the same conditions as B,-pcPa, ex-
cept for the slope steepness. It is lower for B,-pcPa
compared to B,-pcPa and helps to retain moisture better.
Soils are underdeveloped and include peat (Fig. 7c).
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i § X <

a) humid fir and spruce coniferous b) humid stone pine and ¢) moist stone pine and spruce
forest type (B,-aaPa) spruce coniferous forest coniferous forest type (B,-pcPa)
type (B,-pcPa)

Figure 7. Spruce subor forest types

Quercus petraeae Liebl. acts as a forest-forming  exposures of slopes with absolute heights of 150-550 m
species for a single forest type - fresh sessile oak conif- above sea level. Tree stands of sessile oak have low
erous forest type (B,-Qp). It is limited to Zakarpattia  density and low bonitet values (Fig. 8).
and Prykarpattia geographical regions on the southern

s s 1ol % o ;
Figre 8. Fresh sessile oak coniferous forest type (B,-Qp)
Similarly, to Quercus petraeae Liebl., Alnus viridis ~ common in the highlands of the Carpathians in the subal-

(Chaix.) D.C. can be found within one forest type only -  pine zone. Mostly, this forest type is confined to the places
humid green alder coniferous forest type (B,-Av). It is  of formation of high mountain streams (Fig. 9).

A% S Rt e -

Figure 9. Humid green alder coniferous forest type (B,-Av)
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Pinus mugo Turra is a forest-forming tree species
for such three forest types as:

—humid mugo pine coniferous forest type (B,-Pm)
can be found everywhere in the Carpathians at altitudes
of 1,450-1,750 m above sea level. This is one of the most
common forest types for Pinus mugo Turra. Tree stand is rep-
resented by continuous thickets over 2 m high (Fig. 10a).

— humid stone pine and mugo pine coniferous forest

Sazha

a) humid mugo pine coniferous forest
type (B,-Pm)

Gl

b) humid stone pine and mugo pine
coniferous forest type (B,-pcPm)

type (B,-pcPm) can be found in Gorgany and Chornohora
massifs of the Ukrainian Carpathians. A special feature
of this forest type is the presence of isolated Pinus cem-
brae L.trees (see Fig. 10b).

— moist mugo pine coniferous forest type (B,-Pm) is
common for the altitude range of 1,250-1,550 m above
sea level, on gentle slopes with a slope of not more than
35° with peat soils (Fig. 10c).

¢) moist mugo pine coniferous forest
type (B,-Pm)

Figure 10. Mugo pine coniferous forest types

Pinus sylvestris L. is a forest-forming species for
such three forest types as:

—fresh spruce and pine coniferous forest type (B,-paPs)
can be found on the southern exposures of the slopes
with rocky placers of Yamne sandstone of IlI-1V category
in the altitude range of 500-900 m above sea level. Pinus
sylvestris L. is the primary forest-forming species here,
while Picea abies (L) Karsten is usually present as an
admixture and second storey of the tree stand. Relative
density of the tree stand does not exceed 0.7 (Fig. 11a).
Tree stand has a grouped spatial distribution and is con-
centrated in places of accumulation of organic matter;

- humid spruce pine coniferous forest type (B,-paPs)
is the most common type of relict forest of Pinus syl-
vestris L. in the Carpathians, which is common on rocky
placers of Yamne sandstone. It occurs on the southern,
southwestern and north-eastern exposures of slopes with
an altitude range of 600-1,100 m above sea level [10].
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The rocky outcrops of Yamne sandstone within this forest
type are categorised into IlI-1V categories depending
on the slope and height above sea level (Fig. 11b). Pinus
sylvestris L. is the primary forest-forming species here
as well. Picea abies (L.) Karsten is present as a 30-40%
admixture within the tree stand;

- moist spruce pine coniferous forest type (B,-paPs)
occurs quite rarely on the rocky outcrops of Yamne
sandstone of IlI-V categories and is quite common in peat
bogs of river terraces of mountain rivers. The process of
formation of this type of forest is similar to the one of
A,-paPs on rock placers with the only difference related
to the thickness and fertility, which are higher for B,-paPs.
This forest type is concentrated on the edges of swamps
with small micro-elevations. The primary forest-forming
species is Pinus sylvestris L. Picea abies (L.) Karsten can
be found as an admixture, but not more than 20% of the
tree stand composition (Fig. 11c).




a) fresh spruce and pine
coniferous forest type (B,-paPs)

b) humid spruce pine coniferous
forest type (B,-paPs)

Pohribnyi et al.

¢) moist spruce pine coniferous
forest type (B,-paPs)

Figure 11. Pine coniferous forest types

Study results. After a detailed analysis of previous
scientific and research work [2; 3; 9; 12; 13] and forest
management expedition databases, it has been found
that there is a significant share of forests, which have
Pinus sylvestris L. within their composition. Such forests
are studied insufficiently, or not described at all. The

practice of forest typological study had been continued
in subor (Table 1) and coniferous (Table 2) forest types
of Pinus sylvestris L. within the Ukrainian Carpathians
and established numerous sample plots on the territory
of forest management enterprises and nature protection
institutions.

Table 1. Characteristics of permanent sample plots on the territory of coniferous areas of the Ukrainian Carpathians

Sample plot (SP)
INDICATORS
2 3 4 5 6 7 8 9 10
Carpathian State Bolekhiv Carpathian Mizhhiria Vyhoda
Enterorise Special Forestry State Forest NaRcional Nadvirna State Forest State Forest State Forest
P Enterprise of Agro- Management Nature Park Management Enterprise  Management Management
Industrial Complex  Enterprise Enterprise Enterprise
Forest district Roztokivske Solotvynske  Yamnenske Zelenske Izkivske Mizunske
Population Bukovynska Bubnynska  Mykulychynska Zelenske Holiatynska Mizunske
Geographical tract  Protiati Kaminnia Doiléilslha Pohary Bredulets Holiatyn Shyrkovets
. Natural Natural .
Geological natural Hydrological natural
Status monumene  Mopument Natural monument of state - monument ™ meny
of local importance . P . of state importance
importance importance
Compartment 12 12 12 9 12 5 5 9 13 13
Section 22 23 22 1 21 10 10 47 18 18
- 48° 48° 48 490 48° 48° 48° 48°
3  |Longitude| 09 100 09 02’ 25 - - 39 54 54
Z 55.97 00.2” 48.9” 35.0” 30.8” 03.8” 22.3” 27.0”
3 250 250 25 23 240 23° 230 230
S Latitude | 09’ 09 09 40 36’ - - 26’ 50° 50°
90" 177 56" 57”7 36.9” 45.8” 48.9" 504"
Altitude, m 726 670 750 650 660 726 720 777 490 489
Slope exposure S-W SW  Sw S-W S S-W S-W S-W - -
dlopesteepness,  g50 850 850 850 18 515 23 15-30 - -
egrees
SP area, ha 0.25 022 004 0.35 0.2 0.045 0.045 048 021 0.2
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Table 1, Continued

Sample plot (SP)
INDICATORS
2 3 4 5 6 7 8 9 10
. . Bolekhiv . Nadvirna Mizhhiria
. Carpathlap State Special Forg stry State Forest Carpgthlan State Forest  State Forest  Vyhoda State Forest
Enterprise Enterprise of Agro-Industrial National h
Management Management Management Management Enterprise
Complex - Nature Park . .
Enterprise Enterprise Enterprise
Forest
vegetation type A A, A A A A A A A A
Forest type
P A-Ps A-Ps A-Ps A-Ps A-Ps APs  APs AP A-Ps A-Ps

Stand 80%Ps15%Pa  50%Ps 90%Ps  90%Ps5%
composition 5%Bp 45%Pa5%Bp 5%Bp5%Pa 5%Fs

80%Ps 80%Ps 90%Ps

Bp 0, 0, 0, 0,
20%Ps10%Bp 100%Ps 100%PS  J0%pa  10%Pal0%Ai 5%Bp5%Pa

Absolute M/Plot 333 13 07 228 6.66 022 059 1259 62 418
basalarea mzha 133 59 174 6.5 333 50 1301 262 295 209
Volume m¥/plot 2153 773 431 1297 52.88 052 260 101.8 4418 1524
mi/ha 861 351 1078 3371 2644 116 580 2121 2104 762
Relative density 04 03 04 03 06 04 05 05 0.3-07 06
Bonitet v v v v \Y % % M-V IV-Ve %

Note: Aa - Abies alba Mill.; Ai - Alnus incana (L.) Moench); Bp - Betula pendula Roth.; Bpb - Betula pubescens Ehrh.;
Fs - Fagus sylvatica L.; Ps - Pinus sylvestris L.; Pa - Picea abies (L.) Karsten

Table 2. Characteristics of permanent sample plots on the territory of coniferous areas of the Ukrainian Carpathians

Sample plot (SP)
INDICATORS
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Carpathian
State Special
Forestry
Enterprise  Enterprise Carpathian National Nature Park Osmoloda State Forest Management Enterprise
of Agro-
Industrial
Complex
Forest district Roztokivske Tatarivske Pidlisnivske Zhenetske Yamnenske Anhelivske Krasnianske Osmolodske
Population  Bukovynska Tatarivske Palianytska Mykulychynska Anhelivske Krasnianske Osmolodske
Geographical  Protiati . . .
tract Kaminnia Bredulets Popovychivske  Pohary Sokil Turova dacha Liutoshary
Geological Botanical Natural
natural natural
Natural monument Natural monument of state monument
Status monument - Protected area of the park monument )
of state importance importance of local
of state of state .
. . importance
importance importance
Compartment 12 12 1 1 8 5 22 13 25 26 14 14 14 14 14 14 14 6
Section 22 22 1 3 3 21 20 21 9 1 5 28 18 37 20 23 31 19
()
g 48> 48> 48 48 48° 48 4®° 48° 48> 48> 48 48> 48> 48> 48> 48> 48> 4%
8 IS} 0 09 22 22 22 227 20 25 41  4° 51" 51 51 51U 50 56 51" 39
2 § 5577 564" 121" 065 138 1677 489" 138" 567" 5917 161" 161" 11.1” 035" 514" 21.7" 121" 339’
©
§ § 250 250 240 24 240 240 24 240 240 240 240 240 240 240 240 240 240 2F
5 0 09 33 3% 3z 3329 36 05 05 14 14 14 23 14 14 14 O0Or
3 35 277 16" 195 178 04" 298 369 059" 059" 335" 56.2" 56.2" 244" 236" 56.2° 246" 50.1”

Altitudem 699 684 730 750 730 720 863 670 970 980 444 453 453 454 454 450 452 707

SPE oy Sw SW OSW NE SW SW s SW SW - - - - - - - -
exposure
Slope
steepness, 8-50 850 16 15 16 45 20 10 7 14 - - - - - - - -
degrees

SParea,ha 013 013 02 02 021 021 021 021 021 021 02 02 03 02 02 02 02 02
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Table 2, Continued

Sample plot (SP)
INDICATORS
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Carpathian
State Special
Forestry
Enterprise  Enterprise Carpathian National Nature Park Osmoloda State Forest Management Enterprise
of Agro-
Industrial
Complex
Foresttype B- B- B- B ) ) B- ) B- B- B~ B- B 5| ) PR )
index pazPs pazPs paSPs paBPs B,paPs  B,-paPs pazPs B,-paPs paSPs pa3 pa4Ps pa4Ps pa4Ps B,-Ps By-Ps B;-PsB,-paPs B.-Ps
) L m%
&L X §X o & s 3 & 8
2 97 35 .8 § £8%2 58 8 £.98 B8
Q g% &2 45 2 SHa I X X 2485 X K &
X oS QYR A NS Lo A g8 i b yesas § O 0
Stand B de 38 3¢ & 2 9haxR8 & & Haaf £ & 9
o g X Y 78 © X L IR ¥ £ IR X X X &
composition 2 53 3£ g5 £ S AXSS B K g3 4SS & L 0§
S €5 B g 9 v EE7F £ &£ RN L & &
g % g8 % £ TgE x5 & % g 8
X S X S 4 X QI & & & S & & >
o N S X g > >3] O =3}
~ 8 ""Q [ee]
% m?/plot 108 228 53 94 9.82 1133 678 11.09 835 1041 844 912 12 787 568 826 911 522
©
£ m¥ha 83 175 267 47 4638 539 323 52.8 398 496 422 434 399 393 284 413 456 261
g| m¥plot 618 1511 3282 7901 8324 8023 6012 1092 7201 9015 879 901 145 6532 4633 779 9121 3027
=}
= m*/ha 475 1162 1641 395 3964 3821 2863 5201 3429 4293 4395 429 483 3266 2317 389 4561 1514
Fffelr"j;'l‘t’; 03 05 07 07 07 07 07 07 06 07 07 08 06 07 06 07 09 07
Bonitet \% \% v i I 1} 1} 1} 1} I 1 Il nm v I V

Note: Aa - Abies alba Mill; Ai - Alnus incana (L.) Moench); Bp - Betula pendula Roth.; Bpb - Betula pubescens Ehrh;
Fs - Fagus sylvatica L.; Ps - Pinus sylvestris L.; Pa - Picea abies (L.) Karsten

Detailed analysis of the results of the forest typo-
logical study and characteristics of diagnostic features of
the studied pine forest types allow to complement exist-
ing classification of subor and coniferous pine forest types

of Herushynskyi (1996) for the Ukrainian Carpathians with
the following three forest types: fresh pine subor forest
type (A,-Ps), wet pine subor forest type (A,-Ps), and wet
pine coniferous forest type (B,-Ps) [10; 11; 19] (Table 3).

Table 3. Suggested complementation of pine forest types for the territory of the Ukrainian Carpathians™

vegetation type _admixture Forest type name Hder . composition
A - Fresh pine subor forest type A-Ps 100%Ps
A, Spruce Humid spruce and pine subor forest type A.-paPs 80%Ps20%Pa
A, Spruce Moist spruce and pine subor forest type A,-paPs 80%Ps20%Pa
Al - Wet pine subor forest type A-Ps 100%Ps
B, Spruce Fresh spruce and pine coniferous forest type B,- paPs 80%Ps20%Pa
B, Spruce Humid spruce and pine coniferous forest type B.- paPs 60%Ps40%Pa
B, Spruce Moist spruce and pine coniferous forest type B,- paPs 70%Ps30%Pa
B, - Wet pine coniferous forest type B-Ps 100%Ps

Note: *In italics - suggested complementation for topological structure of subor and coniferous pine forest types in the

Ukrainian Carpathians according to Herushynskyi (1996)

Fresh pine subor forest type (A,-Ps) can be found
on rocks and rock placers of Yamne sandstone of the
category V, which are concentrated on the southern
slope exposures with the steepness of 25°or more, and
within the altitude ranges of 500-1,100 m above sea level.

Pinus sylvestris L. is the primary forest forming tree spe-
cies, while Betula pendula Roth can be spotted as an ad-
mixture.Tree stand is one-storey and has a grouped spa-
tial distribution. Relict stands of Pinus sylvestris L. have
low productivity and can be categorised to classes V-V@
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of bonitet. Such stands are concentrated in cracks and
depressions of rocks and rock placers, where organic
matter has much higher chance to accumulate and mois-

ture to get retained (Fig. 12). Undergrowth is almost absent.

Yet some seldom trees of Sorbus aucuparia L. can still be
found.Natural regeneration is rather weak.Understory is
present in the quantity of around 1,000-1,500 trees/ha

and mostly consists of Pinus sylvestris L. with scarce pres-
ence of Betula pendula Roth. The above-ground cover is
rather poor. It has grouped spatial distribution and is con-
centrated in the same spots as trees. The above-ground
cover consists of Vaccinium vitis-idaea L. (mostly), Vaccinium
myrtillus L., Sedum acre L., Festuca ovina L., Polytrichum
commune Hedw. and other mosses can be found as well.

-

Wet pine subor forest type (A.-Ps) is common for

peat bogs of river terraces with a high coefficient of hu-
midity. In particular, geographical tracts “Shyrkovets” or
“Turova dacha”. This forest type is formed by pure pine
stands with low productivity values (V2-V® classes of bo-
nitet). Tree stands are one-storied and have a grouped
spatial distribution (Fig. 13).A large number of pine trees
have twisted stem, with poorly developed crown, and in
some places, they take the form of a bush because of the
high humidity. Undergrowth is absent, and the quantity

Figure 12. Fresh pine subor forest type (A,-Ps)

of understory does not get higher than 2,000-2,500 trees/ha.
The latter consists of Pinus sylvestris L.only. Undergrowth
can only be spotted on micro-elevations with thinned
above-ground cover. The above-ground cover itself is well
developed and takes around 90-100% of area coverage.
It consists of Vaccinium myrtillus L., Vaccinium vitis-idaea L.,
Ledum palustre L., Oxycoccus palustris Pers, Vaccinium ulig-
inosum L., Empetrum nigrum L.and other species. Mosses
are represented by Sphagnum sp. with some groups of
Polytrichum commune Hedw.

Figure 13. Wet pine subor forest type (A -Ps)

Wet pine coniferous forest type (B.-Ps) can be

found on peat bogs of river terraces within the territory
of geographical tracts “Liutoshary’, “Turova dacha”, and
“Shyrkovets”. It differs from A,-C with a better soil fertil-
ity that is caused by slightly lower humidity. The primary
forest-forming species is Pinus sylvestris L., which grows

Scientific Horizons, 2021, Vol. 24, No. 11

in one- or two-layered stands. Such species as Betula
pendula Roth., Betula pubescens Ehrh. and Picea abies (L.)
Karsten can be found as an admixture within the main
stand or understory. Single-storied stands are formed in
relatively mono-aged plantations up to 140 years old.
Older stands are affected by the processes of natural




decay and mortality. As a result, the second storey of
the stand gets formed within windows of previously de-
cayed and fallen trees. The productivity of such stands is
low. Most stands belong to classes IV-V of bonitet (Fig. 14).
Understory is rather poor and is spatially present in groups.
Natural regeneration is slow because of the well-spread
above-ground vegetation. The latter takes 100% of area
coverage. Pinus sylvestris L. dominates the undergrowth

Pohribnyi et al.

along with admixture of Betula pendula Roth., Betula pu-
bescens Ehrh., and Picea abies (L.) Karsten. The quantity of
undergrowth does not exceed 1,000 trees/ha. The above-
ground cover is represented by Vaccinium myrtillus L.,
Vaccinium vitis-idaea L., Ledum palustre L., Oxycoccus palus-
tris Pers, Vaccinium uliginosum L., Empetrum nigrum L., and
Carex sp. The mosses cover is dominated by Sphagnum sp.

Figure 14. Wet pine coniferous forest type (B,-Ps)

Practical importance. The distinguishing of new
forest types is considered logical and correct given that
similar complementation has been adopted on the basis
of research and monitoring of the forest typological profile
plot of A. Piasetskyi [8; 19]. The complemented forest
types have also been understudied for the corresponding
study region.

Taking into account the methodological suggestions

of Herushynskyi (1996), a set of diagnostic features is
proposed for the defined subor and coniferous forest types
on the territory of the Ukrainian Carpathians (Table 4).
The given diagnostic features differ from the others by
a number of characteristics and describe the relevant
soil, hydrological, and forest vegetation conditions. The
correctness of their determination is confirmed with a
set of plant indicator species in the relevant areas.

Table 4. Diagnostic features of the defined subor and coniferous pine forest types

Forest elements

[=
]
=] Tree stand
‘E" o F:;r e:t Geographical
g (nam: ang  distribution of  Soil conditions Underst Ab d
ndersto ove-ground cover
E index) the forest Natural Successive v g
2
On the territory
C;):pzc;?i/?r/\s l?;nt%sesgi)v;sil;r;snl; It is distributed in the same
and Gorgany. species (classes Itis are;soavse'frerzj‘:]a:jngg;/:oxiver,
The range of Soil profile is ~ V2-V® of bonitet). 9 .
altitudes 500- absent. Fine soil Climatic represented - generate larger groups. It is
. ) . by athinned represented by oligotrophic
. 1,100 m. Based is concentrated admixture
Fresh pine . Tree stand  storey that xero-and mesophytes, e.g.,
subor on the rocky exclusively of Betula of Betula consists Calluna vulgaris (L.) Hill
outcrops and in cracks and pendula Roth. a vuig . v
2 forest type . pendula of Sorbus Vaccinium myrtillus L.,
rocks of Yamne  depressions of  Tree stand has . L L
(A,-Ps) . - Roth. aucuparia Vaccinium vitis-idaea L.,
2 sandstone. rocks, and their  grouped spatial . . .
Usually, on the  placers of the distribution L.and Picea  Saxifraga stellaris, Sedum acre L.,
souther’n slope V category Groups are' abies (L.) Festuca ovina L., Polytrichum
exposures confined to Karsten commune, Pleurozium schreberi,
with the slope areas of fine Hylgcom/um splendens,
steepness more soils Cladonia rangiferina and other

than 25°

Scientific Horizons, 2021, Vol. 24, No. 11

69



70

Infertile and less infertile forest types...

Table 4, Continued

Forest elements

[}
(=5
= Tree stand
'u.,,-; 5 Ftt;re:t Geographical
5% P distribution of  Soil conditions
& g (nameand the forest . Understory Above-ground cover
= index) Natural Successive
>
Soil profile is
represented by
a large share
of peat deposit  Pinus sylvestris L.
of brown peat, (classes IV-V .
- ; Itis
which was of bonitet) represented
On the river formed by dominates the P
o by sparse .
. terraces of the the constant composition Forms a continuous cover and
Wet pine L . Tree stand groups .
. lowlands of the  extinction of with the is represented by the same
coniferous . . of Betula of Sorbus : : L
B Gorgany massif sphagnum moss  admixture of . species as A.-C with addition
5 forest type . s . pubescens aucuparia L., 5 . .
(B.-Ps) rivers within biomass.The  Betula pubescens Ehrh Salix aurita L of Carex leporina, Carex nigra,
5 the altitude of  occurrence of  Ehrh.and Betula ’ v Geum rivale, and other
. and Betula
450-800 m groundwater is  pendula Roth.
pubescens
20-30 cm lower, Tree stands can
. Ehrh.
hence there is be one-or
no boggy areas two-storied
and higher
share of oxygen
in the soil
CONCLUSIONS

Additional forest types for Scots pine have been sug-
gested for the Ukrainian Carpathians - two in subor and
one in coniferous forest conditions. These types differ by
the environmental factors from each other and from other
forest types. Most importantly, they fully meet the charac-
teristics of the relevant forest vegetation types and con-
ditions. The correctness of their definition and diagnostics
is confirmed by the identified indicator plants within the
permanent sample plots. The background behind the

existence of such forest types can be the subject of future
study. The findings elucidate dynamic nature of forest
types, provide a better understanding of forest ecology,
and make a significant contribution to the forest topology
research on the territory of the Ukrainian Carpathians.
Another step has been taken towards understanding the
patterns of vegetation formation and distribution within
the Ukrainian Carpathians. This knowledge will help to
carry out further study, especially in forestry, geobotany,
dendrology, soil science, geology, etc., in the future.
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Oner Onerosuu Morpi6Huiit, Bonogumup Metposuu Lnanak?, Bacunb ApeMoBuy 3asauyk®,
Metpo MNpuropiitoeuu Xomiok?, Jligis CesepuHisHa Morpi6Hat

'HauioHanbHWiA NpupoaHuii napk «lyuynbluuHa»
78600, Byn. pyx6u, 84, M. Kocis, YkpaiHa

2YMaHCbKMI HaLiOHaNbHWUIA YHIBEPCUTET CafliBHULTBA
20300, Byn. IHcTMTYTCBKA, 1, M. YMaHb, YKpaiHa

*HauioHanbHUI NiCOTEXHIYHMI YHiBEpPCUTET YKpaiHM
79057, Byn. lNpupopaHa, 9, M. JlbsiB, YkpaiHa

AHoTauis. Ha cborofHi nicoBa TMNOAOris Le HeAOCTAaTHLO IHTEFPOBAHA Y CYMIDKHI HAYKM €KOOriYHOro Ta reorpadiyHoro
CNpSMYBaHH$, @ CyKLECii pOCAMHHMX GITOLLEHO3IB 3MYLLYIOTb 3A4IMCHIOBATU NOCTIMHE KOPUTYBaHHS TMNIB ficy. [aHi
HaYKOBi AOC/IIKEHHS 34iMCHEH] 3 METOH YA0CKOHaNneHHs knacuikadii Tunis nicy YkpaiHcbknx Kapnat 1a HabnukeHHs ii
[0 AiViCHOrO MOLWMPEHHS POCIMHHOCTI B perioHi AOCNIAKEeHHb. 34IMCHEHO AeTaslbHWUIA aHaNi3 NiCOTUNONOTYHMX JOCAIOKEHD
B YKpaiHCbkux Kapnatax 3 yacis apyroi nonosuHu XX — noyatky XXI cT. BukoHaHO po3nogin naot, nicoBoro GoHay
Kapnartcbkoro perioHy, wo nepebysatoTb y NiANOpsAKYBaHHI [lep)KaBHOro areHTCTBa N1icOBUX pecypcis YkpaiHu, 3a
TUMAMM NICOPOC/IMHHMX YMOB. 3arafibHa naoLwa 6opis i cybopie KapnaTcbkoro perioHy cTaHoBMTb BifnoBsigHO 1493,1
Ta 28910,2 ra.3aknafileHo HM3KY NOCTIMHUX NMPOBHUX NOLL, HA TEPUTOPIT NPUPOAOOXOPOHHMX YCTAHOB Ta JliCOrOCNOAAPCHKMX
nianpueEMCTB perioHy. Ha nigctaBi oTpyMaHWX pe3ynbTaTiB Ta X aHanisy 3anponoHOBaHO AOMOBHUTU KnacudikaLito
6oposux i cyboposux tmnis nicy 3.10. TepywmHcbkoro (1996) B YkpaiHcbkmx KapnaTtax TakMMm TUNaMu: CBiXKMIA COCHOBMM
6ip, MOKpWIA COCHOBMIM Bip | MOKPUIA COCHOBWIA Cy6Bip. Y cTaTTi HaBeAEHO OCHOBHI AiarHOCTUYHI 0COBMMBOCTI HOBUX
TniB nicy. Onucaxi 6opoB.i Ta cybopoBi TMNKM nicy B YkpaiHCbkmMx KapnaTax YiTKo pi3HATbCS IPYHTOBO-TiAPONOTiYHUMM
YMOBaMU Bif, iHWKWX TUMIB NiCY i XapakTepu3yoTb BIANOBIAHI NiCOPOCAUHHI YMOBK. [TpaBUNBHICTb iX BU3HAYEHHS
[0AATKOBO MiATBEPOXKYETHCS BUSBNEHUMMU POCIMHAMM-IHAMKATOPAMM HA BIANOBIAHMX AinsAHKaX. Pe3ynbrati Hawmx
[OCNiOXeHb 3 BUBYEHHS 6I0NOMYHOT Pi3HOMAHITHOCTI POCIMHHOCTI B YKpaiHCbknx KapnaTax AaloTb 3MOry Kpalie
3pO3YyMiTHW eKOJOTito Nicy Ta A04aKTb 3HAYHUI BHECOK Y N1ICOBY TUMOJOTi0. 3p06/IEHO We OAMH KPOK L0 Mi3HAHHA
3aKOHOMIipHOCTEN HOPMYBaHHS POCIMHHMX KOMMNNEKCIB B YKpaiHCbkux KapnaTtax Ta AeTanbHille npeacraBneHo nicosi
dopmauii Kapnat y nicoBirt TMNONOTIYHIM HayLi

KnouoBi cnoBa: nicoBa TMNOAOris, TUMN NiCOPOCUHHMX YMOB, AiarHOCTUYHI 03HAKK, POCIMHU-IHAMKATOPMH, iHAEKC TUNY
Nlicy, TUNONOriYHUIM Npodinb, ekonorivyHa dirypa

I Scientific Horizons, 2021, Vol. 24, No. 11

71



SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 24(11), 72-84

UDC 339.727.22:334.012.4]:005.521
DOI: 10.48077/scihor.24(11).2021.72-84

Applying Machine Learning Approach to Start-up Success Prediction
Olena Piskunova’, Larysa Ligonenko, Rostyslav Klochko, Tetyana Frolova, Tetiana Bilyk

Kyiv National Economic University named after Vadym Hetman
03057, 54/1 Peremohy Ave., Kyiv, Ukraine

Article’s History: Abstract. Predicting the success of a new venture has always been a topical
Received: 20.10.2021 issue for both investors and researchers. Nowadays, it has become even
Revised: 19.11.2021 more relevant concerning start-ups-young innovative and technology
Accepted: 22.12.2021 enterprises aimed at scaling their businesses. The purpose of this study is

to create a model for predicting start-ups’ success based on their descriptive
Suggested Citation: characteristics. A model that connects such start-up features as the period
Piskunova, O., Ligonenko, L., from foundation to the first financing, the area of activity, type, and amount
Klochko, R., Frolova, T., & Bilyk, T. of the first financing round, business model, and applied technologies,
(2021). Applying machine learning with the start-up investment success, which refers to re-investment, has been
approach to start-up success pre- developed using data from the Dealroom platform on statistics of start-ups
diction. Scientific Horizons, 24(11), activity and their description. The final sample included 123 start-ups that
72-84. are founded or operate in Ukraine. Three machine learning algorithms are

compared:LogisticRegression,Decision Tree,and Random Forest.Acceptable
results were obtained in terms of Accuracy, Sensitivity, and F-score, despite
the limited data. The best model concerning start-up success prediction
is determined by a Decision Tree, with an average effectiveness of 61%,
55%, and 52%, respectively. The AUC level for the Decision Tree achieved
58%, which is lower than the Logistic Regression and Random Forest
scores (65%). But the last models had done so well by better predicting
start-up failures, while more practical is the ability to predict their success.
All models showed an acceptable level of AUC to confirm with confidence
their effectiveness. The decision support system for the investment object
can be helpful for entrepreneurs, venture analysts, or politicians who can
use the built models to predict the success of a start-up. This forecast, in
turn, can be used to drive better investment decisions and develop relevant
economic policies to improve the overall start-up ecosystem

Keywords: start-up ecosystem, start-up, innovation, decision support system,
classification, data modelling, predicting the success of a start-up

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

*Corresponding author



INTRODUCTION

Start-ups, which according to the European Association
of Start-ups are recognised as “an independent organi-
sation, which is younger than five years and aimed at
creating, improving, and expanding a scalable, innova-
tive, technology-enabled product with high and rapid
growth”[1], are the driving force of rapid and innovative
change in present-day business environment. According
to the World Economic Forum, the global start-up econ-
omy was estimated at 2.8 billion dollars in 2019, and
its development is about three to four times faster than
the growth of economies in many countries [2]. Their high
growth rates and the flexibility in deploying innovative
business models make them an increasingly visible el-
ement of the global economy, as creators of economic
value and destroyers of existing industries, as a source
of employment generation, and a place for talent de-
velopment, as a way to commercialise science and re-
search and development (R&D).

Summarising the studies available, several re-
search groups can be distinguished, depending on the
research object. The first group of researchers based their
models on quantitative methods for assessing the key
factors of start-up success. For example, in [3], using sta-
tistical tests, researchers try to evaluate which business
model brings the highest success rates. By success, they
mean the level of profitability, the level of profit growth,
the start-up valuation, and the amount of investment.
Another example of this type of research is the study
that determines the impact of indicators such as the
level of innovation, education of founders and employ-
ees, the level of investment, and the start-up size on the
growth of a start-up’s business performance. As the cri-
terion for success, researchers consider the level of in-
come per employee [4]. A similar approach was applied
in [5], but its authors consider the fact of continuing to
carry out start-ups activities as a criterion of success.

The second group of researchers focused on identi-
fying the qualitative internal factors of start-up success.
In particular, in [6], based on a survey of 25 experts, the
authors summarise the answers to the question “What
are the key factors for the success of a start-up?” Using
the AHP method, eight main factors of start-up success
were identified as follows: product uniqueness, product
characteristics, customer demand, marketing promotion,
distribution channels, after-sales service, new product
development, and financial support. In [7], researchers
assessed the influence of the digital activity of the founders
and their affiliation with venture investors on the busi-
ness performance of a start-up by constructing multiple
regression. The researchers consider the asset turnover
ratio to be the criterion for the success of a start-up.

The third group of researchers sets themselves
the task of identifying external factors that increase the
probability of start-up success, at a country level in par-
ticular. Thus, in [8],the application of the principal com-
ponent analysis allowed identifying five main factors,
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the presence of which contributes to the development
of a start-up ecosystem in the country: 1) access to human
capital; 2) the quality and results of the institutions’ ac-
tivities; 3) focus on market conditions; 4) business en-
vironment; 5) development potential.

The methodology of start-up success prediction,
which is used in research on this issue, is very diverse.
However, most frequently, researchers use machine learn-
ing methods. The level of complexity of research using this
technique is also very different: from simple works [9; 10],
where one method is used - a logistic model, to com-
plex (from a methodological standpoint) research using
9 algorithms, including Random Forest, Bayesian network,
Decision tree, their comparison and selection of the
best [11]. In most studies, 2-3 algorithms are used, fol-
lowed by the selection of the best one based on the level
of forecasting accuracy.

Considering the complexity of information support
of this study (initial data), researchers choose different
approaches to defining the success of a start-up, which
leads to different accuracy of the developed models:

e in [12], the success of a start-up is defined by conduct-
ing an IPO, selling a start-up, or receiving re-financing
in an amount exceeding the previous maximum. In [10],
this is the fact that a start-up has a profitability of more
than 20 percent, new patent applications, and participa-
tion in the innovation subsidy programme is considered
a success;

e in [13] argues the expediency of changing the
criterion of “obtaining re-financing” to the criterion of
“reaching the round”. Researchers applied 3 algorithms
(logistic regression, support vector machine, gradient
boosting), obtaining F-score accuracy rates of 57%, 34%,
43%, respectively;

e in [14], the random forest and gradient boosting
methods were used in combination with the success
definition “the start-up is still functioning” (the research-
ers predicted that the start-up would fail, not succeed).
The maximum performance of the study was set at 94.5%
in terms of accuracy,and 92.91% in terms of AUC (Area
Under the Curve);

¢ a higher forecasting accuracy was obtained by study-
ing the correlation between a start-up’s digital activity
and its chances of surviving for more than 5 years [15].
The researchers managed to predict the start-up survival
probability with 91% accuracy, using random forest and
gradient boosting methods.

Thus, there are two types of problems that have
not been adequately addressed in previous studies so
far: 1) what start-up should be considered as a success,
what factors determine it; 2) what techniques, having a
relatively small amount of public data on the start-up ac-
tivities, are used to evaluate the prospects for its success.

That is why the actual scientific task is to further
investigate the essence, manifestations, and varieties of
the concept of “start-up success’, to identify the relation-
ships between indicators of start-up activity, and their
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impact on the achievement of various types of success.
The limited information field of the research determines
the interest in improving the input data preparation meth-
ods, setting up machine learning models, and evaluating
their quality.

Critically comprehending the available approaches
to determining and predicting the success of a start-up,
this study yielded the following conclusion: various events
that meet the interests of the start-up in terms of im-
plementing a development strategy or the interests of
its founders can be considered the success of a start-up.
Understanding this polyvariety allows distinguishing
between different types of success as follows:

e investment success - getting additional financing;

e customer success — achieving the target volume or
increase in the number of users (consumers) of a start-up
product;

e market success — achieving target sales of a start-up’s
product or achieving target market share;

e adaptive success - continued existence for a certain
period (more than 5 years), which allows identifying the
transition from the status of a young new to an ordinary
enterprise;

e financial success - IPO (Initial Public Offering) or
selling a start-up, which allows its founders and primary
investors to exit the start-up and monetise their invest-
ments. Financial success is in line with the “classic un-
derstanding” of start-up success [12].

The purpose of this study is to develop a method-
ology for predicting the success of a start-up using ma-
chine learning methods based on its activity data from
open sources. The results of this study will considerably
facilitate the decision-making process of choosing objects

and areas of investment (start-up specialisation) for en-
trepreneurs, potential co-founders of start-ups, and ven-
ture capitalists.

To achieve the said purpose, the following tasks
were identified:

— to prepare the available public data on the activ-
ities and funding of start-ups for the features of the
application of machine learning algorithms and deter-
mine the criterion indicating the success of a start-up;

— to systematise the model building methodology
for the start-up success prediction: choosing algorithms
and adjusting their hyperparameters, setting up cross-
validation, selecting indicators of forecasting accuracy;

— according to the developed methodology, to im-
plement three different algorithms for predicting the
investment success of a start-up;

—to conduct an in-depth comparative quality analysis
of the constructed model and, on this basis, to substanti-
ate the best methodology for predicting the investment
success of a start-up in terms of accuracy.

MATERIALS AND METHODS

Data pre-processing
The study uses open data from the Ukrainian version of
the Dealroom resource [16]. Dealroom.co is a leading
provider of data on start-ups and technology ecosystems
in Europe and all around the world. The Ukrainian version
allows analysing data on start-ups that are based or
operate in Ukraine with ease. Due to limited resources,
information about only 566 start-ups related to Ukraine
could be accessed.

The generated data set contains 98 start-up char-
acteristics fields. A list of all fields is presented in Figure 1.

NAME TAGS FACEBOOK LIKES FOUNDERS UNIVERSITES

PROFILE URL B2B/B2C TWITTER FOLLOWERS FOUNDERS COMPANY EXPERIENCE
WEBSITE REVENUE MODEL TWITTER TWEETS FOUNDERS FIRST DEGREE

TAGLINE LAUNCH DATE TWITTER FAVORITES FOUNDERS FIRST DEGREE YEAR
ADDRESS CLOSING DATE SW TRAFFIC 6 MONTHS | FOUNDERS LINKEDIN

HQ REGION INDUSTRIES SW TRAFFIC 12 MONTHS |FOUNDERS FOUNDED COMPANIES TOTAL FUNDING
HQ COUNTRY SUB INDUSTRIES ANGELLIST LISTS

HQCITY DELIVERY METHOD FACEBOOK COMPANY STATUS

LATITUDE GROWTH STAGE TWITTER APP DOWNLOADS LATEST (10S)
LONGITUDE DEALROOM TAG LINKEDIN APP DOWNLOADS 6 MONTHS (I0S)
LOCATIONS YEARLY GROWTH (SIMILARWEB) GOOGLE PLAY LINK APP DOWNLOADS 12 MONTHS (I0S)
FOUNDING LOCATION |ALEXA GROWTH (ALL TIME) ITUNES LINK APP DOWNLOADS LATEST (ANDROID)

TEAM (DEALROOM)

EMPLOYEES

EACH ROUND TYPE

APP DOWNLOADS 6 MONTHS (ANDROID)

TEAM (EDITORIAL)

EMPLOYEES (2016, 2017, 2018, 2019, 2020, 2021)

EACH ROUND AMOUNT

APP DOWNLOADS 12 MONTHS (ANDROID)

INVESTORS

EMPLOYEES IN HQ country (2016, 2017, 2018, 2019, 2020)

EACH ROUND CURRENCY

TRAFFIC COUNTRIES

EACH INVESTOR TYPES

LAST KPI DATE

EACH ROUND DATE

TRAFFIC SOURCES

LEAD INVESTORS

PROFIT (2016, 2017, 2018, 2019)

TOTAL ROUNDS NUMBER

SIMILARWEB RANK 3/6/12 MONTHS

TOTAL FUNDING (EUR M)

EBITDA (2016, 2017, 2018, 2019)

EACH ROUND INVESTORS

EMPLOYEE RANK 3/6/12 MONTHS

LAST ROUND REVENUE (2016, 2017, 2018, 2019) LOGO APP RANK 3/6/12 MONTHS

LAST FUNDING FINANCIALS CURRENCY FOUNDERS NUMBER OF ALUMNI EUROPEAN FOUNDERS THAT RAISED > 10M
LAST FUNDING DATE  |VALUATION FOUNDERS STATUSES TECHNOLOGIES

FIRST FUNDING DATE |VALUATION CURRENCY FOUNDERS GENDERS INCOME STREAMS

SEED YEAR VALUATION (EUR) FOUNDERS IS SERIAL TECH STACK DATA (BY PREDICTLEADS)

OWNERSHIPS VALUATION DATE FOUNDERS BACKGROUNDS | TRADE REGISTER NUMBER

SDGS CORE SIDE VALUE

Figure 1. List of all fields in the start-up data set
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Evidently, many fields are not acceptable for usage
in modelling. For example, PROFILE URL (link to the
start-up site), FOUNDERS (names of the founders), or

Piskunova et al.

LOGO (link to download the start-up logo). Accordingly,
the first step will be to clean up the redundant fields from
the data.The rest of the factors are presented in Figure 2.

NAME B2B/B2C FACEBOOK LIKES TWITTER FOLLOWERS

REVENUE MODEL TWITTER TWEETS LAUNCH DATE TWITTER FAVORITES

,SWVZLI:QI;FIC 6 SW TRAFFIC 12 MONTHS EACH ROUND TYPE APP DOWNLOADS LATEST (I0S)

HQ REGION INDUSTRIES EACH ROUND AMOUNT APP DOWNLOADS 6 MONTHS (10S)

HQ COUNTRY SUB INDUSTRIES EACH ROUND CURRENCY APP DOWNLOADS 12 MONTHS (10S)

HQ CITY DELIVERY METHOD EACH ROUND DATE APP DOWNLOADS LATEST (ANDROID)
'(I'EOJRAI;VIl:)UNDING GROWTH STAGE TOTAL ROUNDS NUMBER APP DOWNLOADS 6 MONTHS (ANDROID)
LAST ROUND YEARLY GROWTH (SIMILARWEB) PROFIT (2016, 2017, 2018, 2019) |APP DOWNLOADS 12 MONTHS (ANDROID)
LAST FUNDING ALEXA GROWTH (ALL TIME) EBITDA (2016, 2017, 2018, 2019) |SIMILARWEB RANK 3/6/12 MONTHS
LAST FUNDING DATE  |EMPLOYEES ESYS)NUE (2016, 2017, 2018, APP RANK 3/6/12 MONTHS

FIRST FUNDING DATE |EMPLOYEES (2016, 2017, 2018, 2019, 2020, 2021) VALUATION TECHNOLOGIES

SEED YEAR EMPLOYEES IN HQ country (2016, 2017, 2018, 2019, 2020) | VALUATION CURRENCY INCOME STREAMS

Figure 2. Available fields after data clearing

Another problem with this dataset is that it lacks
a criterion for whether a start-up made an attempt to
get funding. Accordingly, there is no reliable information
that a start-up that has not attracted external investment

is unsuccessful. It is probable that the start-up did not
require financial support from investors (Fig. 3), develop-
ing based on its own financing sources.

208 208

63
40

12 10

12 5 4

75

0 1 2 3 4 5 6 7 8 9
Number of funding rounds

Figure 3. Distribution of start-ups according to the number of funding rounds

Therefore, to avoid inaccuracies, start-ups for
which information on funding was not reflected were
removed from the data set. Thus, 358 start-ups were left
in the data array.

The next problem is that data on Internet activity
(SWTRAFFIC 12 MONTHS, APP DOWNLOADS 12 MONTHS
(10S),and TWITTER FAVORITES) are available either for
the current date or for the last year. Accordingly, it is

impossible to apply these factors for enterprises that
had the last round before 2019 (except for the situation
that it was a single round of funding). For the reliability
of the conclusions, the sample was limited to start-ups
that had the first funding in 2017-2019. After these ma-
nipulations, only 149 start-ups were left. The distribu-
tion by type of the last round of funding is presented
in Table 1.

Table 1. Distribution of start-ups by type of last funding

Type of last round Number of start-ups

SEED 82
ANGEL 18
ACQUISITION 13
EARLY VC 10
GRANT 10
SERIES A 5
ICO 4
SERIES C 2
LATE VC 2
CONVERTIBLE 1
DEBT 1
GROWTH EQUITY 1
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In Table 1, only 14 start-ups fit the classic defini-
tion of a successful start-up - ACQUISITION or GROWTH
EQUITY, which is insufficient for building a model. Tak-
ing this into account, it was decided to limit the study
solely to investment success, the criterion of which was
recognised as obtaining repeated funding. Since part of
the agreements on attracting investments in a start-up
is confidential information and not all start-ups know
the amount of preliminary investments raised, an increase
in funding cannot be used as a success criterion (as sug-
gested in [12]). A factor that can also affect the reliability

of the obtained results is the presence of start-ups that
received A+ funding or made an exit already in the first
round. It is unknown what influenced the decision of
investors in this situation, so the data on such start-ups
were also removed from the data set.

As a result, 123 start-ups were left, which were
transformed according to the binary method (1 - a suc-
cessful start-up (fact of repeated investment), 0 — un-
successful (there is no fact of repeated financing). The
number and ratio of successful and unsuccessful start-ups
is presented in Figure 4.

67

Success

Other

Figure 4. Number of successful and unsuccessful start-ups in the dataset

The next step was to create new variables from
the available ones. Thus, for example, a new variable
was created by subtracting LAUNCH DATE and the year
of the first investment in the EACH ROUND DATE field
(Time_to_first_funding). To create First_round_type vari-
able, the first value was taken from the EACH ROUND
TYPE. From the EACH ROUND AMOUNT field, the amount
of the first investment was allocated - First_round_amount.

For an integrated assessment of the volume of
traffic to the site (SW_traffic), the value SW TRAFFIC
12 MONTHS was taken as a basis. To estimate the num-
ber of downloads (APP_downloads) - the sum of APP
DOWNLOADS 12 MONTHS (10S) and APP DOWNLOADS
12 MONTHS (ANDROID).

The presence of a start-up in the top ratings of
Similar Web was evaluated by creating a new variable
TOP_Rank_SW, where the presence in the chart of any
rating SIMILAR WEB RANK 3/6/12 MONTHS or APP
RANK 3/6/12 MONTHS was indicated under the “TOP”
value.

The next step is to verify factors gaps. If a field
value is missing for most start-ups - it is removed. If
only a part is missing - the value was supplemented
manually. Qualitative information was received from
the start-up website and open sources, and quantitative
information was filled in by the mean method to replace
the missing values. For the missing values, based on the
filled ones, was assigned the average for each ratio

Scientific Horizons, 2021, Vol. 24, No. 11

B2B_B2C, INDUSTRIES, First_round_type, INCOME STREAMS,
REVENUE_MODEL, and TECHNOLOGIES. Since the algo-
rithm for developing a machine learning model assumes
dividing the data into a test and training set (25%/75%),
and training set is divided into 5 equal groups for
cross-verification, the quantity of each of the qualitative
values must be greater than 6 (5 per each cross-verifica-
tion and one per training set). Therefore, it is necessary
to group the values of the model parameters according
to the given threshold value.
The grouping results are as follows:

—HQ_COUNTRY - turned into a binary variable. Char-
acterises the presence of Head office in Ukraine or another
country.

— Time_to_first_funding — now characterises the time
to the first investment in the context of three groups:
receiving funding in the year of opening, for the next year,
for over 1 year.

— First_round_type - the variable is grouped into
two categories SEED_EARLY_VC and ANGEL_GRANT.

— INDUSTRIES - divided into 4 categories: Heals_
Food_Education, Enterprise_Software_Manufacturing,
Creative_Services, Home_Travel _Hobbies.

— TECHNOLOGIES - grouped into 4 categories: App_
programs_development, New_product_development, On-
line_services,and VR_AR_ML_Al.

As a result, there were 14 fields that characterise
a start-up. The description of fields is presented in Table 2.
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Table 2. Characteristics of model variables

Variable name

Description

Success Dependent variable characterising the factor of start-up success (Yes/No)
HQ_COUNTRY Country of the head office location
Time_to_first_funding Time to the first investment
B2B_B2C Client type (business or individual)
INDUSTRIES Area of activity
YEARLY_GROWTH_SIMILARWEB The annual increase in digital activity in the SW rating
SW_TRAFFIC The number of visits to the site on average per year

First_round_type

Type of the first funding round

First. ROUND_AMOUNT

The first funding round amount

APP_DOWNLOADS

The average number of app downloads over the last year

TOP_Rank_SW

Presence in the top ranking by digital activity in their area of activity

INCOME_STREAMS

Income channel

REVENUE_MODEL

Revenue model

TECHNOLOGIES

What technologies/innovations have been proposed

This means that if there is an x number of factor
levels, x-1 dummy variables will be created and all but
the first-factor level are converted to new columns. All
numerical factors have been normalised. To perform
this operation, the R programming language and the
Rstudio IDE were used. Tidymodels package was cho-
sen as the main software package for tuning machine
learning algorithms.

Methodology and technology of start-up success prediction

During the study, 3 classification models will be applied -
decision tree, random forest, and logistic regression. A
decision tree develops solutions using a tree model.
The algorithm splits the sample into two or more ho-
mogeneous sets (branches) based on the most signifi-
cant differentiators of the input variables. To select a dif-
ferentiator (predictor), the algorithm takes into account
all the features and produces a binary partition. Then it
chooses that option with the least cost (i.e., high precision)
and repeats recursively until the data is successfully split
across all branches (or reaches the maximum depth).

Arandom forest is an ensemble model that builds
multiple trees and classifies features based on a “vote”.
The object belongs to the class that has the majority of
votes from all trees. The algorithm trains several deci-
sion trees on different datasets and uses the mean to
improve the forecasting accuracy of the model. Logistic
regression is a technique for modelling the probability
of an event. Like linear regression, it helps understand
the relationship between one or more variables and a
target variable, except that in this case, the target variable
is binary: its value is O or 1.

These machine learning methods were chosen
proceeding from the results of the analysis of existing
studies and because of their ease in development and
interpretation.

The modelling procedure requires the division of
our sample into training and test. The distribution takes
place in the proportion of 75% - training, 25% - test.
The first set was used to tune the parameters of the
model. The second was to test the algorithm against
previously unseen values.

The next step is to set up the cross-verification
procedure. Cross-verification is a statistical technique
used to evaluate the predictive capabilities of machine
learning models. It is commonly used in applied learning
to compare and select models for a specific predictive
modelling problem.

The general methodology is as follows:

1.The dataset in the training sample is shuffled ran-
domly.

2.The sample is divided into k groups.

3.Each group is divided into two samples for training
and testing.

4. A test sample is taken from one group, and all the
rest serve as a training sample. This is done k-times.

5.The model learns on the training set and evaluated
on the test.

6.The results of constructing k-models are averaged.

Usually, 10-fold cross-validation is used. But due
to the limited data, a 5-fold check was used. Each algo-
rithm is cross-validated, and the best model was chosen
as the basis for prediction.

In machine learning, measuring accuracy is an
important task. Therefore, when it comes to classification,
can be relied upon the AUC (Area Under the Curve) -
ROC (Receiver Operating Characteristics) curve. It is one
of the most important metrics for testing the effective-
ness of any classification model. The AUC-ROC curve is
a performance measurement for classification tasks at
various threshold settings. ROC is the probability curve
and AUC is the degree or measure of the distribution.
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It describes how the model can distinguish between
classes. The higher the AUC, the better the model pre-
dictsOasOand 1 as 1.

The ROC curve is plotted with TPR (True Positive
Rate) to FPR (False Positive Rate), where TPR is on the
Y-axis and FPR is on the X-axis.

TPR (True Positive Rate)/Recall/Sensitivity — the
share of correctly distributed positive values among all
positive values is determined as follows:

TP
" TP +FN

where TP is the true positive classification, FN is the
false negative classification.

Specificity — the proportion of correctly distributed
negative values to all negative values is calculated ac-
cording to the formula:

TPR 1)

TN
TN + FP

where TN is the true negative classification, FP is the
false positive classification.

FPR (False Positive Rate) — the proportion of in-
correctly distributed negative values to all negative values
is calculated according to the formula:

FpP
TN + FP

where TN is the true negative classification, FP is the
false positive classification.

An excellent model has an AUC close to 1, which
means that it divides classes well. A bad model has an
AUC close to 0, which means the worst allocation score.
This effectively means that the algorithm matches the
reverse values. It predicts 0 as 1 and 1 as 0. And when
the AUC s 0.5, it means the model has no class separation
ability at all.

Another classical method for evaluating the quality
of a classification model is Accuracy, which is calculated
according to the formula:

Spec = 2)

FPR =1 — Spec = (3)

TP+ TN
TP+TN+FP+FN

Accuracy = 4)
where TN is the true negative classification, FP is the
false positive classification, TP is the true positive clas-
sification, FN is the false negative classification.

The last metric in our study will be the weighted
accuracy estimation (F-score), which is calculated according
to the formula:

TP

where FP is the false positive classification, TP is the
true positive classification, FN is the false negative
classification.

A feature of the machine learning algorithm is
that they are based on numerous hyperparameters. These
hyperparameters have their default values, which are
applied if no adjustments are made. Obviously, they do
not always provide the most accurate forecasts. There-
fore,the optimal hyperparameters were selected for each
model. And for each hyperparameter, a 5-fold cross-veri-
fication is done to find their most optimal ratio.

- Decision Tree model hyperparameters:

cost_complexity: The complexity of the model

tree_depth: The maximum depth of the tree

min_n: The minimum number of points in a node that
the node will require for further separation.

- Random Forest model hyperparameters:

mtry: The number of variables (predictors) that will
be randomly selected at each division when creating
models.

trees: The number of trees contained in the ensemble.

min_n: The minimum number of points in a node that
the node will require for further separation.

— Logistic regression model hyperparameters

penalty: The total amount of regularisation in the
model.

mixture: A mixture of different types of regularisation.

The method of random search of parameters was
used to select the hyperparameters. Since there are an
infinite number of variants of parameter compounds, a
simpler method of parameter determination is required.
One option is a random search. Where the “n”is a num-
ber of randomly selected values of compounds of hy-
perparameters. Next, a model is studied for each com-
pound and 5-fold cross-verification is performed. In this
study, 25 random parameter compounds for each model
will be calculated.

RESULTS AND DISCUSSION

As already noted, the first stage, common to all models,
is the division of the initial sample into test and train-
ing samples. 93 start-ups were included in the training
sample, 30 in the test sample.

Decision tree implementation

After the implementation of the Decision Tree algorithm,
Accuracy was set at 0.633, Roc_Auc - 0.665. The evaluation
was based on a test sample.

But one iteration of the evaluation is not enough
to assert with complete confidence the effectiveness of

F = I (5) the model. Therefore, to finalise the results, it was nec-
TP + E(FP + FN) essary to cross-validate the model’s performance. The
cross-verification results are presented in Table 3.
Table 3. Decision Tree cross-verification results

Metric Min Median Mean Max
Roc_Auc 0.444 0.581 0.550 0.644
Accuracy 0.444 0.632 0.590 0.722
Sensitivity 0.333 0.625 0.572 0.778
Specificity 0.3 0.5 0.602 0.909
F-score 0.462 0.5 0.553 0.667
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To improve the forecasting efficiency, the model  Accuracy.Table 5 demonstrates the forecasting results with
hyperparameters tuning procedure was carried out. the new hyperparameters considered. Figure 5 demon-
Table 4 shows the hyperparameters that will provide the  strates the Roc curve.
model with the largest minimum values for Roc_Auc and

Table 4. Optimal hyperparameter values

Hyperparameter Default value Optimal value
cost_complexity 0.01 9.45078958391999e-08
tree_depth 30 14
min_n 20 33

Table 5. Decision Tree cross-verification results after customisation

Metric Min Median Mean Max
Roc_Auc 0.512 0.581 0.576 0.644
Accuracy 0.5 0.632 0.612 0.722

Sensitivity 0.125 0.625 0.547 0.875
Specificity 0.3 0.8 0.662 0.909
F-score 0.182 0.636 0.523 0.667
1.00
0.75
g 0.50
0.25
0.00
0.00 0.25 0.50 0.75 1.00

1 - specificity

Figure 5. Roc curve for decision tree

Logistic regression implementation

After the implementation of the Logistic Regression al-  evaluation was based on a test sample. Logistic Regres-
gorithm, Accuracy was set at 0.467, Roc_Auc - 0.473.The  sion cross-verification results are presented in Table 6.

Table 6. Logistic Regression cross-validation results

Metric Min Median Mean Max
Roc_Auc 0.462 0.495 0.544 0.689
Accuracy 0.389 0.55 0.504 0.579

Sensitivity 0.333 0.375 0.45 0.667
Specificity 0.3 0.5 0.545 0.727
F-score 0.375 0.421 0.445 0.6

Table 7 demonstrates the hyperparameters that  results with the new hyperparameters considered. Figure 6
provide the model with the largest minimum values for ~ shows the Roc curve.
Roc_Auc and Accuracy. Table 8 shows the forecasting
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Table 7. Optimal hyperparameter values

Hyperparameter Default value Optimal value
penalty 0.1 0.0621016941891562
mixture 1 1

Table 8. Logistic Regression cross-verification results after customisation

Metric Min Median Mean Max
Roc_Auc 0.575 0.606 0.645 0.733
Accuracy 0.5 0.611 0.600 0.684

Sensitivity 0.125 0.5 0.45 0.625
Specificity 0.5 0.8 0.724 0.818
F-score 0.182 0.533 0.486 0.625

1.00

0.75

-‘E 0.50

0.25

0.00

0.00 0.25 0.50 0.75 1.00
1 - specificity

Figure 6. Roc curve for logistic regression

Random forest implementation

After the implementation of the Random Forest algo-
rithm, Accuracy was set at 0.467, Roc_Auc - 0.5. The
evaluation was based on a test sample. Random Forest
cross-verification results are presented in Table 9.

The hyperparameter optimisation process did
not give significant results, so conclusions were based

on their default values. Figure 7 shows the Roc curve.

Comparison of models

To compare the models, the average values of the char-
acteristics of forecasting efficiency were calculated
(Table 10).

Table 9. Random Forest cross-verification results

Metric Min Median Mean Max
Roc_Auc 0.562 0.626 0.645 0.8
Accuracy 0.5 0.556 0.570 0.684

Sensitivity 0.111 0.5 0.358 0.556
Specificity 0.5 0.8 0.744 0.9
F-score 0.167 0.471 0.399 0.625
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Figure 7. Roc curve for random forest

Table 10. Comparative table of the model's effectiveness

Metric Decision tree Logistic regression Random forest
Roc_Auc 0.576 0.645 0.645
Accuracy 0.612 0.600 0.570

Sensitivity 0.547 0.45 0.358
Specificity 0.662 0.724 0.744
F-score 0.523 0.486 0.399

Discussion of machine learning modelling results

This study provides a complete guide to implementing
a start-up success prediction model. In the beginning,
566 start-ups were presented in the data set, which
were characterised by 98 variables. Since this is an
open-access database, it contains certain inaccuracies,
redundant and contradictory information (Fig. 1). All
parameters that, according to the authors, do not char-
acterise a start-up, but are only technical fields were
ignored (Fig. 2).

One of the main tasks was to define a clear con-
cept of “start-up success”. After doing an exploratory
analysis of the data, it was concluded that, based on
the sample under study, the object of research could be
a financial success - successful start-ups are those that
made Acquisition, while GROWTH EQUITY or invest-
ment success are start-ups with more than one round
of funding (Table 1). The first criterion was rejected due
to the extremely small number of start-ups that meet it.
The model was further tuned for start-ups that had at
least one round of funding for the current period (Fig. 3).
The final sample included 123 start-ups (Fig. 4).

Since the algorithm for developing a machine
learning model assumes dividing the data set into a test
and training set, and the training set into 5 equal groups
for cross-verification, the quantity of each of the qualitative

values must be greater than 6 (5 for each cross-check and
one for the training sample). Therefore, it was necessary
to group the values of the model parameters according
to the given threshold value. If a field value was missing
for most start-ups - it was removed. If only a part was
missing - the value was manually supplemented. Quali-
tative information was taken from the start-up website
and open sources, and quantitative information was filled
in by the mean method of missing values replacement.
As a result, 14 fields characterising a start-up were formed
(Table 2). In the final, for better operation of machine
learning algorithms, all qualitative variables, except for
the dependent one, were converted to binary form.
All stages of the implementation of the start-up

success prediction model were carried out, namely:

- selection of machine learning algorithms;

- the division of the sample into test and training
samples;

- tuning model hyperparameters;

- selection of metrics for evaluating the model quality;

- implementation of algorithms;

- cross-verification of all forecasting accuracy metrics;

- comparative analysis of forecasting efficiency.

Thus, according to the developed methodology

and the proposed algorithm, three models for predicting
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the success of a start-up were implemented: Decision
Tree, Logistic Regression, and a Random Forest.

During studying the results of forecasting by the
Decision Tree method the calculated results according
to the ROC-AUC metric were set at 66.5%. This level
means that the model allows to predict the success of
a start-up more likely than it would be done randomly.
After cross-validation, lower model performance results
were obtained. The minimum values for Roc_Auc and
Accuracy are of particular concern. They are less than the
threshold value for the effective model - 0.5 (Table 3).
To improve the forecasting accuracy, the model hyper-
parameters were adjusted (Table 4). This allowed increas-
ing the minimum values of the forecasting accuracy us-
ing the Roc_Auc and Accuracy metrics to 0.512 and 0.5,
respectively (Table 5). In Figure 5 the ROC curve is above
the dashed line, which means that model is more efficient
than random distribution into classes.

As Table 6 demonstrates, the logistic regression
model yielded unacceptable results to claim that this
model is effective - it did not pass the 0.5 thresholds.
The next step was to improve the prediction results by
adjusting the model hyperparameters. Table 7 demon-
strates the model hyperparameters that gave us the high-
est minimum values for Roc_Auc and Accuracy. Table 8
presents the forecasting results considering the new
hyperparameters: Roc_Auc - 0.575 and Accuracy - 0.5.
Figure 6 the ROC curve is above the dashed line, which
means that the model presented in this study is more
efficient than random distribution into classes.

Evidently, the minimum values of the Roc_Auc
and Accuracy parameters after cross-verification of the
random forest model were established at the level of
more than 0.5, which indicates the acceptability of the
model for decision-making. The average values were
established at the level of 0.645 and 0.57, respectively
(Table 9). The hyperparameter optimisation process did
not give significant results, so conclusions were made
based on their default values. In Figure 7,the ROC curve
is above the dotted line, which means that model is
more efficient than random distribution into classes.

To compare the models, the average values of
the characteristics of forecasting efficiency were calcu-
lated (Table 10). Since, for all models, the highest ac-
curacy rates are observed in terms of Specificity, which
means that models are better at recognising start-up
failure than its success. The most descriptive indicators
are Sensitivity and Accuracy because they are focused
on measuring the accuracy of predicting the success of
start-ups. Therefore, even if the weighted accuracy indi-
cator Roc_Auc in the logistic regression (0.645) and ran-
dom forest (0.645) is higher, but due to a more accurate
prediction of negative factors, the decision tree will be
considered as the most effective model (Sensitivity -
0.547, Accuracy - 0.612).
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As a result of the work performed, the key factors
influencing various manifestations of a start-up success
are defined. In addition, the study revealed a method-
ology for cleaning and preparing data for modelling
using machine learning methods. For the first time, this
paper describes an algorithm for working with missing
data by manually adding information from open sourc-
es and according to the method of mean missing values
replacement.

The efficiency of the method proposed can be
confirmed by the effectiveness of forecasting based on
generally accepted assessment metrics and performance
thresholds. To make the research more practical, it re-
lied on publicly available data. This is a considerable
advantage over the studies [4], [5] due to the simplicity
of implementation and the possibility of repeating the
modelling processes. Achievement of high-quality re-
sults of predicting success, based on a much smaller list
of start-ups and their characteristics, makes the study
more universal for application in emerging markets than
studies [14] and [15], which were based on start-ups from
all over the world, mainly from the USA and Europe.

In this study, much more attention is paid to meth-
ods of improving forecasting efficiency than in similar
studies [9; 10]. The process of tuning the model hy-
perparameters was implemented, conducted multiple
cross-validations against five different metrics for evalu-
ating the quality of the models. This allowed investigat-
ing the model from different angles of its efficiency as
opposed to only one - the number of positively predicted
observations, as in the study [11].

Upon critically evaluating the obtained results, it
is advisable to pay attention to certain limitations that
are inherent in them as follows:

1.The results of the practical implementation of the
models are very strongly influenced by the country’s
economic environment. In some countries with a better
investment climate, start-ups can achieve better results
even with worse characteristics than in the models pro-
vided in this study.While in countries with the worst esti-
mates of the investment climate, even promising start-ups
can fail due to the lack of infrastructure to support their
development.

2.The disadvantage of the proposed methodology is
that the success of a start-up is highly dependent on
the field of start-ups activity (specialisation). Since ev-
ery day new trends are formed, new technologies appear,
new inventions are commercialised, some start-ups and
areas that are relevant and promising now, over time, will
no longer be of interest to investors.

3.The proposed algorithms are incapable of predicting
the success of a start-up in the early stages. To forecast
success, one needs to wait for at least some results of
activity,and only then predict. For many real-life investors,
this may be too long.




CONCLUSIONS

Predicting start-up success is a challenging task that is
critical for many stakeholders making decisions about
their start-up investments. The decision support system
for the investment object can be useful for entrepreneurs,
venture analysts, or politicians who can use the built
models to predict the success of a start-up, using such
start-up characteristics as the economic sector and
business model, basic technologies, and indicators of
digital activity, time to first funding and its amount. This
forecast, in turn, can be used to drive better investment
decisions and develop relevant economic policies to im-
prove the overall start-up ecosystem.

The machine learning algorithms used are based
on data on the receipt of investments by these start-ups
in 2017-2021. Given the limited number of start-ups, it
was decided to accept the fact of re-investment (invest-
ment success) as a start-up’s success. 3 machine learning
models, that allow predicting the probability of success
of start-ups, were built: Decision Tree, Logistic Regression,
and a Random Forest. Evaluation of the accuracy of the
developed models was a key task of the work. The ef-
fectiveness of the algorithms was tested according to
five indicators: Accuracy, AUC, Sensitivity, Specificity, and
F-score. Compared to the initial experiments, the accuracy
of start-up success prediction has been successfully im-
proved by adjusting the model hyperparameters. The built

Piskunova et al.

models are qualitative without signs of overfitting, which
can be seen by evaluating the results of cross-verification.

The results were cross-verified using metrics such
as AUC (Area Under the Curve), Sensitivity (True Positive
Rate), Specificity (True Negative Rate), Accuracy, Recall,
Precision, etc. The value of these metrics allows assert-
ing that predictions made based on developed models
are better than based on our judgments or randomness.
The decision tree model demonstrated the highest Accu-
racy, Sensitivity, and F-scores for the tested algorithms,
averaging 61%, 55%, and 52%, respectively. This allows
recommending the use of a decision tree algorithm to
predict the start-up success. The AUC score for the deci-
sion tree settled at 58%, which is lower than the logistic
regression and random forest result (65%). That is, the
last two models allow for better prediction of the start-
up’s failure which is also extremely useful proceeding
from the interests of practical usage. All models have
an acceptable level of AUC classification accuracy to con-
fidently confirm their efficiency.

Further research may lie in scaling the proposed
approaches to other markets or groups of regions at the
same stage of economic development. It is necessary
to continue the search for other algorithms that would
allow for a better understanding of the correlation be-
tween different types of start-up activity and different
manifestations (types) of its success.

83

REFERENCES

[1] VISION. (2020). Retrieved from https://europeanstart-upnetwork.eu/vision.

[2] 4 ways governments can support start-ups and save their economies. (2020). Retrieved from https://www.weforum.
org/agenda/2020/06/4-ways-governments-can-support-start-ups-and-save-their-economies.

[3] Haddad, H., Weking, J., Hermes, S., & Bdhm, M. (2020). Business model choice matters: How business models
impact different performance measures of start-ups. Proceedings of the 15" international conference on business
information systems 2020 “Developments, opportunities and challenges of digitisation’, WIRTSCHAFTSINFORMATIK
2020. doi: 10.30844/wi_2020_h4.

[4] Aminova, M., & Marchi, E. (2021). The role of innovation on start-up failure vs. its success. International Journal
of Business Ethics and Governance, 4(1),41-72. doi: 10.51325/ijbeg.v4i1.60.

[5] Weking, J., Bottcher, T., Hermes, S., & Hein, A. (2019). Does business model matter for start-up success? A
quantitative analysis. In 271 European Conference on Information Systems (ECIS). Sweden: Stockholm & Uppsala.
Retrieved from https://aisel.aisnet.org/ecis2019 rip/77.

[6] Chen,Y.,Tsai,C., & Liu,H.(2019). Applying the AHP model to explore key success factors for high-tech start-ups
entering international markets. International Journal of E-Adoption, 11(1),45-63.doi: 10.4018/ijea.2019010104.

[7] Gloor, P, Fronzetti Colladon,A., Grippa, F., Hadley, B., & Woerner, S.(2020). The impact of social media presence
and board member composition on new venture success: Evidences from VC-backed U.S. start-ups. Technological
Forecasting and Social Change, 157, article number 120098. doi: 10.1016/j.techfore.2020.120098.

[8] Skawinska,E., & Zalewski, R.(2020). Success factors of start-ups in the EU—A comparative study. Sustainability,
12(19), article number 8200. doi: 10.3390/su12198200.

[9] He,S., & Yu, C. (2020). Analysis of the crucial success factors for tech-based start-ups. International Journal of
Innovation in Management, 8(1), 17-22.

[10] Kaiser, U., & Kuhn, J. (2020). The value of publicly available, textual and non-textual information for start-up
performance prediction. Journal of Business Venturing Insights, 14, article number e00179. doi: 10.2139/ssrn.3570379.

[11] Krishna, A.,Agrawal,A., & Choudhary,A. (2016). Predicting the outcome of start-ups: Less failure, more success.
In 16 International Conference on Data Mining Workshops (ICDMW) (pp. 798-805). Barcelona: IEEE.

Scientific Horizons, 2021, Vol. 24, No. 11




84

Applying machine learning approach to start-up success prediction

[12] Ang, Y., Chia, A., & Saghafian, S. (2020). Using machine learning to demystify start-ups funding, post-money
valuation, and success. Systems, 9(3), article number 55. doi: 10.2139/ssrn.3681682.

[13] Zbikowski, K., & Antosiuk, P. (2021). A machine learning, bias-free approach for predicting business success using
Crunchbase data. Information Processing & Management,58(4),article number 102555.doi: 10.1016/j.ipm.2021.102555.

[14] Unal, C., & Ceasu, |. (2019). A machine learning approach towards start-up success prediction. International research
training group 1792 “High dimensional nonstationary time series’, Humboldtuniversitit Zu Berlin (IRTG 1792
Discussion Paper, No. 2019-022). Retrieved from https://www.econstor.eu/handle/10419/230798.

[15] Antretter, T.,Blohm, 1., & Grichnik,D.(2018).Predicting start-up survival from digital traces: Towards a procedure
for early stage investors. In International Conference on Information Systems (ICIS). San Francisco. Retrieved from
https://www.alexandria.unisg.ch/publications/255532.

[16] Official website of the Dealroom Ukraine. (n.d.). Retrieved from https://ukraine.dealroom.co/.

3acTocyBaHHS1 MeToAiIB MalLMHHOIO HaBYaHHA
ANd NporHo3yBaHHSA ycnixy cTapTany

OneHa BanepiiBHa lMickyHoBa, Jlapuca OnekcanapiBHa JliroHeHko, Poctucnas CepriiioBuu Knouko,
TeraHa OnekcaHgpisHa Pponosa, TeraHa OnekcaHapisHa binuk

KWiBCbKMIA HaLLiOHANbHUI EKOHOMIYHWUI YHiBEpcUTeT iMeHi BagnMa leTbMaHa
03057, npocn. MNepemoru, 54/1, m. Kui, YkpaiHa

AHorTaujisi. [TporHo3yBaHHS ycnixy HOBOCTBOPEHOIO NiANPUEMCTBA 3aBxXau Oyno akTyanbHOK 33fadeto SK AN iHBeCTopiB,
Tak i ANg [OCNiAHMKIB. Y TenepillHii Yac BoHa Habyna Lie BinbLlot akTyanbHOCTi CTOCOBHO CTapTaniB — MOMOAMUX
iHHOBALiMHMX TEXHONOTIYHUX NiLNPUEMCTB, CMPSIMOBAHUX HA MacluTabyBaHHs cBoro Bi3Hecy. [laHe LOCNiLXKEeHHS
CrpsSIMOBAHE Ha CTBOPEHHS MOAENi MPOrHO3YBaHHS YCriXy CTapTany Ha OCHOBI MOr0 OMUCOBMX XapaKTePUCTUK. BUKOpUCTOBYHOUM
[aHi nnatdopmu Dealroom CTOCOBHO CTaTUCTUKM PiHAHCYBaHHSA CTapTaniB Ta iX onucy, po3pobnieHa Moaenb, IKa NOBA3YE
TaKi XapaKTepuCTMKK CTapTany sK: Nepiof Bifd 3aCHYBaHHS A0 OTPMMAHHA Nepluoro GiHaHCyBaHHS, chepa AisnbHOCTI,
TvN i cyma nepLuoro payHay diHaHcyBaHHS, 6i3HeC-Mofenb i 3aCTOCOBAHI TEXHONONT i3 iHBECTULIMHMM yCMiXOM cTapTany, nia
SKMM PO3YMIETHCS OTPUMAHHS NOBTOPHOIO PiHaHCyBaHHS. Y diHanbHy BMOipKy yBiliLwno 123 craptanu, siki 3acHoBaHi abo
BeyTb CBO AiNbHICTb B YKpaiHi. [TOpiBHAHO TpW anropytMmn MaLLMHHOMO HAaBYaHHS — NIOTICTUYHY perpecito, AepeBo
pilleHb i BUNagKoBuit nic. Heapaxatoum Ha 0OMeXeHiCTb LOCTYNHUX AAHUX, OTPUMAHI MPUIAHATHI pe3ynbTaTh 3 TOUKM
3opyAccuracy, Sensitivity Ta F-score. Halikpaloto MoLensito 3 Touku 30py nepenbdayveHHs ycnixy ctaptany BUSHaYeHo —
[lepeBo pilleHb, i3 MOKa3HMKaMK cepeaHboi TouHocTi 61 %, 55 %, i 52 % BignosiaHo. Ouinka AUC pna nepesa pilleHb
BCTAHOBMJIACA HA piBHI 58 %, WO HMXKYe MOKA3HUKIB NIOMICTUYHOI perpecii Ta BUNaaKoBOro nicy (65 %), ane ocTaHHi
MOAEeNi [OCAINN TaKMX BUCOKMX pe3ynbTaTiB 33 paxXyHOK KpaLloro nepeabayeHHs NpoBanis cTapTanis,y TOM Yac KoK
X BiNbL MPaKTUYHO-3HAYYLLMM € MOX/MBICTb NepenbadeHHs ix ycnixy. Bci Mogeni nokasanu NpurRHATHUIA piBeHb
TouHocTi Knacudikauii AUC, Wwo 3 BNEBHEHICTIO A03BONSE CTBEPAXKYBATH NPO iX edekTUBHICTb. CucTeMa NiATPUMKHM
NPUMHATTA PilleHb CTOCOBHO OOEKTY iHBECTYBAHHS MOXe BYTW KOPUCHO ANS MiANPUEMLIB, BEHYYPHUX aHANITUKIB
abo noniTukis, SKi MOXYTb BUKOpPUCTaTM NoBOyAoOBaHi Moaeni Ans NPOrHo3yBaHHS ycnixy craptany. Lleit nporHos,
3i cBOro 60Ky, MOXKe BMKOPUCTOBYBATUCS AN NMPUAHATTSA OiNbll ePeKTUBHUX IHBECTULIMHUX pilleHb i pO3pobKM
peneBaHTHOI EKOHOMIYHOT NOAITUKM, CMPSMOBAHOI Ha NOAIMNWEHHS 3aranbHOi eKoOCUMCTEMM CTapTanis

Kniouosi cnoBa: crapran-ekocuctema, ctaptan, iHHOBALLii, CMCTEMA NIATPUMKM NPUAHATTS pilleHb, knacudikauis,
MOAENI0BaHHS AaHMX, NepeabayeHHs ycnixy ctaprany
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INTRODUCTION

Food security enhancement is a principal issue for coun-
tries with different socio-economic development. In de-
veloped countries, the main problem is healthy food,
environmental friendliness, and the organic market prod-
ucts development. In developing countries, the main
problem is food safety, accessibility, especially for citizens
with low income. In this context, sustainable develop-
ment of the agricultural sector plays a strategic role in
improving food safety, access, quality, environmental
friendliness [1]. Food security is a global challenge even
in the most developed countries. The dynamic food sys-
tem globalisation is accompanied by the increasing com-
plexity of trade links, climate change, transformational
processes of production, determination of the availability
of food for different countries [2].

Food security is a difficult problem to solve because
it is not limited geographically or socially within a sin-
gle demographic, educational, income group of people.
Approximately 690 million people (381 million in Asia
and 250 million in Africa), representing 8.9% of the world’s
population, suffer from hunger while having sufficient
food. One in ten people on the planet is food insecure,
and 2 billion people do not have regular access to ample,
safe, and nutritious food [3]. This paradox of abundant
but unequal access to food for different population
segments makes food security an urgent issue. Govern-
ments must be guided towards balance through sustain-
able food security strategies that address growing food
insecurity due to multiple wastes in some countries and
ever-increasing inaccessibility, food scarcity in others.
Current projections imply a 70% increase in global food
production by 2050 with overexploited, limited infra-
structure [4].

EU food security policy has been implemented
since the late 1960s. Common Agricultural Policy (CAP),
EU bioenergy policy, trade policy, development aid and
assistance policy, fisheries policy, macroeconomic poli-
¢y, and immigration policy are closely linked as compo-
nents of EU food security [5]. Experts and international
organisations have criticised the lack of coherence of
these components of EU policy and the inconsistency
of their impact on developing countries. For example,
the EU’s stabilisation of domestic agricultural markets
through high tariffs and export subsidies has harmed
developing countries. The increase in taxes has led to
the dumping of surplus production of the agrarian sector,
lower market prices, and destabilisation of global markets.

Local production in developing countries began
to decline. It points to the other side of CAP policies that
exploded EU development policy, the goal of which
was to create local food supply chains. EU policies on
renewable energy (biofuels) and trade (tariffs, restrictive
import standards) have also been criticised due to inco-
herence with EU measures to combat nutrition and food
security problems. Therewith, EU food security policies
are constantly changing, responding to global challenges
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regarding sustainable development. Food aid policies, for
example, have transformed significantly in recent decades.

The EU provides the most poverty-stricken countries
with development-oriented trade preferences (e.g., the
Everything but Arms initiative), the purpose of which
is to help producers in developing countries. CAP policies
have also changed dramatically since the early 1990s.
In addition, the “food crisis” of the late 2000s confirmed
that the impact of food prices on food security is com-
plex: the consequences are often opposite for consumers
and producers in poverty-stricken countries. The new chal-
lenge for EU food security policy is the development
of the non-tariff barrier to trade through the EU food
standards’ implementation. It restricts small farmers’ ac-
cess to markets in developed countries, worsening their
food security.

The purpose of this paper is to develop recommen-
dations to improve food security under sustainable de-
velopment, using EU countries as an example.

LITERATURE REVIEW

The first phase of the food security policy development
covers the period between 1958 and 1992. Its primary
goal was to ensure food safety, increase production and
create “European agricultural prosperity” by protecting
farmers and consumers in a market economy. Regulated
prices and the elimination of domestic trade barriers were
defined as the main results of the policy. Food security
was viewed as food availability [6]. The regulatory regime
focused on creating a single market for agricultural
products, and policy measures focused on the agricultural
modernisation paradigm to increase productivity. The
environmental component was not considered in this
policy [7].

The second phase (1992-2000) was characterised
by the European agriculture identification within the free
trade framework. Environmental concerns about food
quality were integrated into agricultural policy. Policy
measures were aimed at encouraging farmers to use en-
vironmentally friendly production methods. Meanwhile,
EU policy has been an opponent of trade liberalisation for
face beef and genetically modified organisms (GMOs) [8].
EU’s local products were protected by a regulatory frame-
work.

The third phase (2000-2013) emphasised on high
food quality standards, safety, sustainable agriculture,
and EU rural development. The 1999 CAP reform was en-
shrined in the European Commission’s ‘Agenda 2000°5”
strategy document, which outlines rural development
policies, defines subsidies and policy instruments, and
recognises the multiple functions of agriculture [9; 10].
The UN embodies the broad concept of sustainable de-
velopment [11].

Since 1999, food security policy has been charac-
terised by two contradictory directions: the first, aimed
at solving problems of competitiveness in the market,
the second — the development of rural areas of the




multifunctional role of agriculture. The latter included
the involvement of regional governments and dynamic
funding under the EU cohesion policy. Integration with
other policies in various areas involved the implementa-
tion of the “cross-compliance” principle [12], according
to which farmers are eligible for CAP financial support
if they comply with social welfare, environmental, and
food safety regulations of animal origin.

Subsequent phases of EU food security policy de-
velopment (2013-2019) suggested CAP reforms in 2013
under the impact of the 2007-2008 food crisis when
global food prices began to rise sharply. Accordingly,
food price volatility as a component of food security has
been actively discussed in the academic literature [13].

However, food security is mainly interpreted as a
problem of food availability, maintaining high levels of
production, and supporting farmers [14; 15]. The need
to align food production with sustainability has given
rise to the concept of sustainable intensification [16].
EU policies, therefore, include greening and the intro-
duction of environmental measures, namely payments
for clean food production methods [17].

The new phase of food security policy is charac-
terised by political problems within Europe, Brexit, the
awakening of nationalism, inequality problems, unequal
access to food, social problems, and migration. In the last
decade, attention has shifted evenly from sustainable
agriculture to the broader food system. New food security
policies are paying more attention to social issues under
sustainable development context, as prescribed in the
New European Consensus on development of the European
Council in particular, which has given rise to new discus-
sions on policy integration [18; 19].

These discussions cover malnutrition, waste, nu-
trition of different social groups, obesity, equal access
to natural resources, ensuring sustainable management
of production processes, implementation of food secu-
rity research and development programs [1; 20; 21].
McCarthy et al. [4] identified 5 weaknesses in food sys-
tem governance that affect food security: mismanaged
cross-scale, geopolitical, and sectoral interdependencies,
unequal food rights, power imbalances, and conflicting
values. As J.J. Candel and R. Biesbroek [6] note, at the
European Union (EU) level, awareness of various food
security issues has led to an awareness of the need for
integrated approaches to food security governance.

The political integration of food security strands,
according to different concerns, has been slow and
gradual, including its new dimensions (food safety, food
availability). Therewith, there are differences between
policies across the EU, and efforts to integrate these pol-
icies seem to have stopped in recent years [6].J.C. Bureau
and J. Swinnen [22] argue for the complex impact of
EU countries’ reformed policies on agriculture, food and
food standards, bioenergy, and trade on global food
security.

The FOOD2030 Policy Framework for Research
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and Innovation suggests four priority areas for research
and innovation: “nutrition for sustainable and healthy
diets; climate-smart and environmentally sustainable
food systems; circularity and resource efficiency of food
systems; and innovation and empowerment of commu-
nities” [5]. However, significant changes in food security
policy are currently lacking.

The European Commission’s Common Agricultural
Policy (CAP) proposal for the post-2020 period provides
opportunities for greater sustainability. However, it also
allows Member States to choose how to implement their
security policies [23].

Thus,EU food security includes aspects of healthy
diets, food safety, availability, affordability, sustainable
use, and sustainability of production. These aspects of
secure food systems are not only compatible in the
context of outcomes and important sustainability goals
for food systems but should theoretically complement
each other in terms of synergy and impact on achieving
high bone of population living [24].

MATERIALS AND METHODS

This research is based on a quantitative methodology
of the principal food security indicators’ analysis of the
Czech Republic, Germany, the Netherlands, and Norway
as countries of different EU regions and different indi-
cators of socio-economic development. The source da-
tabase is the Food and Agriculture Organisation of the
United Nations Database [25], which allows real-time
selection of security indicators, namely:

1. Average dietary energy requirement (kcal/cap/day).

2. Gross domestic product per capita, PPP, dissemi-
nation (constant 2011 international $).

3. Number of obese adults (18 years and older) (million).

4. Per capita food production variability (constant
2004-2006 thousand int$ per capita).

5. Per capita food supply variability (kcal/cap/day).

They were selected based on their availability in

the 2000-2020 database for all countries. The selection
of indicators revealed a lack of disaggregated data on
the availability, safety, and quality of food, health in-
dicators, particularly in different age groups. It means
that the sustainability state of food security cannot be
assessed for all EU countries, which is a considerable
limitation for this study. The lack of detailed data renders
the analysis of the actual food security issues impossible.

RESULTS AND DISCUSSION

Under the sustainable development context, the food
security goals to be achieved by 2030 are defined as
follows:

1) to provide all of the world’s population with safe
and sufficient food by 2030, to completely mitigate famine;

2) to fully eliminate all forms of malnutrition by 2030,
including malnutrition in children under the age of five,
to meet the needs of pregnant women, adolescents, lac-
tating women, and the elderly;
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3) to double agricultural productivity, the income of
small agricultural producers (fishers, pastoralists, farmers)
through equal access to land, inputs, financial services,
knowledge and information, markets for surplus-value,
increased employment of non-agricultural production
sector;

4) to ensure the sustainability of the food production
system, implementation of sustainable agricultural pro-
duction methods to maintain ecosystems, strengthen-
ing adaptation, climate change, drought, extreme weather
conditions, gradual improvement of soil quality;

5) to support genetic diversity in seeds, cultivated
plants, farm animals, especially through well managed
and diversified seed and plant banks at different levels
(international, national, regional), promoting equitable
access and benefit-sharing of genetic resources and as-
sociated knowledge;

6) to increase investments through enhanced inter-
national cooperation mechanisms in rural infrastructure,
agricultural research and service delivery, technology
development, and plant and livestock gene banks to raise
levels of agricultural production in developing coun-
tries, specifically in least developed countries;

7) to introduce measures for ensuring the proper

functioning of markets for food products and derivatives,
facilitating timely access to market information, including
food stocks, to limit excessive food price volatility.

Food security indicator analysis demonstrates
approximately average energy requirement for food
in different EU countries: the Czech Republic had
2,530.5 kcal/cap/day, Germany had 2,543.0 kcal/cap/
day, the Netherlands had 2,576.83 kcal/cap/day, Nor-
way had 2,549.5 kcal/cap/day (Tables 1-4). Gross do-
mestic product per capita at purchasing power parity
(PPP) was highest in Norway at $63,753 per capita,
compared with $54,801 per capita in the Netherlands,
$5,210 per capita in Germany, and $384 per capita
in the Czech Republic. Therewith, the Czech Republic
had the highest growth rate, averaging 2.2% annually
from 2000 to 2020, while Germany had 0.9% annual-
ly, the Netherlands — 0.69% annually, and Norway —
0.55% each year. It means an income sustainability is-
sue, which is ensured in the Czech Republic due to the
economic growth potential and exists to some extent
in the most developed countries with a high level of
prosperity (Table 1). For the Czech Republic, this trend
means improving the population’s quality of life and,
thereby, food security.

Table 1. Food security indicators in the Czech Republic, 2000-2020

Average Standard deviation
Indicator of food security
2000-2010 2010-2015 2015-2020 2000-2020
Average dietary energy requirement (kcal/cap/day) 2,566.91 2,542.33 2,530.50 17.89
Gross domestic product per capita, PPP,
dissemination (constant 2011 international $) 30,038.26 34,231.67 38,492.82 4601.56
Number of obese adults (18 years
and older) (million) 1.87 2.15 2.25 0.19
Per capita food production variability (constant
2004-2006 thousand $ per capita) 16.58 14.62 1517 4.67
Per capita food supply variability (kcal/cap/day) 69.09 17.00 59.40 36.29

Source: Food and Agriculture Organisation of United Nations Database [25]

The number of obese adults (18 years and older)
is a crucial problem in Germany, where the rate was
15.2 million on average for 2015-2020, with an annual
standard deviation of 1.38 million (Table 2). Overall,
this rate increased substantially from 12.22 million in

2000-2010 to 15.2 million in 2015-2020. By comparison, in
the Czech Republic, the rate was 2.25 million, up from
1.87 million in 2000-2010; in the Netherlands, the aver-
age obesity rate was 2.75 million in 2015-2020; in Norway,
it was less — 0.9 million on average in 2015-2020.

Table 2. Food security indicators in Germany, 2000-2020

Average Standard deviation
Indicator of food security
2000-2010 2010-2015 2015-2020 2000-2020

Average dietary energy requirement (kcal/cap/day) 2,548.18 2,553.00 2,543.00 5.93

Gross domestic product per capita, PPP, dissemination 44.755.02 49 691.45 5931085 375908
(constant 2011 international $) o o e Yo
Number of obese adults (18 years and older) (million) 12.22 14.15 15.20 1.38

Per capita food production variability

(constant 2004-2006 thousand $ per capita) 1218 6.75 8.13 341
Per capita food supply variability (kcal/cap/day) 33.27 27.67 26.00 10.25

Source: Food and Agriculture Organisation of United Nations Database [25]
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The change in food production per capita (constant
$2004-2006 thousand per capita) fluctuated significantly
in the Czech Republic, averaging $16.58 thousand per
capita in 2000-2010, $14 thousand per capita in 2010-
2015, and $15.17 thousand per capita in 2015-2020. In
Germany, the figure was $12.18 thousand per person,
$6.75 thousand per person,and $8.13 thousand per person,
respectively, declining significantly from 2000-2010.

Kushniruk et al.

In the Netherlands, the figure was $21.42 thou-
sand per person, $20.23 thousand per person, and
$18.3 thousand per person, according to a significant
fluctuation from 2000 to 2020 and a non-significant
decrease. In Norway, the figure was $4.41 thousand per
person, $4.87 thousand per person, $4.37 thousand per
person, in line with a slight fluctuation of $1.57 thousand
over twenty years (Table 3).

Table 3. Food security indicators in Netherlands, 2000-2020

Average Standard deviation
Indicator of food security
2000-2010 2010-2015 2015-2020 2000-2020
Average dietary energy requirement (kcal/cap/day) 2,571.73 2,574.67 2,576.83 2.62
Gross domestic product per capita, PPP, dissemination
(constant 2011 international $) 50,081.69 52,214.75 54,801.68 2,732.84
Number of obese adults (18 years and older) (million) 1.96 2.50 2.75 0.36
Per capita food production variability
(constant 2004-2006 thousand $ per capita) 2142 2023 18.30 >29
Per capita food supply variability (kcal/cap/day) 39.45 8.50 7.80 18.03

Source: Food and Agriculture Organisation of United Nations Database [25]

Food reserve change per capita increased signifi-
cantly in the Czech Republic during 2015-2020 com-
pared to 2010-2015, ranging from 59.4 kcal/cap/day and
14.62 kcal/cap/day, respectively. In Germany, the rate
averaged 26 kcal/cap/day in 2015-2020, with a fluctua-
tion of 10.25 kcal/cap/day over the twenty years. In the

Netherlands, the value decreased considerably between
2010 and 2020, compared to 39.45 kcal/cap/day during
2000-2010. In Norway, the figure had also seriously
dropped to an average of 10.4 kcal/cap/day in 2015-2020
compared to 30.18 kcal/cap/day in 2000-2010.

Table 4. Food security indicators in Norway, 2000-2020

Standard
Average deviati
Indicator of Food Security eviation
2000-2010 2010-2015 2015-2020 2000-2020
Average dietary energy requirement (kcal/cap/day) 2,533.27 2,542.00 2,549.50 797
Gross domestic product per caplta,.PPP, dissemination (constant 60,773.43 61,959.65 63,753.73 2.151.91
2011 international $)
Number of obese adults (18 years and older) (million) 0.65 0.85 0.90 0.13
Per capita food production variability
(constant 2004-2006 thousand $ per capita) 441 487 4.37 157
Per capita food supply variability (kcal/cap/day) 30.18 11.17 10.40 12.54

Source: Food and Agriculture Organisation of United Nations Database [25]

Thus, the food security indicators analysis demon-
strates differences in various EU countries regarding its
level, which indicates the unification of particular sustain-
able development goals in the accessibility, safety, and
food quality context. At an elevated level of prosperity,
the EU countries are characterised by different chal-
lenges in the food security field. For the Czech Republic,
the biggest challenge is fluctuations in food production.
For all countries, the main challenge can be seen as pro-
viding incentives for citizens to address obesity, which
has worsened over the past twenty years, especially in

Germany, the Czech Republic,and the Netherlands, where
a dynamically growing trend is observed.

This study proves the need for individual sustain-
able development strategies in the food security field.
Similar to the findings of K. Pawlak and M. Kotodziejczak [1]
regarding the differences in the level of food system se-
curity between regions, this paper identifies differences
in the food systems of the Czech Republic, Germany, the
Netherlands, and Norway. The need for stimulating in-
vestment in the infrastructure of the agricultural sector
and investing in extension services for food buyers and
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consumers are highlighted by K. Pawlak and M. Kotodzie-
jczak [1] as key measures. This study focuses on the govern-
ment information campaigns development for national
citizens to spread awareness of the obesity problem.The
availability of food in European countries due to high-
income levels, steadily increasing between 2000 and 2020
in all countries, has exacerbated the problem of adult
obesity. The latter has increased in all EU countries under
study, with some differences in numbers.

The study also proves changes in food security in
the Netherlands and Norway, which managed to achieve
a reduction in per capita food supply volatility between
2010 and 2020 (by 31.65 and 19.78, respectively). In
comparison, the Czech food system was characterised
by an increase in supply volatility from 2015-2020, and
the German food system achieved a reduction of 7.27 per
capita volatility from 2010-2020 compared to 2000-2010.
Thus, EU countries should stabilise the volatility to im-
prove food security, as Norway has achieved, where vol-
atility in food production and supply is stable. Over the
past twenty years, the Norwegian food system has been
characterised by stability in key security indicators: stable
energy requirements for food, fixed GDP growth per capita,
no significant increase in the number of obese people,
a small-scale variation in food production, reduced vola-
tility in per capita stocks. Despite various food security
issues and policies to address them, some studies argue
that no single policy solution should ensure sustainability in
the future [4]. This study proves that more developed coun-
tries can better influence food challenges, while less devel-
oped countries (the Czech Republic) are less sustainable.

CONCLUSIONS

The efforts of EU Member States’ governments to inte-
grate food security policies must consider the regional
characteristics of food systems. Despite the common
problems related to waste, nutrition of different social
groups, obesity, equal access to food, ensuring sustainable
management of production processes, implementation
of research and development programmes in the food
security field, the scale of these challenges is different.
Furthermore, in times of economic crisis, food systems are
characterised by various levels of resilience and volatility.
While the Czech Republic has a higher level of volatility,
Norway has a prominent level of food system sustain-
ability. The food security policy should be aimed at in-
dividual challenges, depending on the regional social,
economic, and environmental country development.

Notably, the goals for the proper provision of the
planet’s population with food and eradication of various
malnutrition forms are slightly optimistic in view of the
slow pace of solving food security problems. Therefore,
these goals should be adjusted proceeding from re-
gional statistics on these issues. It is advisable to define
the purpose of creating an effective food distribution
chain, considering regional characteristics of supply,
accessibility to the food of different segments of the
population, their actual needs per the state of health.

The achievement of the most sustainable global
food security will require a holistic systems approach
built on a combination of policy and technology reform
that leverages existing systems combined with modern
technology, methods, and best practices.
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MocuneHHa NnpoaoBonbYoi 6e3neKkun y KpaiHax €EC B yMOBaX CTasioro po3BUTKY

Biktop CrenaHoBuu KywHipyk!, TeraHa BonogumupieHa KyniHiu?,
OkcaHa PomaHiBHa Poik?, Mapis BacuniBHa Jlywmk?

MuKonaiBCbKMIA HaLiOHANbHUI arpapHUii yHiBepCUTET
54020, syn. leopria loHragse, 9, M. Mukonais, YkpaiHa

2HauioHanbHUit yHiBepcuTET «J1bBiBCbKA MOMITEXHIKA»
79013, Byn. Crenana baHaepu, 12, M. JbBiB, YKpaiHa

AHoTauis. [TMTaHHS NpoaoBoNbYOI Be3nekn akTyanbHe AN YCiX KPaiH, YTiM BOHO HE MA€E YHiBEPCANIbHOMO PillEHHS.
3o0KkpeMa, Le MiaTBepaXyTb KpaiHu €Bponeiicbkoro Coto3y, gKi, NONpU CNifbHY NOAITUKY LWOAO NPOAOBOLCTBA,
[LEMOHCTPYIOTb Pi3HUIA piBeHb NPOA0BOBbYOI He3neku. BUKOpUCTOBYHOUM iXHIV NpUKIaA, CTaTTa MA€ Ha MeTi po3pobuTH
pekoMeHauii 33419 NOKpaLLEeHHS NPOAOBObYOI 6e3nekM 3a YMOB CTaNoro po3BUTKY. [locnigkeHHs 6a3yeTbCs Ha
KiNbKiCHMX NifXoAax M aHani3ye rofioBHi iHAMKATOpKU NpoaoBosbYoi be3nekn Yecbkoi pecnybniku, Himewunnu, HinepnaHais
Ta Hopgerii, 6a3ytounce Ha gaHux Mpoposonbyoi Ta Cinbcbkorocnopapcbkoi Opranizauii OOH. Lle gocnigxeHHs
[LLOBOAWTb HEOOXiAHICTb BiNbL AeTaNbHOi pO3p0OKKM OKpEMUX CTPATETIA PO3BUTKY Y MUTaHHI NPOA0BOLYOi He3neku
B YMOBaX CTa/IOr0 po3BWTKY. bynn BCTaHOBNEHI OCHOBHI BiIMIHHOCTI MidK MPOAOBOMBYMMM CUCTEMaMKM YecbKoi pecrybniku,
HimeuumHu, HinepnaHais Ta HopBerii y nuTaHHAX cepefHboi xapyoBoi noTpebu B eHeprii, BBl Ha pywy HaceneHHs,
KiNIbKOCTi LOPOC/IMX 3 OXKMPIHHAM i 3a6€e3neyeHoCTi et Ha AyLy HaceneHHs. Takox B6ynu foBefeHi 3MiHM y cucTeMax
npopoBonbyoi 6e3neku Higepnanais i Hopserii, ki [03BOIMAM 3MEHLLIMTM BONATU/BHICTb 3abe3neYeHHs NPOLOBObCTBOM
Ha oywy HaceneHHsa y 2010-2020 pp. KpaiHu €C mMatoTb cTabinizyBaTv BONATUbHICTb 334014 NiABULWLEHHS PiBHIO
npopoBonbyoi 6esneku. Cnpobu KpaiH-uneHis €C BNpoBaaMTM HOBI MONITUKM NPOAOBOILYOI OE3MeKM MakoTb BPAXOBYBATU
NOKanbHi 0cob6IMBOCTI NPOA0BONBbYMX CMCTEM. He3BaxKakoum Ha cninbHi NpobaemMu WoA0 BiAXOLiB, XapuyBaHHS Pi3HUX
COLianbHUX TPy, OXKMPiHHS, PIBHOrO AOCTYNY A0 iXi, 336e3neyeHHs CTanoro BUpoBbHMLTBA, iMNaeMeHTaLii AoCNimKeHb
i po3BMTKY nporpamy chepi xap4oBoi 6e3neku, CTyMiHb LMX BUKAMKIB € Pi3HO. [TpakTUUHA LiHHICTb AOCHIAKEHHS
NoNAra€e B eMnipuyHin oLiHLI CTaHy NpoA0BOobYOi 6e3neku Ha Npuknaai Yecbkoi pecnybniku, HimewunHu, Hinepnanais
Ta Hopseriiy 2000-2020 pp.,9Ka 4OBOAMTb HEOOXIiAHICTb AndepeHLiaLiiy CninbHiA NONITULI NPOA0BONbYOT Be3neku

Kntouosi cnoBa: CninbHa cinbcbkorocnogapcbka noniTMKa, CTaauii po3BUTOK, CTana NpoAOBObYa CUCTEMA, AIETH,
CiNbCbKe rocnonapcrao
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Abstract. In the national economies of many countries, especially
developing ones, agriculture represents a significant share of GDP.
The relevance of the issue stated in the study is due to the fact that
the marketing strategy of agricultural enterprises is the most important
element of their management system, which contributes to the sustainable
development of agriculture and provision of the population with better
quality food products. The need to increase the competitiveness of
agricultural enterprises among similar ones also contributes to the
development of agricultural technologies for obtaining high quality
and environmentally friendly products. The purpose of this study is to
investigate the nature of a modern agricultural company’s marketing
strategy. The leading method for investigating this issue is the empirical
method, namely examining the practice of marketing strategy in
agriculture. As a result of the study, it has been established that a
marketing strategy in the agricultural sector should make an enterprise
stand out from its competitors through non-price methods. This is
primarily due to the peculiarity of agricultural products - they are quite
homogeneous, standardised and subject to state regulation not only
in terms of safety, but also in terms of conformity with their name. It
has been revealed that due to current trends in modern society regarding
the need for environmentally friendly production and healthy lifestyles,
it is desirable to include these elements in an agricultural company’s
marketing strategy.Serious work needs to be done to improve the brand
image and the image of the producer. These marketing techniques
enable an agricultural company to stand out from its competitors
and keep prices and demand at the required level. The results of this
marketing strategy make it possible to turn a standardised, uniform
product from an agricultural producer into an exclusive, special, high-end
product
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INTRODUCTION

In many developing countries, more than half of the eco-
nomically active population is engaged in agriculture.
Meanwhile, agriculture is a major supplier to trade and
a supplier of raw materials to industry. Hence, it can be
concluded that agriculture is the main source of eco-
nomic growth for many developing countries. Half of
the average person’s income from a developing country
is spent on agricultural products - food. To put this in
perspective, in a developed country like the US, people
spend only about twelve percent of their income on food,
while in Western Europe they spend about sixteen -
nineteen percent. In developed countries the standard
of living is quite high and the percentage of poor people
is small, which is why the government has no difficulty
in creating social programmes to provide food to the
poor,which also supports agriculture. Poverty levels are
very high in developing countries, which requires the use
of marketing tools for the development of agricultural
enterprises [1].

Modern global economic trends aimed at the de-
velopment of the agricultural sector require a careful
approach to developing effective marketing strategies,
which are primarily based on an in-depth analysis of
the market environment. Under the current economic
conditions, it is only possible to increase the volume
of demand for agricultural products, and consequently
their sales volumes, by applying an effective marketing
strategy [2].

Agricultural marketing (agri-marketing) is the
activity in the agricultural sector that involves the full
cycle of organisation and management of agricultural
production in order to meet the needs of the follow-
ing entities: households; industry; society. Agricultural
marketing can be carried out by the economic entities
of the following activities: suppliers of raw materials,
materials, equipment for agriculture; agricultural pro-
ducers; market infrastructure enterprises; trade and trade
mediation enterprises of wholesale and retail trade; spe-
cialised marketers in the field of agriculture and others [3].

The marketing strategy for the development of
an agricultural enterprise is a set of directions for its
activities on the market and decision-making focused on
individual marketing activities, to the fullest possible
implementation of the enterprise’s main strategy. Global
experience shows that marketing is a means for further
development of agricultural enterprises. The development
of an enterprise’s marketing strategy is therefore a pro-
cess of creating and putting into practice an overall ac-
tion programme for the enterprise. Its purpose relates to
the efficient allocation of resources to reach the target
market [4].

The purpose of the study is to examine the best
practices for developing and implementing a market-
ing strategy for agricultural and processing enterprises.
In order to fulfil this objective, the tasks to be carried
out include a study of the characteristics of agricultural
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marketing and a study of the branding of agricultural
enterprises.

The external environment of modern agricultural
enterprises is characterised by a high level of competition,
complexity and uncertainty, which necessitates the use
of various marketing tools in order to strengthen their
competitive position, both in the national and interna-
tional markets. A marketing strategy is an essential tool
for achieving a high level of competitiveness in an ag-
ricultural enterprise. It should be based on a strategic
analysis of the strengths and weaknesses of the enter-
prise, prospective goals and long-term development
programmes, and have a tactical action plan [5]. Thus,
under current conditions, the development of a market-
ing strategy for agricultural enterprises has become a
prerequisite for their activities, both in national and in-
ternational markets.

MATERIALS AND METHODS

Today’s economy requires innovative solutions when
developing a marketing strategy to improve the market
activity of agricultural and processing enterprises. Ag-
ricultural products, on a global scale, are quite homo-
geneous; it is this feature of agricultural commodities
that has made it possible to sell them on agricultural
commodity exchanges. However, in such a case, when
the price is formed solely under the influence of supply
and demand and the factors associated with them, the
agricultural producer faces a high risk of non-return of
the invested funds, losses. The marketing strategy of an
agricultural enterprise can help to avoid such risks by
transforming homogeneous standard products into spe-
cial, exclusive ones. As practice shows, an agricultural
producer should pay great attention to creating a positive
image of his or her brands and his or her production. This
approach enables the agricultural enterprise to create its
own circle of consumers committed to that particular
agricultural brand. In the modern market model, economic
entities that position themselves as companies with a
high level of social responsibility to society have a better
chance of increasing their sales without lowering the
price. The following research methods were used in the
course of the study:

— theoretical (analysis, synthesis, concretisation, gen-
eralisation, comparison);

— empirical (study of the marketing strategy of an
operating international agricultural company; the indi-
vidual elements of its marketing strategy; the positive
effects that this strategy produces; the use of brand
image and producer image improvement techniques in
marketing strategy; the role of brand image and producer
image in agricultural enterprises).

The study is based on the practical experience
of a real agricultural company and on research by sci-
entists and practitioners on the issues of agricultural
marketing.
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The study of the issue was carried out in three

stages:

1.The first stage involved identifying the essence of
agricultural marketing, its role in the activities of agri-
cultural companies and the specifics of the marketing
strategy. The elements and stages of marketing strategy
development and its application in agricultural production
are studied. The importance of a marketing strategy for
an agricultural company under today’s complex, rapidly
changing market conditions is explored.

2.The second stage analysed the marketing strategy
of the international agricultural company Goodvalley,
which has its own production and market outlets in Eastern
European countries: Ukraine, Poland and Russia. An as-
sessment of the state of the company is given in order
to ascertain its condition. The tools and techniques of
a company’s marketing strategy are examined. The ba-
sic principle of marketing strategy is studied. It has been
established that the main efforts of an agricultural com-
pany’s marketing strategy are aimed at positioning it as
a socially responsible enterprise that cares about the
environment and produces high quality premium products.
Thanks to this kind of marketing strategy, the company
was able to make its products more exclusive and set
higher prices. This strategy also reduces the company’s
dependence on market fluctuations, as it operates in a
more stable segment - the premium segment.

3. The third stage involved refining the theoretical
and practical conclusions, as well as summarising and
systematising the findings.

RESULTS AND DISCUSSION

Agricultural marketing is an activity that accompanies
the entire cycle of agricultural production, starting with
the decision to create a product and ending with its
sale to the final consumer, and sometimes also with the
after-sales service. It is based on the results of technical
and economic analysis and should take into account mar-
ket, functional and institutional aspects [6]. The market-
ing strategy of any enterprise should be developed in a
comprehensive way. When one element of the market-
ing strategy is changed, the possible impact on the other
elements must be taken into account. Sometimes it seems
that the solution to a particular marketing problem may
lie in one specific element of the marketing mix. But a
deeper analysis will reveal that the problem has a different
cause. Thus, it is important to integrate all elements of
a marketing strategy.

Firstly, the marketing mix cannot be static. The
marketing mix is a dynamic entity. An enterprise cannot
stop marketing activities once it has assembled and im-
plemented its marketing mix. At the same time, a com-
pany cannot afford to constantly change its marketing
strategy every other day. In fact, strategy should be un-
derstood and used as the opposite of “special reaction”
to changes in the environment, competition, consumer
tastes and technologies. Basically,a company’s marketing
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decisions are strategic decisions with long-term objectives
and a long-term framework. Nevertheless, they need to
be modified and manipulated based on short-term re-
quirements. After all, quite often short-term events do
represent vital changes from a marketing perspective,
and these changes must be taken into account by appro-
priate changes in marketing strategy if the enterprise is
to achieve its goals on the market. Since the main task
of marketing is to successfully anticipate and respond to
the changes on the market, the marketing strategy should
be flexible and dynamic. In other words, the marketing
mix has both long-term and short-term implications.The
overall strategy usually remains unchanged over time,
but within this framework adjustments and tactical ma-
noeuvres will occur continuously [7].

Secondly, the company’s resources are an import-
ant factor when deciding on a marketing strategy. It is
also clear that decisions about marketing strategy depend
largely on the resources available to the company and
the resources allocated to a particular business unit. Mere
ambition or desire will not lead to the creation of an ef-
fective marketing strategy, only resources in the form of
money, materials and people can do this. Thus, the form
that a marketing strategy will take and the intensity with
which each of its elements can be engaged will depend
on the resources, the resources of the whole corporation
and the resources allocated to each of its business units.

Thirdly, decisions regarding marketing strategy
are becoming increasingly complex in multi-business com-
panies. In a multi-business company, although a sepa-
rate marketing mixis usually developed for each brand /
product, it does not work in isolation. After all, the strat-
egy underlying a specific marketing mix for a particular
brand plays a much larger role. The strategy as a whole
works at four different levels: corporate level, business
unit level, product line level and brand level. This link
exists not only because of the interrelated nature of re-
source allocation, but also because of the interconnected
nature of the objectives of the enterprise and its constitu-
ent business units. Although individual marketing strat-
egy decisions are made by marketers responsible for indi-
vidual brands/product lines, each comprehensive market-
ing decision is ultimately aimed at achieving the com-
pany’s overall business goals. Furthermore, in the case of
a multi-industry corporation, the influence of resources
on the marketing strategy decision is also of additional
importance, since a multi-industry corporation needs to
carefully decide how to reallocate its resources to its
business, products and markets.

Fourthly, improving competitiveness is the goal
and essence of marketing strategy. The main objective
of a marketing strategy is to cope with competition. Un-
doubtedly, it is competition that requires strategy, or,
more precisely, fighting competition is the main goal of
strategy. Similarly, in a marketing environment devoid of
competition, the scale and need for marketing strategies
will be much smaller. It is the presence of competition that




makes the marketing task strategic in the first place. In
a competitive market alone, a company should definitely
study its competitors and promote its policies, people
and products in action, i.e. in a strategic way. Strategic
actions will help the company gain a clear competitive
consciousness. A marketing strategy is basically a com-
petitive position of a company on the market [8]. The fol-
lowing stages of marketing strategy development can be
distinguished [9]:

1. Defining business goals and budget.

2. Analysing the external environment of the enter-
prise.

3. ldentifying the target audience.

4. Defining the marketing objectives.

5. Positioning the brand, the products.

6. Drawing up an action plan.

7. Implementation and monitoring of the strategy.

The marketing strategy of an agricultural enter-

prise, based on the example of Goodvalley,a major interna-
tional company in Eastern Europe, will be examined.The
company Goodvalley positions itself as a manufacturer
of quality products and a company that cares about the
environment. The company’s founder, the Danish Tom
Axelgaard, questioned the efficiency and environmen-
tal impact of agriculture back in 1980. He began to de-
velop an idea that has evolved into a proven model for
sustainable farming. The date of the company’s founda-
tion is considered 1994, when Tom Axelgaard bought
the first farm in Poland, with the infrastructure concen-
trated in the middle of a large maize field to minimise
the transportation of fodder. This corresponds to his vision
that all major areas of activity should be brought together
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in one place in order to increase sustainability and mi-
nimise the impact on the environment. The company
has been operating in Ukraine since 2004 and in Rus-
sia since 2013. He company is registered in Denmark.
Goodvalley specialises in pork production. The company
emphasises that it has a full cycle of safe production. The
distribution of business revenues by country in 2020 is
as follows [10]:

— Poland - 59%;

— Ukraine - 32%;

— Russia - 9%.

The structure of Goodvalley is vertically integrated.
Its core activity is the production of pork. The products
are produced under its own brand. The basic principle of
the company’s organisation is to organise sustainable,
zero-carbon agricultural production. The company has
facilities in three countries: Ukraine, Poland and Russia,
and uses Danish technology. The main activities of the
company’s enterprises [10]:

— crop production;

— production of mixed fodder (own factories);

— pig breeding;

— slaughtering of animals (own slaughterhouse);
— selling live pigs to external slaughterhouses;
— meat processing, production of pork products;
— biogas production.

The company Goodvalley positions its products as
premium, made from meat from pigs raised without anti-
biotics, also positioning its production as environmentally
friendly. The company’s key performance indicators are
presented in Table 1. Figure 1 illustrates the dynamics
of the company’s assets.

Table 1. Random Forest cross-verification results

Indicator Value
Number of staff 2304 people
Amount of land in use 42,000 hectares
Number of farms 35 units
Number of branded products 15 units
Source: [10]
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Figure 1. Dynamics of Goodvalley's revenue and gross profit

Source: created on the basis of [10]
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Thus, as for an agricultural company, the enterprise
is quite large. Figure 2 presents the dynamics of the
company’s revenue and gross profit.

As can be seen from Figure 2, the enterprise is
highly successful and generates significant profits. How-
ever, the company reports that COVID-19 has severely

impacted markets in 2020 and Goodvalley’s business
has also been affected. Market participants reacted sharply
and governments enforced quarantine and closed hotels,
restaurants and cafes, causing a drop in demand from
slaughterhouses [10]. The key features of Goodvalley’s
marketing strategy are discussed below.
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Figure 2. Dynamics of Goodvalley's revenue and gross profit

Source: created on the basis of [10]

Firstly, the company is spreading the idea of car-
ing for the climate.In 2005, the company began using its
first biogas plant in Poland, which is positioned in line
with the company’s ambition to create an integrated,
fully sustainable model of farming. The company reports
that with this proprietary biogas plant integrated into
their production, the company’s facilities can now pro-
duce environmentally friendly energy from manure and
crop waste. This has enabled Goodvalley to get even
closer to its goal of being a zero-carbon company.In 2011,
the company had already created a full cycle of environ-
mentally friendly production in Poland, and is transfer-
ring its unique farming model to other Eastern European
countries.In 2011, Goodvalley integrates its first biogas
plant into its Ukrainian division. Goodvalley opens a di-
vision in Russia in 2013 and introduces its sustainable
way of farming there in 2014. The same year, the com-
pany is awarded the Transformational Business Award
by The Financial Times and the World Bank for being a
pioneer in environmentally friendly, carbon-neutral manu-
facturing. In 2018, the company received a carbon-neu-
tral company certificate for the entire enterprise.In 2019,
the company switches to a recycled and recyclable plastic
for its products [10].

All of these activities create an image of the com-
pany as environmentally conscious and highly socially
responsible. Public announcements of this kind on the
company’s website, in the media, constitute prestige
(image) advertising, that is, advertising aimed at creat-
ing a positive image of the company, which will give it
a competitive advantage over other similar businesses.
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It is absolutely clear that the company is positioning its
brand as “green’”, concerned with ecology and the envi-
ronment. Indeed, the modern consumer is more likely to
buy the products of a socially responsible business that
cares about the environment than a company that does
not follow environmental regulations. The products of
a company that violates environmental regulations and
does not care about the environment in the production
of its products may be deliberately ignored by today’s
consumers.

The company can be said to be using a marketing
strategy of greening agricultural production. This type
of strategy links the agricultural enterprise, the market
and society, and promotes a positive image of the com-
pany [11]. The objective of prestige advertising is to
create a consumer image of a commercial organisation
that is not just positive, but as necessary. In this case,
consumer behaviour can be programmed. Tasks to be
undertaken to create the necessary image:

— increasing brand awareness;

— creating consumer attitudes;

—an aura of public usefulness for the company;
— product is associated with the brand;

— brand evocative events.

Image advertising affects the emotional level of
the consumer, as it is emotion that motivates people to
buy the most. Emotional attachment to a brand is cre-
ated through associations that come from the values a
person has formed.

Secondly, the company Goodvalley positions its
products as being of high quality and safe for consumption.




Thus, for example, in 2016, the company delivered the
first pork products from pigs raised without antibiotics to
its markets of presence.Since 2021, the company is also
placing OR codes on its products in Poland within the
framework of its sustainability philosophy, so that con-
sumers can scan each of them and see its specific path
from the field to the customer’s table [10]. If people
can see how much labour has been put into producing
agricultural products, under what conditions the prod-
ucts have been produced, they trust that agricultural
enterprise more [12].

A healthy lifestyle and the use of high-quality
food products are extremely popular these days. Com-
panies that emphasise the health and safety of their
products are able through this trend to increase sales
volumes while keeping their prices relatively high. In
other words, positioning a product as beneficial and safe
for health becomes a significant positive competitive
factor. Consumers want to know the origin of the food
they have on their table, as this increases their confidence
in the quality and safety of the products. The use of
OR codes, which provide information on the movement
of raw materials and their transformation into finished
products, is a good example of addressing this problem.

After the crisis year of 2020, the company up-
dated its marketing strategy. In its accounts for 2020,
the company reports a positive trend for its premium
branded products in the 2020 crisis year. Due to this
market signal, it was decided to strengthen Goodval-
ley’s own brand promotion strategy in Poland. On top of
this, the challenge is to sustainably improve efficiency
in the main markets where the company operates. It has
been found that pork consumption is stable in West-
ern European markets, while it is increasing in Eastern
European markets. The reasons for the growth of the
market are an increase in the number and income of
the population. The company expects the global pork
market to grow at a prospective annual rate of 1%, with
higher growth rates in its markets of operation. Society,
nowadays, pays a great deal of attention to the impact
of human activity on the environment, including agri-
cultural production and meat production in particular.
The company continues to position itself as environ-
mentally friendly. It will also continue to operate in the
premium segment. Certain consumer groups wish to
use only higher-quality products in their diet, including
premium meat. According to the company, producing
high-quality products aimed at these consumers will be
a great competitive advantage over traditional manu-
facturers [10].

The company’s next strategic objective is to op-
timise operations and improve competitiveness, in the
current complex and volatile external environment, in
order to achieve growth in financial and operational
performance through increased volumes of selling both
live pigs and processed products. Optimisation work is
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carried out in the following strategic directions: continu-
ous training of ordinary employees and managers; ex-
change of experience between the enterprises in the
company’s three markets of operation; continuous per-
formance monitoring; benchmarking between the com-
pany’s enterprises; benchmarking between the company’s
enterprises and the best enterprises in Denmark [10].

Strengthening the company’s own brand of pre-
mium food products is another crucial area of strategic
marketing for the company. The advantage for the com-
pany here is the high added value of such products. High
quality for the consumer is also determined by product
characteristics such as adaptation to the local market
and consideration of consumer preferences. Brand name
products, widely distributed in retail chains on the Pol-
ish market, are characterised by the following, brand
characteristics that provide competitive advantages: food
security; animal protection; environmentally friendly pro-
duction. All this enables the company to apply its own
sustainable business model to an expensive and grow-
ing market segment. Through a diversification strategy,
a stable market for premium products enables the com-
pany to reduce its dependence on fluctuations in the live
pig market and wholesale pork markets [10].

The company is constantly working to optimise
production.The company’s production capacity is constantly
being increased across all stages of production, which
contributes to making it more fully utilised. At the same
time, territorially, the capacity is built up as close to the
markets as possible, which also enables premium prod-
ucts to be produced. As can be seen from the above, the
company is constantly improving its brand image. The
image of a business organisation represents people’s
perceptions of it, arising for a variety of reasons. Image
affects, and is a significant factor in, others’ assessment
of a subject’s actions. A positive image is essential for a
commercial organisation, otherwise it will be very diffi-
cult to operate and find contractors and qualified staff.
A brand’s image has a direct impact on its value.

The objectives of building a commercial organ-
isation’s image are as follows: to gain people’s trust in
the commercial organisation and its products; to create
an aura of high quality around the products; to con-
vince the public that the enterprise is unique; and to
create a cohesive team of employees. Brand image rep-
resents people’s perception of the brand, or what they
think of the brand. The brand image in people’s minds is
formed over a period of time. The brand image among
people is shaped by their interaction and experience
with the brand’s products, as well as by the manufac-
turer itself. Meanwhile, interactions may not necessarily
involve purchase and use, but can also take place in a
variety of forms [13]. A brand is an intangible asset of
a company, and its value is manifested in an indicator
such as goodwill. Goodwill is an intangible asset and is
measured as the amount that exceeds the net fair value
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of all assets and liabilities of the company. Causes of

goodwill [14]:

— the value of a brand (trademark) linked to its positive
image;

— large number of customers;

— consumer loyalty to the brand;
— company reputation as a good employer;
— availability of intellectual property rights.
Figure 3 illustrates Goodvalley’s goodwill data
over time.
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Figure 3. Goodvalley's goodwill

Source: created on the basis of [10; 15; 16]

As can be seen in Figure 3,the company’s goodwill
is at a relatively high level, despite falling in the 2020
crisis year, then starting to grow in 2021.Thus, it is obvious
that the value of a company’s intangible assets increases
its market value.

The brand is an important factor for consumers
when buying goods. This guarantees the quality of the
product and allows consumers to experience the added
value of the product. Therefore, when consumers buy
products, they usually choose to buy from companies
with a good brand image. A brand is built through a
company’s marketing strategy, through repeated pro-
motion, implementation and improvement, as well as
consumer feedback. Furthermore, brand improvement
is influenced by whether the company implements a
marketing strategy for the product. When a company
implements marketing strategies, consumer satisfaction
depends largely on the company’s brand image [17].

The most important principle for a brand to suc-
ceed is to consistently and continuously provide consum-
ers with appealing, distinctive offers from its competi-
tors [18]. Thus, Goodvalley’s marketing strategy aims to
create a highly positive image of a brand that produces
quality products while taking care of the environment.
This approach gives the company the advantage of com-
peting on non-price factors and selling its goods at higher
prices as premium products.
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CONCLUSIONS

Agricultural marketing plays an important role in the
market activities of modern enterprises in the agricultural
sector. The marketing strategy of an agricultural company
is essentially the principle of its market activity according
to which it promotes its products and acquires consumers.
The marketing strategy of agricultural and processing
enterprises needs to be original if the enterprise wishes
to stand out from the competition. This is primarily due
to the characteristics of agricultural products, which for
the most part are standardised. Therefore, for the most
part, agricultural producers’ products may differ only in
quality level and brand. As practice shows, consumers
are often willing to pay extra for these two components.
Product packaging, appearance — all of these play an
important role in promotion.

Building a brand image is a complex, time-con-
suming process that involves not only positioning prod-
ucts as high quality or premium, but also shaping a com-
pany’s image in the public perception. Nowadays, the
concept of the social responsibility of business, which
implies that business, among other things, takes care
of the environment, has become widespread. An agri-
cultural enterprise the marketing strategy of which in-
volves improving its brand image as environmentally
friendly has a much better chance of success than an
enterprise that does not do so.
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Also popular in modern society is the trend to- company positioning in a marketing strategy enables it
wards a healthy lifestyle, where the choice of quality food  to increase sales while setting relatively high prices for
products is of utmost importance.Agricultural producers its products. The factors mentioned transform agricultural
can also exploit this tendency in their marketing strat-  products from typical, standardised goods into exclusive
egy by offering higher quality products and positioning  products that encourage certain groups of consumers to
them as such. Using these two elements of product and  purchase that particular brand and that particular producer.
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Developing a marketing strategy to improve the market activities...

Po3po6Ka MapKeTMHIroBoi cTpaTerii Woao BAOCKOHaNIeHHA PUHKOBOI AiaNbHOCTI
cilbcbKorocnogapcbKMUx Ta nepepobHUX NianpueEMCTB Ha NpUKNaai NoniTUKu
KoMnaHii «Goodvalley»

OkcaHa lNeopriiBHa lNeHbKoBa, BaneHTuHa AHaToniiBHa JleMeHTOBCbKa,
LiaHa MuxaiinieHa CokoBHiHa, IpuHa IBaHiBHa KopmaH, Onbra BonogumupisHa CemeHaa

YMaHCbKMIM HaLiOHANbHUI YHIBEPCUTET Caf4iBHMLTBA
20305, Byn. IHCTMTYTCbKA, 2, M. YMaHb, YKpaiHa

AHorTaujif. Y HauioHanbHOMY rocnofapcTtai 6araTbox KpaiH, 0cOBAMBO TUX, WO PO3BMBAOTHCS, CiflbCbKe rocnoaapCcTBo
CTaHOBWTb CYTTEBY YacTKy BBI1. AKTyanbHiCTb 3asBNEHOI y CTaTTi NpobaemMu 3yMOBNEHA TUM, O MAapKETUMHIOBA CTpaTeris
CiNbCbKOroCnoAapCbKMX NiANPUEMCTB € OAHUM 3 HAWBAX/IMBILLMX €/1EMEHTIB iIXHbOT CUCTEMM YNPABAIHHS, IKa CNPUSIE
CTafIoMy pO3BMUTKY CiZIbCbKOr0 rocnofapcTBa Ta 3abe3neyeHHI0 HaceneHHs 6inbl SKiCHUMU NPOAYKTaMMU Xap4yBaHHS.
HeobxiaHicTb NiABMLLEHHS KOHKYPEHTOCNPOMOXHOCTI CiZIbCbKOroCNoAapCbKMX NiANPUEMCTB cepes NoAibHMX cnpusie
TaKOX PO3BUTKY CiIbCbKOroCMOAaPChKUX TEXHOOT I A1 OTPUMAHHSA MPOAYKLT BUCOKOI IKOCTI Ta 3 BIACYTHICTIO LLIKOAM
Ans ekonorii.MeTa cTaTTi nonsrae y 4OCNioKeHHI CYyTHOCTI MapKeTUHIOBOI CTpaTerii Cy4aCHOI CiflbCbKOroCcnoaapCbKoi
KoMnaHii. NNpoBigHMM METOA0M ANS AOCNIAXKEHHS AAHOI Npo6ieMu € eMNIPUYHUI METOL, a CAME BUBYEHHS NPAKTUKK
3aCTOCYBAaHHA MApPKETMHIOBOI CTpaTerii B CinbCbKOMY rocnoaapcTsi. B pesynbtaTi AOCNIAXKEHHS BCTAHOBAEHO, LLO
MapKeTMHroBa CTpaTeris B arpapHOMY CEKTOPi Ma€ BUAINATM NiANPUEMCTBO Ccepef KOHKYPEHTIB Y BUMNSi HELIHOBMX
MeTogiB. Lle noe»>a3aHo Hacamnepen i3 0COBGMMBICTIO CiIbCbKOrOCNOAAPCHKOI MPOAYKLIi — BOHA JOCUTb OLHOPIAHA,
CTaHAAPTU30BAHA i NiANArae Aep)XaBHOMY peryatoBaHHIO He nuwe 3 6e3neku, a i BiANOBIAHO A0 HAWMEHYBAHHS.
BuseneHo, o y 3B>93Ky 3 iCHYHOUMMM B CYCMiNbCTBI TEHAEHLISIMU HEODXiAHOCTI eKoNoriYHo 6e3neyHoro BUPOOHULTBA
Ta 34,0pOBOro CNOCOBY XUTTS, AaHi eneMeHTH BaxkaHo BKIOYATM [0 MAapKETUHIOBOI CTpaTerii CifibCbKOrocnoaapcbKoi
KoMnaHii. HeobxifHO 34iMiCHIOBaTM Cepio3HY pobOTY 3 MOKpPALLEHHS iMigKy BpeHay Ta iMigKy BUPOOHMKa. BkasaHi
MapKeTUHIoBi NPUINOMM [03BONAIOTb BUAINATUCS CiNbCbKOTOCMOAAPCHKIM KOMNAHIi cepef KOHKYPEHTIB | TpUMatu
LiHM Ta 0bcsar nonuTy Ha HeobxifHOMY piBHi. Pe3ynbTaTy 3aCTOCyBaHHS Takoi MapKeTUHIOBOI CTpaTerii 403BONSHOTb
3po6UTH i3 CTAHAAPTM30BAHOI, 0AHAKOBOI NPOAYKL,ii CiNbCbKOroCnoAapCcbKoro BUpoOHUKA — eKCKI3UBHY, 0COHAUBY
NPOAYKLLi0 BUCOKOTO KNacy

KniouoBi cioBa: CinbCbKOrocnoaapcbkuin MapKeTUHT, MapKeTMHIOBa CTpaTeris, CilbCbKOrocnofapcbke BUPOOHMLTBO,
arpoMapKeTUHT, CiibCbKOroCnoaapcbkuii bisHec
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INTRODUCTION

The functioning of the agro-industrial complex is char-
acterised by the establishment of land relations, which
are based on the use of agricultural land. Modern con-
ditions of land market reform, particularly the removal
of restrictions on the sale of agricultural land, qualita-
tively and quantitatively change the principles of their
use, according to which the need to establish a corre-
spondence between the agricultural sector activities
and land law becomes relevant. At the same time, since
land is both a natural base of the economic sector of
the state and a means of agricultural production, it is
important to consider it in the context of rational and
efficient use, which determines the relevance of the re-
search topic.

It should be noted that the issue of agricultural
land use has been repeatedly studied by a number of
Ukrainian and foreign scholars. Thus, K. Sosiedko and
M. Palmieri focused on the analysis of the legislative
component of the land market in accordance with the land
reform in Ukraine [1].R. Stupen, M. Stupen, Z. Ryzhok, and
O. Stupen in their study searched for key issues in the
functioning of the agricultural land market, based on
which they proposed their method of determining the
market value of land plots [2]. V. Kurylo, P. Pantaliienko,
and others considered a separate aspect of agricul-
tural land use, in particular, “fragmentation in different
agro-climatic zones of Ukraine” [3]. Based on empirical
research, scholars have concluded that the issue of land
fragmentation is complicated by improper legal regula-
tion. At the same time, according to agro-climatic zones,
researchers have established the peculiarities of frag-
mentation in the mountain area of Ukraine [3]. The sci-
entific works of 1.0. Kostyashkin, N.I. Chudyk-Bilousova
and others are of particular importance for the current
study [4]. The authors conducted a comparative analysis
of the functioning and legal regulation of the land mar-
ket in Ukraine and European countries. Thus, scientists
have found that in the context of the full implemen-
tation of land relations, it is advisable to consider the
factor of land lease. Turning to the experience of legal
regulation of land relations in European countries, it
is important to emphasise such aspects as ‘establish-
ing restrictions on the size of the land plot, control of
changes in its intended purpose or the establishment
of a ban on such activities, as well as restrictions on the
right to purchase land by foreigners” [4]. At the same
time, in the process of establishing a correlation be-
tween Ukrainian and European experience in the legal
regulation of land use, it is impossible not to mention
the prevalence of farmland tenure in European prac-
tices. 1.0. Kostyashkin and N.l. Chudyk-Bilousova think
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that in this way the land fulfills its social role [4]. In the
end, the topic of rational and efficient land use is re-
vealed by such authors as O. Zaiets, Yu. Vlasenko and
others [5]. Scholars emphasise the importance of envi-
ronmental friendliness in the process of land reform. In
this context, it is a question of legal regulation of land
melioration and the use of pesticides and agrochemicals
during land use.

Therefore, according to the above, it can be ar-
gued that the study of the legal nature of labor in the
farm is relevant, given the uniqueness of the very form
of land use [6; 7]. Researchers note that this uniqueness
is due to the fact that it is created by uniting individuals
on the basis of membership in a certain production and
social group, the purpose of which is to make a profit
through the production of agricultural products [8; 9].
This association is based on the fact that the citizen
decides to acquire the status of a member of the farm,
thereby assuming certain responsibilities due to the
need to transfer his land for use to the specified entity,
as well as mandatory labor participation in the activities
of the farm itself.

Given the above, the purpose of the study is to
determine the range of problematic issues of agricul-
tural land use in accordance with the subjects of land
relations, owners, and employees in particular.

FACTORS INFLUENCING MOTIVATION FOR
TARGETED, RATIONAL, AND EFFICIENT LAND USE

It is worth starting with the fact that in Ukraine, relations
arising over labour in the agricultural sector are formed
under the influence of several factors that are closely
related to each other. The first of these factors is the
legal form of the economic entity that directly uses the
land plot. The legislation that governs the use of land
for the needs of agricultural production defines the list
of entities that can carry it out. These include citizens,
farms, agricultural enterprises and cooperatives, other
legal entities whose main purpose is not to produce ag-
ricultural products, religious organisations, educational
and academic institutions [10].

The analysis of the impact of the role of agricul-
tural workers on the state of land use and protection
should begin with farms, since today this is the most
common and, ultimately, the most numerous forms of
land use. Thus, according to the State Statistics Service of
Ukraine, as of 2020, there are 47.6 thousand farms [11].
They process approximately 15.9 million hectares of
agricultural land. Therewith, the number of farms is con-
stantly increasing, as is the amount of land that these
entities process (Fig. 1).




Sannikov et al.

50000
45000
40000
35000
30000
25000
20000
15000
10000
5000

2017

2020

Figure 1. Statistics of changes in the number of farms on the territory of Ukraine for 2000-2020

Therefore, since the legislation governing the
activities of farms determines the main division of labor
into two types, in particular the work of members of the
farm and the work of employees, it is advisable to con-
sider the motivation for targeted, rational, and efficient
land use in the context of the activities of each individual
entity and in accordance with certain factors [12; 13].
Firstly, a farm member is not deprived of ownership of
the land plot for the duration of performing certain legis-
latively prescribed types of labour, the need for which
is caused by the status of a farm member. Ensuring the
intended use of a land plot, taking measures to protect
it, restore and reproduce it, and increase its fertility are
the main responsibilities of the land plot owner. Con-
sequently, a farm member who takes a personal labour
part in the activities of this family and labour association
is directly interested in having the land plots belonging
to it used based on the provisions of Article 13 of the
Law of Ukraine “On Farming” [8] and Article 32 of the
Land Code of Ukraine [7] were restored, reproduced, and
protected properly, and the extraction of useful prop-
erties from them took place pursuant to their intended
purpose.

In case of labour of a farm member, upon per-
forming any functions related to the implementation
of agricultural land use, several factors can be traced
to ensure the ownership and legality of the use of land
plots [14; 15]. First of all, this is the right of ownership
of a land plot, which did not cease after the transfer of
the right to use it to a farm. Remaining the owner of
the land and performing their labour function on it, a
farm member is more interested than anyone else in
ensuring that this land plot is not depleted, that the
necessary fertilisers are applied in a timely manner to
at least maintain the suitability of its condition and
the possibility of further effective agricultural use, as
a maximum - to increase fertility. A farm member, as

the land plot owner, is personally interested in ensuring
that actions on its agricultural cultivation do not have
an adverse impact on the overall condition.

To this end, the landowner will not allow excessive
adoption of measures for the introduction of pesticides
and agrochemicals, violations of crop rotation rules, and
other violations of land or land protection legislation.To
ensure such prevention, the legislation on the activities
of farms gives the farm member the right to vote in
making decisions concerning the nature and procedure
for the use of land plots. It is essential that the control
of a farm member over agricultural land use activities,
preventing them from excessive application of pesticides
and agrochemicals to the land plot, and ensuring envi-
ronmental requirements also has a positive effect on the
state of environmental safety.

The second factor influencing the behaviour of
a farm member, which causes a positive attitude towards
compliance with the requirements of the legislation in
the process of extracting useful properties from a land
plot, preventing its depletion, improving the condition
and increasing fertility, is the common goal of uniting
citizens in a farm. In this case, this refers to making a
profit. There is no doubt regarding the statement that
a large profit from crop-growing agricultural activities
will be obtained with the correct use of the land plot,
when the subjects of such use comply with all the nec-
essary, scientifically sound requirements. The direct link
between the profit and condition of the land plot acts
as a fundamental factor in the farm member’s labour,
which directly affects his or her motivation for targeted,
rational, efficient use of land, improving its condition,
taking land protection measures, etc.

The situation with the second type of labour used
in the activities of farms is somewhat different. This refers
to the work of employees. The law establishes absolute
differentiation between farm members and employees.
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Thus, members of a farm cannot be persons who work
in it under an employment agreement. In fact, the leg-
islation does not allow persons in the status of an em-
ployee to be farm members. Such a prohibition directly
affects the legal status of these entities. If the legal reg-
ulation of the work of members of a farm mainly uses
acts of land, civil, and economic legislation, then the
legal regulation of the work of a subject that performs
its activities based on an employment agreement uses
only labour legislation. This strongly affects both the
characterisation of legal relations arising between an
employee and a farm, and the motivation for targeted,
rational, and efficient land use.

It is necessary to analyse the differences in the legal
status of farm members and its employees, and based on
this analysis, draw conclusions on the impact of such
differences on the state of land use.

ANALYSIS OF DIFFERENCES IN THE LEGAL
STATUS OF FARM MEMBERS AND ITS EMPLOYEES

Taking the previously obtained results of the study of
the motivation of a farm member to target, rational,
effective use of the land plot as a basis, they can be
defined as a combination of factors, including the pres-
ence of a land plot in the ownership of a farm member,
the possibility of influencing the decision-making of
the farm in the field of land use and protection, personal
interest in the most efficient use of the land plot to profit
from agricultural activities, the desire to preserve the
useful properties of the land plot and increase its fertility
because the right of membership can be terminated, and
the land plot will return from someone else’s use.

All these factors are absolutely atypical of the
employee’s activities. Below, the study considers each
of them separately. Thus, an employee does not act as
the owner of a land plot that is used by a farm. In other
words, the employee has no personal interest in proper
and conscientious compliance with the requirements of
the legislation on targeted, rational, and efficient land
use. Their motivation here will be reduced only to for-
mal compliance with the requirements of the relevant
legislation in order not to impose personal sanctions
for committing an offence in this area. Such motivation
can hardly be considered appropriate to ensure the use
of land as the main national wealth. The employee takes
absolutely no part in the decision-making process of the
farm in the field of determining the procedure for using
and protecting land plots in the process of agricultural
land use. Admittedly, it is possible to consider their opin-
ion if they perform special functions in the farm related
to their high qualifications, but the final decision is still up
to the farm members.

In addition, it is unnecessary to include in the list
of factors influencing the behaviour of workers and per-
sonal interest in the most efficient use of the land plot
to profit from agricultural activities.As remuneration for
their activities, a worker receives a salary, the amount
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of which, if it depends on the profit of an agricultural
enterprise, then only indirectly, while according to the
requirements of labour legislation, it can in no way be
reduced if the volume of profit of the enterprise de-
creases. Only the material aspect, expressed in the form
of wages and the need to comply with the requirements
of legislation in the field of land use and protection, act
as motivation for employees to engage in their professional
activities in the agricultural sector. There is doubt concern-
ing the sufficiency of such motivation in comparison with
farms members.

However, the situation is more critical when us-
ing land by corporate agricultural enterprises. There is
a certain tendency for private, temporary interest to prevail
here, which is associated with obtaining instant bene-
fits from using a land plot for agricultural production,
over public interest. The public interest in this case is to
implement the constitutional provisions regarding the
definition of land as the main national wealth, ensuring
its use for its intended purpose, efficiently and rationally.
Large agricultural producers are least interested in the
long-term prospect of efficient land use, since the vast
majority of their land is leased. The agricultural land
market is just starting to form, and legal entities are
factually deprived of the opportunity to be owners of
such land. These entities use only hired labour in their
activities, while this applies not only to the factual
performers of work on the production of agricultural
products, but also to the management of all links. It is
logical that this management is the least focused on
preserving the state of land, increasing its fertility, and
improving its quality characteristics in the long term.
The main purpose is to make a profit, while the perfor-
mance of the duties of a land user prescribed by land
legislation has signs of formality [16].

Profit-motivated agricultural producers resort to
excessive use of plant protection products. This leads to
a systematic deterioration in soil quality. Economic activ-
ity carried out on agricultural land is necessarily accom-
panied by changes in the quality characteristics of the
soil layer, namely a violation of the balance of chemical
elements and organic substances in the soil. To predict
the results of agricultural activities, it is necessary to
conduct periodic agrochemical surveys of soils on ag-
ricultural land. Such soil surveys in Ukraine have been
conducted since 1966 with a frequency of once every
5 years. During this period, 10 full-fledged rounds of
surveys were conducted to determine the quality indi-
cators of soil condition, monitor their changes, and plan
measures for the protection and rational use of agricul-
tural land [17].

The authority to conduct agrochemical surveys of
soils is currently assigned to the State Institution “Institute
of Soil Protection of Ukraine” (“Derzhgruntokhorona”),
formed in 2013 by reorganising the State Institution
“State Scientific and Technological Centre for Soil Fer-
tility Protection” (“Tsentrderzhrodiuchist”) and regional




centres Krymderzhrodiuchist and Oblderzhrodiuchist.
The results of surveys conducted by the State Institution
“Derzhgruntokhorona” are published in National and peri-
odic reports on the state of the natural environment, on
the state of soils on agricultural land and in scientific
reports of the National Academy of Sciences of Ukraine.
Thus, by referring to the above-mentioned official sources,
it is possible to track changes in the qualitative state of
soils that occur in the process of economic use of agri-
cultural land.

Among the main factors affecting the state of
soil fertility, experts name the main chemical elements
necessary for plant nutrition (nitrogen, phosphorus, potas-
sium), as well as organic matter (humus), which ensures
optimal air and heat conditions of the soil and improves
its structure. It is by these indicators of soil fertility that
it is possible to investigate changes in the physical and
chemical properties of Ukrainian soils.

According to the results of 5, 6, and 7 rounds of
agrochemical certification of agricultural land, over
1986-2000, the humus content in the soils of Ukraine
decreased by 0.16% (from 3.35% as of 1986 to 3.19%
as of 2000) [18]. Experts assess such scales of dehumi-
fication as considerable and associate them with many
factors, namely with a decrease in the volume of organic
and mineral fertilisers applied; a high degree of plough-
ing of agricultural land; violation of the rules of crop
rotation and structure of sown areas; high intensity of
agricultural tillage.

Over the past two decades, the humus content
in the soils of Ukraine has somewhat stabilised. Its per-
centage in the soil ranges between 3.14-3.16% [19].
The slowdown in the rate of dehumification between
2001 and 2021 was achieved thanks to the technology
of embedding nutrient residues of agricultural crops in
the soil, which are a source of humus reproduction in soils.
According to the information presented in the National
Report on the State of the Natural Environment in 2019,
in some regions of Ukraine (Vinnytska, Zhytomyrska,
Zakarpatska, Lvivska, Poltavska, Rivnenska, Ternopilska,
and Chernihivska Oblasts), there is a positive balance of
humus in the soil, which is ensured by an increase in the
volume of ploughing plant residues (straw, green manure,
etc.), as well as the cultivation of green mass with its
subsequent ploughing [20].

Unlike the organic component of the soil, the nu-
trient chemical elements in its composition cannot be
retained solely by wrapping plant residues. To maintain
the balance of nitrogen, phosphorus, and potassium,
it is necessary to apply mineral fertilisers to the soil.
Consequently, for decades, the dynamics of the content
of nutrient chemical elements in the soil composition
has changed depending on the intensity of implemen-
tation of chemical land reclamation measures. Thus,
thanks to intensive measures of chemical land recla-
mation during the 1970s-1980s, the level of soil supply
with chemical elements necessary for plant nutrition
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systematically increased, as a result of which the first
half of the 1990s brought a maximum increase in the
content of chemical elements in the soils of Ukraine.
On average, this figure reached 112-114 mg of nutrient
chemical elements per 1 kg of soil [13].

Since 1991, land reclamation programmes have
been almost completely discontinued at the state level.
As a result, since 1996, there has been a steady tendency
to reduce the content of nutrient chemical elements in
the composition of Ukrainian soils. A considerable part
of agricultural products of plant origin was produced
due to the loss of natural soil fertility.As a result, during
2005-2011, the State Institution “Tsentrderzhrodiuchist”
recorded the lowest indicators of nitrogen, potassium,
and phosphorus content, which at their minimum level
amounted to 107 mg per 1 kg of soil [21]. Since 2012,
the downward trend in the concentration of chemical
elements in the soils of Ukraine has not changed, but the
dynamics of reducing their content has considerably slowed
down compared to previous years. If in 2008 the losses
amounted to 130 kg per 1 ha of the surveyed land area, in
2009 - 129 kg/ha, in 2010 and 2011 - about 110 kg/ha.
From 2012 to the current year, the loss rates of mobile
compounds of nutrients and chemical elements on av-
erage in the country range between 70-72 kg/ha [21].
This is explained by an increase in the introduction of
mineral fertilisers into the soil at the expense of agri-
cultural enterprises and at the expense of local budgets,
as well as changes in climatic conditions (warming), which
affected the metabolism of nutrients in the soil. Accord-
ing to the State Statistics Service of Ukraine, the total
number of agriculture workers is annually decreasing. Thus,
in 2010, 738.5 thousand people were employed at ag-
ricultural enterprises, in 2015 - 581.8 thousand people,
in 2017 - 574.2 thousand people,in 2018 - 559.6 thou-
sand people, in 2019 - 541.9 thousand people [11; 22].

However, according to official data, over the past
10 years, the number of agricultural employees working
on hired labour terms for individuals-entrepreneurs has
increased (from 1.9 thousand people in 2010 to 3.4 thou-
sand people in 2019) [11]. Such a direct correlation be-
tween the number of employees in the agricultural sec-
tor and the deterioration of the state of land use proves
the need to reform these legal relations by adopting
appropriate changes in legislation that would be aimed
at prioritising the provision of agricultural land to those
entities that perform a labour function as its owners or
users, and not as hired workers.

CONCLUSIONS

Thus, it can be concluded that entities that use hired
labour are not focused on preserving the state of agri-
cultural land, improving the quality characteristics of
such land, ensuring its most rational and efficient use,
which is conditioned upon their status of not owners,
but users of land plots, lack of personal interest in the
long-term sustainable use of land. On the contrary, the
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use of land by its owners and enterprises with personal
labour participation of members is focused on environ-
mentally balanced land use, increasing soil fertility,and
improving the quality characteristics of land plots.

In this regard, when adopting appropriate norms
aimed at reforming land relations, it is necessary to pro-
vide more preferences to farms, private farms, agricul-
tural cooperatives, and citizens who produce agricul-
tural products on their land plots individually. However,
subjects where the main focus is on the use of hired
labour should be particularly monitored for compliance
with legislation in the field of land protection, as well

as compliance with environmental requirements in their
activities.

At first glance, it may seem that the problem of
motivating persons who factually cultivate agricultural
land and managers of agricultural enterprises to ratio-
nal, efficient, and environmentally balanced land use,
the use of hired labour and the labour of members of
farms, agricultural cooperatives and private farms lies
exclusively in the plane of corporate and labour law.
However, this statement is erroneous, since unsuccess-
ful approaches to the process of agricultural production
directly affect the state of the natural environment.
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npaBOBi I'Ip061'leMVI BUKOPUCTaHHA CiﬂbeKOFOCI‘IOﬂapCbKMX 3eMeJib BllaCHUKamMmu
Ta HAUMaHNMHU I'IpaLl.iBHVIKaMM

Omutpo BanepiitoBuu CaHHikoB, €nmnsaseta lMeTpiBHa SpurinHa,
CeitnaHa BonogumupisHa XomiHeub

HauioHanbHMI IOpUAMYHUI YHiBEPCUTET iMeHi dpocnasa Myaporo
61024, Byn. NywkiHcbka, 77, M. XapkiBs, YKpaiHa

AHoTauia. (TaTTa npucBAYeHa LOCNILXKEHHIO NpobneM LOAEepKaHHS BMMOr 3aKOHOAABCTBA MPW BUKOPUCTAHHI
CiNbCbKOroCnoAapCbKMX 3eMesb B YKpaiHi 3anexXHo Bif, Toro, XTo 6e3nocepefHbo 3A4iMCHIOE BUTYHYEHHS KOPUCHMX
B/JIACTMBOCTEW i3 TaKMX [LINSAHOK: HalMaHi MpaLiBHUKM CiNlbCbKOrOCNOAAPCHKUX MiANPUEMCTB, ab0 BNACHUKU LUX
3eMenb - (GepMepu, UYNeHW CiNbCbKOroCnoAapCbKMX KOOMEepaTuBiB, rPOMaAsHU, WO OLHOOCIOHO MpoBaAATb
arpoBUPOBHUYY AiSNbHICTb. Y CTaTTi HABOAATLCA NPUKAALM BNAMBY AiSNIBHOCTI HAaMMaHWX MpaLiBHWUKIB Ta npaui
B/IACHMKIB CiZIbCbKOrOCNOAAPCbKMX 3eMENb HA CTaH 3€MNEKOPUCTYBAHHS, AOLEPXKAHHS BUMOT €KONOriYHOi 6e3neku,
MNOTipLIEHHS Ta MOKPALLEHHS SKOCTI 3eMeNbHUX AiNaHOK. JocniakeHHs NpaBoBMX NPpobaeM LifboBOro, paLioHanbHOro
Ta ePeKTUBHOIO BUKOPUCTAHHS 3EMESTbHUX LiNSIHOK, 3a6e3Mne4eHHs BUMOT A0 36epexKeHHS HaBKOMLLHLOTO NPUPOLHOIo
cepenoBuLLa, 6ioN0riYHOro Pi3HOMAHITTS Ta EKOCUCTEM, LLLO PO3KPUTI Y CTaTTi, HaAAHTb MOXX/IMBICTb 3pOOUTM BUCHOBKM MPO
Te, Lo CY4aCHMI CTaH PO3BUTKY NPaBOBiIAHOCKH LLOA0 BUKOPUCTAHHS 3eMENbHUX AiNSHOK HAMMaHUMM NpaLiBHUKaAMKU
Ta BNaCHWKaMM 3emiii noTpebye pedopMyBaHHS. Lle 06yMOBNIEHO TUM, WO HAMMaHI NpaLiBHUKM HE BMOTUBOBAHI
[10 MOKPALLEHHS KOCTi 3eMenb Ta iX IPYHTIB, AOAEPXKAHHS BUMOT eKOooriyHoi 6e3neku, 36epexxeHHs 6ionoriyHoro
Pi3HOMAHITTS Y eKocucTeMax, Kyam BXoaaTb BiANOBiAHI 3eMenbHi AinsHkM. OCKinbKM ronoBHa MOTMBALLIS NOnsrae y
OTPMMaHHI NEBHOI BUroAM, a CaHKLii 32 HeAoAepPXKaHHS BUMOT 3aKOHOAABCTBA Y Chepi OXOPOHU 3eMeNb HeedeKTUBHI,
BMKOPUCTAHHS HaMMaHOi NpaLi y CinbCbKOMY rocnoAapcTBi LOCUTb YacTO XapaKTePU3YETbCA K Heabane Ta xanaTHe
CTaBNEHHS 40 BMKOPUCTAHHSA 3eMesb i 3abe3neyeHHs ekonoriyHoi 6e3nekn. HaTtoMicTb, BNacHMK abo KopuCTyBau
3eMefNbHOI AiNSHKM, WO BUKOPUCTOBYE ii K dhepmep, uneH KoonepaTuey, NianpUEMELLb TOLLO, BMOTUBOBAHMUM He TiflbKM Ha
OTPUMaHHS NpUOYTKY y JaHMI MOMEHT Yacy, @ M MOKpaLLEeHHS ii SKICHUX XapaKTepuCTUK, 3abe3neyeHHs eKonorivyHoi
6e3neku, 36epexkeHHs eKOCUCTEMHOrO HioN0riYHOro pisHOMaHITTA, OCKINbKM Le BUCTYNaEe GakTOpoM CTabinbHOCTI
OTPUMaHHI NpMOBYTKIB Bif, CiNbCbKOrOCNOAAPCHbKOT AisNIbHOCTI, LLO 34iMCHIOETCSA HA NEBHIN AiNAHLI 1 B MabyTHbOMY

KntouoBi cnoBa: ekonoriyHa 6e3neka, 6ionoriyHe pisHOMaHITTS, EKOCUCTEMMU, SKICTb I'PYHTIB, MPAaBO KOPUCTYBAHHS
3eMe/IbHUMM AiNSHKaMK, CiIbCbKOTrOCNoAapCbka AisIbHICTb, 3eMe/lbHe 3aKOHOAABCTBO
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