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Investigation of the influence of the method of fixing the cut-off tool inserts...

INTRODUCTION
When making parts from a bar or a disc, which are
fed through the spindle of a lathe, as a rule, the final
operation is cutting. This operation is performed by
special cut-off tools. Since the cutting operation is
the last, the quality of this tool significantly affects
the quality of the manufactured part. The work carried
out by the cut-off tool takes place in heavy conditions.
Cutting takes place over the entire width of the narrow
blade, which, moreover, is fixed on three sides by the
backing. Such conditions create a high load on the tool,
both power and thermal, which, in turn, requires its

high strength and durability. Additionally, it is necessary
to take into account the difficulty of chip removal in
such conditions. Cutters which make grooves in details
work in similar conditions. Since modern cut-off tools
are equipped with carbide inserts, it is important to fix
them, which would provide the lowest stresses in the
inserts under loads during operation.

In practice, two basic designs of cut-off tools are
used. At some the hard-alloy insert is brazed to a holder
by means of a copper-based alloy, and at others it is
replaceable and is fixed by the special clamp (Fig. 1).

Figure 1. Cut-off tools: a) brazed [1]; b) assemblable [2]

Cutters with brazed inserts are used in single and
small-batch production, as well as when working on
automatic machines, where high precision machining is
required and the tool should not have any gaps. In other
cases, prefabricated cutters of various designs are used.
Such tool designs make it easy to replace a worn-out
carbide insert without the need to sharpen it. In this
study, the main attention was paid to cutters with
brazed inserts.

The main reasons for failure of cut-off tools with
brazed inserts are their breakage due to the appearance
of microcracks at the stage of brazing, overloading the
cutters in the wrong cutting modes and untimely
sharpening of the tool. The study [3] claims that 40-50%
of cutters with brazed carbide inserts fail due to break-
age of the inserts, and not due to their wear during
operation. Because such tools are quite expensive, it
leads to significant unproductive material losses.

The purpose of the study is to optimise the
method of fixing the brazed carbide insert of the cut-off
tool through the investigation of the stress state for
different fixing options and thus increase the efficiency
of the cutters.

LITERATURE REVIEW

To prevent failure of the cutters due to breakage of the
inserts, studies of the stress-strain state of the cutter
are carried out, in particular, the carbide insert under
the load of the forces arising in the cutting process. At
the same time, both computational and experimental
research methods are applied. Important for both
computational and experimental study is the method
and location of application of the load acting on the
carbide insert. Thus, the study [4] suggests that the
most dangerous zone during the loading of the insert
is the area of the front surface outside the contact at
a distance of 1.5-2.5 contact length. And this allows
applying the St. Venant's principle to determine the

Scientific Horizons, 2021, Vol. 24, No. 1

stresses in this zone, when instead of a distributed load
a concentrated force is applied to the top of the wedge.
To calculate the stresses that occur in the danger zone
of the insert,the study provided special nomograms that
allow determining the optimal geometric parameters of
the cutting wedge.A more accurate distribution of loads
and contact stresses on the front and rear surfaces of the
cutter in conditions close to real is provided by the split
cutter method. This method was used by a number of
researchers, including V.A. Ostafyev [5], M.F. Poletik [6]
and others. The disadvantage of this method is the
inability to determine the stress distribution in the body
of the insert. In addition, the method of a split cutter
allows studying the distribution of contact stresses
only in the conditions of orthogonal cutting.

The study [7] estimated the magnitude of the
loads on the cutter during orthogonal cutting and
the cutting process itself in real conditions using a
Phantom v7.3 Vision Research high-speed camera. The
results of these studies showed that the magnitude of
stresses in the cutter blade is influenced not only by
the magnitude of the vertical component of the cutting
force P, but also by the magnitude of the horizontal
component P, This is confirmed by studies conducted
by S.Y.Liang and J.C. Su [8]. That is, when modelling the
cutting process, the force acting on the cutting plate
must be applied at a certain angle. The magnitude of
stresses is also affected by the heat released during the
cutting process, but, as stated in [9], during orthogonal
cutting,the mechanical effect is the dominant factor.The
main tool of analytical studies of the stress-strain state
of a metal-cutting tool is the finite element method.
The cross section of the body of the tool under study is
divided into a finite number of triangular elements with
rectilinear sides and the stress state of each of them
is calculated. Due to the approach to the blade of the
tool to increase the accuracy of calculations, the grid
of triangular elements thickens. To model the cutting




process by the finite element method, special software
products DEFORM, THIRD WAVE ADVANTEDGE (TWA),
ABAQUS, LS-DYNA, ANSYS, FORGE and others are used.
For example, in [10] the ANSYS programme was used to
detect dangerous tensile stresses in carbide inserts in
the process of replacing the cutting part from the group
of high-speed steels with a carbide cutting part. The
same software product was used in [11] to determine
the cutting stress during the finishing turning of the
hardened alloy AISI H13. Ukrainian scientists have
developed the OCFEM model [12],which is used to solve
the problem of modelling the process of orthogonal
free cutting. Each of these models to some extent
takes into account the influence of the magnitude of
the cutting forces, cutting parameters, properties of the
tool material, temperature, friction and other values. The
main question is — how the results correspond to the real
picture of the stress-strain state in the body of the tool.
Experimental methods for studying the stress-
strain state of a metal-cutting tool include, for example,
the holographic method. The study [13] used a holo-
graphic interferometry setup based on the HYTEC PRISM
deformation and vibration measurement system to de-
termine the deformations of lathes. This allowed combin-
ing the results of numerical and experimental studies
and obtaining optimal parameters of cutting modes.
The main reason for the breakage of carbide
inserts during machining is the occurrence of large tension
stresses near the front surface of the insert, exceeding
the strength limit of the material. Different studies have
suggested different approaches to avoid such tensions.
Thus, as a result of [14] it was found that in the
process of increasing the thickness of the insert more
than 5 mm, there is a significant reduction in tension
stresses on the front and bottom surfaces of the insert.
The calculation of internal stresses in the insert was
performed using the ANSYS14.0 software. The stress
in the carbide insert can also be reduced by using an
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alternative to brazing method of attaching the insert
to the holder. The method of diffusion fixing of a
hard-alloy insert described in [15] provides, along
with stress reduction, also rigid resistance under the
cutting plate.

MATERIALS AND METHODS

The photoelasticity method, based on the properties of
some transparent materials in which optical anisotropy
and associated birefringence occur under the action
of applied mechanical loads, can be used to study the
stress-strain state of structures. Materials for making
models for the study of photoelasticity must meet the
following conditions: sufficient optical activity,transpar-
ency, isotropy and homogeneity, no initial optical effect,
edge effect, linear relationship between stresses and
strains and the sequence number, no noticeable creep,
the possibility of labour-intensive machining in the
process of making models. Although the photoelasticity
method due to the development of numerical models is
not often used, according to [16] it has great potential,
because the information obtained by this method is
formed at the micro level. This method is successfully
used to study, for example, the stress-strain state of the
fixing unit of the carbide cutting tool [17]. New opti-
cally sensitive materials with a wide range of optical,
mechanical, and rheological properties have been de-
veloped, which allow considering a wide range of engi-
neering problems in the study of the stress state [18].

In this study, the photoelasticity method was
used to investigate the stress-strain state of a carbide
insert during various methods of its fixation. The PPU-7
polarisation-projection unit was used in the study.
Models of carbide inserts were made of optically sen-
sitive material based on ED-6 epoxy resin cured with
methyltetrahydrophthalic anhydride with an optical
constant ¢,'% = 1.88 MPa. The geometric dimensions of
the models are presented in Fig. 2.

6

100
50
10°

70

80

Figure 2. Geometrical dimensions of models of cut-off tools: a) standard variant; b) with additional fixation
from above; ¢) with a bevelled back of the insert
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The geometric parameters of the model are selected
based on the geometric scale of the simulation (1):

b
a = — = const, 1)
ln
where [ i1 - the lengths of any corresponding
segments in kind and on a model.
The power scale can be selected arbitrarily (2):

_ P _
B = 5. = const. )
The scale of similarity of stresses will be related
to the force scale 8 through the geometric scale a (3):
§=2 = ﬁz = const. (3)
Om a
In accordance with the general principles of the
similarity theory, the modulus of elasticity of a model
having the dimension of stresses should be modelled
on the same scale as stresses 6 (4):

Ep

P _s5= 4
E 8§ = const, “
where E i E, - elastic moduli at the corresponding
points in kind and on a model.
Poisson’s ratios of materials in kind K, and
materials on a model uy_ as dimensionless quantities
should be equal to each other (5):

Hie = Um. ()

The fulfilment of these similarity conditions
is sufficient for the internal (which are investigated)
stresses in the model to have a scale 6§, a displacement
scale a,and the deformations of the model and in kind
coincide. This allows, based on the findings, evaluating
the real state of the stressed state of a cutter with a
carbide insert.

RESULTS AND DISCUSSION

In the course of the study, models of cutters were
installed in a special stand and loaded with a force
that mimics the cutting force (Fig. 3). The magnitude of
the applied force was measured using a LMF universal
dynamometer.

Figure 3. PPU-7 polarisation-projection unit with the
stand for loading

Scientific Horizons, 2021, Vol. 24, No. 1

For each method of fixing at the same loads
P =1000H, isochromatic patterns (strips of the same
colour connecting the points with the same difference
of the main stresses) (Fig.4) and isoclinal patterns (dark
lines connecting the points with the same direction
of the main stresses) were obtained. To determine the
stresses along arbitrary lines, two parallel auxiliary
sections were drawn on different sides of these lines
at a sufficiently close distance from the main ones. The
values of tangential stresses 7, and 7', were determined
along these sections, as well as the differences of these
stresses At _=t; - 7, between the auxiliary sections.

Figure 4. Isochromatic and isoclinal patterns with
different fixation of the insert

The values of normal stresses ¢ _and o, were
determined using formulas (6-7):

Ax;
Oxn = Ox0 — 2?:1(Afxy)i A_yl; ©)
8y,
Oyk = Oyp — Zf:l(ATxy)rﬁ +y XAy, ()

where n and k - the number of measured
points along the x and y axes, respectively; o , and
o,, are known values of ¢, and o at the starting point




of integration; 4Ax,and 4y _ - intervals along the x and
y axes, through which measurements were performed;
Ax and Ay - the distances between the parallel auxiliary
sections along the x and y axes; ny=1 Ay - the product
of volume weight by the length of the integration
segment (taken into account if the model operates
under its own weight).

Knowingthevalueso,,0 andz  foreach section,
the values of the principal stresses o, and o, were
determined. The calculation of the dangerous section
of the hard-alloy insert was carried out according to
maximum-strain of failure. The equivalent stress o,
was determined for the case of a plane stress state (8):

Ogq = 01 — HOy (8)

O K N W N~ U

Zabrodskyi et al.

The calculation was performed for eight points
for each of the three longitudinal sections of the insert:
atthe surface, in the middle,and at the base for all three
methods of fixing the insert. According to the values
of o, the dependences of the location of dangerous
sections and the value of o, on the method of fixing
the carbide insert were obtained. Figures 5-7 show
graphs of the distribution of o, (values are presented
in bands) along the front surface of the inserts, along
the middle section of the inserts, and along the base of
the inserts for all three samples with different fixation
of the carbide insert.

loading, lines

[
[N

distance in points along the insert

=——Sample 1 ===sample 2

=sample 3

Figure 5. Distribution of o, along the front surface of the inserts
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Figure 6. Distribution of o, along the middle section of the inserts
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Figure 7. Distribution of o, along the base of the inserts

Admittedly, the stresses according to the fixation
method No. 3 are the smallest in all three sections.
Therefore, it is proved that the method of fixing the
carbide insert to the cutter holder affects the stress
distribution in the tool. It allows choosing an optimum
way of fixation due to which the stress will be the
smallest and at the same time reduce probability of
breakage of hard-alloy inserts during their operation.

CONCLUSIONS

Studies of the influence of the method of fixing the
cutting carbide insert on the stress distribution allows

for the conclusion on the most appropriate fixation
method in terms of strength. The results obtained
show that the stress distributions for all three
methods of fixing the carbide insert are similar. The
greatest stresses occur near the blade of the cutting
edge, they gradually decrease moving away from the
blade. The location of the dangerous sections for all
three types of fixation is approximately the same, but
the values of stresses in them with different fixation
can differ. The most expedient, from this point, is the
third method of fixing, in which the amount of stress
is the smallest.
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OOCHNIOYXEHHS BrJIMBY CMOCOBY 3AKPIMJIEHHS MJTIACTUHKU
BIAPI3HOIO PI3LUS HA ii HANPY>XEHUM CTAH

Maeno Mukonaiosu4 3abpoacbkuii, boraan AHaroniitosuu LlenyaueHko,
Casenin Mukonaiiosuu Kyxapeupb

NonicbKuMii HaLWiOHaNbHWIA YHiBEpCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauif. OcHalleHi TBepAOCNNaBHUMMU NAACTUHKAMKU BiApi3Hi pi3Li € AyXe MOWMUPEHUM iHCTPYMEHTOM, SIKMUWA
BMKOPUCTOBYETHCA B TOKAPHMX onepaLisx. Yepes ayxe BaXKKi YMOBM, Y AKMX MPALLOKOTb TaKi pisLi, BOHM BUXOAATb 3
napy, K NpaBuo, He B pe3ynbTaTi iX CNpaLoBaHHS, @ BHACNiLOK MONOMOK TBEPAOCNAAaBHUX NIACTUH. Y AaHil poboTi
LOCNIKYBANUCA NPUYMHM TaKMX MOMOMOK i MeToaM Ansa 3anobiraHHg Takum sBuwam. [poBeneHui rpyHTOBHUI
aHani3 CyyacHoro CTaHy Ta MeTofiB AOCNIAXEHb HAMPYXXEeHOro CTaHy B PiKYYMX iHCTPYMEHTAX, 30KpemMa TOKapHUX
pi3uiB. AHani3yBanuca TaKOX MeTOAM 3MEHLUEeHHS HanpyXeHb Yy TBEpAOCNIaBHWMX nnacTuHkax. [aHa poboTa
30CepeeHa Ha BUBYEHHI HAMpYXXeHOro CTaHy Yy BiApi3HMX pi3uax 3 HanaHUMK TBEPAOCMIABHUMM MNIACTUHKAMM.
BoaHouac BMBYABCS HaNpy>XeHW CTaH y TBEpAOCMIABHUX MIACTUHKAX i BM/IMB HA HbOTO Pi3HMX CNOCOBIB 3aKpinaeHHs
TBEPAOCNNABHOI MIACTUHKM [0 AepkaBkKW. OCHOBHMM MEeTOLOM [OC/IOXEHb HamnpyXeHoro craHy 6yB MeTon
(OTONPYXXHOCTI, KU AO3BONSE LOCUTH LWBUAKO Ta HAOYHO OTPUMATU M OLIHUTM pe3ynbTaTu. bynu BurotoBneHi 3
ONTMYHO-YYTAIMBOro MaTepiany Mofeni TBepAOCNIaBHUX MNAACTUMHOK, SKi Y CKAaAi CknagHoi moneni BigpisHoOro
pi3us 3 TBEPLOCM/IABHOK MIACTMHKOK 3 TPbOMa Pi3HMMM cnocobaMu 3aKpinaeHHs, 3a AOMNOMOroK CrewianbHo
po3pobneHoro CTeHAy, HAaBaHTAXYBaNMUCA CUAOKD, WO MOAENtoBaNa CuAy pisaHHs. JocnigkeHHs NpoBOAWMAMCA Ha
nonsapu3aLinHo-nNpoekuUinHin yctanosui MNMY-7. bynn oTpuMaHi KapTUHU i30XpOM Ta i30KMH. PO3paxyHOK roONOBHUX
Hanpy>eHb BUKOHYBABCS METOAOM Pi3HMLI AOTUYHUX HAMNpyXXeHb A5 TPbOX NepepisiB NAacTMHKKU: 6ing noBepxHi,
nocepeamHi i 6ins ocHoBW. BcTaHOBNEHO, L0 HAMKpPALLMIA pe3ynbTaT AAE CNOCib, 3@ AKOro NIACTMHKA Ha BiadaneHin
Bifl piXXy40i KPOMKM CTOpPOHI Mae ckic, 3pobnexuit nig kytom 10°

KntouoBi cnoBa: HanpyxeHHs, pizeLb, POTONPYXHICTb, 3aKpinieHHs
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Article’s History: Abstract. Acute pancreatitis is a common non-communicable pathology in
Received: 20.01.2021 dogs, the untimely diagnosis and treatment of which is lethal (27-58% of
Revised: 14.02.2021 cases). One of the most common medical tests for acute pancreatitis is to
Accepted: 10.03.2021 determine the concentration of triglycerides and other fractions of blood

lipids. The purpose of the study was to investigate changes in lipid fractions
and other biochemical parameters in dogs with acute pancreatitis. For the
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acute pancreatitis in dogs. Scientific by 23 and 9%, respectively. Inflammatory processes in the pancreas led to
Horizons, 24(1), 14-21. the development of cytolytic processes in its acini, as well as hepatocytes
of the liver, as indicated by increased activity of indicator enzymes ALT,
AST, LF and bilirubin. In addition, in sick dogs, the protein-synthesising
function of the liver was impaired: a reduced proportion of albumin was
registered against the background of increased total serum protein. Acute
pancreatitis leads to a decrease in insulin synthesis, which is manifested
by hyperglycaemia - in sick dogs, glucose levels are probably twice as
high as in healthy animals. In pancreatitis, the violation of digestion and
absorption of nutrients caused by intensive use of high-energy compounds
(in particular, creatine phosphate) and an increase in creatinine (3.8 times).
At the same time, the catabolism of proteins increased and the products of
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INTRODUCTION

Pancreatitis is a fairly common pathology in dogs. Factors
underlying the pathogenesis of pancreatitis are diverse:
stress, eating disorders, inflammatory processes of the
gastrointestinal tract, liver disease, etc. [1]. This disease
can be a secondary complication of infectious and par-
asitic pathologies, especially those that have a strong
developmentand involve in the general pathogenesis of
the systemic inflammatory response of the organism [2].
In particular, pancreatitis is often accompanied by ba-
besiosis, heartworm disease, distemper, and viral en-
teroinfections in dogs, which are typical pathologies of
infectious origin in the Polissya region of Ukraine [3; 4].
There are two forms of pancreatitis: acute and chronic.
Acute form is characterised by a high percentage of
deaths - 27-58% [5], chronic - significantly worsens the
quality of life of animals and creates inconvenience for
their owners.

The pathogenesis of pancreatitis is not fully
understood. Most theories explain the apoptosis of
pancreatic cells by oxidative stress, the action of prod-
ucts of nitrogen metabolism - ammonia and creatinine,
impaired blood supply to the gland [6]. There is a
hypothesis that links the occurrence of pancreatitis
with calcium deficiency in the blood caused by the
synthesis of its salts with fatty acids. As a result of neg-
ative reverse regulation, the secretion of parathyroid
hormone increases, which causes an increase in the
content of calcium in the cells of the gland and leads
to their further destruction [7]. Due to the cytolysis of
glandular cells of the pancreas, the activity of enzymes
increases in the blood, but decreases in the intestine.
Affected dogs have impaired digestion and absorption
of nutrients and develop characteristic symptoms such
as loss of appetite, vomiting, flatulence, diarrhoea, or
constipation [8].

Pancreatitis also causes destructive changes in
other organs, including the liver, kidneys, lungs, which
significantly complicates the diagnosis of this pathology.
For example, any liver dysfunction also leads to an
increase in cytolytic phenomena and the release of
enzymes into the blood, disorders of the inclusion of
triglycerides and cholesterol in lipoproteins [9]. Acute
pancreatitis develops quite rapidly, so in the case of
incorrect diagnosis and therapy, irreversible changes
may appear in the animal body. However, the diagnosis
of pancreatitis, even in the acute form, is associated
with certain difficulties, as there are no specific markers
of the disease. Thus, the main marker of pancreatitis in
humans and some animals is the activity of pancreatic
a-amylase, but in dogs its activity in the blood does
not reflect the degree of pathological process in the
pancreas [10; 11].

At the present stage, one of the most effective
criteria for diagnosing pancreatitis in dogs is to de-
termine the activity of Specific Canine Pancreatic Lipase
Immunoreactivity (Spec cPL or cPLIl) [12; 5]. The
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sensitivity of this method is 80-85%. However, the
activity of the enzyme may increase in other patholog-
ical conditions - duodenitis, the presence of a foreign
body in the small intestine, its mechanical damage -
all these factors disrupt the integrity of the intestine
and provoke the release of pancreatic lipase into the
blood. In addition, the definition of Spec cPL requires
equipment for immunochemical testing and is not
always available to veterinary laboratories. The transfer
of pancreatic lipase into the blood causes a decrease
in its excretion into the intestinal cavity, resulting in
reduced breakdown and absorption of triglycerides.

The concentration of triglycerides and cholester-
ol is one of the markers of acute pancreatitis [13; 14].
Inflammatory processes in the pancreas are character-
ised by an increase in the concentration of proteins of
the acute phase of inflammation, in particular C-reactive
protein [15-17].

The purpose of the study was to investigate the
content of lipid fractions and other serum biochemical
parameters as a complex of biochemical markers for
acute pancreatitis in dogs.

The objective of the study was to determine the
concentration of triglycerides, cholesterol, phospholipids,
total protein, glucose, bilirubin, activity of indicator
enzymes ALT (alanine aminotransferase), AST (asparag-
ine aminotransferase), LF (alkaline phosphatase, blood
phosphatase, with those in healthy animals.

MATERIALS AND METHODS

The studies were conducted during 2018-2020 based
on the research and production veterinary clinic and the
Department of Parasitology, Veterinary and Sanitary Ex-
pertise, Zoohygiene of Polissya National University. For
experiments, two groups of dogs, 10 heads each, were
formed. The groups included 5 females and 5 males,
each group had both sterilised and non-sterilised indi-
viduals. The age of the animals ranged from 3 to 8 years.
The animals were of different breeds and crossbreeds.

The control group included clinically healthy
dogs that underwent a preventive examination in the
clinic. Experimental group included dogs diagnosed
with acute pancreatitis according to history, clinical
examination, special and laboratory studies.

The clinical study was performed according to
general methods: examination, thermometry, palpation,
percussion, auscultation. In the experimental group, the
characteristic clinical signs of pancreatitis were: dete-
rioration or loss of appetite, signs of nausea, vomiting,
diarrhoea or constipation, sometimes fever. Pain was
determined in the abdominal cavity of sick dogs. Such
signs are not specific exclusively to pancreatitis, and
specific and laboratory methods of animal study were
used to further clarify the diagnosis.

Special methods included ultrasound using the
SonoScape S11 ultrasound diagnostic scanner with
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Doppler system (SonoScape Medical Corp., Russian
Federation). Animal testing was carried out in the
morning, on an empty stomach, when there is the least
amount of unnecessary factors that interfere with the
detection of the pancreas. The disappearance of the
contours of the abdominal cavity in the upper right and

LA523

Figure 1. Sonogram of the right dorsal abdomen of the dog with acute pancreatitis:
1 - blurred borders and hypoechoic structure of the pancreas, 2 - splenic vein,
3 - duodenal area filled with gases (“signal loop”)

the presence of a “signal loop” are diagnostic markers
of pancreatitis. Determining criteria for the presence
of pancreatitis were hypoechoic parenchyma of the
pancreas, hyperechogenic peripancreatic adipose tissue,
bile duct obstruction (Fig. 1-2) [18].

Figure 2. Sonogram of the pancreas of the dog with acute pancreatitis:
1 - erased boundaries of the right lobe of the pancreas, 2 - splenic vein, 3 - aorta,
4 - peripancreatic hyperechogenic adipose tissue

Blood from animals of both experimental groups
was collected from the subcutaneous forearm vein (vena
subcutanea antebrachii) in accordance with the rules of
asepsis and antiseptics. Disposable puncture needles

Scientific Horizons, 2021, Vol. 24, No. 1

and Vacusera vacuum tubes with lithium heparin and
clean ones were used. For experimental studies, blood
serum was used to determine the concentration of total
protein, albumin, glucose, total bilirubin, creatinine,




cholesterol, the activity of the enzymes alanine ami-
notransferase (ALT), aspartate aminotransferase (AST)
(Reitman-Frenkel method), alkaline phosphatase (LP)
(kinetic method), calcium (by the colorimetric method
of a colour compound in the reaction of calcium with
o-cresolphthalein in an alkaline medium), inorganic
phosphorus (Briggs colorimetric method). The studies
were carried out using a semi-automatic biochemical
analyser Chem 7 (Erba, Czech Republic) with a line of
reagents from DAC (Republic of Moldova).

The concentration of triglycerides was deter-
mined by enzymatic colorimetric method (PAP) using
a set of reagents “Triglycerides PAP” manufactured by
“Diagnosticum” company (Hungary).

The concentration of phospholipids was de-
termined by extraction of the lipid fraction with
isoamyl alcohol, followed by mineralisation. Inorganic
phosphorus in interaction with ammonium molybdate
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forms phosphomolybdic acid, the optical density of
which was measured at wavelengths A = 630 nm.

The obtained results were statistically processed
using the Statistica 13.3 software package. Data were
checked for normal distribution using the Distribution
Fitting module. The arithmetic mean value, its standard
error were determined. Estimation of regression equality
was performed according to Fisher's method (ANOVA)
for a significance level of 0.05.

RESULTS AND DISCUSSION

Destruction of pancreatic cells in acute pancreatitis is
accompanied by the excretion of some enzymes into
the blood (instead of the small intestine), while some
nutrients remain undigested and partly excreted in the
faeces,and partly enter the blood [1]. The severity of acute
pancreatitis correlates with the concentration of various
lipid fractions, in particular serum triglycerides (Fig. 3).

5.73

2.64 2.88

PL

Control mExperimental

Figure 3. The content of triglycerides (TG), cholesterol (CL), and
phospholipids (PL) in the serum of dogs with acute pancreatitis, mmol/l

The concentration of all studied fractions of
serum lipids in dogs of the experimental group tended
to increase compared to those in the control. The
largest difference between the groups was observed
in the concentration of triglycerides (p<0.05). Thus, in
animals with pancreatitis, the concentration of this
fraction was almost twice that of healthy animals. The
smallest changes were found in the concentration
of phospholipids - 9%. Notably, in different animals,
especially in the experimental group, there was a high
degree of variance, which indicates the individual
mechanisms of regulation of lipid metabolism in dogs
with this pathology.

Pancreatitis is a pathology that affects most parts
of the metabolism and the functional capacity of many
organs. This primarily applies to the liver. To assess
the condition of the liver, markers of its functional
activity were determined (Table 1). The concentration
of total protein in the dogs of the experimental group
was higher (P=0.05) than in the control group, but
was within the reference range. At the same time, the
concentration of albumin in sick dogs significantly
decreased. Glucose concentration in the control group
was within physiological values. In animals of the
experimental group, its content was twice the control
index (P<0.05).

Table 1. Biochemical markers of liver function in healthy dogs and with acute pancreatitis

Indicator Healthy dogs (n=10) Dogs with acute pancreatitis (n=10)
Total protein, g/l 62.4%7.27 69.8%6.42
Albumins, g/l 32.6%4.27 22.8#3.91"
Glucose, mmol/L 5.8+1.29 11.7%2.37*%
Total bilirubin, pmol/L 7.2%0.93 29.5+3.15*
ALAT, u/L 31.6x3.41 72.7%6.84"
AST,u/l 29.7#12.60 74.9¥19.81"
LF, u/l 71.5%22.74 101.4+25.38

Note: * P<0.05,** P<0.01 for healthy dogs
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The content of total bilirubin in the serum of ex-
perimental animals significantly exceeded physiolog-
ical values and was 4.1 times higher than in control
group. The activity of both transaminases (ALT and AST)
in sick dogs significantly increased compared to the
control group,exceeding the upper limit of physiological
values. LF activity had a similar trend, but its growth in
the dogs of the experimental group was not as rapid as

the activity of transaminases and was 41.8% compared
with control group.

The excretory system is another system of organs
in which the intensity of metabolic processes during
pancreatitis has increased. To assess the functional
capacity of this system, the content of creatinine, urea,
and ammonia was studied (Table 2).

Table 2. Some biochemical markers of the functional state of the kidneys in healthy dogs
and with acute pancreatitis

Indicator Healthy dogs (n=10) Dogs with acute pancreatitis (n=10)
Creatinine, pmol/L 63.5£10.31 238.5+38.76™"
Urea, mmol/L 6.9+¥1.91 22.5%4.52%
Ammonia, ymol/L 27.3*351 42.8+6.33"

Note: * P<0.05, **P<0.01 for healthy dogs

The concentration of creatinine in the serum of
dogs in the experimental group was 3.8 times higher
than in the control group (P<0.01). Furthermore, the
content of ammonia (one of the end products of protein
metabolism) in the blood of experimental dogs was
1.6 times higher (P<0.05) than in control animals. The

content of urea, which is synthesised by the liver from
ammonia, was also higher in sick dogs - an increase
of 1.57 times (P<0.05). Calcium ions and phosphates
play an important role in the pathogenesis of acute
pancreatitis (Table 3).

Table 3. The content of calcium and inorganic phosphorus in the serum of healthy dogs
and with acute pancreatitis

Indicator Healthy dogs (n=10) Dogs with acute pancreatitis (n=10)
Calcium, mmol/L 2.74%0.38 2.18+0.51
Inorganic phosphorus, mmol/L 1.53+0.29 2.05%0.62

Calcium content in sick animals was lower than
in healthy ones (P=0.05) and was at the lower limit
of physiological values. Inorganic phosphorus, on the
other hand, was higher in dogs with acute pancreatitis
than in healthy ones (P=0.05), but did not exceed the
reference values.

Serumlipidsare considered one oftheinformative
markers in the diagnosis of acute pancreatitis in dogs [19].
Inflammatory processes in the pancreas lead to a de-
crease in the synthesis and excretion of enzymes that
catalyse the hydrolysis of lipids of different fractions:
triglycerides, cholesterol ethers and phospholipids.As a
result, their inclusion in lipoproteins (the main transport
form of lipids in the blood) is disrupted, so their content
inthe blood increases [2].1t is believed that a deficiency
of exogenous lipids causes the release of endogenous
lipids from the fat depot [13]. According to some stud-
ies, the degree of inflammation correlates with an in-
crease in the content of all fractions of lipids, especially
triglycerides [20]. Own results showed that in dogs with
acute pancreatitis, the concentration of all studied lipid
fractions increased. The maximum degree of growth
(1.67 times) was demonstrated by triglycerides (fats),
which are the main fraction of dietary lipids.

An analysis of the scientific literature has shown
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that there is no single mechanism to explain such
changes [11]. According to some authors, the increase
in triglycerides is conditioned by a decrease in the
synthesis of the enzyme lipase, which hydrolyses fats,
and also by cytolysis of secretory cells of the pancreas,
resulting in a significant part of lipase entering the
blood [21; 13].

The increase in the concentration of other frac-
tions - cholesterol and phosphatides in the blood of
sick dogs was slightly lower, respectively - 1.23 and
1.09 times. Such changes may be due to the fact that the
enzymes phospholipase, cholesterol are more synthe-
sised by the mucous membrane of the small intestine [14].
Impaired absorption of cholesterol (basic metabolite,
source of bile acid synthesis) reduces the intensity of
emulsification [14]. Decreased absorption of phospho-
lipids disrupts the development of chylomicrons and
lipoproteins. This, in turn destabilises the transport of
triglycerides through the blood to the fat depot [21].

Acute pancreatitis has a destructive effect on the
cells of the islet tissue, resulting in reduced synthesis
of pancreatic hormones [1]. Decreased insulin levels
lead to hyperglycaemia. Thus, in dogs with pancreatitis,
the concentration of glucose in the blood serum twice
exceeded that in healthy animals. Hyperglycaemia has




another side - it reduces the amount of glucose that
comes from the blood to tissues, including the liver. At
the same time, it should be noted that glucose plays
an important role in the detoxification functions of
the liver [13]. In addition, pancreatitis increases the
build-up of toxic products of incomplete digestion of
nutrients. Impaired absorption of nutrients before their
entry into the colon leads to the putrefactive processes,
resulting in the development of toxic products of amino
acid metabolism [8].

In the experiment, the increase in the intensity of
protein catabolism led to the accumulation of interme-
diate and final products of nitrogen metabolism.In dogs
with acute pancreatitis, the concentration of creatinine,
urea, and ammonia increased. The concentration of
creatinine increased the most rapidly — 3.8 times. Such
changes are caused by an energy deficit in the muscles
and, consequently, an increase in the use of creatine
phosphate. The accumulation of creatinine in the
blood of sick dogs indicates impaired renal function, in
particular a decrease in their filtration capacity [5].

Urea concentration is a marker of the condition
of both the kidneys and the liver. Urea is synthesised
in the liver, but excreted by the kidneys in the urine.
Increased urea in animals with acute pancreatitis, as
in the case of creatinine, indicates renal congestion. In
addition, an increase in the concentration of ammonia
in the blood may be an indicator of the inability of the
liver to fully utilise this toxic metabolite [22; 23]. This
hypothesis about the stress of metabolic processes in
the liver is confirmed by other indicators. Although the
concentration of total protein in sick animals increased
due to dehydration, the absolute content of albumin
decreased, which is a sign of impaired Lliver protein
synthesis. At the same time, an increase in the serum
activity of the indicator enzymes ALT, AST and LF, which
are markers of the cytolytic syndrome, was detected [15].

A study of the concentration of total bilirubin
showed that in dogs with acute pancreatitis it is
more than four times higher than in healthy dogs. It
is an evidence of destructive phenomena in the liver
parenchyma and bilirubin in the blood. Thus, acute
pancreatitis causes liver and kidney dysfunction.

Calcium is one of the factors involved in the
pathogenesis of acute pancreatitis [24]. Some of the
calcium ions in the intestinal cavity form insoluble
compounds with fatty acids and the concentration of
this element in the blood decreases. In this study, the
concentration in the blood of sick animals was 20%
lower than in healthy, which coincides with the findings
of similar studies [24]. Hypocalcemia reflexively causes
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an increase in calcium excretion not only in plasma but
also in cell compartments, in particular the pancreatic
parenchyma [24]. The accumulation of Calcium in the
cytoplasm of cells leads to the release of potassium ions
into the intercellular space, disruption of membrane
potential, metabolism, and cell death [6]. Decreased
serum calcium and increased in cells is one of the
factors in the further development of pancreatitis [25].

Along with the decrease in calcium content,
there was an increase (within physiological limits) in
the concentration of inorganic phosphorus in the blood
of dogs with acute pancreatitis (+34% compared to
healthy animals). The increase in inorganic blood phos-
phates is the result of the decomposition of phospho-
rous compounds, in particular high-energy (creatine
phosphate and others), depletion of energy reserves
for pancreatitis [25]. Notably, the real increase in the
content of inorganic phosphates may be greater, be-
cause parathyroid hormone stimulates the excretion of
phosphates in the urine and thus the visible content
does not reflect the degree of its development.

CONCLUSIONS

1. In dogs with acute pancreatitis the concentration
of the following lipid fractions increases in blood: the
maximum growth is characteristic of triglycerides (+67%),
cholesterol (+23%), and the smallest growth - for
phospholipids (+9%). An increase in the concentration
of triglycerides in the blood can be used as a diagnostic
marker of acute pancreatitis.

2. The combination of metabolic changes caused
by the development of acute pancreatitis leads to impaired
renal function and accumulation of nitrogen metabo-
lism products: creatinine - 3.8 times, ammonia (+60%),
urea (+57%), which indicates a decrease in filtration ca-
pacity of the kidneys.

3. In acute pancreatitis in dogs, violations of the
functional ability of the liver occur, the concentration
of albumin decreases, the activity of indicator enzymes
(ALT, AST, LF), bilirubin increases. This is a sign of the
development of cytolytic syndrome in liver cells due
to the accumulation of metabolic products of nitrogen-
containing compounds.

4. The pathogenesis of acute pancreatitis leads to
changes in calcium metabolism, resulting in a decrease
in its concentration in the blood. The concentration of
inorganic phosphorus, on the contrary, increased sig-
nificantly, which is the result of the decay of high-energy
compounds and depletion of energy reserves in dogs
with pancreatitis.
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NniNniaAHUN NPO®INb KPOBI 9K AIAFHOCTUYHUN MAPKEP
roCTPOIo NAHKPEATUTY COBAK

IHHa BaneHnTuHiBHa Yana, liaHa BanepiiBHa PeweHko, OkcaHa AHaToniiBHa [ly6oBa,
OkcaHa AHaTtoniiBHa 3rosiHcbKa, Jlapuca OnekcaHapisHa Conoaka,
Irop MukonaioBuy CoKynbCbKuit

NonicbKuMii HaLWiOHaNbHWIA YHiBEpCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauig. [ocTpuii NaHKPeaTUT HaNeXmTb L0 NOLIMPEHUX He3apa3HUX NATONOrii cobak, HeCBOEYACHa AiarHOCTMKA Ta
Tepanisi IKOro 3aKiHYyeTbCs NeTanbHo (27-58 % sunaakis). OA4HMM 3 HAMMNOLIMPEHILIMX AiarHOCTUYHKX TECTIB rOCTPOro
NaHKpeaTuUTy € BU3HAYeHHS KOHLEHTpaLii TpuriilepuaiB Ta iHWuX Gpakuii ninigis kposi. MeTowo pocnigkeHb 6yno
[OCNIANTM 3MiHM BMICTy dpakuii ninigis Ta iHWMX GioXiMiYHMX NMOKa3HMKIB y COBaK 3a roCcTporo naHkpeatuty. ns
ekcnepuMeHTy byno copMoBaHo ABi rpynu cobak no 10 ocobuH B KOXHIN. KOHTponbHa rpyna BKKYana 340p0OBUX
TBApWH, AOCNIAHA — COBAK i3 FOCTPUM NaHKpeaTUTOM. BCTaHOBNEHO, WO Y cobak 3 roCTPMM NaHKPeaTUTOM KOHLEHTPaLLis
Tpurniuepuais 3poctana Ha 67 % MOpiBHAHO 3i 340poBUMM 0COBMHAMU. KOHLLeHTpaLia xonectepuHy i pocdoniniais
Takox 36inblwyBanack Ha 23 i 9 % BianNoBiAHO. 3ananbHi NpoLecH y NiALWAYHKOBIM 3an03i NpU3BOAUAM LO PO3BUTKY
LUMTONITUYHMX NpoLeCiB Yy il aumHycax, a TakoX rematouuTax nedviHku, Ha WO BKasyBasa 30inblleHa aKTUBHICTb
iHAMKaTOpHMX depmeHTiB AnAT, AcAT, JI® Ta BinipybiHy. Takox y xBopux cobak nopylysBanacb 6iNoKCMHTE3yBaNbHa
(dYHKLig NeviHKW: peecTpyBanu 3MeHLIeHy 4acTKy anbbyMiHiB Ha QOHI MiABMLLEHOrO 3aranbHOro 6inka cMpoBaTKM
KpoBi. focTpuit NaHKpeaTUT NPWU3BOAMTb A0 3MEHLUEHHS CUMHTE3Y iHCYMiHY, WO NPOSBASETLCS rinepraikemMieo — vy
XBOPUX cobaK piBeHb MTHOKO3M BipOrifHO BABIYI NEPEBULLMB MOKA3HMK 340POBMX TBAPWH. 33 NAHKPeaTUTY NOPYLLEHHS
nepeTpaB/ieHHs Ta BCMOKTYBaHHS MOXWBHUX PEYOBUH KOPMY 0OYMOB/IOBANO iHTEHCMBHE BUKOPWUCTaHHS OpraHisMoM
MakpoepriB (30KkpeMma, KpeaTuHpocdaTy) i 36inblieHHs KpeaTuHiHy (y 3,8 pa3u). BogHouac 3poctaB katabonism 6inkis
i HAKOMMYYBaNMCb MPOAYKTU iX MPOMIKHOIO Ta KiHLLEBOro 06MiHy — amiak i cevyoBmHa (Ha 60 Ta 57 % BianoBigHO), Wo
€ 03HaKOK 3MeHLeHHS dinbTpaLiMHOi 34aTHOCTI HUPOK. KpiM TOro, 3a rocTporo NaHKpeaTuTy B Mexax (i3ionoriyHoi
HOpMM KOHLeHTpaLis KanbLito 3MeHLIyBanach, a HeopraHiyHoro docdopy - 36inbluyBanach

Kntouosi cnoBa: Tpurninepuam, xonectepu, ocdoniniam, iHAMKATopHi pepMeHTH, NifLLyHKOBa 3a103a
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Received: 25.12.2020 their research experience can be used in agricultural production for the
Revised: 14.02.2021 selection of animals with necessary behavioural qualities. The purpose of
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of young pigs for herd replacement, including identification of their

behavioural characteristics in the context of industrial pork production.
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methods for the selection of young  account the independent attachment of piglets to the front three pairs of
pigs for herd replacement. Scientific ~ sow teats. It was found that the probability of independent attachment of a
Horizons, 24(1), 22-28. piglet to anterior teats has a positive and high correlation with its viability
index, with a correlation coefficient of 0.95. Piglets that occupied the front
three pairs of teats during the suckling period significantly (P<0.001)
exceeded the rest in weight at the 215t and at the 60t days by 22.7% and
5.4%, respectively. When assessing the behavioural reactions of piglets
weaned from sows in an artificially created stress conditions, groups of
piglets resistant and not resistant to psychological (emotional) stress were
selected for subsequent observation. Moreover, it was found that among
the sows obtained from stress-resistant piglets, the superiority in fertility
during the first insemination and the total proportion of farrowing was
11.1 p.p., in terms of multiple fertility - 2.6 piglets (P<0.05) or 33.3%, and
in terms of the share of those transferred to the main herd - 27.8 p.p. in
comparison with the group of unstable ones. Based on the obtained results,
the use of an ethological method for selecting piglets for herd replacement
was substantiated, taking into account the independent attachment to
anterior teats and an express method for selecting piglets based on their
resistance to psychological stress
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INTRODUCTION
Modern ethologists have identified many aspects of
behaviour in animals of various species, from insects to
predators [1]. Laboratory rats, pigeons, red junglefowls,
horses, and close human relatives — primates - were
used as the main model species in the study of animal
behaviour. [2; 3]. The scientific advances allow for a
better understanding of general cognitive processes.
This leads to the creation of more effective strategies
for both wildlife management and directional selection
among domestic species. Such an approach allows se-
lecting individuals that meet specific human require-
ments based on their behaviour [1].

The experience accumulated by ethologists can
also be used in the conditions of agricultural production.
Anincrease in the amount of livestock production can be
achieved with the proper understanding of the behavioural
activity of bred animals, which allows selecting animals
that meet specific requirements [4].

In the pig breeding of the Republic of Belarus,
despite the difficult current situation resulting from the
epizootic of African swine fever, there are objective pre-
requisites for increasing the pork production based on
the use of improved highly productive genotypes [5].
One of the criteria for increasing the pork production
at industrial complexes is to increase the efficiency of
the use of broodstock. This will allow, by increasing the
multiplicity and safety of young animals, to increase the
level of production without exceedance of the number
of sows in farms [6].

At a number of pig breeding complexes in the
Republic of Belarus,as a result of the recent slippage due
to the threat of ASF, a specific self-replacement system
is used. When organising the broodstock reproduction,
the necessary piglets are not purchased from breeding
plants, but are selected from the number of pigs born
in own herds, with subsequent rearing and introduction
into the main herd. In such a situation, breeders of industrial
complexes need methods that allow them to forecast
the future viability and productivity of piglets selected
for the replenishment of a herd.

Earlier, to assess the strength and vitality of the
offspring born in sows, Russian scientists proposed the
use of the viability index of newborn piglets (VINP). It is
determined by the ratio of the live weight of each scored
piglet at birth in grammes to the time it adopts a
standing posture in seconds immediately after birth.
Determination of VINP allows assessing the viability
of piglets already in the first minutes of Llife. Also it
allows identifying, by subsequent ranking, physiologically
immature individuals, i.e., unsuitable for the replenish-
ment of a herd [7]. However, due to its increased labour
intensity, this technique is of little use for widespread
practice, especially in large farms with a significant num-
ber of daily farrowings. And in the Republic of Belarus,
industrial production of pork is carried out mainly at
such farms.
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It is known that each piglet, in order to system-
atically obtain food, conquers one of the nipples of the
sow's teats in the struggle with its peers. The selected
teat is constantly used by this piglet during the entire
suckling period. As a rule, the largest and most viable
piglets occupy the three front pairs of the milkiest teats,
subsequently consuming more milk than their peers
from the rear teats [8; 9]. Attempts to introduce weaker
piglets to the anterior lobes of the mammary gland to
prepare them for weaning in terms of live weight do not
give the desired effect. The weak pigs are still pushed
away from the teat by the strong ones [8]. Therefore, the
fact that a piglet occupies a sow teat, which belongs to
the three front pairs, can be used as a criterion for its
selection for replenishment of a herd.

At the same time, a number of studies suggest
that the viability and future productivity of young farm
animals is influenced not only by the initial physical
development and the rate of subsequent gain in live
weight [10; 11]. After all, every animal has a certain
type of higher nervous activity from birth, which
determines the psychological (emotional) resistance
of a given individual to the impact of stress factors,
both technological and social, that arise throughout
life [10; 12]. While mild stress is beneficial for survival,
severe stress exposure dramatically increases the risk
of physical and mental health problems [13]. The most
important link in intraspecific communication is the
mutual orientation of individuals to signals that are
directly related to the main processes of life [14].

In the social life of pigs kept at pig breeding
enterprises in groups, the rank position occupied by
each specific individual in such a group, conditions for
its further existence and, as a result, its productivity and
longevity are a consequence of the manifestation of
primary behavioural actions associated with life and
manifested when interacting with a changing external
environment. In turn, the direction and severity of such
actions is based on the psychological (emotional) resis-
tance of the individual to the effects of stress factors [12].

The activation of the stress response after exposure
to psychological (emotional) stressors causes a whole
cascade of physiological reactions in the animal, which
may even be detrimental if repeated or chronic [15].
The increased fear experienced at the same time pos-
itively correlates with the depression of the general
condition of the individual and a decrease in the mani-
festation of exploratory behaviour [2; 16].

A hypothesis was put forward linking the de-
pletion of self-control resources and an increase in
anxiety in stressed individuals with a decrease in blood
glucose levels. However, it was not confirmed [17].1t has
definitely been established that in anxious, emotionally
stressed individuals, the exploratory reaction slows
down in the presence of even a mild threat. Such a
response is not observed in non-anxious individuals,
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which can effectively act by disconnecting from the
stress factor [18].

To reflect the natural connections between the
identified elements of behaviour and the consequences
of their manifestation, a classification of these elements
must first be established [11]. In pigs, such significant
and opposite behavioural elements are the passive
defensive reaction. It is expressed in the individual's
desire to run away and squeeze into the corner of the
pen, turning back to the source of stress. The reaction
might also include exploratory behaviour, expressed in
the individual's desire to reduce the distance from the
source of influence, to sniff it or touch it. Manifestation
of one of the above behavioural reactions testifies to
the strength or weakness of the nervous processes
directly related to the communication of an individual
in the group, resistance to the effects of technological
stress factors, and hence to the health and productivity
of the animal. This suggests the feasibility of the
identification of psychological (emotional) resistance
or non-resistance of piglets to stress, as a criterion for
their subsequent selection for herd replacement.

The purpose of the study was to find labour saving
and rather effective methods for the selection of young
pigs for herd replacement, including identification of
their behavioural characteristics in the context of industrial
technology of pork production.

In accordance with the objective, the following
tasks were set:

1.Scientifically substantiate the ethological method
for the selection of piglets for herd replacement, taking
into account their individual attachment to the three
anterior pairs of sow's teats.

2.Scientifically substantiate the ethological method
for the selection of piglets for herd replacement,
taking into account their resistance to psychological
(emotional) stress.

MATERIALS AND METHODS

The experimental part of the study was conducted in
2011-2013 before the onset of the African swine fever
epizootic in the Republic of Belarus. The final processing
with the analysis of the data obtained during the ex-
periments was carried out in 2020. Three scientific and
practical experiments were carried out in the following
conditions: the pig farm in Sitze Communal Unitary Indus-
trial Enterprise; the pig-breeding complex of JSC Dok-
shitskiy Rayagroservice of the Dokshitsy district of the
Vitebsk region; the pig-breeding complex of JSC Agro-
kombinat Voskhod in the Mogilev district.

In the Sitze pig farm, the object of research were
163 prenursery pigs from 19 sows. The pigs were ranked
based on the VINP index.When observing the process of
their independent attachment to the teats, a relation-
ship between the value of this indicator and the result
of such attachment was revealed. The assessment of the
viability of piglets was carried out according to the value
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of VINP, which is determined after the birth of each
piglet. Taking into account the value of this indicator,
the piglets were conditionally divided into three groups:
piglets with increased viability, where the VINP was 4.0
and higher (n=14); piglets with an average viability
with the VINP from 3.0 to 3.9 (n=74); piglets with low
viability with a VINP of 2.9 and below (n=75).To analyse
the productivity of piglets, the dynamics of their live
weight during the suckling period was estimated.

In the second experiment in the pig-breeding
complex of JSC Dokshitskiy Rayagroservice, the influence
of both the live weight in piglets at birth and their psycho-
logical resistance to stress on the growth rate of animals
during the suckling period was assessed. The results ob-
tained were analysed in three groups, into which the
piglets were conditionally divided in accordance with their
live weight at birth: small - weighing up to 1 kg (n=42);
medium - weighing over 1 kg and up to 1.3 kg (n=82);
large - weighing over 1.3 kg (n=68). In piglets, the dy-
namics of live weight was taken into account during the
suckling period, and then, immediately after its comple-
tion. Resistance to psychological (emotional) stress was
assessed using the ethological methodology developed
at the Department of specialised animal farming of
the Vitebsk State Academy of Veterinary Medicine. The
technique consisted in assessing the behavioural re-
sponse of each pig in an artificially created stress situ-
ation, taking into account the manifestation of either a
passive-defensive reaction or exploratory behaviour by
the individual. The source of stress was a red-coloured
stick, one end of which was placed in a pen with a
piglet nest some time after weaning them from a sow.

The third experiment was conducted in the
pig-breeding complex of JSC Agrokombinat Voskhod.
The pigs that were attached to the three front pairs
of teats during the suckling period were identified for
the replacement of a herd. At the end of the suckling
period, testing for psychological (emotional) stress re-
sistance was also carried out, according to the method
described above. As a result, among the gilts selected for
replacement, two groups were identified: resistant (n=36)
and not resistant (n=32) to psychological stress. The health
and productivity of animals of both groups was moni-
tored during the period from weaning to transfer to the
main broodstock. The study investigated the reasons for
the withdrawal of animals in each group during the rear-
ing period, as well as for the period from insemination to
transfer to the main herd. At the first farrowing, the num-
ber of piglets born to sows was also taken into account.

The data obtained during all three experiments
were biometrically processed using the MS Excel software.

RESULTS AND DISCUSSION

The results of studying the dynamics of live weight
during the suckling period in individuals with different
levels of viability are presented in the table 1.
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Table 1. Growth dynamics of suckling piglets with different viability

Piglet n VINP Average live weight Average live weight Average live weight
viability at birth, kg at the 21t day, kg at the 60 day, kg
Increased 14 4.4+0.10 1.14+0.02** 5.2+0.17* 15.7+0.36"
Average 74 3.3+0.03 1.03+0.01" 4.6+0.07* 15.3+0.10"
Low 75 2.7%0.02 0.99%0.01 4.0+0.05 14.6%0.09

Note: Significant difference between the average indicators of animals with increased and average viability in comparison
with the indicators of individuals with a low viability index - *P<0.05; *** P<0.001

When analysing the data in Table 1, it was found
that piglets with an increased VINP value actually turned
outto be physiologically more mature.Their average live
weight at birth was 15.1% and 4.0% higher than those
of their peers with average and low viability index. In the
future, they were able to grow more intensively, which
can also be seen in the table. The live weight of piglets
with low viability and at the 21tday and at weaning was
significantly (P<0.05) lower than in individuals with a high
and medium viability, respectively, by 28.8%-13.7% and
7.8%-4.6%.

In the course of observing the process of feeding
piglets by sows, it was revealed that all individuals with
increased viability were attached to the anterior teats
of their mothers. Among piglets with medium and low
levels of viability, 83.8% and 52.0%, respectively, were
attached to the anterior teats. Analysis of the dynamics
of the live weight of piglets during the suckling period also
showed that the individuals that occupied the anterior
teats had an average live weight of 4.7 kg at the 21 day,
and 15.3 kg at the 60" day. They significantly (P<0.001)
outnumbered peers attached to the rear nipples in

weight at the 21stday - by 0.9 kg or 22.7%, and at the
60" day - by 0.8 kg or 5.4%.

During the analysis of the correlation between the
viability index of newborn piglets and their live weight
at weaning at the 60th day, it was found that, in general,
for all the studied pigs, the coefficient of such correlation
was 0.60. At the same time, for piglets sucking only the
front 3 pairs of teats it was already 0.95, and for the ones
sucking rear teats - 0.98. Consequently, it was found that
the ability of a piglet to occupy the front, milkier teats,
and to lead in live weight by the end of the suckling
period is in a high positive relationship with its VINP.

It is much less labour-intensive to identify the
attachment of piglets to certain teats (with subsequent
tagging and selection) than to estimate the VINP indi-
cator for each piglet being born, especially during mass
farrowing in pig farms.

The findings obtained in the second experiment,
when studying the dynamics of live weight during the
suckling period in individuals with different viability
and different response to psychological stress are pre-
sented in the Table 2.

Table 2. Growth dynamics of suckling piglets depending on their live weight
and psychological stress resistance

Piglets by live Stress Average live weight of a piglet, kg Absolute  Average
weight at birth resistance atbirth  atthe 21%day at the 30* day gain,kg daily gain, g

Resistant 32 1.46%*0.01 5.7+0.05 7.5%0.07 6.1+0.07 202%1.6

Large Not resistant 36  1.48+0.01 5.5+0.08 7.6x0.11 6.1+0.11 204%2.4

Resistant 36 1.21%0.02 5.2+0.10 74%0.09 6.2+0.09 206%1.9

Average Not resistant 46  1.20 £0.02 4.9+0.08" 7.1+0.08* 5.9 #0.09* 196%2.0"

Small Resistant 18  1.00+0.01 5.2+0.25 7.1%0.26 6.1+0.26 204+5.7

Not resistant 24  0.97+0.01 4.7%0.12* 6.7+0.08" 5.7+0.08*  190%1.7*

Note: Significant difference between the indicators of resistant and not resistant individuals within groups by weight at

birth - *P < 0.05

When analysing the Table 2, it was found that
during the suckling period, the growth rate of piglets
with medium and low weight groups largely depends
on their resistance to psychological stress. Thus, with
practically the same live weight at birth in these groups,
a significant (P<0.05) decrease in the growth rate of not
resistant piglets was established in comparison with

individuals that are resistant to stress. The difference
in absolute growth was 4.8%-6.6%, and according to
the average daily gain - 4.9%-6.9%. The absence of a
negative effect of stress instability on subsequent growth
rate in initially large piglets can be explained by the
following: they immediately occupied better teats, dom-
inating over smaller peers due to their live weight and
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size, which ensured an increase in growth in the future.

In the course of the third experiment, based on
the subsequent culling of piglets in each of the groups,
it was found that the culling of stress-resistant animals
was 25% during the rearing period. Furthermore, no
culls was noted among stress-resistant animals during
this period. 12.5% of non-stress-resistant piglets and

half as many of resistant piglets were discarded due to
insemination failure and diseases during the gestation
period. The reproductive qualities of the sows of
first-litters with different resistance to psychological
stress, which, over time, became the pigs selected for
replacement, are presented in the Table 3.

Table 3. Reproductive qualities of the tested sows

Selected Impregnated  Farrowed sows, % Piglets per farrowing, Transferred
Stress ias Inseminated, by first animals to the
resistance ar:)irza’ls animals insemination, by first . main herd,
% insemination total  total alive animals
Not
. 32 24 66.7 87.5 83.3 9.8#0.53 7.8%0.94 16
resistant
Resistant 36 36 77.8 100.0 944 11.2+0.32 104+0.29" 28
Total 68 60 73.3 95.5 90.0 10.5%0.42 9.1x0.62 44

Note: Significant difference in relation to the mean value - *P<0.05

When analysing Table 3, the superiority of ani-
mals resistant to psychological (emotional) stress was
established over those not resistant: in terms of im-
pregnation during the first insemination - by 11.1 p.p,;
in the specific weight of animals farrowing from the
first insemination - by 12.5 p.p.; and in terms of the
total proportion of farrowed animals - by 11.1 p.p.
When assessing the indicators of the prolificacy of first-
litters, as the basis of their productivity (Table 3), it was
found that this indicator in the group of stress-resistant
sows was significantly higher by 2.6 piglets or 33.3%
in comparison with the stress-resistant group. In terms
of the number of stillborn piglets, stress-unstable sows
exceeded stress-resistant ones by 2.5 times.

In general (Table 3), in the group of stress-resis-
tant animals, compared to the group of non-resistant,
the proportion of sows eventually transferred to the
main herd was 27.8 p.p. higher.

In addition, a comparison of the average indi-
cators of reproductive qualities for all stress-resis-
tant sows indicated a pronounced tendency to their
increase (Table 3). Thus, the first insemination rate and
the proportion of farrowed sows among stress-resistant
animals were 4.5 p.p. higher than the average values of
the same indicators for all selected animals. Multiple
pregnancies in stress-resistant sows were, respectively,
higher by 1.3 piglets or by 14.3%; the number of weak
piglets was lower by 16.7%,; the yield of viable piglets
was higher by 19%; the number of stillborn piglets was
lower by 42.9%. The proportion of stress-resistant sows
transferred to the main herd was higher than the total
for all sows by 13.1 p.p.

Thus, attention to the resistance to psychological
(emotional) stress when selecting young animals for
herd replacement in the context of industrial pork pro-
duction will reduce the cost of raising and maintaining
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broodstock. This is done by reducing the weight of
animals leaving, both during the rearing period and
during the examination based on the results of the
first farrowing. The proposed method will facilitate the
rearing of viable piglets for sow farrowing at enterprises.

CONCLUSIONS

Analysis of the research findings allows for the follow-
ing conclusions:

1.1t has been established that all piglets with an in-
creased viability index of newborn piglets (VINP) during
the suckling period were independently attached to
the anterior teats of their mothers. In the animals with
medium and low viability, only 83.8% and 52.0% of ani-
mals were attached to the three front teats, respectively.

2. The probability of a piglet to attach to the front
teatsandto lead in live weight by the end of the suckling
period is in a positive and significant relationship with
its VINP with a correlation coefficient of 0.95. Piglets
from the front three pairs of teats significantly (P<0.001)
exceeded the rest in weight at the 21 day and at the
60" day by 22.7% and 5.4%, respectively. Based on the
findings, the ethological method for the selection of
the most viable piglets for herd replacement was sci-
entifically substantiated, taking into account their at-
tachment to the anterior teats during the sucking period.

3. The average live weight of piglets at birth in me-
dium and low weight groups is practically the same.
However,a significant decrease in the average daily gain
in live weight in stress-unstable animals in comparison
with stress resistant individuals by 4.9%-6.9% (P<0.05)
is noted.

4. It was found that among animals resistant to
psychological (emotional) stress: the superiority in
fertility during the first insemination and in the total
weight of farrowing animals was 11.1 p.p. In terms of




multiple births - 2.6 piglets (P<0.05) or 33.3%,in compar-
ison with stress-resistant animals. Multiple pregnancies
in the group of stress-resistant sows were significantly
(P<0.05) higher by 2.6 piglets or by 33.3%. In terms of
the number of stillborn piglets, stress-unstable sows
exceeded the stress-resistant ones by 2.5 times. The
proportion of stress-resistant sows transferred to the
main herd was 27.8 p.p. higher than in the stress-
unstable group.

Based on the analysis of the obtained results, an
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ethologicalexpressmethodforselectingpigletsforherd
replacement was scientifically substantiated, taking
into account their resistance to psychological (emo-
tional) stress. The proposed method consists in as-
sessing the behavioral reactions of animals in an
artificially created stressful situation. The individuals
manifesting exploratory behaviour are selected for
herd replacement, and animals manifesting only a
passive-defensive reaction are excluded from the
selection process.
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ETOJIOrI4YHI MPUAOMU BIOBEOPY MOJTOAHAKY CBUHEW ON19 PEMOHTY CTAOA
BikTop AHaToniioBuy Joiininos

BiTebcbka opaeHa «3Hak lNowaHn» aepxXaBHa akageMis BeTepUHAPHOi MeauLMHK
210026, Byn. Oosatop, 7/11, M. BiTebcbk, Pecnybnika binopycb

AHotauis. ETonoramu BusisneHo 6e3niy acnekTiB NOBeAiHKM TBAPWH, i HAKOMMYEHUI HUMU JOCNIAHUI [OCBIO, MOXe
6yTM BMKOPUCTAHWI Y CiNbCbKOrOCMOAAPCbKOMY BMPOOHMUTBI Mif 4Yac Bigbopy 0cobuH 3 MOTPIOHMMM NHOAMHI
NnoBeAiHKOBMMU FKOCTAMWU. MeTa gocnigkeHb nonsirana B MOLWYKY MaNOTPYAOMICTKMX Ta edeKTUBHUX NPUMOMIB
BiAOOpPY MONOAHSAKY CBUHEN A1 PEMOHTY CTAZA 3 YPaxyBaHHAM BUSABEHHS iX NOBELiHKOBMX 0COBMBOCTEN B YMOBAX
NPOMUCNOBOI TEXHOOTiT BUPOOHMUTBA CBUHMHM. [1ia Yac NOpiBHAHHA cnocoby Bifdopy MONOLHSKY 33 BEIUUYUHOK
iHLLEKCY XXMTTE3AATHOCTI HOBOHAPOMXKEHUX NOPOCAT 3 NPUIAOMOM BifOOPY, IKMI BPaXOBYE CAMO3aKpinaeHHs nopocaTt
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3a TPbOMa NepefHiMM napamyn COCKiB CBMHOMATKM, BCTAHOBJIEHO, LLIO MMOBIPHICTb CAMO3aKpinJeHHs NopocaTH 3a
nepeaHiMM TpbOMa MapamMu COCKiB CBMHOMATKM 3HAXOAMUTLCS B MO3UTUBHIN | BUCOKIN KOpensiLii 3 BEMYUHOK MOro
iHOEeKCY XMUTTE3AATHOCTI 3a KoediuieHTa kopensuii 0,95. MopocsaTa, Wo 3aiManu nepeaHi Tpu Napu COCKiB NPOTArom
niacucHoro nepioay gocrosipHo (P<0,001) nepesepluyBanu iHWMx no Maci B 21 aeHb i B 60 aHiB Ha 22,7 % i 5,4 %
BiAMNOBIAHO. 32 NPOBEAEHHS OLLIHKM NMOBEAIHKOBMX PEAKLLi NOpOCAT, BiibpaHMX Bif, CBMHOMATOK, Y LUTYYHO CTBOPEHIN
CTPEeCcoBiM CUTyaLii BUAINEHI ANS NOLANBLIOrO CMOCTEPEXEHHS TPYNU PEMOHTHUX CBMHOK CTIMKMX i He CTIMKMUX A0
NCUXONIOTIYHOrO (EMOLIMHOrO) cTpecy. BcTaHOBNEHO TaKOX, WO cepen CBUMHOMATOK, OTPUMAHMX i3 CBUHOK CTIMKMX A0
CTpecy,nepesara no 3aniigHeHoCTi 3a NepLloro 3anfigHeHHs i 3aranbHili TMTOMIl Ba3i onopocHMx ctaHoBuno 11,1 n.n.,
3 baratonnigas - 2,6 ron. (P<0,05) abo 33,3 %, a 3a NMTOMOK Barok nepeBefeHUX B OCHOBHe CTago - 27,8 n.n.y
MOPIBHAHHI 3 rpynot He CTiMki. Ha niacTasi oTpMMaHuX pesynbTaTiB 06rpyHTOBAHO BMKOPWUCTAHHS €TONMOrIYHOro
npuiomy Bifdopy NOpoCsT A/ PEMOHTY 3 ypaxyBaHHAM (akTy iX caMO3aKpinneHHs 3a nepesHiMy TpboMa Napamm
COCKiB CBMHOMATKM 1 eKcnpec-MeToay Biabopy MopocsT 3 ypaxyBaHHAM iX CTiMKOCTi A0 NCUXONOTIYHOrO CTpecy

KniouoBi cnoBa: etonoris, Binbip, peMOHTHWUIA MONOLHSIK, MOPOCATA, XUTTEIAATHICTb, CTIMKICTb A0 CTPeCiB

Scientific Horizons, 2021, Vol. 24, No. 1




SCIENTIFIC HORIZONS pgpmm

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 24(1), 29-35

UDC 636.7.09:617.57/58:616.5-002-07/.08
DOI: 10.48077/scihor.24(1).2021.29-35

CLINICAL MANIFESTATION AND METHODS OF TREATMENT OF
PODODERMATITIS IN DOGS

Inna Yevtushenko'*, Dmytro Bilyi?, Olesya Tsymerman?, Anastasia Nepochatova*

'Kharkiv State Zooveterinary Academy
62341, 1 Akademichna Str., Mala Danylivka, Kharkiv region, Ukraine

2Dnipro State Agrarian and Economic University
49600, 25 Serhiy Yefremov Str., Dnipro, Ukraine

Abstract. This paper provides data on the clinical signs of pododermatitis

Article’s History: in dogs and also investigates effective treatment regimens. The urgency of
Received: 03.01.2021 the stated problem is due to the growing incidence of pododermatitis in
Revised: 20.02.2021 dogs, its polyetiological nature, which requires a multifaceted approach to
Accepted: 11.03.2021 diagnostics and the introduction of effective treatments methods. Thereby,

the purpose of the study was to investigate the clinical manifestations
of skin diseases of the distal extremities in dogs and to determine the
Suggested Citation: efficacy of complex therapy of pododermatitis. The studies were based on
Yevtushenko, I.,Bilyi,D.,Tsymerman,O.,  clinical research methods in dermatology, parasitological (skin scraping),
& Nepochatova, A. (2021). Clinical  bacteriological,and mycological (seeding on nutrient media with subsequent
manifestation and methods of treat-  isolation of the pathogen) surveys. Based on the findings of the study, the
ment of pododermatitis in dogs. absolute number of cases revealed lesions of 2 paws (53.3%), much less
Scientific Horizons, 24(1), 29-35. often -all4 limbs (26.7%).1t was found that mainly localisation of superficial
skin lesions was found in 56.2% in the area of the interdigital space and
43.7% of cases - only on the plantar surface of the pastern (metatarsus),
rarely - inflammation of the claw phalanx (31.2%). The main clinical signs
of dermatitis of the distal extremities in dogs were erosive and ulcerative
inflammation, alopecia, papules and pustules filled with purulent exudate,
erythematous inflammation, haemorrhage, areas of lichenification. Studies
on the treatment of dogs with pododermatitis caused by Staphylococcus
intermedius, Demodex canis and Malassezia pachydermatis have shown the
following: introduction of drugs Bravecto, Cefuroxime, Orungal, Apoquel
and Derinat increased the efficacy of therapy in animals of the experimental
group, as compared with the control (from 28.6% to 66.7%), reducing the
duration of treatment to 21 days (p<0.01) and extending the remission
period to an average of 185 days (p<0.01). The prospect of further research
is the unification of clinical, morphological, and biochemical blood
parameters as diagnostic criteria for pododermatitis in dogs
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INTRODUCTION

Diseases of the distal extremities inanimals is a pressing
issue in modern veterinary medicine. In Ukraine, pro-
ductive farm animals were a traditional object for a
detailed study of this group of pathologies [1; 2]. At the
same time, there are currently research works in the
world aimed at studying the inflammatory pathology of the
distal extremities in dogs: R.M. Breathnach, K.P. Baker,
PJ. Quinn, TA. McGeady, C.M. Ahern, & B.R. Jones [3];
AV. Bokarev [4]. However, insignificant attention has
been paid to the study of the skin in this area. Notably,
there are almost no special methods for studying dis-
eases of the distal extremities in dogs. Most often, veter-
inarians use general diagnostic methods for this group
of sick animals, with the appointment of classical measures
for the treatment of dermatitis.

One of the important aspects of studying the
problem of pododermatitis in dogs is the lack of research
data onthe pathogenesis of the disease.This leads to the
lack of effective therapeutic and prophylactic regimes
for this pathology. Often practicing veterinarians do not
attribute pododermatitis to independent diseases, but
consider them a link in dermatological diseases. This
position leads to a number of dangerous medical errors:
the use of monotherapy does not deliver a positive result;
the sensitisation of dog's body with allergens compli-
cates the disease progression; the treatment protocols
do not provide a lasting clinical effect; sick animals are
prescribed several courses of treatment without a pos-
itive result.

In contrast, in foreign countries,a comprehensive
study of inflammatory pathology of the skin of the distal
extremities in dogs is actively taking place. E. Bonsin'o,
(2008) for many years conducted study on the clinical
manifestations, pathogenesis, and treatment of derma-
titis of the lower extremities in dogs. The scientist has
found that drug treatment did not always ensure the
recovery of sick animals and was the basis for further
surgery [5]. Studies conducted by Peterson, Su (2000)
have led to scientific interest in this pathology and high-
lighted the etiological factors of pododermatitis in dogs [6].
V.V.Velkov proposed original methods for the diagnosis
and treatment of chronic pododermatitis in small animals.
The proposed rehabilitation measures were based on
an integrated approach using antibacterial, sensitising,
and nonsteroidal drugs on the background of diet therapy
and limb correction [7].

Foreign scientists are also conducting experi-
ments to determine the most effective treatment regi-
mens for dogs with pododermatitis, taking into account
the etiological factor and the disease phase [8-9].
Pododermatitis is caused mostly by saprophytic micro-
flora (bacterial and fungal) of the skin, which leads to
increased pathological processes under conditions of
reduced immune status. Since a significant number of
skin diseases are accompanied by immunodeficiency,
an important and mandatory component in the treatment
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protocol are the means of general stimulant therapy.
According to recent reports, administration of immuno-
modulators (Imudol, Katobevit, etc.) is recommended [10].

Given the urgency of this problem in veterinary
medicine, the following should be noted:

1) practitioners pay insufficient attention to derma-
titis of the lower extremities. However, in terms of phar-
macological intervention, pododermatitis is much more
difficult to treat than dermatitis of other localisation;

2) pododermatitis (even in simple form), induced by
mechanical trauma, have a high tendency to transition
to a chronic form;

3) most dermatitis of the distal extremities, which
are registered at the primary reception, due to the
long progression, lose contact with the initial factor
and run as a polyetiological disease, not responding to
monoethiotropic therapy [11-17].

The purpose of the study was to investigate the
clinical manifestations of skin diseases of the distal
extremities in dogs and to determine the effectiveness
of complex therapy of pododermatitis in dogs.

MATERIALS AND METHODS

The study was conducted in the veterinary hospital in
Feldman Ecopark (Kharkiv region, Dergachiv district)
and the Department of Surgery Kalashnik of the Kharkiv
State Zooveterinary Academy. Among all animals with
a diagnosis of dermatitis admitted to the veterinary
hospital in Feldman Ecopark during 2019-2020, 289 dogs
were examined, including 116 with skin diseases of
various localisations. In the structure of dermatological
diseases included 16 dogs with dermatitis of the distal
extremities.

The subjects for the study were dogs aged 5 to
17 years, outbred, of different sexes, with pathologies
of the skin - interdigital abscess (duration of clinical
symptoms ranged from 3 days to 8 months). Diagnostic
studies were based on anamnestic data (age, condition,
limb posture, comorbidities — elbow dysplasia, etc., re-
sponse to treatment and propensity to relapse), clinical
examination, and laboratory findings. Clinical examina-
tions of animals were performed according to the gen-
erally accepted method (visual examination, palpation,
diascopy), paying attention to the condition of the skin
in the distal extremities [18]. Particular attention was
paid to the presence of itching, its intensity, time of
onset, nature of the exudate, local temperature, pain,
localisation of skin rashes, alopecia, erythema, hyper-
pigmentation and lichenification in different parts of
the body [19].

Diagnostic studies to detect canine scabies
Sarcoptes canis and Demodex canis were performed by
deep scraping of the skin from 5 affected areas until the
appearance of blood. During the analysis of scrapings,
the characteristic morphological features of mites of
different species and their total number in the studied




material were taken into account [20]. To differentiate
from dermatitis of fungal etiology, microscopy of hair
and scales from the affected areas of the skin was carried
out [21]. Bacteriological and mycological studies were
conducted at the Institute of Dermatology and Venereology
of the Academy of Medical Sciences of Ukraine (Kharkiv).

To study the effectiveness of various treatment
regimens for pododermatitis in dogs caused by Staph-
ylococcus intermedius, Demodex canis and Malassezia
pachydermatis, two groups of animals were formed:
experimental (n=9) and control (n=7). The disease was
in an associative form. For the treatment of dogs of the
control group the following drugs were used: Ivermek
(manufacturer LLC Nita-Pharm, Russia, the active sub-
stance (AS) - ivermectin), at a dose of 0.3 mg/kg body
weight (0.2 ml per 10 kg body weight) with an interval
of 6 days (5 injections); Amitraz solution 2.5% (the drug
was applied topically for 1 month, once every 3 days,
multiplicity 5 times); Levomicol ointment (manufacturer
Chervona Zirka, Kharkiv, AS - chloramphenicol - 7.5 mg,
methyluracil - 40 mg) 2 times a day for 10 days; Nystatin
(manufacturer Zdorovya pharmaceutical company,
Kharkiv,AS - nystatin at a dose of 500,000 IU orally,once
daily for 10 days); Allegra 180 mg (manufacturer Sanofi,
France, AS - fexofenadine hydrochloride - 180 mg)
was administered orally with food 1 pill once daily
for 10 days; Sinulox (manufacturer Pfizer, USA, AS -
amoxicillin trihydrate — 40 mg, clavulanic acid - 10 mqg)
was administered orally at a dose of 12.5 mg/kg body
weight 2 times/day for 15 days. For the treatment of
dogs in the experimental group the following drugs
were used: Bravecto (manufacturer MSD Animal Health,
Austria, AS - fluralaner, at a dose of 500 mg/kg body
weight, given as a single dose); Novertin ointment
(SC Ukrzoovetprompostach, Ukraine, AS - aversectin
C - 0.05 g) at the rate of 0.2 g/cm2 once daily with
an interval of 7 days, multiplicity — 3 times; Orungal
(manufacturer Via S. Janssen, Italy, AS - itraconazole -
100 mg) at a dose of 10 mg/kg body weight, once daily
for 10 days; Cefuroxime (manufacturer Sandoz, USA,
AS- cefuroxime axetil - 500 mg) at a dose of 500 mg/kg
body weight, 1 pill once daily for 7 days; Derinat (manu-
facturer Technomedservice, Russia, AS - sodium deoxy-
ribonucleate) at a dose of 7.5 mg (0.5 ml) 1 injection with
an interval of 72 hours, 5 injections in total. To facilitate
the penetration of the drug through the skin of animals,
keratolytic pet shampoo Keratolux was used (manufac-
turer Virbac, France, AS - salicylic acid, zinc gluconate,
vitamin Bé, piroctone olamine, fatty acids). To eliminate
itching, Apoquel (manufactured by Zoetis, USA, AS - oclac-
itinib — 5.4 mg) was used orally at a dose of 0.4-0.6 mg
per 1 kg of body weight of the animal 2 times a day
for 21 days.

Evaluation of the effectiveness of therapeutic
measures for pododermatitis in dogs was performed

Yevtushenko et al.

according to clinical criteria. In particular, the dynamics
of changes in the symptoms of the disease was
determined; duration of treatment; the number of
cured animals; the proportion of recurrences and their
complications; remission period. Skin scrapings were
examined every 3-4 weeks to determine tick and fungal
agents. The duration of observations was two months,
until 2 negative skin scrapings, negative bacteriological
and mycological cultures were obtained.

RESULTS AND DISCUSSION

Analysing the results of studies, it was found that skin
diseases of various etiologies are widespread. After
examination of 289 dogs, dermatological pathologies
were registered in 116 individuals, which is 40.13%.
Pododermatitis in dogs from the total number of cases
of skin diseases was diagnosed in 16 animals, which
correspondsto 13.79%.Analysis of the etiological factors
of the development of pododermatitis indicates the
associative nature of dermatitis of the distal extremities
in the examined sick dogs. Thus, the pathogen Demodex
canis was found in (87.5%) patients, in 75% of animals -
Staphylococcus epidermidis was isolated, and in 68.75%
of dogs Malassezia pachydermatis was diagnosed.

Versatile macromorphological manifestations of
pathological processes were revealed during external
examination of distal extremities. Thus, 7 out of 16 dogs,
which accounted for 43.7%, were diagnosed with general
dermatitis along with pododermatitis. In most cases (9 dogs
out of 16 - 56.2%) a local process was recorded, which
was limited to the distal extremities and did not extend
to the skin on other parts of the body.

As a result of the conducted examinations it was
established that 2 paws (53.3%) were most often affected
in dogs. There were frequent cases of pathology of all
4 extremities (26.7%), more sporadic cases of inflamma-
tion of one and three paws (12.5% and 6.2% - respectively).
After external examination of the distal extremities in
16 dogs with pododermatitis, it was found that visual
inflammation of superficial tissues was localised in:

1) in the form of inflammation, during which more
tissues of the pastern (metatarsus) and fingers were af-
fected - in 12 dogs (75%).

2) only in the interdigital space - in 9 dogs (56.2%);

3) only on the plantar surface of the pastern / meta-
tarsus - in 7 dogs (43.7%);

4) only in the form of local inflammation of the claw
phalanx, local inflammation of the claw folds and soft
tissues, limited only to the phalanges of the fingers - in
5 dogs (31.2%);

5)onlyonthedorsalside of the pastern/metatarsus -
in 2 dogs (12.5%).

Macromorphological visualisation of dermatitis
of the distal extremities of dogs of different localisation
is presented in Figures 1-3.
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Figure 1. Inflammation of the dorsal side of the pastern

Clinical manifestation and methods of treatment of pododermatitis in dogs
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Figure 2. Inflammation of the
plantar side of the pastern

Figure 3. Metatarsal panniculitis in dogs

Another important criterion for establishing a
clinical diagnosis was the visualisation of the variability
of tissue damage at the site of inflammation. Thus, the
external signs of pododermatitis in dogs were: alopecia,

patches, erythema, haemorrhage, papules, vesicles, pus-
tules, erosion, ulcers, necrosis, scars, lichenification and
mixed type of damage. The findings are presented in
the Table 1.

Table 1. Clinical signs of dermatitis of the distal extremities in dogs, %

T o o 8 % c g
o c o c = = © (=) ] o
5 SE sy 3 e FE £ 3
S £ 5 i P < 8 € 7 © c S
5 2e 2% = Q ] £ ¢ 2
[ a = o c X K<
= Y- 2 q 2 & s ° = £
w < < & o 3 2
Total 1 3 1 1 4 1 5 16
Total, % 6.25 18.75 6.25 6.25 25 6.25 31.25 100

In the vast majority of examined dogs (31.25%),
a mixed type of damage was recorded in the area of
inflammation of the distal extremities — simultaneous
damage to superficial and deep tissues of varying intensity.
Erosive ulcerative dermatitis ranked second in the
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frequency of visual diagnosis (25%). Skin lesions of the
distal extremities in the form of monomorphological
variants in dogs were less common. In 18.75% of cases,
the general signs of pododermatitis were characterised
by alopecia and patches, in which epidermal disorders




were not observed. In other animals (6.25%) pododer-
matitis manifested as pustular, bullous, and papular
rash with a haemorrhagic and purulent exudate, erythema
and haemorrhage, and was characterised by fibrosis and
lichenification.Thus,the main clinical signs of dermatitis
of the distal extremities in dogs were erosive-ulcerative
inflammation and alopecia. The scientific literature pres-
ents quite similar methods of therapy, which do not
differ in variety. Treatment regimens were determined
depending on the form of disease progression and
the etiological factor. Treatment strategy involved the
effect of drugs on the tissues, organs and systems of
the dog's body, directly related to the pathogenesis of
a disease [22].

Taking into account the etiological factors and
pathogenesis of a disease, a clinical trial of two treat-
ment regimens for pododermatitis in dogs caused by
Staphylococcus intermedius, Demodex canis and Malasse-
zia pachydermatis was developed and clinically tested.
To study the effectiveness of different therapeutic regimens
for pododermatitis in dogs, two groups of animals were
formed (control and experimental), 7 and 9 patients,
respectively.

The animals of the control group were treated
with Ivermek and a 2.5% Amitraz solution as an acaricidal
preparation, Sinulox in combination with Levomikol was
prescribed for antibacterial therapy, antifungal therapy
was represented by Nystatin,asanantihistamine - Allegra.
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Treatment of patients in the experimental group was
carried out using the latest drugs. An insecto-acaricidal
agent - Bravecto, to which there is no resistance among
ticks and is safe for the body of animals, with the active
substance Fluralaner, which blocks GABA-dependent
and glutamate-dependent arthropod receptors. Fungicidal
agent - Orungal, with the active substance itraconazole,
which suppresses the synthesis of ergosterol and has
a wide antifungal spectrum. Antibacterial agent -
Cefuroxime, which belongs to the 2" generation cepha-
losporin. In addition, drugs of general action were used:
Apoquel, which refers to selective inhibitors of Janus
kinase (JAK), Derinat - an immunomodulatory agent that
activates the immune response to bacterial and fungal
antigens, as well as a local keratolytic agent - Keratolux.

Analysis of the efficacy of treatment measures
for pododermatitis in dogs caused by Staphylococcus
intermedius,Demodex canis and Malassezia pachydermatis
allowed establishing the following patterns (Table 2).
The use of drugs Bravecto, Cefuroxime, Orungal, Apo-
quel compared with a combination of drugs lvermek,
Levomicol, 2.5% solution of Amitraz, Allegra, Sinulox al-
lowed increasing the proportion of dogs with complete
healing by 2.3 times (from 28.7% to 66.7%), decreasing
unsatisfactory treatment outcomes by 5.1 times (from
60.1% to 11.1%), and reducing the disease duration by
1.6 times <0.01) with a prolongation of the remission
period by 2 times (p<0.01).

Table 2. Efficacy of treatment for associative pododermatitis in dogs

Control Experimental
Indicator amount % amount %

Total amount of sick animals 7 100 9 100
Recovery 2 28.7 6 66.7
Improvements (positive dynamics) 1 11.2 2 22.2
Unaltered 4 60.1 1 111

Duration of treatment, days 3543 21£3*

Period of remission, days 90%2 185+4**

Note: ** - p<0.01

Based on the obtained results, it was found that
the most common dermatitis of the distal extremities
in dogs is caused by several etiological factors, including
pathogens Demodex canis, Malassezia pachydermatis and
Staphylococcus epidermidis. Studies have identified various
macromorphological variants of pathological processes
of pododermatitis in dogs. They are characterised by
different depth and site of inflammation and the main
clinical signs, which were represented by erosive-ulcer-
ative inflammation and alopecia. The complex regimen
developed taking into account the etiological factors
and pathogenesis of the disease allows increasing the
efficacy of treatment and improve the long-term prognosis.
Therefore, this treatment regimen can be recommended

for the introduction in veterinary practice.

The obtained results on the complex treatment
of pododermatitis in dogs can be traced by other re-
searchers. Thus, it was found that in the chronicity of the
disease it is expedient to use systemic glucocorticoids,
0.1% tacrolimus topical, and cyclosporine [23].

It was also found that the efficacy of treatment
with antimicrobials after preliminary tests to determine
the sensitivity of microorganisms was 98.6%, which
indicates the elimination of the etiological factor. For
the treatment of pododermatitis of bacterial etiology,
it was useful to topically apply a solution of dimethyl
sulfoxide in combination with enrofloxacin (10 mg/ml)
and steroids (0.1 mg/ml). In chronic cases of Malassezia
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pododermatitis in dogs, the pulse therapy was prescribed.
Systemic therapy included oral administration of ket-
onazole at a dose of 5-10 mg/kg once daily (two consec-
utive days for three weeks). For topical therapy, sham-
poos containing 2% miconazole and 2% chlorhexidine
solution (twice a week) were used, as well as lotions
containing terbinafine, nystatin, and clotrimazole [24].

Many studies have been conducted using vari-
ous etiotropic drugs for pododermatitis in dogs, indi-
cating the high efficacy of the proposed treatment pro-
tocols. Researchers point out that for demodecosis
it is necessary to carry out acaricide treatment using

macrocyclic lactones, drugs from the isoxazoline class [25].

Other studies suggest the effectiveness of Amitraz at
a concentration of 0.125% to 1.25% daily [26]. Scien-
tists argue that for pododermatitis, accompanied by a
secondary bacterial infection, it is necessary to use local
and systemic antibiotic therapy. The latter should be
continued for 1-2 weeks; for local treatments, shampoos

with chlorhexidine (3-4%) and benzyl peroxide are used.

Remarkably, this treatment regimen allowed con-
trolling the main symptoms: itching and erythematous
inflammation of the skin. But the study shows that after
2 months of treatment, recurrences of the disease were
recorded in 2 animals. [27].

CONCLUSIONS

Pododermatitis of dogs in the structure of skin diseases
accounted for 13.79% of all cases and had different
macromorphological clinical variability. In dermatitis of
the distal extremities in dogs, the main clinical symp-
toms were erosive-ulcerative and erythematous inflam-
mation of the interdigital space, lichenification, fibrosis,
ulcers, haemorrhage, alopecia areata, the presence of
popular and pustular rashes with a haemorrhagic and
purulent exudate. In most cases (75%), inflammation of
the tissues was localised in the pastern (metatarsus)
and fingers of dogs.

The associative nature of dermatitis of the distal
extremities in the examined sick dogs was established.
Thus, the pathogen Demodex canis was detected in (87.5%)
patients, 68.75% of dogs were diagnosed with Malassezia
pachydermatis, and 75% of experimental animals were
diagnosed with Staphylococcus epidermidis (62.5%). The
use of drugs Bravecto, Cefuroxime, Orungal, Apoquel com-
pared with a combination of lvermek, Levomicol, 2.5%
Amitraz solution, Allegra, and Sinulox increased the pro-
portion of animals with complete healing by 2.3 times
(from 28.6% to 66.7%), reduced unsatisfactory results by
5.1 times (from 57.1 to 11.1%), as well as reduced the du-
ration of treatment period by 1.6 times (p<0.01) with ex-
tending the remission period by 2 times (p<0.01).
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KNIIHIYMHUM NPOSB | CMOCOBM JTIKYBAHHS MOAOAEPMATUTIB Y COBAK

IHHa AMuTpiBHa EBTyweHKo?, AmMuTpo OMutposuu binuit?, Oneca OnekcaHapisHa Liumepman?,
AHacracia KocrautuHiBHa HenouatoBal

1XapkiBcbKa AepykaBHa 300BETEpMHApHa akaaeMis
62341, Byn. AkageMiuHa, 1, cMT Mana JaHuniBka, XapkiBcbka 061acTb, YKpaiHa

2[IHINPOBCbKMI1 flepXaBHWIA arpapHO-EKOHOMIYHWUIA YHiBEpCUTET
49600, Byn. Cepria €dppemosa, 25, M. [IHinpo, YkpaiHa

AHoTaujiq. Y npencraBneHin CTaTTi HaBeAeHi AaHi WOAO KNiHIYHMX 03HAK 3a nepebiry NofoaepmMaTuTiB y cobak, a Takox
LOCNipKeHi eDEKTUBHI CXEMU IX NiKyBAHHA.AKTYanbHiCTb Mpo6aeMu 3yMOBJIeHa 3POCTAHHSM BUMNAKiB 3aXBOPIOBAHHS
Ha nofoAepMaTUTM y cobak, iX NoNieTioNoriYHNMM XapakTepoM, Wo noTpebye pi3HOBIYHOro Miaxony 3a NPOBEAEHHS
[LiarHOCTUYHMX TECTIB | BNPOBaAXEHHS ePeKTUBHMX CNOCOBIB NiKyBaHHS. Y 3B93KY 3 LLUM METOH A0C/NIIKEHHS Byno
BMBYMTU KNiHIYHWUIA NPOSIB 3aXBOPIOBAHb LWIKipW AWUCTANbHOIO BiAAiny KiHUIBOK y cobak i BU3HAUUTU edeKTUBHICTb
3axofiB KOMMJEeKCHoi Tepanii nogoaepMatutiB. JocnigkeHHs nNpoBOAMAMCH HA NIACTaBi KNIHIYHUX MeTo4iB
LOCNIKEHHS Yy AepMaTONOrii, Napa3uToNorivyHmx (3ickpibkiB LWwKipn) 6akTepionoriyHMx i MikonoriYHUX (BUCiBM Ha
MOXWBHI CepefoBuMLLA i3 MOJANbWMM BUAINEHHAM 30yAHMKA). 3@ pe3ynbTaTaMu A0CNiAKEeHb BCTAaHOBMEHO, WO B
abCoNOTHIN KiNbKOCTI BUMNAAKiB BUABNANM ypaxeHHs 2-x nan (53,3 %), 3Ha4YHO piawe BCiX 4 KiHUiBOK (26,7 %).
Byno 3dcoBaHo, WO B OCHOBHOMY JIOKaNi3aLis NMOBEPXHEBUX YpaXkeHb LWKipu BugBnsnacb y 56,2 % B obnacti
MiXnanbueBoro ceoay T1a 43,7 % BMNAAKiB — iMLLe i3 NiAOWOBHOI CTOPOHM MACTI (MAKOCHM); pialle 3ananeHHs 30HU
KirtboBoi danaHrn (31,2 %). OCHOBHMMM KNiHIYHMMM O3HAKAMM AEPMATUTY AMCTANbHOMO BiAAINY KiHLIBOK Y cobak
6ynu epo3iiiHO-BMpa3KoBe 3anasieHHs Ta anoneLii, nanyau Ta NycTynu, 3aNOBHEHI THIMHUM eKCyAaToM, epuTeMHe
3ananeHHs, remoparii, LingHku nixeHisauii. Mig yac gocnipkeHb WoA0 NiKyBaHHS cObak, XBOPUX Ha NMOAOLEPMATHUT,
cnpuunHeHoro Staphylococcus intermedius, Demodex canis Ta Malassezia pachydermatis 6yno BCTaHOBNEHO, LLO
BKJ/IIOYEHHS [0 KOMMIEKCHOI CXeMM NiKapCbkux 3acobiB «bpasekTo», «Lledypokcumy, «OpyHrany», «Anokeenb» Ta
«[lepnHaT» NiaBULWKMNO0 ePEKTUBHICTb TEpanii y TBAPUH JOCNIAHOT rPpynu, IK NOPIBHATYM i3 KOHTponeM (3 28,6 10 66,7 %)
Ha TN CKOPOYEHHS TPUBANOCTI Kypcy NikyBaHHA 00 21 nobu (p<0,01) Ta noLoBXeHHS Nepioay peMicii B cepeaHboOMy
0o 185 ni6 (p<0,01). MNepcnekTMBOW NOAANbLWIMX AOCNIAXKEHb € YHiDIKaLia KNiHIKO-MOPdONOriYHUX i BioXiMiYHMX
MOKa3HMKIB KPOBI, K AiarHOCTUYHUX KpUTEPIiB 3a moJoAepMaTuTy B cobak

KniouoBi cnoBa: nofoaeMonekos, PypyHKynbo3, Cobaku, KNiHiYHI 03HAKK, TepaneBTUYHA eeKTUBHICTb
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INTRODUCTION

The market transformation of Ukraine's agriculture, its
radical restructuring and purposeful state agrarian policy
are aimed at ensuring that the agri-food sector provides
economic growth for the national economy, raising social
living standards, sustainable development and improving
environmental security. Recently, the positive changes
have been observed only in poultry and beekeeping in-
dustries [1],which do not solve the problem of balanced,
systemic development of agriculture in the long term.
Therefore, comprehensive scientificand innovative sup-
port of the economic stabilisation to achieve the stra-
tegic goals of radical agrarian transformations acquires
special importance in the sectoral dimension.

Among the branches of agricultural production,
animal husbandry plays a unique role of catalyst for the
success of market transformations; it is a model embod-
iment of the paradigm of interaction of economic, social
and ecological systems. On the one hand, the industry is
relatively risky, technologically complex, resource- and
labour-intensive, dependent on external conditions, de-
manding the qualifications and human qualities of its em-
ployees. However, on the other hand, animal husbandry
has historically been a traditional branch of agriculture
in Ukraine. It is an important source of income for peas-
ants, an inviolable component of rural life, a means
of strengthening the rural community, and a source of
indispensable and essential food. Thus, the prospects
of animal husbandry in Ukraine must correspond to its
natural and economic potential, historical traditions,
social role and ecological purpose.

The development animal husbandry in Ukraine
is inextricably linked with the objectively necessary
renewal and modernisation of the industry, which re-
quires the following; creation and widespread introduc-
tion of new, highly productive animal breeds; resource-
saving and environmentally friendly technologies for
keeping and feeding livestock and poultry; automated
and computerised processes; the use of the latest
biotechnological and physicochemical methods and
processes aimed at improving product quality [2; 3].

The innovative vector for the development of
an effective organisational and economic management
mechanism in the livestock industry provides funda-
mental changes in intersectoral and sectoral economic
relations. This implies the strengthening of state regu-
lation and the use of such economic levers as pricing,
lending, taxation, insurance, improving property relations,
introducing a risk management system and modern
marketing technologies, stimulating support for the
development of agricultural cooperation and vertical
integration [4-6].

There is an urgent need to develop and imple-
ment an adequate policy focused on the safe interac-
tion of livestock and the environment at the national
and regional levels. Such a policy should prevent over-
burdening the industry on ecosystems, land and water
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resources in the context of intensifying its development.
Numerous studies of Ukrainian and foreign scientists
were aimed at the current state of development of
the livestock industry, taking into account its specifics,
productivity, diversity of global, industry, regional, tech-
nological and organisational features. In particular,
Ukrainian scientists have studied the directions for the
development of the agricultural sector of the economy,
taking into account the investment support of the livestock
industry in Ukraine [7-9]. The leading role in the de-
velopment of the livestock industry in the near future
is assigned to state regulation of its economy [10-13].
Ways to intensify modernisation shifts aimed at the
revival of animal husbandry are, first of all, their socio-
economic component [14-17]. Further development of
the livestock industry in the future is impossible without
an empirical study of the influence of the main factors
of its productivity in general and by animal species in
particular [18-20].

Realising the potential of the livestock sector in
climate change mitigation requires the promotion of
research and development of new effective mechanisms
for the introduction, dissemination and transfer of
technologies to limit greenhouse gas emissions. This
includes better mechanisms for monitoring, accounting
and control of emissions in livestock production [10;
21; 22]. The reinforcement of the strategic orientation
of Ukrainian livestock industry and intensification of
its development to the level of compliance with the
existing capabilities and the subsequent transition to
competitive development is highlighted in this study.
The above is aimed primarily at ensuring food security
both inthe countryand atthe regional level in particular.

The purpose of the study is to assess the produc-
tivity of livestock farming, its efficiency and the main
reasons for its change with the further development
of the industry in the long term, taking into account
a set of factors. The key tasks include: analysis of the
dynamics of the average annual number of livestock
and poultry; the volume of livestock production; the
level of livestock production per capita; level of animal
feeding; analysis of the structure of the production cost
of livestock products, and level of its profitability.

MATERIALS AND METHODS

In the process of organising and conducting research
on the patterns and trends of the current state of the
livestock industry in Zhytomyr region, the following gen-
eral and special economic methods were widely used:
economic analysis, which was implemented through a
set of research techniques that constitute this method.
The most important element of the methodology of
economic analysis were techniques and methods of
analysis, which were used at different stages for: prima-
ry processing of collected information, study of the state
and patterns of development of the livestock industry,
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determining the impact of factors on business results. A
separate subsystem of general (synthetic) and analytical
indicators was developed for each research task, based
on the principle of their sufficiency for the corresponding
depth of analytical research. At the same time, the rela-
tionships between indicators, algorithms for their cal-
culation and levels of values were established.

Indicators of extensive and intensive development
and changes, natural and cost, absolute and relative,
were distinguished throughout the analysis. The set of
indicators was determined by the nature of the study of
causal relationships. During the study of economic ef-
ficiency of livestock production, qualitative and quantita-
tive methods of economic analysis (analysis, synthesis,
induction, deduction, average and relative values, time
series, graphical techniques, etc.) were used to determine
the size, scale, trends, and dynamics of development of
the livestock industry [23].

At the first stage of the study, current trends in
the state of development of the livestock industry were
investigated. Using the time series and their indicators,
the average annual livestock and poultry population,
its absolute and relative deviation for the last three
years were determined. Since changes in livestock and
poultry directly affect the volume of production, it was
considered necessary to study changes in the dynamics
of production by type; including meat (in slaughter
weight) of cattle, pork, lamb and goat, rabbit, poultry,
milk,wool,chicken eggs,honey.It was expedient to study
the structure of meat production of all kinds during the
analysed period. In addition to the impact of changes in
livestock and poultry on production volumes, a significant
determining factor was the level of its productivity. The
analysis of the latter was carried out through a system
of indicators, namely: the average annual milk yield

per cow, the average annual shearing of wool from one
sheep, the yield of offspring per 100 females by live-
stock, honey per 1 bee colony. The assessment of the
state of the livestock industry was carried out through
the level of production of meat (in slaughter weight),
milk, eggs per person in the dynamics. The influence of
changes in the level of cattle nutrition on the payback
of feed products was studied using scientific methods
of induction and deduction in general and by the main
types of livestock products.

To increase the sustainable development of the
livestock industry, the economic efficiency of its produc-
tion is important. Among the main performance indica-
tors is the structure of production costs, which was deter-
mined by the following cost items: direct material costs,
including feed; other products; fuels and lubricants; fuel
and electricity; spare parts, materials for repair; salary
expenses; other direct costs, including contributions to
social activities; amortisation; overhead costs, including
services of third parties. The summarising indicator of
livestock production in agricultural enterprises was
estimated by types of products: cattle for meat, pigs for
meat, sheep and goats for meat, poultry for meat, milk,
and chicken eggs.

The information base of the analytical study was
the statistical reporting of business entities of various
business categories.

RESULTS AND DISCUSSION

Assessment of the state of livestock production

Current trends in the development of the livestock in-
dustry in the Zhytomyr region are defined primarily by
the presence of livestock and poultry in farms of all
business categories. The dynamics of the available live-
stock and poultry are given in Table 1.

Table 1. Dynamics of average annual number of livestock and poultry in the farms of
Zhytomyr region, thousand animal units

Years 2016 to 2018
Groups of animals
2016 2017 2018 +, - %
Bovine cattle 184.1 183.0 189.4 5.3 102.9
e in particular Dairy cows 109.3 109.4 111.5 2.2 105.3
Pigs 137.0 118.2 146.6 9.6 107.0
Sheep and goats 27.0 239 27.5 0.5 101.9
Pouttry of all types (adult and young), (g4 1 7398.5 74917 530.6 1076
including fattening chickens
Number of bee families 191.6 193.4 193.9 2.3 101.2

Source: calculated by the author based on [24]

The data in Table 1 show that, in general, there
was a slight increase in the total number of animals
during the analysed period. Thus, the number of animal
units in 2018 amounted to 189.4 thousand units, which
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is 5.3 thousand more, or 2.9%, compared to 2016. The
number of dairy cows increased by 2.2 thousand units,
or 5.3%,; pigs - by 9.6 thousand units, or 7.0%; poultry -
by 530.6 thousand units, or 7.6%. An increase in the




number of bee colonies was 2.3 thousand, or 1.2%, and
at the end of 2018 there were 193.9 thousand bee col-
onies. Positive changes in the number of livestock and
poultry were reflected in the livestock production (Table 2).

As can be seen from Table 2, the production of
meat in the slaughter weight in general in the farms
of Zhytomyr region increased in 2018 by 1.3 thousand
tonnes, or 2.4%, as compared to 2016.At the same time,
during the analysed period there was a decrease in
production of pork by 1000 tonnes, beef and veal by
300 tonnes. In the farms of the region in 2018 there was
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a significant decrease in milk production and amounts
to 553.3 thousand tonnes, which was 13.3 thousand
tonnes less than in 2016 amounted to 97.7% of the base
year. Positive trends have taken place in the field of
poultry farming. Thus, the increase in the production of
chicken eggs in 2018 was 33.9 million units, or 5.1%, as
compared to 2016. Despite a significant increase in the
number of bee colonies (1.3 thousand), honey production
during the period of study decreased by 240 tonnes.
The structure of meat production of all species for the
analysed period is shown in Fig. 1.

Table 2. Dynamics of livestock production in agricultural enterprises of Zhytomyr region

Groups of animals Years 2016 to 2018

2016 2017 2018 +,- %
Meat (slaughter weight), total, ths t. 53.3 53.3 54.6 1.3 102.4
e beef (in particular veal) 15.6 15.8 15.3 -0.3 98.1
* pork 26.0 24.2 25.0 -1.0 96.2
e lamb and goat meat 0.3 0.5 0.5 0.2 166.7
* rabbit meat 0.9 1.1 1.3 0.4 144.5
* poultry 8.7 9.7 10.2 1.5 1773
Milk, ths. t. 566.6 547.7 553.3 -13.3 97.7
Wool, t. 27 28 27 - 100.0
Chicken eggs (mln. pcs.) 661.9 688.1 695.8 339 105.1
Honey, t. 8074 7952 7834 -240 97.0

Source: calculated by the author based on [24]

18,7

0,9
2,4
4,2

45,8

mBeef and veil

W Pork

mHorse meat

mRabbit meat

mLamb and goat meat
Poultry meat

Figure 1. Structure of meat production by types in 2018, %

Source: calculated by the author based on [24]

The largest share in the structure of meat pro-
duction in 2018 was pork - 45.8%, and beef and veal -
28.0%, poultry - 18.7%, horse meat - 4.2%, rabbit meat -
2.4%,lamb and goat meat - 0.9%. That is, the structure
of meat production does not fully correspond to the
natural and economic area of the livestock industry. The
development of the livestock industry should be typical

for this region, first of all. The change in livestock pro-
duction is largely influenced by changes in livestock and
poultry productivity (Table 3). According to the results
of the study of the dynamics of productivity of farm
animals,as one of the factors of production intensity, the
level of productivity by groups of animals has increased
slightly, but far from the potential capabilities. Thus, in
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2018, the average annual milk yield per cow increased
by 20 kg., compared to 2016 and was 5087 kg., which is
0.4%. A significant decline in productivity occurred in the

pig industry. In 2018, the yield of offspring per 100 sows
was 1046 piglets, which is 520 units, or 66.8%, less than
in 2016.

Table 3. Dynamics of productivity of farm animals

Years 2016 to 2018
Productivity indicators 2016 2017 2018 .- %
Average annual milk yield per cow, kg. 5067 4977 5087 20 100.4
Average annual shearing of wool from one sheep, kg. 1.8 1.9 1.7 0.1 94.5
Offspring yield, per 100 females, units®:
* calves 70 67 76 6 108.6
« piglets (from main sows) 1566 668 1046 -520.0 66.8
 lambs and goats (from ewes) 81 104 77 -4.0 95.1
Received honey per 1 bee colony, kg. 42.1 40.5 40.4 -1.7 96.0

Source: calculated by the author based on [24]
Note: 1 - in enterprises

During the analysed period there was a decline
in productivity of sheep and beekeeping. The level
of development of the livestock industry is largely

characterised by such indicators as the production of
the enterprises per capita (Table 4).

Table 4. Production of livestock products per capita in agricultural enterprises of Zhytomyr region, kg.

Years 2016 to 2018
Type of production
2016 2017 2018 +, - %
Meat (in slaughter weight) 42.8 431 44.5 1.7 104.0
Milk 455.5 4432 451.4 -4.1 99.1
Eggs 532 557 568 36 106.8

Source: calculated by the author based on [24]

According to the findings of the study, in 2018,
as compared to 2016, the level of production of the
main types of livestock products increased. Thus, the
production of meat of all kinds in the slaughter weight
in 2018 per capita was 44.5 kg., which is 4% more
than in 2016. Milk - 451.4 kg., or 0.9% less, eggs - 568,
or 6.8% more, respectively. At the same time, the
achieved level of production does not yet fully meet the
physiological norms of consumption of livestock prod-
ucts. Consumption of all types of meat has been almost
halved, only the production of milk and eggs exceeds
the minimum and rational norms, which is positive.

The keystone for the development of the livestock
industry is the level of provision of livestock and poultry
with high-quality and nutrient-balanced feed. The
analysis of feed consumption in animal husbandry in
agricultural enterprises of Zhytomyr region is presented
in Table 5. According to Table 5, consumption of feed
per capita tended to increase during the studied period.
Thus, in 2018, feed costs amounted to 36.97 centners
against 35.92 cwt. of feed units, 2.9% higher than in
2016. Judging by these indicators, it can be concluded
that the level of livestock and poultry nutrition at the
present stage does not meet necessary requirements.

Table 5. Consumption of feed at the animal husbandry in agricultural enterprises of Zhytomyr region

Years 2016 to 2018
Indicators
2016 2017 2018 +, - %
Feed costs per conventional animal unit, cwt., f.u. 35.92 33.10 36.97 1.05 102.9
Concentrated feed consumption, ths. t., f.u. 122.5 115.9 162.3 39.8 132.5
Feed consumption, total, ths. t., f.u. 269.1 2439 2541 -15.0 944

Source: calculated by the author based on [24]
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In total, the feed consumption throughout the
study period decreased by 15 thousand tonnes of feed
units and amount to 254.1 thousand tonnes in 2018,
against 269.1 ths. t., or a decrease of 5.6%. However,
there is a significant increase in the consumption of
concentrated feed. In 2018, its consumption amounted
to 162.5 thousand tonnes, or 32.5% more than in 2016.
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This significant increase in concentrated feed consump-
tion is due to an increase in the share in the structure of
pork production - 45.8%.

One of the main indicators of the efficiency of
livestock production and rational use of feed is its con-
sumption in terms of feed units per unit of the corre-
sponding industry product (Table 6).

Table 6. Dynamics of feed consumption for the production of 1 centner of products
in the enterprises of the Zhytomyr region, cwt, f.u.

Type of production Years 2016 to 2018
2016 2017 2018 +, - %
Gain in beef, 16.1 15.05 14.87 -1.23 924
e using concentrated feed 4.89 511 7.09 3.01 161.6
Gain in pork, 4.36 4.45 4.28 -0.08 89.2
e using concentrated feed 4.21 4.09 3.55 -0.66 84.3
Milk, 1.14 1.03 0.98 -0.16 8.6
e using concentrated feed 0.39 0.39 0.58 0.19 148.7

Source: calculated by the author based on [24]

The level of feed consumption in 2018 for the
production of beef decreased by 1.23 centners of feed
units; the increase in pork — by 0.08 cwt. f.u.; milk - by
0.16 cwt. f.u., or respectively, by 7.6%, 10.8%, 14.1%
against 2016. At the same time, there is a significant
increase in the consumption of concentrated feed in
the production of beef and milk, which is 61.6% and
48.7%, respectively. This gives grounds to state the use
of feeds that are not balanced in nutrients, in particular

digestible protein and microelements.

Efficiency of livestock production

Toincrease the sustainable development of the livestock
industry, the economic efficiency of its products, both
main and secondary, is of great importance. One of the
main performance indicators of livestock production
efficiency is its prime cost. Analysis of the structure of
production costs is presented in Table 7.

41

Table 7. The structure of the livestock production costs at the enterprises of Zhytomyr region

Years
Deviation, (+,)
Indicators 2017 2018

o % Ui % om %
Direct material costs 751.4 65.2 833.9 65.9 82.5 0.7
e in particular feed 599.9 52.0 665.1 52.6 65.2 0.6
« of which purchased 97.9 8.5 209.7 16.6 111.8 8.1
e other products 7.7 0.7 7.3 0.6 -0.4 -0.1
e fuels and lubricants 47.1 4.1 57.3 4.5 10.2 0.4

e fuel and energy 1.1 0.1 14 0.1 0.3 -
* electricity 26.7 2.3 32.9 2.6 6.2 0.3
e spare parts, materials for repair 44 .4 3.8 41.1 3.2 -3.3 -0.6
» salary expenses 128.3 11.1 142.0 11.2 13.7 0.1
« other direct costs 106.0 9.2 1355 10.7 29.5 1.5

« in particular contributions to social activities 28.4 2.5 31.7 2.5 3.3 -
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Continuation of table 7

Years
Deviation, (+,)
. 2017 2018
Indicators

mln. o min. o mln. o

UAH % UAH % UAH %

e depreciation 48.0 4.2 61.6 49 13.6 0.7
Total expenditures 167.7 14.5 154.0 12.2 -13.7 -2.3
» of which services of third parties 81.8 7.1 26.2 2.1 -55.6 -5.0

Total production costs 11534 100.0 1265.4 100 1120 X

Source: calculated by the author based on [24]

Enterprises of all categories do not always use
progressive forms of organising the procurement and
storage of high-quality feed by sex and age groups of
livestock and poultry. It is especially inappropriate to
use modern technologies for preparing feed for feed-
ing during a calendar year. Analysis of the structure of
the production cost of livestock production in 2018
shows that production costs in the industry increased by
UAH 112.0 million, or 9.7%, as compared to 2017. In the
structure of production cost the largest share is occupied by
direct material costs, 65.9%, among them feed - 52.6%,
of which purchased - 16.6%. Labour costs account for

11.2%, other direct costs - 10.7%, overhead costs - 12.2%.

Changes in the structure of production costs
show that during the analysed period, direct material
costs have increased by 0.7%, including feed by 0.6%, of
which purchased by 8.1%, other direct costs increased
by 1.5%. Costs were reduced by such items as overhead
costs — by 2.3%; spare parts, materials for repair - by
0.6%. The summarising indicator of economic efficiency
of livestock production is the achieved level of profit-
ability (loss ratio). The dynamics of the level of profit-
ability of the main types of livestock products are given
in the Table 8.

Table 8. Dynamics of the level of livestock production profitability in agricultural enterprises

of Zhytomyr region, %
Years
Types of products
2014 2015 2016 2017 2018
Cattle for meat -40.0 -18.8 -29.1 32.6 -254
Pigs for meat -2.2 18.2 -0.4 12.1 -4.2
Sheep and goats for meat -349 -48.5 -48.5 -77.9 -65.1
Poultry for meat -19.6 -2.5 -10.3 -16.6 -7.3
Milk 17.8 12.4 120 24.2 13.7
Chicken eggs 16.7 274 30.6 0.5 22.1

Source: calculated by the author based on [20]

This table shows that in 2018 only the pro-
duction of milk and chicken eggs was profitable, the
level of profitability of which was 13.7% and 22.1%
respectively. The loss rate of beef was 25.4%, pork -
4.2%, lamb and goat meat - 65.1%, and poultry - 7.3%.
At the same time, in 2017, the production of beef and
pork was profitable, with a profitability rate of 32.6%
and 12.1% respectively.

The study of patterns and trends of the current
state of the livestock industry in Ukraine indicates its
deterioration. Thus, as of January 2020, the number of
cattle in Ukraine was 3.4 million, which is 5.7% less
than on the same date in 2019. "The dairy herd was
1.82 million animals in total, which is 5% less (96.9 thou-
sand) than in 2018. In particular, the number of cattle in
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agricultural enterprises in 2019 decreased to 1.05 million
animal units (-7.5% compared to 2018), in particular
the number of dairy cattle decreased to 388 thousand
animal units, which is 6.4 % less than in 2018" [1]. A
similar situation has developed in households, where in
2019 the number of cattle decreased by 4.7 % compared to
2018 and was 2.09 million, of which cows - 1.39 million,
or 4.6% (6.5 thousand units) less than in 2018 [20].
The above negative trends and patterns of the
livestock industry are inherent in the farms of Zhytomyr
region. Thus, as of September 1, 2019, at the farms of
all categories the number of cattle decreased by 5.6%,
including cows - by 4.5%, sheep and goats - by 2.3%,
poultry - by 14, 2%. The number of sheep and goats kept
at enterprises decreased by 18%, poultry - by 14.2%,




cattle - by 1.6%, including cows - by 4.3%. At the same
time, the number of pigs increased by 16.7%. The
number of pigs in households increased by 7.0%, sheep
and goats - by 0.8%, poultry = by 0.4%. On the other
hand, the number of cattle decreased by 7.2%, including
cows - by 4.6% [20].

The results of the above study suggest that the
state of the livestock industry in Ukraine in general and
in Zhytomyr region in particular, has reached a critical
point, which in turn threatens the food security of the
country.

CONCLUSIONS

1. Positive changes for the analysed period in the dy-
namics of livestock and poultry were reflected in the
volume of livestock production. The production of meat
in the slaughter weight in general in the farms of Zhy-
tomyr region in 2018 increased by 1.3 thousand tonnes,

Mykytyuk

or 2.4%, as compared to 2016. At the same time, there
was a decrease in production volumes by 1000 tonnes,
beef by 300 tonnes, and milk by 13.3 thousand tonnes.

2.The decrease in the production of certain types
of livestock products was significantly influenced by the
decrease in the level of livestock productivity in the fol-
lowing industries: sheep - by 5.5%, pig - by 33.2%, due
to a decrease in the level of feeding.

3. Only the production of milk and chicken eggs
was profitable in 2018, the level of profitability of which
was 13.7% and 22.1% respectively. The profitability of
beef was 25.4%, pork-4.2%, and sheep and goat meat -
65.1%.

4. One of the reserves to increase the livestock
production, increase the productivity of livestock and
poultry is the rational use of feed, balanced in their nutri-
tion and compliance with feeding standards by species,
sex and age groups of livestock and poultry.
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3AKOHOMIPHOCTI TA TEHAEHLIi CYMACHOIO CTAHY rAny3i TBAPUHHULTBA B
YXUTOMUPCbKIN OBNACTI

Banepiit MapaHoBuY MukuTIOK

MonicbkMi HaLiOHaNbHWIA YHiBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHotaujig. BaxxnvBoto yMOBOK 3abe3neveHHs NpoLOBO/bYOI Oe3nekn KpaiHW € BMPOOHMLTBO AOCTaTHBOI KifIbKOCTI
NPOAYKTIB XapyyBaHHS Ta 3a0e3neyeHHs HaNeXHoi ix aKocTi. Cy4acHUM CTaH po3BUTKY rany3i TBAPUHHULTBA, IK OCHOBHOIO
nocTayanbHKKa y 3abe3neyeHHi HaceneHHs MCOM, MOJIOKOM Ta iHLIMMM NPoAYKTaMu K B YKpaiHi,Tak i Ha perioHansHoMy
piBHi He BIANOBIAAE ii NOTEHUIMHMM MOXAMBOCTAM. MeTOK AOCNIAKEHHS € BMBYEHHS TEHAEHLIN i 3aKOHOMipHOCTeN
Cy4acHOro CTaHy ranysi TBAPUHHWULITBA HA PiBHI perioHy Ta NOLIYK OCHOBHMX LUNAXIB ii po3BUTKY. MeToaamu i npuiMoMamm
[OCNIMKEHHS CTaNM 3arafibHOHAYKOBI Ta EKOHOMIKO-CTaTUCTUYHI MEeTOAM, a CaMe: psaau OMHAMIKK, aHani3y Ta CUHTE3Y,
MOPIBHSAHHS. 34IMCHEHO OLHKY Cy4aCHUX TEHAEHLIM pO3BUTKY ranysi TBAPUHHWULITBA HA perioHasIbHOMY PiBHI, @ TakoX
OKpeMumXx ii MoKa3HMKiB 3aranoM B YKpaiHi. BusiBneHo 3MiHu Ta iX TeHAEHLiT AMHAMIKW HAsiIBHOMO CepeHbOPiIYHOMO NOronis’s
Xy£obw i nTuui 3a rpynamm TBapuH. BctaHoBNEHO, WO MO3WTUBHI 3MiHM B NOronis’i TBapuH 006yMOBMIM 36iNbLueHHS 0bcariB
BMPOOHULITBA MACa, 30KpeMa BapaHWHM Ta KO3NSTUHK, NTULi. OgHaK, Le He Cnpusio NigBULLEHHIO 06CAriB BUPOOHMLTBA
Mica BE/IMKOi poratoi Xyaobu, CBUHWMHK, MONOKA, Meay. CTpyKTypa BMPOOHMLTBA MACa He MOBHOK Mipo BiANOBiAAE
NPUPOLHO-EKOHOMIYHIW 30Hi BeAEHHS ranysi TBapuMHHULTBA. OLiHEHO BM/MB 3MiHW AMHAMIKM PIBHS NPOAYKTMBHOCTI
CiNbCbKOrOCNoAapCbKMX TBAPUH Ha BANIOBMIA BMXi MPOAYKLi, 0COBNMBO B rany3sx CBUHAPCTBA, BiBYAPCTBA, 64KiNbHULTBI.
3a pe3ynbTataMu LOCNIKEHHS BUSBIEHO, LLO piBEHb BUPOOHULTBA OCHOBHMX BUAiB MPOSYKLLT TBAPUMHHMLITBA 3 PO3PaXyHKY
Ha 0 HY 0COOY MiABULLMBCS, aNe Le He MOBHOK MipOoto BiAMNOBIAAE (i3ioN0riYHMM HOPMaM CNOXKMBAHHS AAHOI MPOAYKLi.
OuiHka KOpMiB y TBAPMHHMLTBI Aana MOXIMBICTb BU3HAYUTU piBeHb e(EeKTUBHOCTI iX BUKOPUCTAHHS 33 MOXMBHUMM
peyoBMHaMM B NepepaxyHKy Ha 1 yMOBHy ronoBy Ta OAMHWULIO NPOAYKLIi 32 ii BUAaMu. 34iMCHEHO OLLIHKY EKOHOMIYHOI
e(dEeKTUBHOCTI rany3i 3a OCHOBHMMM y3ara/ibHIOUYMMM ii MOKa3HUKAMU. Y CTPYKTYpi BUPOGHMYOI coBiBapTOCTi HaMbinbLy
YaCTMHY 3aiMatoTb NPsAMI MaTepianbHi BUTpaTH. BcTaHoBNEHO, WO peHTabenbHUM Byno vwe BUPOOHULITBO MOOKA, SELLb
Kypsiumx. Y CTaTTi 3anponoOHOBAHO OCHOBHI LLISIXM PO3BUTKY rasy3i TBAPUHHULITBA HA NEPCreKTUBy

KniouoBi cnosa: puHkoBa TpaHcdhopMmallis, CTpaTeriyHa OpieHTALis, TEHOEHLii pO3BUTKY ranysi TBapMHHULTBA,
NPOLYKTUBHICTb
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INTRODUCTION

The forest-steppe of Ukraine belongs to the zone of un-
stable moisture, therefore,ensuring optimal soil moisture
throughout the growing season is a crucial issue in the
technology of growing any crop and basil in particular.
Optimisation of soil water regime and preservation of
moisture reserves are urgent problems of agrocenoses.
The current climate change towards warming with the
contrasting change of excessively humid periods to hot
days requires appropriate adjustments in the fertility
management process.

Absorbents play an important role in agricultural
production [1]. Over the last decade, hydrogels have been
widely used to improve water supply to plants,due to their
high water-retaining properties, the use of absorbents
can be an effective means to increase the efficiency of both
water and fertilisers [2; 3]. Studies indicate a good ability
of absorbents to reduce water stress of plants and provide
high productivity, which enhances growth and yield [4; 5].

In Ukraine, a small number of scientists study the
influence of various forms of absorbents on the produc-
tivity of vegetable plants, in particular cucumbers [6],
celery root [7] and petioles [8], garden spinach [9].
However, foreign scientists have achieved significant
success in this area in the following crops: black pepper
(peas) [10], which improved physiological processes
that affect quality indicators. Soybeans [11] and pota-
toes [12], where plant growth and development and
yields significantly improved. Cotton [13], where seed
germination and root system development increased

significantly and soil changes from the use of hydrogels
showed that the introduction of absorbents into the soil
delayed water evaporation,thus making water available
to plants for a longer period. Greenhouse experiments
showed that despite a significant sharp decrease in
water supply (50%) to the soil, plant productivity was
higher with the introduction of absorbents [14]. Other
scientists stated that the introduction of absorbents
increased soil moisture (regardless of type) by 14% and
improved digestibility of macronutrients by plants [15; 16].

Therefore,the primary purpose of this study was to
evaluate the effect of various forms of superabsorbents
on plant growth, chlorophyll content, activity of antiox-
idant enzymes and productivity of basil.

MATERIALS AND METHODS

Studies of the influence of different forms of superab-
sorbent were conducted in 2019-2020 in the experi-
mental field of the Department of Vegetable Growing
of Uman National University of Horticulture (Right-
Bank Forest-Steppe of Ukraine) according to generally
accepted methods [17-19]. The soil of the experimental
plot is podzolic heavy loam chernozem with a humus
horizon (humus content about 2.2%) 40-45 cm thick;
pH (salt) -6.0-6.2.The arable layer contains 64 mg/kg of
soil of easily hydrolysed nitrogen (according to Cornfield);
102 mg/kg - mobile phosphorus (according to Chirikov);
123 mg/kg - exchangeable potassium (according to
Chirikov) (Table 1).

Table 1. Physico-chemical parameters of podzolic heavy loam chernozem

Indicator Actual content
Organic matter (humus), % 2.2
pH 6.0-6.2
P,0,, mg/kg 102
K,0, mg/kg 123
NO,, mg/kg 64

Planting was carried out according to the scheme
of 50%x30 cm. The total area of the experimental plot
was 400 m?, the accounting area was 10 m2 The study
was carried out according to the two-factor experiment
method with a randomised placement of variants in
four replications. The two-factor experiment consisted
in the use of Maxi Marin superabsorbent in the form of
gel and granules.

Methods of application. During transplantation,
the absorbent in the form of a gel was used, thoroughly
mixing 2 g of hydrogel / 1 L of water. The solution was
allowed to stand for half an hour until prepared. The
roots of the plant were immersed in the solution and
then transplanted into the field. Absorbent in the form of
granules - 5 kg/ha, introduced before planting seedlings,
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locally in the furrows (according to the manufacturer's
recommendations), the absorbent was applied to a depth
of 20-25 cm.

Biometric research. The length and width of the
leaves, the area of the leaf blade and the total area of
the leaves per plant were measured on the 60th day
after planting. The height of the plant, the number of
leaves per plant, and the area of the leaf blade was
determined by the calculation (linear) method, using
the parameters of the length and width of the leaf by
the equation (1):

Sn=0.74 x ab (1)

where: Sn - area of one leaf,cm?; a - the widest part

of the leaf,cm; b - leaf length, cm; 0.74 - leaf configuration
coefficient.




Plant material. Badioryi and Rutan cultivars of
basil (Ocimum basilicum L.).

The content of assimilating pigments was deter-
mined by the spectrophotometric method of A. Erma-
kova [20].

Determination of the activity of antioxidant enzymes
was carried out using a SF-2000 spectrophotometer.The
activity of superoxide dismutase (SOD), catalase (CAT),
ascorbate peroxidase (APO) was analysed. For enzyme ex-
traction, the leaves, pre-frozen in liquid nitrogen, were
homogenised in 50 mmol potassium phosphate buffer
(pPH7.2) containing 0.1 mmolethylenediaminetetraacetic
acid (EDTA),0.1% phenylmethylsulfonyl fluoride and 2%
polyvinylpyrrolidone. The homogenate was centrifuged
at 15,000 g for 15 minutes.

The total activity of SOD (superoxide dismutase)
was determined by the ability of the enzyme to inhibit
photochemical reduction of nitrosine tetrazolium to for-
mazan according to the method [21; 22]. The reaction
medium (2 ml) contained 0.1 MK, Na-phosphate buffer
(pH 7.8), 9.3 mmol L-methionine, 152.3 um nitrosonium
tetrazolium, 1.1 uM Trilon B,2.4% Triton X-100 and 100 pul
of enzymatic preparation. The reaction was started by add-
ing 50 pl of 111.3 pM riboflavin solution and performed
in light (illumination of photosynthetic active radiation
180 pymol/m?2es) for 30 min. The dark control was the
complete reaction medium incubated in the dark, and the
light control was the complete reaction medium incubated
in light without the addition of the enzymatic extract,
using 100 ul of 0.1 MK, Na-phosphate buffer (pH 7.8).
The reaction was stopped by placing the samples in the
dark. The optical density was determined at 560 nm on a
spectrophotometer. The activity of SOD was expressed
in the RU/mg protein.

The activity of CAT (catalase) in the supernatant was
determined by enzymatic decomposition of H,O, at 240 nm
[23; 24]. The reaction medium contained 2 ml of 0.1 MK,
Na-phosphate buffer (pH 7.0), 50 pl of 19.4 mmol H,0,.
60 ul of enzymatic preparation was added to the
resulting mixture and the dynamics of changes in optical
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density were recorded with a spectrophotometer for 1 min.
CAT activity was expressed in ymol H,0,/min /1 mg protein.

The activity of APO (ascorbate peroxidase) was
determined by the Asada method [25]. The reaction mixture
contained 50 mmol potassium phosphate buffer (pH 7.2),
0.1 mmol EDTA, 1 mmol ascorbate and supernatant. The
reactionwasinitiatedbytheadditionof0.1mmolH,0,.The
decrease in ascorbate content was recorded on a SF-2000
spectrophotometer (Russia) at 290 nm (e=2.88 mS/cm).

Dry matter (%). The average dry weight (g) of the
leaves was measured by drying 10 randomly selected
leaves in an oven with forced circulation of hot air at
70°C to obtain a constant mass. The percentage of dry
matter of the leaves was estimated by taking the ratio
of dry weight to fresh weight of selected leaves and
multiplying it by 100.

The analysis of vitamin C was determined by the
iodometric method of Murray in accordance with
DSTU 4958:2008 [26].

Soil moisture was determined by thermostatic
weight method according to equation (2):

M,% = (A-B) / (B-C) x 100, (2)

where A - weight of box with wet soil, g; B -
weight of box with dry soil, g; C - mass of the empty box, g.

Weather conditions in the years of research. Ac-
cording to the Uman meteorological station, hydrome-
teorological conditions in 2019 were characterised by
slightly less precipitation compared to the average
long-term indicators. The amount of precipitation during
this period in 2020 was much higher than in 2019. Most
of it fell in June, which allowed the plants to form better
leaf mass. The air temperature in 2019-2020 at the time
of planting was slightly higher than perennial, which
had a positive effect on the development of basil plants
(Table 2).

Statistical analysis. Statistical analysis was carried
out using Microsoft Office Excel software, version 2016
(Microsoft Corp., USA). The results were calculated at
significance levels of 0.01 and 0.05.

Table 2. Weather conditions during the growing season of basil in 2019 and 2020
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Precipitation, mm Temperature, °C
Month
2019 2020 Average value 2019 2020 Average value

May 35.6 101.0 55 17.0 12.5 14.6
June 69.8 70.4 87 234 20.9 17.6
July 33.8 214 87 20.0 21.6 19.0
August 19.2 17.1 59 20.7 21.2 18.2
September 30.6 274 43 15.6 17.8 13.6

RESULTS AND DISCUSSION

Since the main root mass of basil plants is in the
arable soil layer 0-30 cm, the productivity of this crop

largely depends on the moisture content. In 2020,
productive moisture reserves accumulated during the
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winter-spring period were higher than in 2019 due
to heavy rainfall in May. The dynamics of the productive
moisture reserves in the root zone is presented in Figure 1.

The superabsorbent in the form of a gel helped to
increase the productive moisture reserves. On average
over two years, the application of the gel increased this
indicator relative to control by 27-29% in May; 25-37% in
June; 28-29% in July. When the granules were applied,
the soil moisture values were significantly lower com-
pared to the gel variants. There was also a significant

inter-varietal difference in moisture reserves. The soil in
the variants with the Badioryi cultivar was characterised
by large moisture reserves, which indicates its lower
need for water and. Therefore, it can be assumed that
this cultivar has a higher drought resistance.

Similar results were shown in studies with winter
wheat and different hydrogel rates and in studies
with soybeans and winter wheat, where productive
moisture reserves increased significantly compared to
control [27; 28].
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Figure 1. Dynamics of the productive moisture reserve (mm) in the root zone (in the soil layer 0-30 cm) of
basil plants depending on the form of the superabsorbent (2019-2020)
Note: a - A; b - B; c - AxB the difference is significant and ns - insignificant at the level p<0.0

The results of statistical processing May
LSD, s A 1.51

B 1.85

AxB 2,62

June July
0.57 0.29
0.70 0.35
0.99 0.50

Note: a - A; b - B; c - AxB the difference is significant and ns - insignificant at the level p<0.05

Plant growth and leaf area development. The
absorbentinthe form of a gel contributed to a significant
increase in the height of plants of both Badioryi and
Rutan cultivars (+10.71% and +8.45% relative to control).
The use of the absorbent in the form of a gel had a positive

Scientific Horizons, 2021, Vol. 24, No. 1

effect on the increase in the diameter of the bush of
basil plants of these two studied varieties (+16.14%
and +14.10% relative to control). Absorbent in the form
of a gel contributed to a significant increase in the
number of leaves on the plants of Badioryi and Rutan




cultivars (+8.76 and +5.96 % relative to control) (Table 3).
The use of absorbent in the form of a gel contributed
to a significant increase in the number of leaves on the
plant (+8.76% in the Badioryi cultivar and +5.96% in the
Rutan cultivar). The absorbent in the form of granules
was less effective and caused a slight increase, +3.59
and +1.58%, respectively) of this indicator in both cultivars.
The height of the plant and the number of leaves were
increased due to the high moisture content in the soil,
which contributed to increased cell activity, causing
an increase in plant height and the number of leaves
per plant. The obtained results are consistent with the

Kucher et al.

results on cucumber crops [29].

Calculation of the area of basil leaves indicated
that it significantly increases with the use of the absorbent
in the form of gel (+7.26% in the Badioryi cultivar,+8.20%
in the Rutan cultivar).

Biochemical indicators. In the control variants,
the dry matter content of the Badioryi and Rutan
cultivars was higher in 2020 by 9.05% and 9.42%. The
use of absorbents in the cultivation technology helps
to increase yields, but at the same time slightly reduces
the dry matter content, regardless of the form of the
absorbent (Table 4).

49

Table 3. Plant growth and leaf area of basil plants depending on the form
of the superabsorbent (2019-2020)

Cultivar Superabsorbent  Plant height, Plant Number of leaves Number of Leaf
(Factor A) (Factor B) cm diameter,cm on the plant,pcs leaves,pcs area, cm?

Control 40.68" 37.08™ 10.012 185.06" 25.24%
Badioryi Gel 45.04 43.06 10.53¢ 201.27 31.00®
Granules 42.43 40.51 10.41m 192.28m 27.40%
Control 40.90™ 37.48m 6.73m 186.04" 17.37m
Rutan Gel 44 350 42.76° 7.73° 197.13ns 22.340
Granules 42.09™ 40.35™ 7.64 188.98m 19.54°

LSD, ., A 1.12 1.40 0.24 5.54 0.52

B 1.38 1.71 0.30 6.78 0.64

AxB 1.95 243 0.42 9.59 0.90

V% 4.2 6.3 18.8 33 21.3

Note: a - A; b - B; c - AxB the difference is significant and ns - insignificant at the level p<0.05

Table 4. Biochemical indicators of basil plants depending on the form of superabsorbent (2019-2020)

Cultivar Superabsorbent Sugars, Dry matter, Ascorbic acid, Ess.ential efsee}:t?afl
(Factor A) (Factor B) mg/100 g % mg/100 g oil, % oil, kg/ha
Control 9.10m 8.88m 13.17° 1.09m 7.02%
Badioryi Gel 9.02m 8.71m 10.51m 0.99° 4.252
Granules 8.86™ 8.76" 12.26° 1.01° 5.39akc
Control 18.66% 9.23m 15.76%¢ 1.51%b¢ 6.52¢
Rutan Gel 18.382 8.98m 12.652 1.31%0¢ 3.94rs
Granules 18.222 9.07" 14.41° 1.353kc 5.24b¢
LSD,,, A 0.51 0.36 0.60 0.05 0.14
B 0.63 0.44 0.74 0.06 0.18
AxB 0.89 0.62 1.03 0.09 0.25
V% 37.7 2.2 13.8 17.4 22.5

Note: a - A; b - B; c - AxB the difference is significant and ns - insignificant at the level p<0.05
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When using the absorbent in the form of a gel
in the Badioryi and Rutan cultivars, the dry matter
content was the lowest (-1.61% and -1.99% in 2019
and -2.10% and -3.40% in 2020). The use of absorbents
contributed to a slight reduction in sugar content, but
the difference between the varieties on average for two
years of growing plants was very significant: Badioryi
cultivar - 8.86-9.10 mg/100 g wwt, Rutan cultivar -
18.22-18.66 mg/100 g wwt. The content of ascorbic
acid in the Badioryi and Rutan cultivars, regardless
of the form of the absorbent, decreased significantly
during both years (-6.76%-20.30% and -8.04%-19.28%
in 2019, -7.10%-19.86% and -9.05%-20.21% in 2020,
respectively), in all variants of the experiment. But the
use of the absorbent in the form of granules contributed
to its largest and less significant reduction in content.

The absorbent in the form of a gel significantly
reduced the content and yield of essential oil in both
cultivars. The use of the absorbent in the form of
granules contributed to a less significant decrease
in concentration, which contributed to a significant
reduction (-23.2%-39.5% and -19.6%-39.6% of the
Badioryi and Rutan cultivars) of the yield of essential
oil per unit area. There is an assumption that under
stress the number of oil-forming glands increases due
to a decrease in leaf area, which leads to increased
accumulation of essential oil. There are no similar
data using superabsorbents, but there are studies on
the effect of irrigation, which indicate a decrease in
the content of essential oil in other crops at optimal

and excessive humidity [29], Ocimum spp. [30], Salvia
officinalis [30].

Activity of antioxidant enzymes and pigment com-
plex of leaves. The activity of APO, CAT, SOD, as a rule,
decreased in all variants, regardless of the form of the
absorbent. The studied cultivars had significantly lower
activity of APO and SOD (-12.84%-24.13% APO and
11.85%-11.97% SOD - in the Badioryi cultivar-21.15%-
35.12% APO and 16.01%-16.99% SOD - in the Rutan
cultivar). But the activity of KAT had a slight decrease
in this indicator for both cultivars in all variants of the
experiment (-10.89-18.43% - in the variety Badioryi and
13.11-21.95% in the variety Rutan). The obtained results
indicate that the highest physiological activity is shown
by SOD. The activity of the antioxidant complex is much
higher both for control and for other options.

Results of the study have shown that the increase
in the activity of antioxidant enzymes in control variants
of basil varieties indicates their drought resistance. The use
of absorbents increased the amount of chlorophyll a+b,
but with the use of the absorbent in the form of a gel,
the increase was most significant for control (+21.31%
in the Badioryi cultivar, 22.51% in the Rutan cultivar).
The absorbent in the form of granules also contributed
to a significant increase in the concentration of chlo-
rophyll a+b by an average of 12.45% in the Badioryi
cultivar and 10.29% in the Rutan cultivar. The inter-
varietal difference in this indicator was insignificant:
the Badioryi cultivar accumulated 1.43%-1.74%, the Ru-
tan cultivar - 1.43-1.75 mg/g wwt. (Table 5).

Table 5. The activity of antioxidant enzymes in the leaves and the chlorophyll content in basil plants,
depending on the form of superabsorbent (2019-2020)

Cultivar Superabsorbent APO CAT SOD Chlorophyll content, mg/g wwt
(Factor A) (Factor B) RU/mg protein a b Ya+b
Control 0.23 0.40 74.75 1.05 0.38 143
Badioryi Gel 0.17 0.32 65.90 1.29 0.45 1.74
Granules 0.20 0.35 65.80 1.23 0.38 161
Control 0.15 0.33 67.75 0.99 0.43 1.43
Rutan Gel 0.10 0.26 56.23 1.23 0.52 1.75
Granules 0.12 0.29 56.90 1.09 0.48 1.57
LSD,,, A 0.007 0.013 2.506 0.05 0.046 0.053
B 0.010 0.016 3.069 0.06 0.056 0.070
AxB  0.013 0.022 4.341 0.09 0.079 0.093
V% 30.1 15.1 10.9 10.3 12.3 8.9

Note: a - A; b - B; c - AxB the difference is significant and ns - insignificant at the level p<0.05

Mass and yield of plants. The findings indicated
a significant effect of absorbents on the change in
plant weight of basil, regardless of the form of the
absorbent in all variants of the experiment. The use of
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the absorbent in the form of a gel was more effective
for the Badioryi and Rutan cultivars during both years
of cultivation (+27.46 and +30.45 g in 2019 and +19.97
and +7.99 g in 2020). Absorbent in the form of granules




also contributed to a significant increase in this indica-
tor in both varieties (+15.98 and +18.97 g in 2019 and
+9.98 and +5.09 g in 2020 relative to control).

Yield is the most important indicator of the
effectiveness of cultivation technology. The use of Maxi
Marin absorbent in the form of granules significantly
increased the yield of basil of both varieties (+2.46 and
+2.55 tonnes in 2019 and +2.89 and +2.4 tonnes in
2020 relative to control). The use of the absorbent in
the form of a gel was more effective. Higher yields were
observed when using the absorbent in the form of a gel.
Thus, the yield of Badioryi and Rutan cultivars was at
the level of 16.11 and 10.93 t ha, which exceeded the
control by 5.56 and 3.64 t ha.

Kucher et al.

The use of superabsorbent polymer improves
plant growth. For example, the total amount of raw
cucumber biomass (Cucumis sativus L.) and fruit biomass
increased by 840 and 494 g per plant, respectively [31].
Another study with different varieties of potatoes (Solanum
tuberosum L.) found an increase in tuber yield using
superabsorbents locally in the furrows to a depth of
25 cm [32]. A similar result was found when applying
60 and 90 kg/ha of superabsorbents to a depth of 20
c¢m, which increased the yield of potatoes by 38.2%
and 50.5% relative to the control [33]. Although the
use of superabsorbents can improve plant growth,
the depth of its application can significantly affect its
effectiveness (Fig. 2).
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Figure 2. Plant weight (g) and yield (t/ha) of basil varieties depending on the form of
superabsorbent on average over two years
Note: a - A; b - B; ¢ - AxB the difference is significant and ns - insignificant at the level p<0.05

In conditions of insufficient humidity, superab-
sorbents have a greater impact on plant productivity [34;
35]. The dry matter of sorghum (Sorghum bicolor L. Moench)
increased only when there was a lack of water in the
sandy loamy soil [34]. In a three-year study, the use of
superabsorbents increased the yield of beans (Phaseolus
vulgaris L.) grown on superabsorbents [36].

CONCLUSIONS

Thefindings showedthatanincreaseintheactivityofan-
tioxidant enzymes (catalase, superoxide dismutase and
ascorbate peroxidase) in varieties of basil indicates their
resistance to drought, and this is accompanied by an
increase in chlorophyll content. Therefore, the use of

superabsorbent, which has the ability to absorb significant
amounts of water, improves growth and physiological
reactions of plants and can help plants in conditions of
water shortage. On the other hand, with improvement
of water regime, the concentration of sugar, ascorbic acid,
essential oil decreases.

The productivity of basil plants is increased with the
use of superabsorbent polymers. Higher growth and yield
were observed with the introduction of the absorbent in
the form of a gel compared with the control. This practice can
be recommended to agricultural producers who grow
vegetables, including basil, in areas of unstable or in-
sufficient moisture.
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E®EKTUBHICTb 3BACTOCYBAHHSA PIBHNX ®OPM CYINEPABCOPBEHTIB
Y MOCIBAX BACWUJIbKIB CIMPABXHIX

IHHa OnekciiBHa Kyuep, OneHa IBaniBHa YnsaHuuy, Bauecnas BacunboBuu SlueHko

YMaHCbKMIM HaLiOHAaNbHUI YHIBEPCUTET CafiBHMLTBA
20301, Byn. IHcTMTYTCbKA, 1, M. YMaHb, YKpaiHa

AHoTauig. OCHOBHMMM YUMHHUKAMU, L0 0OMEXYHOTb MPOAYKTUBHICTb OBOYIB, € MOCYLUIMBICTb KNiMaTy Ta HEPIBHOMIPHICTb
HaLXOMKEeHHS1 OMafiB, TOMY 3aCTOCyBaHHS abcoOpOEHTIB MOxe BMpIWWMTM Lo npobnemy. MeTow focnimkeHb 6yno
BMBYEHHS BMAMBY CynepabcopOyroumx MaTepianiB Ha MPOAYKTMBHICTb BAaCMbKIB CMpaBXHiX. [ng pocnimxeHb
BMKOPUCTOBYBA/IM MOJbOBI, 1abOPATOPHI, CTAaTUCTUYHI | pO3paxyHKOBO-aHaNITUYHI MeToaM. [1noLa MCTKa Ta NOKA3HMK
JIMCTKOBOTO iHAEKCY TAKOX ICTOTHO 36i/bLUYETHCS 33 3aCTOCYBaHHS abcopbeHTy y hopMi rento (+7,26 %y copTy banbopui,
+8,20 % y copty PyTaH - nnowa nuctka, +34,55 % y copty bapbopuii, 37,43 % y copTy PyTaH — NUCTKOBWIA iHOEKC).
ABCopbeHTH Cnpusn HeiCTOTHOMY 3MeHLUEHHHO BMIcTy LykpiB (-0,86-2,68 % y copTty bapbopuit,-1,48-2,35 % y copty
PyTaH) Ta Bmicty (-8,8-13,2 %) i Buxony edipHoi onii 3 rektapy (-19,6-39,5) B 060x coptax. BiazHauanacsa auMHamika
3HWXKEHHS aKTUBHOCTI aHTMOKCHAAHTHMX depmeHrTiB A0, KAT, COLl y BCix BapiaHTax eKCnepuMEHTY, He3anexHo Big,
dopmu abcopbeHTy. AMO (-12,8-35,1 %), KAT (-10,9-22,0 %), COL, (-11,9-17,0 %). Peaynstatvt LBOro AOCNILKEHHS
noKasanu, Wo NiABULLEHHS aKTUMBHOCTI aHTMOKCMAAHTHUX (EPMEHTIB Yy KOHTPONbHMX BapiaHTax coOpTiB 6asuniky
BKA3YE Ha iX NOCYXOCTiMKicTb. OBrpYHTOBAHO, O BiflbLLy YPOXAMHICTb BiA3HAYaNM y BapiaHTi 3 BHECEHHAM abcopbeHTy
y dopmi rento. Tak, ypoxawHictb copTiB bagbopuii i PyTaH nepeBaxana KoHTponb Ha 52,67 ta 50,05 % BignosigHo.
3aranoMm, NpoayKTMBHICTb 6a3uniky NiaBULLYETbCS i3 3aCTOCYBaHHAM cynepabcopbytounx nonimepis. [laHy NpakTuky
MOXHA peKOMeHAyBaTU CilbCbKOroCcnoAapcbkMM BUPODHMKAM, SKi BUPOLLYHOTb OBOMi, 30KpEMa, BAaCUIbKU CMPaBXHi,
y paloHax 3 HecTabinbHO abo HEeAOCTaTHLOK KiNbKICTIO ONaAiB, ane He H6aXaHO BMKOPUCTOBYBATU abcopbeHTH Ha
TeXHIYHMX NociBax (4ns oTpuMaHHa edipHOi onii), OCKINbKM 3 NiABULLEHHAM BOMOrOCTi Ta 36iNblWEHHIM BPOXAMHOCTI
ICTOTHO 3HWXXYETLCA BMICT i BUXiA edipHoi onii
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INTRODUCTION

Leguminous crops are valuable in the food, fodder, and
agroecological significance of agricultural plants in
Ukraine. However, their acreage is very low. In general,
in Ukraine, the acreage under leguminous crops in
2019 amounted to 566.0 thousand hectares, which
is approximately 2% of the structure of the sown
area and is a very low indicator [1]. Of the total area
of leguminous crops in Ukraine, over 84% belongs to
peas and soybeans. These two crops are the main ones
among legumes. At the same time, under conditions of
the climate change,the potential of other legumes, such
as chickpeas, lentils, grass peas, beans, etc. is not fully
utilised, which can provide higher yields in extreme
weather conditions at a lower cost.

The determining factor in the expansion of
acreage under sparsely distributed leguminous crops is
the correct selection of cultivars, taking into account
modern environmental conditions. One of the main
indicators in the selection of leguminous varieties for
certain soil and climatic conditions is their potential
yield and manufacturability of cultivation [2]. The main
indicators of the manufacturability of leguminous crops
are the resistance of plants to lodging, shedding of
beans, the suitability of plants for direct combining, the
height of attachment of lower beans, and the height of
plants. It is also necessary to consider the maturation
time of cultivars, their reaction to weather and soil
conditions [3]. Climate change in recent years has led
to the fact that some varieties of legumes have become
severely suppressed by drought,and this has affected their
resistance to diseases, pests, and most importantly - their
productivity [4]. Therefore, the ecological indicators of
the suitability of leguminous cultivars should include
their drought resistance, as well as resistance to the
most common diseases and pests.

The fulfilment of the genetic potential of
leguminous crops requires not only optimisation
of environmental factors, but also an appropriate
cultivation technology adapted to a specific cultivar [5].
The issue of optimal selection of leguminous cultivars
for growing in certain ecological conditions is covered
in the studies of V. F. Kaminskyi [6], H. Hing, H. Jiang,
K. Zhou, N. Hing [7], H. Zhao, H. Cao, P. Ming-Zhen,
I. Song [8], R.A. Guntyansky [9], M.A. Vishnyakova [10],
N.E. Novikova [11], O.L. Kirilesko [12] and others.

Modern cultivars of leguminous crops are
capable of realising approximately 50% of their
productive potential [13]. One of the main reasons
for this is an incorrectly selected cultivar for specific
ecological growing conditions [14]. Therefore, the
purpose and objective of the study is to analyse the
current assortment of sparsely distributed leguminous
crops included in the State Register of plant cultivars
suitable for cultivation in Ukraine in terms of their
potential productivity and resistance to drought, pests,
and diseases.
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MATERIALS AND METHODS

The assessment of agroecological stability of
leguminous crops was carried out by processing the
State Register of plant cultivars suitable for distribution
in Ukraine for 2021 [15] and official descriptions of
plant cultivars and indicators of economic suitability,
submitted in the official bulletins “Protection of rights
to plant cultivars”, which are placed in the information
and reference system “Sort” [16-26]. The authors of the
study analysed materials on such leguminous crops, which,
according to official data of the State Statistics Service of
Ukraine, have the smallest acreage in 2019: horse beans
(Vicia faba L.), lentils (Lens culinaris Medik.), chickpea
(Cicer arietinum L.) and grass pea (Lathyrus sativus L.).

Cultivars of leguminous plant species according
to the state qualification examination for determining
indicators of suitability for distribution in Ukraine,
among other things, are evaluated by grain yield,
resistance (tolerance) to diseases, pest damage, adverse
meteorological conditions, and other indicators. The
parameters of agroecological resistance covered in
official documents are the ratio of plants to the effects
of pests, diseases, and droughts. Quantitatively, stability
is determined on a relative nine-point scale (1-9 points),
where 9 points correspond to the highest stability, and
1 point corresponds to the lowest stability. Therewith,
the following gradation of cultivars is used by points:
9 points —the cultivar is excellent; 7 points — the cultivar
is good; 5 points - the cultivar is satisfactory; 3 points -
the cultivar is bad; 1 point - the cultivar is very bad [27].
Potential levels of seed yield of the studied lequminous
crops were also analysed. The studied indicators were
compared with each other using mathematical and
statistical correlation and regression analysis.

These indicators of sparsely distributed legumi-
nous crops were established based on the methodology
of conducting an expert examination of plant varieties of
the group of grains, cereals, and legumes for suitability
for distribution in Ukraine. All experiments are carried
out on plots of 10-25 m? in size with four-fold repeti-
tion [27]. Identification of the resistance of leguminous
crops to the main pests is carried out according to
the following parameters: bruchid - a month after
harvesting according to the percentage of damaged
grains; pod borer — before harvesting according to the
percentage of damaged grains; bean aphid - with a
noticeable population on plants as a percentage; pea
leaf weevil — with noticeable damage to plant seedlings
as a percentage [27].

Determination of plant resistance to diseases
is carried out according to the following methods:
bacteriosis - during the filling of the main mass of beans
and before harvesting according to the percentage of the
affected surface; fusariosis — 10 days after germination
according to the percentage of affected plants;
ascochytosis - during the filling of the main mass of
beans and before harvesting according to the percentage
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of damage to leaves, stems, and beans; stripe disease -
before harvesting according to the percentage of
affected plants; bacterial wilting, root rot - in the phase
of full flowering according to the percentage of affected
plants [27]. Assessment of the resistance of cultivars
to adverse meteorological conditions, in particular
drought, is carried out in accordance with general
guidelines. During the growing season, leguminous
cultivars are visually evaluated for drought resistance.
To determine the yield of plants, they are collected
separately or by direct combining [27].

RESULTS AND DISCUSSION
As of 2021, the State Register of plant cultivars suitable
for distribution in Ukraine includes 10 cultivars of horse
beans (Vicia faba L.) [15]. The main diseases of horse
beans are bacteriosis (Bacterium phaseoli E.F.Sm),fusariosis

(Fusarium oxysporum Sch.), ascochytosis (Ascochyta viciae
Libert.) and stripe disease (Bacterium lathyri (Mann. et
Taub.) Burgw.). The most common pests of horse beans
are the bruchid (Bruchus rufimanus Boh.), the pod borer
(Etiella zinckenella Tr.), the stem borer (Lixus algirus L.).
Resistance to major diseases in horse bean
cultivars is 5.3-7.8 points. Birhit cultivar has the highest
resistance to a complex of diseases - 7.8 points, Apollo
and Stella cultivars - 7.5 points each. The least resistant
to diseases is the Fanfare cultivar - 5.3 points. For the
Bakhus cultivar, there is no information on its resistance
to diseases (Table 1). The most resistant to pests are the
cultivars of horse beans Sirius - 7 points and Fanfare -
6.3 points.The most vulnerable to pests are the cultivars
Apollo, Stella, Birhit - all with a resistance score of 5.
At the same time, there is no information on pest
resistance of Vivat, Bakhus and Peremozhets’ cultivars.

Table 1. Indicators of agroecological resistance of horse bean cultivars according to the
State Register of plant cultivars of Ukraine

Resistance to diseases,

Drought resistance,

Cultivar points Pest resistance, points points Grain yield, t/ha
Aleksiia 6.0 6.0 7.0 4.5
Apollo 7.5 5.0 7.0 5.2
Vivat 6.0 no data available no data available 4.5
Stella 75 5.0 7.0 5.3
Sirius 7.0 7.0 5.0 42
Fanfare 53 6.3 6.0 5.7
Birhit 7.8 5.0 7.0 5.0
Bakhus no data available no data available no data available no data available
Tiffani 6.3 6.0 7.0 5.9
Peremozhets’ 7.0 no data available 7.0 no data available

Source: [16; 17; 19; 23-25]

Drought resistance of all cultivars of horse beans
is in the range of 5-7 points. Most cultivars have a
drought tolerance score of 7, only the Sirius cultivar has
5 points, and the Fanfare cultivar has 6 points. There
is no information on the drought resistance of Vivat
and Bakhus cultivars. The potential yield of horse bean
seeds is in the range of 4.2-5.9 t/ha. The highest yield is
attributed to the Tiffani cultivar - 5.9 t/ha and Fanfare -
5.7 t/ha. The lowest yield is attributed to Sirius — 4.2 t/ha,
Vivat and Alexia - 4.5 t/ha each. There is no information on
the yield of horse bean cultivars Bakhus and Peremozhets.

An average positive correlation was established
between the drought resistance score of plants and the
yield of horse bean seeds (r = 0.432). A graphical repre-
sentation of the correlation and regression relationship
between the yield of horse bean seeds and the drought
resistance score of plants, as well as the regression
equation and the approximation confidence value (R?)
between the studied values are presented in Fig. 1.
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Figure 1. Correlation and regression relationship
between drought resistance score (X) and seed
yield (y) of horse beans
Source: [16; 17; 19; 23-25]




For 2021, the State Register of plant cultivars
suitable for distribution in Ukraine includes 9 cultivars
of lentils (Lens culinaris Medik.) [15]. The main diseases
of food lentils are ascochytosis (Ascochyta ervicola Syd.),
fusariosis (Fusarium oxysporum Schlecht.), bacterial
wilt (Corynebacterium insidiosuna (Mc Cull.) Jons.). The
most common pests of lentils are bean aphids (Aphis

Mazur et al.

fabae Scopoli.) and pea leaf weevil (Sitona lineatus L.).
The highest resistance to diseases is attributed to the
following cultivars of lentils: Blondi, Khryzolit, SNIM 18 -
8 points each, Harri - 7.7, Linza - 7.5 points. The
least resistant to diseases are the following varieties:
YeS Maksymum - 6.3 points,Antonina - 6.7 points (Table 2).

Table 2. Indicators of agroecological resistance of lentil cultivars according to the
State Register of plant cultivars of Ukraine

Cultivar Resistance t o diseases, Pest resistance, points Drought r.esistance, Grain yield, t/ha
points points

YeS Maksymum 6.3 7.0 7.0 2.81
Blondi 8.0 8.0 8.0 2.60
Khryzolit 8.0 8.0 8.0 2.00
Svitanok 7.0 no data available 8.2 2.04
Antonina 6.7 6.0 7.0 2.10
Darynka 7.0 6.0 8.0 2.14
Linza 7.5 no data available no data available 1.74
SNIM 18 8.0 8.0 8.0 2.60
Harri 77 9.0 7.0 2.30

Source: [18-22]

The highest pest resistance is attributed to the
Harry cultivar - 9 points, Blondi, Khryzolit, SNIM 18 -
all 8 points each. The most vulnerable to pests are the
cultivars Antonina and Darynka - 6 points each. There
are no data on pest resistance of the Svitanok and Linza
cultivars. Most cultivars of lentils have a high drought
resistance - 8.0-8.2 points. Less drought-resistant are the
YeS Maksymum, Antonina, and Harri cultivars, which
have a drought resistance score of 7. The highest
potential yield of lentil seeds is attributed to the YeS
Maksymum cultivars - 2.81 t/ha, Blondi and SNIM 18 -
2.60 t/ha each, and the least productive is the Linza
cultivar - 1.74 t/ha.

As of 2021, the State Register of plant cultivars
suitable for distribution in Ukraine includes 19 varieties

of chickpeas (Cicer arietinum L.) [15]. The main pest of
chickpeas is the bruchid (Bruchus rufimanus Boh.), and
diseases - ascochytosis (Ascochyta ervicola Syd.) and
root rot (Bipolaris sorokiniana Shoem). The highest
resistance to diseases among the cultivars of chickpeas
is attributed to Odysei - 8.7 points, Zodiak, Rodin, Oven,
Stepovyi velet - all 8.5 points each The least resistant
to diseases are the cultivars Zehavit - 5.5 points, Goksu
and Budzhak - 6 points each. Data on disease resistance
of Triumf and Pehas varieties are not available (Table 3).
Chickpea cultivars YeS Alunt and Oven have increased
resistance to pests - 9 points each. The most vulnerable
to pests are Aras, Zehavit, and Goksu cultivars — 5 points
each. There is no information on pest resistance of
Triumf, Pehas, Fahot, Odysei and Budzhak cultivars.

Table 3. Indicators of agroecological resistance of lentil cultivars according to the
State Register of plant cultivars of Ukraine

Resistance to diseases,

Drought resistance,

Cultivar poits Pest resistance, points points Grain yield, t/ha
Triumf no data available no data available 8.0 1.69
Aras 7.5 5.0 8.0 4.00
Dostatok 7.0 8.0 9.0 2.00
Zodiak 8.5 8.0 9.0 2.80
Lara 7.0 7.0 9.0 3.40
Yaryna 8.0 8.0 9.0 1.80
Pehas no data available no data available no data available 1.89
YeS Alunt 8.0 9.0 9.0 3.89
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Continuation of table 3

Rodin 8.5 7.0 9.0 2.80
Zehavit 5.5 5.0 5.0 3.90
Eve 75 7.0 8.0 3.20
Oven 8.5 9.0 8.0 2.00
Fahot 71 no data available 8.7 2.64
Stepovyi velet 8.5 8.0 9.0 1.80
Goksu 6.0 5.0 7.0 4.10
Kira 7.0 7.0 8.0 3.30
Kozeroh 8.0 8.0 9.0 2.70
Odysei 8.7 no data available 9.0 2.25
Budzhak 6.0 no data available 5.0 2.00

Source: [19; 21; 23-26]

Most cultivars of chickpeas have the highest between the score of resistance of chickpea plants to
drought resistance,with a score of 9.These are Dostatok, diseases and seedyield (r=-0.429),and a strong negative
Zodiak, Lara, Yaryna, YeS Alunt, Rodin, Stepovyi velet, correlation was found between the score of resistance
Kozeroh and Odysei. The lowest drought resistance is  of chickpea plants to pests and seed yield (r = -0.674).
attributed to the cultivars Zehavit and Budzhak - 5 points ~ This indicates that during the creation of breeding
each.There is no information on the drought resistance  cultivars of chickpeas, cultivars with high potential
of the Pehas cultivar. The highest potential seed yield is  seed productivity are described by reduced resistance
attributed to chickpea cultivars Goksu - 4.10 t/ha,Aras -  to diseases and pests. As of 2021, two cultivars of the
4.00 t/ha, Zehavit - 3.90 t/ha, YeS Alunt - 3.89 t/ha.The  grass pea (Lathyrus sativus L.) were introduced in the
lowest yield is observed in the cultivars Triumf - 1.69 t/ha,  State Register of plant cultivars of Ukraine. The Ivolha
Yaryna and Stepovyi velet - 1.80 t/ha each and Pehas —  cultivar has a higher seed yield - 3.69 t/ha and higher
1.89 t/ha. drought resistance - 9 points than the Spodivanka

An average negative correlation was established  cultivar (Table 4).

Table 4. Indicators of agroecological resistance of grass pea cultivars according to the
State Register of plant cultivars of Ukraine

Resistance to diseases, Drought resistance,

Cultivar points Pest resistance, points points Grain yield, t/ha
Ivolha 8.0 no data available 9.0 3.69
Spodivanka 8.0 no data available 5.0 3.10

Source: [16]

Analysis of agroecological resistance of cultivars  despite its high productivity, has a low score of
of sparsely distributed leguminous plants and their drought resistance and resistance to diseases; the
potential seed yield showed that to a large extent, YeS Maksymum lentil cultivar combines high seed
high productivity is ensured by resistance to adverse yield with low drought resistance and a low score of
agroecological factors. It is established that the increased ~ disease resistance; the high-performance chickpea
yield of horse beans of the Fanfare cultivar is combined  cultivar Zehavit is marked by low scores of resistance to
with its high resistance to pests, and Tiffani cultivar -  diseases, pests and drought, the Goksu cultivar - by low
with drought resistance; considerable productivity of resistance to diseases and pests, the Aras cultivar - by
lentil cultivars Blondi and SNIM 18 is combined with  low resistance to pests.
increased resistance to diseases, pests and drought; Comparison of the studied types of leguminous
all high-yielding cultivars of chickpeas - Goksu, Aras, crops according to the value of the disease resistance
Zehavit, YeS Alunt are marked by an increased score of  score indicated that the most resistant to them are
drought resistance, and the YeS Alunt cultivar also has  chickpea cultivars with the highest score of 8.7, lentils
a high score of resistance to pests; the productivity of and grass pea had a resistance score of 8, and horse
the grass pea cultivar Ivolha is combined with drought  beans - 7.8 points. The most resistant to pest damage
and disease resistance. among the studied leguminous crops are some cultivars

At the same time, the Fanfare horse bean cultivar, of food lentils and chickpeas with the highest score
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of 9. At the same time, horse bean cultivars had the
lowest pest resistance score of 7. The highest drought
resistance among the studied types of leguminous crops
was attributed to cultivars of chickpeas and grass peas -
9 points each, lentils — 8.2 points, and horse beans -
7 points.Horse bean cultivars have the highest potential
for seed productivity among the studied leguminous
crops - 5.9 t/ha. The maximum yield of chickpea seeds
reaches 4.1 t/ha, grass peas - 3.7 t/ha, and lentils - only
2.8 t/ha.

CONCLUSIONS

According to the State Register of plant cultivars of
Ukraine, the highest potential seed yield is attributed
to horse bean cultivars Tiffani and Fanfare, lentil
cultivars YeS Maksymum, Blondi and SNIM 18, chickpea
cultivars Goksu, Aras, Zehavit, YeS Alunt and a cultivar
of grass pea Ivolha. Among the cultivars of horse beans,
the most resistant to diseases such as bacteriosis,

Mazur et al.

fusariosis, ascochytosis and stripe disease are Birhit,
Apollo, and Stella, lentil cultivars Blondi, Khryzolit,
SNIM 18, Harri, Linza are resistant to ascochytosis,
fusariosis and bacterial wilt, among the cultivars of
chickpeas resistant to ascochytosis and root rot are
Odysei, Zodiak, Rodin, Oven, Stepovyi velet, all cultivars
of grass pea have increased resistance to its diseases.

The most resistant cultivars of horse beans
to pests such as bruchid, pod borer and stem borer
are Sirius and Fanfare, lentil cultivars Harri, Blondi,
Khryzolit, SNIM 18 are resistant to damage by bean
aphids and pea leaf weevils, chickpea cultivars Dostatok,
Zodiak, Lara, Yaryna, YeS Alunt, Rodin, Stepovyi velet,
Kozeroh and Odysei have increased resistance to
bruchids. The most drought-resistant is the cultivar of
grass pea Ivolha, as well as all cultivars of horse beans,
except Sirius and Fanfare, all lentil cultivars, except
YeS Maksymum, Antonina, and Harri, and all cultivars of
chickpea, except Zehavit and Budzhak.
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ATPOEKOJTIOINYHA CTIMKICTb COPTIB MAJTONMOLUPEHUX 3EPHOBOBE0OBUX KYJbTYP
B YMOBAX 3MIHU KNNIMATY

Biktop AHartoniitoBuy Masyp, Irop Mukonaiiosuu Liayp,
Onekcanpp Metposuy Tkauyk, laHHa BitaniiBHa MaHuupesa,
Bitanii BitaniiioBuu OBuapyk

BiHHMUbKMIA HALIOHANBHWIA arpapHuUi yHiBepcuTeT
21008, Byn. CoHa4yHa 3, M. BiHHMUg, YKpaiHa

AHoTauis. MNepenyMoBok 36inblUEHHS NAOLW, ManonowMpeHux 3epHob0O0BMX KyNbTyp € aHani3 ix copTiB 3a
arpoeKkosiIoriYHMMM NoKaszHMKaMu. ToMy MeToro ByNio onpaLoBaHHA [lepXaBHOro peecTpy COpTiB POCAMH, MPUAATHUX
Ans nowwupeHHs B YkpaiHi Ha 2021 pik Ta OdiuiiHnMx onuciB cOpTiB pOCAMH i MOKAa3HMKIB rocnogapcbkoi
NpWAATHOCTI, BUCBITNEHMX B |HOpPMALIiHO-A0BIAKOBIM cucTeMi «CopT» LWOAO OLIHKM arpoeKoorivyHoi CTiIMKOCTI
COpTiB ManonowunpeHnx 3epHob060BUX KynbTyp. HalBMLLOK MOTEHLIMHOK YPOXAMHICTIO HACiHHS, 332 AAHUMMU
[lep>xaBHOro peecTpy COpTiB POC/IMH YKpaiHW, BiA3HavaoTbcs copti 606iB KiHCbkux TiddaHi Ta PaHdape, coptu
coyeBuui xapyosoi €C Makcumym, bnonai Ta CHIM 18, coptu HyTy 3BMu4anHoro fokcy, Apac, 3exasit, €EC AnyHT i copT
YMHM NociBHOI IBoATra. HaBuMLLO0 CTilKICTIO 0 XBOPOO XapakTepu3yoTbes copth 606iB KiHCbkMx bipriT, Anonno Ta
Crenna, copTi coyeBmLi xapyoBoi bnoHai, Xpusonit, CHIM 18, lappi, JliH3a, copTn HyTy 3BMYaiiHoro Oapumceid, 3oaiak,
PopniH, OeH, CTenoBuit BeneT Ta yCi COPTM YMHM NOCiBHOI. HanbinbLw CTiMKMMM [0 WKiLAHUKIB € COpTM 606IB KiHCbKMX
Cipiyc Ta ®aHdape, coptv codeBuui xapyoBoi lappi, broHai, Xpusonit, CHIM 18, copt HyTy 3BMYaiiHoro [JocTaTok,
3ogiak, Jlapa, Spuna, €C AnyHr, Poain, Crenosuit Benet, Kosepor Ta Oauceit. Hanbinblu nocyxoCTiMKMM € COPT YMHU
NociBHOI 1BOATa, @ TakoX BinbwicTb copTiB 606iB KiHCbkMX, KpiM Cipiycy Ta MaHdape, COPTiB COYEBMLi Xap4OBOi,
KpiM €C MakcuMyM, AHTOHIHM Ta lappi, HYTYy 3BMYaKHOrO, KpiM COpTiB 3exaBiT i bymkak. AHani3 arpoekonorivyHoi
CTiIKOCTi COPTiB ManonowmpeHnx 3epHo6060BMX POCMH Ta IXHbOT MOTEHLIMHOT YPOXKaMHOCTI HACiHHS NOKa3aB, Lo
3HAYHOK MipO BMCOKA NPOAYKTUBHICTb 3a6€3NeYyeTbCs CTIMKICTIO A0 HECMIPUATIMBUX arpOeKOIOrNYHUX YUHHWKIB:
BMJIMBY XBOPOO, WKIAHWUKIB i NOCYXu. [paKTUYHA LiHHICTb AOCNIIKEHDb MONSATAE Y peKOMeHAaLii BUPOOHULITBY COPTiB
ManonowmpeHnx 3epHO6060BKX KyNbTyp i3 HAMBULLMMKM MOKA3HMKAMM CTIAKOCTI [0 BM/AMBY XBOPOO, LWKIAHUKIB i
MOCYXM 3 HAWOBINbLLOK NOTEHLIAHOK YPOXAMHICTIO

KniouoBi cnoBa: 6061 KiHCbKi, COYEBULS Xap40Ba, HYT 3BMYAMHMI, YUHA NOCIBHA, COPT, MOCYXOCTiMKICTb, yPOXKaMHICTb
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INTRODUCTION

Horticulture is an important branch of the agro-industrial
complex of Ukraine, which meets the needs of the
population in fruits that contain a complex of important
macro- and microelements, as well as vitamins [1].
The range of crops and their varieties depends on the
climatic conditions of the region and local agricultural
traditions [2]. In the structure of orchards in the South
of Ukraine, stone fruit crops dominate. Among them,
one of the early fruiting is the peach. This plant is
characterised by high taste and its fruits contain
approximately 13% of various vitamins and 10.7% of
acids [3]. According to statistics in the southern regions,
the area of peach orchards as of 2018 was more than
2.9 thousand hectares, but compared to 2000, it
decreased almost twice [4].

Species and quantitative composition of pests in
orchards is not stable and depends on the age of the gar-
dens, species, and varietal composition [5]. The devel-
opment of the entomocomplex of perennial plantings
begins fromthe momentthe gardenis laid and continues
throughout the entire period of its cultivation under the
influence of biotic and abiotic factors introduced with
the planting material and by migration from nearby
territories [6]. Significant changes in the biodiversity
of entomoacarifauna also occur under the action of
pesticides [7; 8]. Analysis of the species composition
of pests in the fruit crop agrocenoses indicates the
presence of both polyphagous and specialised species.
In some phytophages there are periodic increase their
numbers and such species such as Laspeyresia are
constantly harming plantings [9; 10].

A number of authors [11; 12] have determined
that the main part of the biomass of phytophagous
insects in orchards is from order Lepidoptera. Among
them, the Grapholitha molesta is the most harmful in
peach orchards [13-15]. The spread of pests such as
Anarsia lineatella is observed in outbreaks mostly in
older plantings [7; 15]. However, in some countries this
phytophagous is the dominant species, as compared
with other members of this order [16-19]. According to
the observations of N.M. Karpun and O.V. Mikhailova [20]
in peach orchards in the humid subtropics of Russia
there are about 18 species of pests, while more than
43.7% of harmful species are polyphagous.

The studies by S.P. lovleva [15] found that in the
foothills of the Crimea in peach orchards of different ages
there are 30 species of pests and 1 species of mites. In
plantings of 3-4 years of age the species diversity is three
times smaller. Dominant representatives of a number of
isopods are species of the family Aphididae, in particular
green and striped peach aphids (Myzodes persicae and
Brachycaudus persicae). A number of beetles include
13 species,of which 9 belong to the family Curculionidae.
The authors noted the strong colonisation of peach orchards
by lepidopteran pests, namely the Grapholitha molesta
and Anarsia lineatella. During 2015-2017, it was found
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that in the territory of the Crimea the peach orchards
were dominated by 3 species of aphids, as well as
Grapholitha molesta, Anarsia lineatella, and Epicometis
hirta [21].

According to a number of authors [14], in the
South of Ukraine during 2012-2013, the constant species
in the peach agrocenoses were Grapholitha molesta,
Anarsia lineatella, Myzodes persicae, and Tetranychus
crataegi Hirst. The colonisation of trees with Epicometis
hirta, Sciaphobus squalidus and other phytophagous
species is observed not every year. According to the
study in 2018-2019, it was found that the main pests
of peach were Grapholitha molesta and Quadraspidiotus
pemiciosus [22].

R. Andreev and P. Vasilev note that in Bulgaria
the most common pests on peaches are the Grapholitha
molesta and Anarsia lineatella. In addition to these
phytophages, 8 species of aphids have been recorded,
while only 3 of them are dominant and of economic
importance [23]. In peach orchards in Brazil, the most
common pests are fruit flies of the family Tephritidae,
the larvae of which will cause large yield losses [24].

Changes in the main meteorological parameters
of the climate in today’s conditions lead to changes in
the structure of the complex of pests [25; 26]. In this
regard, the constant monitoring of fruit plantings to
obtain information on the species composition of pests,
their distribution, levels of damage with the release of
dominant phytophages is the basis for making decisions
on the applicability of protective measures. Extermination
of all pests without exception is always incomparably
more expensive than just keeping their numbers below
the level of the economic threshold of harm [12].

Inview of the above, the purpose of the study was
to establish the species composition of phytophagous
insects and the level of pest colonisation of peach or-
chards to optimise measures to protect this crop from
pest damage.

MATERIALS AND METHODS

Field and laboratory studies on the species composition
of peach pests were conducted in 2018-2020 at the
“Naukova” Melitopol Experimental Station of Horticul-
ture named after M.F.Sidorenko IS NAAS. Peach orchards
of 2004-2007 years of planting were represented by va-
rieties: liyunskyi rannii, Melitopolskyi iasnyi, Charivnyk,
Zlatodar, Vireneia, Redhaven, Spokusa, Zolotystyi, Mriya,
Yuvileynyi Sidorenka. The scheme of planting trees -
5x4 m, stock - rootstock 1. The soil of the experimental
site — heavy loam southern chernozem, soil retention
system - black fallow.

Detection of peach pests was carried out by
conducting routine and detailed surveys of peach
plantatings in accordance with the phases of the host
plant: swelling of buds, pink bud, flowering, end of
flowering, forming, growth and ripening of fruits. The




number of sample trees was at least 8 of each variety.
Determination of the species composition and pest
colonisation of peach plantations was carried out
using various methods, in particular: visual estimation
of pests or damage to leaves, shoots, shaking, the use
of pheromone traps. Thus, the estimation of the pest
colonisation of peach plantings by weevils started during
the bud bursting phase. It was carried out by shaking
different sides of the crown of the four branches of each
sample tree. Diaspididae and Lecaniidae were counted
during a thorough examination of bark on the trunks,
main branches, and shoots. For this, shoots 10 cm long
and small parts of the bark with colonies of scale insects
(if present on main branches) 3 cm long and 2 cm wide
were cut off. The presence of Tortricidae was determined
by examining 100 inflorescences and leaves on trees.
The species composition of mites and the level of their
presence were recorded on the leaves of trees, plucking
them from all tiers of the tree in the amount of 10 pcs.
The colonisation of trees with catfacing insects (aphids,
leafhoppers) was carried out by inspecting the leaves
and shoots 0.5 m long (two shoots on each side of the
crown) [27]. Pheromone traps at the rate of 1 trap per
0.5 ha were used to record lepidopteran pests [28].

The collected material was analysed in the labo-
ratory using MBS-10 binocular microscope. Insect species
were established using atlases and identifiers of pests
based on plant damage [29; 30]. According to the data
on the number of pests, the level of pest colonisation of
plantings was determined for each sample.

Weather conditions during the study differed in
temperature and moisture content. However,a common
feature for weather conditions were increased air
temperatures compared with long-term averages. In
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2018, the average monthly air temperature during the
growing season (April-September) was in the range
of +13.4°C...+25.9°C; in 2019 it was +11.4°C +25.3°C;
in 2020 +9.4°C...+24.9°C, which is 0.5-4.8°C higher
than long-term values. During the spring and summer
months, there was 227.2-270.4 mm of precipitation.
The uneven distribution of rainfall was observed, which
led to a significant deficit of moisture and a decrease in
the relative humidity below 50%.

RESULTS AND DISCUSSION

Phytosanitary monitoring conducted in peach orchards
during 2018-2020revealed that the species composition
of the entomocomplex is dominated by representatives
of the class Insecta. The share of which in 2018 and 2020
was 91.7 and 93.3%, from the class Arachnida - 8.3 and
6.7%, respectively. In 2019, the share of phytophagous
insects decreased slightly to 87.5%, while the share of
mites increased to 12.5%.

Throughout the study, the order Lepidoptera
was widespread and the most numerous in terms of
species diversity, which in 2018 accounted for 63.6% of
the total number of insect pests (Fig. 1). In 2019-2020,
the share of representatives of this order decreased
and amounted to 46.7%, which is due to the expansion
of the species composition of phytophages in other
orders. The orders Coleoptera and Homoptera in 2018 had
2 species of insects each with a total share of 18.2%. In
2019 and 2020 - 3 and 4 species, which amounted to
20.0% and 26.7 % of the total detected phytophages. In
addition, in 2019-2020 the taxonomic structure of the
harmful entomocomplex of peach included one species
from the order Thysanoptera with a share of 6.6%.

18.2% |
2018 18.2% 63.6%
mLepidoptera m Homoptera Coleoptera
6.6%
20.0% ‘
2019 46.7%
26.7%
mLepidoptera B Homoptera Coleoptera mThysanoptera
6.6%
20.0% —= ‘
[»)
2020 ——46.7%
26.7%
mlepidoptera ® Homoptera Coleoptera mThysanoptera

Figure 1. Taxonomic structure of the harmful entomocomplex of peach
plantings (Naukova Experimental Station, 2018-2020)
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In the conditions of the Southern Steppe of
Ukraine in the peach agrocenoses, 15 insect pests

belonging to 4 orders, 10 families, and 2 species of
mites were recorded (Table 1).

Table 1. Species composition of the harmful entomocomplex in peach plantings in the South

of Ukraine (Naukova Experimental Station, 2018-2020)

Pest colonisation

Phytophage
2018 2019 2020
Class Insecta
Order Lepidoptera
Family Tortricidae
Archips rosana L. + + +
Archips podana Scop. + + +
Grapholitha molesta Busck. +++ +++ S+
Laspeyresia pomonella L. + + +
Grapholitha funebrana Tr. + + +
Family Gelechiidae
Anarsia lineatella Zell. ++ ++ o+
Family Lithocolletidae
Lithocolletis cerasicolella H.S. + - -
Order Homoptera
Suborder Aphidinea
Family Aphididae
Myzodes persicae Sulz. - ++ ++
Hyaloplerus pruni Geoffr. - + ++
Suborder Coccoidea
Family Diaspididae
Quadraspidiotus perniciosus Comst. ++ ++ ++
Suborder Auchenorrhyncha
Family Cicadellidae
Typhlocyba rosae L. + ++ ++
Order Coleoptera
Family Scarabaeidae
Epicometis hirta Poda. + ++ ++
Family Curculionidae
Sciaphobus squalidus GylL. + + +
Family Buprestidae
Capnodis cariosa Pall. - + +
Order Thysanoptera
Family Tripidae
Thrips fuscipennis Haliche - ++ ++
Class Arachnida
Order Acarina
Tetranychus viennensis Zacher. + ++ -
Tetranychus urticae Koch. - ++ ++

Note: + - low pest colonisation; ++ — average pest colonisation; +++ - strong pest colonisation;
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It was found that in peach plantings the species
composition of pests changed over the years under the
influence of weather conditions, varietal characteristics
of the crop, protection measures.

The complex of pests from the order Coleoptera
included 3 species from three families Scarabaeidae,
Curculionidae, Buprestidae. Among them, the greatest
damage was caused by the polyphagous Epicometis hirta,
the imago of which feeds intensively on flowers during
the flowering of fruit trees and leads to significant
crop losses [12]. During the flowering of peach trees in
2018 (15-17.04-24.04) under dry weather conditions
and average daily air temperature +10.6°C ... +15.8°C, a
weak population of pest beetles was established.In 2019,
during the flowering of peach trees (17-18.04-26-27.04),
the average daily air temperature was +7.4°C...+18.1°C
(maximum - +25.6°C), while the density of Epicometis hirta
was higherthan 2018.The level of pest infestation inthe
flowering phase of trees in 2020 (09-10.04-21-22.04)
was lower than in 2019, due to the freezing of repro-
ductive buds and low intensity of flowering trees. In
addition to Epicometis hirta in the early spring period, a
weak colonisation of trees with Sciaphobus squalidus was
recorded, during the summer - with Chrysobothris affinis.

Among the pests of the order Homoptera there is
a dangerous quarantine phytophage - Quadraspidiotus
pemiciosus. The degree pest colonisation during the
three years of studywas atthe average level.In the South
of Ukraine, the pest colonisation of peach orchards with
Quadraspidiotus pemiciosus fluctuates significantly [18].
It was found that peach plantings were dominated by
two species of aphids, the intensive reproduction of
which is observed from late May to mid-summer. At
the same time, in 2018, the development of catfacing
phytophages from the suborder Aphidinea was not
recorded onanyofthe studied varieties.However,in 2019
the pest colonisation of gardens with Anarsia lineatella
was at an average level, Tetranychus urticae Koch. -
at a weak level, in 2020 - at an average level of both
species.

In the peach agrocenoses, Typhlocyba rosae L.was
a permanent species belonging to the order Homoptera.
Reproduction of this pest in 2018 was observed during
August at a weak level, which was due to the high
average daily air temperature +23.0°C...+28.9°C and a
significant deficit of moisture. In the following 2019
and 2020, the appearance of Typhlocyba rosae L. was
recorded in peach plantations in late May-June and
August, with the average degree of pest colonisation.

During the summer period, the development
of representatives of the class Arachnida, including
two species of mites, was observed. It was found that
during 2018 and 2019, on different varieties of peach,
respectively, a weak and medium contamination
of leaves with motile stages of mite (Tetranychus
viennensis Zacher) was recorded. The reproduction of
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the common spider mite was detected in 2019 and
2020 at an average level.

In2019 and 2020, in addition to the above species
of catfacing insects, the average pest colonisation of
peach leaves with Thysanoptera was recorded. It was
found that in the peach agrocenoses, 7 pests from the
order Lepidoptera were recorded,belonging to 3 families,
the most numerous of which is the family Tortricidae.
During the years of study there was a low degree of
colonisation of peach orchards by two types of tortrix
(Archips rosana L. and Archips podana Scop.). In 2018,
there was a weak colonisation of trees by a member of
the family Lithocolletidae - Lithocolletis cerasicolella H.S.
In subsequent years, observations of peach leaves
damaged by the insects were not observed.

Males of 4 species of lepidopterous phytophages
were caught on pheromone traps in peach orchards.
The most common and most dangerous of these
insects was Grapholitha molesta. Depending on weather
conditions, the flight of insects lasted from mid-April to
late September. The four peaks of phytophagous flight
corresponds to the development of four generations.
At the same time, the colonisation of peach orchards
by Grapholitha molesta was at a high level in all years
of study. In the conditions of the South of Ukraine in
peach orchards the Grapholitha molesta belonging to
the family Gelechiidae also has indirect distribution [12].
The development of two complete generations and
partially the third has been established. During the
years of observation, the flight of Grapholitha molesta
began in the 10™-20% day of May and lasted until the
20"-30™ day of September. At the same time the pest
colonisation of the species was at the average level.

CONCLUSIONS

In the peach agrocenoses, the species composition of
insect pests in the Southern Steppe of Ukraine includes
15 phytophagous insects belonging to 4 orders, 10 fam-
ilies, as well as 2 species of mites. The level of pest
infestation changed during the years of observations
under the influence of weather and climatic conditions,
and protective measures. The most numerous species in
terms of species diversity was Lepidoptera Lepidoptera -
46.7-63.6% of the total composition of phytophagous
insects. Among which the constant and most harmful
fruit-damaging species was Grapholitha molesta Busck.,
to a lesser extent — Anarsia lineatella. In the spring,
Epicometis hirta was the most dangerous among insects
from other orders. During the summer, there was a
low and medium colonisation of peach plantations by
catfacing insects (Quadraspidiotus perniciosus, Myzodes
persicae, Hyaloplerus pruni, Tetranychus viennensis
and Tetranychus urticae, Typhlocyba rosae), the total
harmfulness of which was reflected in the weakening
of trees productivity due to damage to vegetative
organs.
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BMOOBUA CKNAL WKIASIMBOIO EHTOMOKOMIMIEKCY Y HACAOXXEHHAX MEPCUKA
niBAHSA YKPAIHU

Ipuna BanepiisHa K0auupbkal, Opiit Eayapaoeuu KneukoBcbKuif?

MeniTononbcbka AoCNifHa CTaHuUis caaiBHMUTBA iMeHi M.®. Cupopenka IC HAAH
72311, Byn. BakyneHuyka, 99, M. Menitonons, YkpaiHa

2[locnigHa CTaHLig KapaHTUHY BUHOrpagy i nnonosux Kynstyp 13P HAAH
65049, ®oHTaHCbka popora, 49, M. Opeca, YkpaiHa

Anotauis. [locnigxeHHs OMHAMIKM 3MiH BMAOBOr0O CKMagy WKiAHMKIB Y NIOAOBUX HACAAKEHHAX B YMOBAX 3MiH
KniMaTy HabyBatoTb 0COBNMBOI aKTyaNbHOCTI. MOHITOPUHT diTodariB y cafax 3 BUOKPEMIEHHAM LOMIHYOUMX BUAIB €
OCHOBHO CK/IQL0BOK A/ NobyaoBu edeKTUBHOT CUCTEMM 3aXMUCTY BaraTopiyHMX HacagKeHb. MeTo AOCHIAKEHD,
wo nposoaunucb npotarom 2018-2020 pp. Ha 6a3i MeniTononbCbkoi AOCAIAHOT CTaHUii CafiBHMLUTBA iMeHi
M.®. CupopeHka ICHAAH, 6yno BctaHOBNEeHHS BUAOBOIO cknagy ditodaris i piBHS 3aceNeHOCTi HUMU Y HACAKEHHSAX
nepcuka Ans onTuMisaLii 3aXo4iB 3aXMUCTy AaHOT KYNbTYPH Bif NOWKOMKEHHS WKiAHUKaMK. [IpoBefeHHS MapLUpyTHUX
i feTanbHUX 06CTeXeHb Yy pi3Hi da3u po3BUTKY AepeB (HabpsikaHHA GPYHbOK, pOXEBMI OYTOH, LBITIHHA, KiHeLb
UBITIHHA, GOPMYBaHHA, pIiCT i [O3piBaHHS NIOAIB) AAN0 3MOry BM3HAUMTU, LLLO EHTOMOAKApOLLEHO3 NEepPCUKOBUX
HacampkeHb cknafascs 3 15 Buaie komax-ditodaris, o HanexaTb A0 4 paais i 10 poamH 1a 2 BuaiB kniwwis. Bugosui
CKNaA i piBeHb 3aCeNEHOCTI HaCafKeHb NepPCMKa LWKiAHMKAMM 3MiHIOBABCA Nif, BIJIMBOM MNOrOAHUX YMOB, MPOBEAEHUX
3axofiB i3 3axucty. Pag nyckokpunmx 6yB npeactaBneHumi 7 Buaamu WKigHWKIB, cepen AKX OCHOBHUMU Kapnodaramu
€ CXifHa NIoAOXEepKa, MEHLIOK Mipoto GpyKTOBa CMyracta Mifb. IHTEHCUBHICTb 3acefieHHsl HacadXeHb nepcuka
[AHUMU LWKiIAHMKAMU KOXXHOTO POKY 3HaXOAMNaCb HAa BUCOKOMY Ta CepefHbOMY piBHi BignoBiaHo. [1poTaroM ycix
poOKiB AOCNIOXEHb 3 psay TBepAOKPUIMX HaWbinbLIy WKiAAMBICTb 3aBAaBaB H6aratoigHui ditodar oneHka BonoxaTta.
OCHOBHMM LWKiAHMKOM 3 pspy piBHOKpuaux y 2018 p. BusBunacsa KanidopHincbka WKTIBKA, @ 3aCENeHICTb iHWWMM
cucHuMK ditodaramm Byna Ha cnabkomy pisHi. MNpoTtarom BereTauinHmx nepiogis 2019 ta 2020 pp. y HacagKeHHsX
nepcuka 3acdikcoBaHO pO3BMTOK CMCHMX diTodaris 3 niapsay nonenuub i NiABULWEHHS PIBHA 3aCeNeHHs JIUCTKIB
nepcuka KilamMm, TpPUncom po3aHOBUM i LMKAAKOK PO33aHOBOIO

KntouoBi cnoBa: 3aceneHicTb, MOHITOPUHT, HACAAXKEHHS nepcuka, pitodarm
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Abstract. Foliage damage by leaf-eating insects during mass reproduction
causes deterioration of the sanitary state of forest and a decrease in
its increment. Timely detection of pest foci allows reducing the cost of
their elimination and preventing negative consequences for stands. The
purpose of this study was to identify the species composition of leaf-eating
insects on the territory of State Enterprise Zhytomyrske Forestry and the
subcompartments with the greatest threat of foci development of the
dominant species - Tortrix viridana, taking into account forest site conditions
and stand structure. During the feeding period, the species composition
of leaf-eating insects was identified, and after the end of oviposition,
the density of Tortrix viridana egg masses was assessed on tree branches
selected in subcompartments with different forest site conditions, age, the
relative crop density, and proportion of oak in the stand composition. The
database of forest inventory (Ukrderzhlisproekt) and the score assessment
of the preferences of stands for foci development were used. Eleven species
of leaf-eating insects from order Lepidoptera were identified, including
9 species from the family Tortricidae, of which Tortrix viridana dominated.
The highest egg mass density of this pest was assessed in fresh dubrava
conditions (D,), in pure oak plantations aged 40-80 years with a low relative
crop density. The average score of stand preference for Tortrix viridana was
assessed by forest site conditions (2.93 and 2.88 for seed plantations and
coppice forest, respectively),age (3.65), the relative density of stocking (2.6),
and oak participation (3.3) in the State Enterprise Zhytomyrske Forestry. The
list of subcompartments with a very high and high threat of an outbreak of
Tortrix viridana has been established. A survey in these subcompartments
would allow timely detection of pest population increase and prevent
its development

Keywords: common oak, green oak leaf-roller, plot preference, forest site
type, relative density of stocking, forest age
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INTRODUCTION

Common oak (Quercus robur L) is distributed on about 27%
of the forest fund of the State Forest Resources Agency of
Ukraine, or 62% of the area of hardwood plantations [1].
In particular in Zhytomyr Oblast the share of oak plan-
tations is about 14% [2]. Hundreds of species of insects
feed on the leaves of oak trees, but only some of them are
capable to increase their numbers hundreds of times
every few years and completely devour the crowns of
trees [3; 4]. These insects include mainly members of
the order Lepidoptera, including the families Tortricidae,
Geometridae, Lymantriidae and some others. Damage to
25% of the leaves has little effect on the condition and
growth of plantings. At the same time, during outbreaks
of mass reproduction, some trees can be completely
eaten by larvae of leaf-eating insects 2-3 years in a row.
This negatively affects the sanitary state of the forest
and its increment [5-9], increases the susceptibility
of trees to to colonisation with stem pests [10] and
pathogens [11].

To reduce the time and money spent on identi-
fying foci of mass reproduction of leaf-eating insects
and the timely application (if necessary) of forest pro-
tection measures, it is very important to know in which
plantations the threat of foci development is greatest,and
to monitor it [12-14]. The prevalence of leaf-eating insects
depends on the availability of food (trees of a certain
species), favourable microclimatic conditions for the ex-
istence of both leaf-eating insects and entomophages,
which regulate the number of these pests [15; 16].

The availability of attractive food for leaf-eating
insects depends on the type of forest site types and
the species composition, which is determined by silvicul-
tural and forestry measures. Microclimatic conditions
(Lighting, temperature, humidity) are formed by a certain
combination of relative crop density, age, composition
of plantations. Microclimatic conditions are significantly
affected by a sharp increase in lighting and heating due
to changes in land categories of neighboring areas after
fire,wind, economic measures, [15; 17]. Usually leaf-eat-
ing insects are attracted by illuminated and warm areas
of plantations [18-24], and for entomophages - more
shaded, with a variety of flowering plants [3; 19; 25].
For polyphagous insects, the species composition is
less important than for monophages [4; 20; 26; 27],
which is, in particular, the green oak-roller moth Tortrix
viridana Linnaeus, 1758 (Lepidoptera: Tortricidae).

These data on the distribution of foci of leaf-
eating and needle-eating insects in forest stands and
research materials allowed V.L. Meshkova [19] to
score the indicators on each species in terms of the
risk of development of foci of mass reproduction of
the most common pests. Accordingly, using the forest
management database for each species, the type
of forest site types, age, participation of oak in the
composition, and relative density of plantations are
evaluated by a score. This approach allows estimating
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the threat of outbreaks of certain pests in specific forest
districts and forestry enterprises. This helps to establish
a list of species and the area of plantations with very
high and high risks of foci development [15]. The
aforementioned approach is implemented in different
regions of Ukraine, mainly for needle-eating insects
in pine forests [18; 28]. In particular, with the use of
digitised planting plans and appropriate software, the
assessment of the threat of coniferous pests has been
improved, taking into account changes in the land
category of neighboring subcompartments [17].

At the same time, in deciduous plantations, the
approach was tested in the Left-Bank Forest-Steppe [19].
According to studies of previous years [29], since the
beginning of the 21 century there have been two out-
breaks of mass reproduction of leaf-eating insects in
the Zhytomyr Oblast, in 2002-2008 and 2010-2018.
Moreover, in the forest fund of Zhytomyrske Forestry
the maximum area of these insects during the last
outbreak in 2013 reached 522 hectares. The following
year it decreased almost twice, and since 2018 the
populations of leaf-eating insects are depressed.

Thus, despite many studies of leaf-eating insects,
the possibilities of using existing approaches to assess
the threat of the spread of these pests in the forests of
Zhytomyr Polissya remain unclear.

The purpose of the study was to identify the
species composition of leaf-eating insects in the forests
of Zhytomyrske Forestry SE and the subcompartments
with the greatest threat of foci development of the
most dominant species - green oak leaf-roller, taking
into account forest site conditions and stand structure.

MATERIALS AND METHODS

The study was conducted in 2000 in the forest fund
of State Enterprise Zhytomyrske Forestry. Given the
publications [4; 19; 29] on the predominance among
leaf-eating insects of species whose larvae feed in
the spring - during the development of oak leaves,
plantations were examined during the feeding period
of the larvae. The surveys were carried out primarily in
oak plantations, where the foci of mass reproduction
of leaf-eating insects during the last outbreak were
registered,as well as other plantations. Plantations were
selected during the analysis of the Ukrderzhlisproekt
database to cover the variety of types of forest growing
conditions, age, relative density, and participation of
common oak in the composition of forest stands.
Surveys of plantations were carried out along
running lines [15]. As a part of the spring survey, in
each subcompartment, 5 branches of oak were cut
with a secateurs on a pole, and the number of growth
shoots and caterpillars were estimated. Caterpillars
were determined using identification guides [3; 30; 31],
some individuals were fed leaves to form pupa and imago.
The nomenclature of insect names was coordinated
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with Fauna Europea [32]. The population density of cat-
erpillars of each species was estimated as the number
of individuals per 100 growth shoots. Since most spe-
cies were very rare, these data were used only to de-
termine the dominant species - green oak leaf-roller
(Tortrix viridana).

After the flight of green oak leaf butterflies and
their laying of eggs (from the second half of summer
and autumn), the survey of plantations was conducted
for the second time. During this examination, the egg
mass density of this pest was determined [15]. For this
purpose, 3 boughs at least 2 m long were selected from
different parts of the crowns. The growth of the last year,
secondary branches and shoots were cut off from each
branch and only the central part was left. The number of
eggs of Tortrix viridana on a segment of a bough 1 m long
was counted. According to the obtained data on the egg
mass density per 1 m of branch, the distribution of this
pest in plantations was estimated depending on type of
forest conditions, age, relative stand composition.

Forest site types were identified according to the
edaphicgrid of Alekseev-Pogrebnyak,whichisbuiltonthe
coordinates of trophic and humidity habitats [33]. Levels
of threat of development of foci of Tortrixviridana were
determined using the data of VO Ukrderzhlisproekt
on the forest fund of Zhytomyrske Forestry. Using
MS Excel filters, species in which the common oak is
the main forest-forming species were selected. The
area of plantations was calculated separately for each
forest site type, for 10-year age classes of forest stands
(€20 years, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80
and >80 years), for relative density intervals (<0.4; 0.5;
0.6; 0.7 and 20.8) and for plantations with different
parts of oak in the composition (£2 units, 3-5, 6, 7-8
and 29 units). Each indicator was scored according to
the method proposed by V.L. Meshkova [19] and the
corresponding areas and their shares were calculated
from the total area of oak plantations in the forest fund
of Zhytomyrske Forestry.

Statistical analysis of the data consisted in de-
termining the average values of the Tortrix viridana egg
mass density, standard error and their comparison using

the Student’s t test [34]. The calculations were carried
out using MS Excel software package.

RESULTS AND DISCUSSION

The findings of the survey of deciduous plantations of
State Enterprise Zhytomyrske Forestry in the spring of
2020 indicate that damage caused by leaf-eating insects
did not exceed 20%. During the examination, 11 species
of leaf-eating insects from two families of the order
Lepidoptera were identified. From the family Tortricidae,
9 species have been identified: Tortrix viridana Linnaeus,
1758 - green oak leaf-roller; Pandemis cerasana (Hubner,
1786) - barred fruit-tree tortrix; Ptycholoma lecheana
(Linnaeus, 1758) - Leche's twist moth; Archips podana
(Scopoli,1763) - large fruit-tree tortrix; Archips xylosteana
(Linnaeus, 1758) - variegated golden tortrix; Archips
crataegana (Hubner, 1799) - brown oak tortrix; Archips
rosana (Linnaeus, 1758) - rose tortrix; Adoxophyes orana
(Fischer v. Roslerstamm, 1834) - summer fruit tortrix;
Aleimma loeflingiana (Linnaeus, 1758) - yellow oak button.
From the family Geometridae, 2 species were found:
Operophthera brumata (Linnaeus, 1758) — winter moth;
Erannis defoliaria (Clerck, 1759) — mottled umber. Most
of the identified species are polyphagous and only
Tortrix viridana L. is a monophage, which feeds only on
the leaves of common oak. Caterpillars of this species
were the most common - their average density was
0.7#£0.12 specimens per 100 growth shoots, while the
density of other species did not exceed 0.1+0.03 spec-
imens per 100 growth shoots. The results of counting
the caterpillars of leaf-eating insects during their feeding
confirmed the expediency of counting the egg deposi-
tion of Tortrix viridana to determine the most attractive
plantations for the pest outbreak.

The results of accounting for the egg deposition
of Tortrix viridana carried out in the second half of
2000 revealed the peculiarities of their distribution by
forest site type, age, crop density, and share of oak in the
forest composition. Among the surveyed forest stands, the
presence of egg depositions of Tortrix viridana was found
only in three forest site types (FST) - fresh sudubrava (C)),
moist sudubrava (C,) and fresh dubrava (D,) (Fig. 1).
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Figure 1. Distribution of egg mass density (* standard error) of Tortrix viridana depending on the forest site type:
C, - fresh sudubrava; C; - moist sudubrava; D, - fresh dubrava
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The egg mass density of Tortrix viridana in
coppice stands of fresh dubrava was significantly higher
than in coppice stands of fresh sudubrava (t, = 5.3;
t,0,=2-73) and moist sudubrava (t. . =5.8;t,,,=2.73).The
egg mass density in seed plantatlons of fresh dubrava
was significantly higher than in seed plantations of fresh
sudubrava (t. = 4.8; t,,,=2.76) and moist sudubrava
(t..= 4.9; t,,,72.76). The differences in the egg mass
density between fresh and moist forest sites are not
significant in both coppice stands (t.  =14;t,,.=2.02)
and in high forest (t_ .= 0.9; t, .= 202) In all forest
site types, the egg mass density of Tortrix viridana was
higher in coppice than in high forest. The differences
are significant only in moist sudubrava: in fresh dubrava
(tfact- 1.8; t,,,=2.02), in fresh sudubrava (t_ .= 1.8;

00s=2-02) and in moist sudubrava (t, = 4.0;t,.=2.02).
Analysis of the distribution of the area of oak

plantations in the forest fund of Zhytomyrske Forestry SE

fact.
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by forest site types (Table 1) shows the predominance
of seed plantations. According to the forest site types,
both seed and coppice oak plantations predominate in
fresh sudubrava, moist sudubrava and fresh dubrava. In
fresh dubrava, where the highest egg density of Tortrix
viridana was found, only 7.88% and 0.54% of high and
coppice oak plantations, respectively, are represented.

The calculation of area of oak plantations with a
different level of threat of Tortrix viridana outbreak, given
the forest site type and the origin of stands (seed and
coppice), shows that at the largest area (71.1 and 89.7%
of seed and coppice stands, respectively) the risk of pest
outbreaks is average (score “3”[19]) (Table 2).The share of
the area with a very high risk of Tortrix viridana outbreak
in seed and coppice stands is 7.9 and 0.5%, respectively.
The average weighted score of attractiveness for Tortrix
viridana of forest site types of seed oak plantations -
2.93,and coppice forest — 2.88.

Table 1. Distribution of the oak plantations area in Zhytomyrske Forestry SE by forest site types (FST)

Forest site types (FST) Area, ha Share, %
seed plantations coppice forest seed plantations coppice forest
B, - fresh subor 118.8 5.5 0.82 3.28
B, - moist subor 106.0 0.7 0.73 0.42
C, - fresh sudubrava 31929 30.6 22.01 18.24
C, - moist sudubrava 7120.2 119.9 49.09 71.45
C, - wet sudubrava 24 - 0.02 0.00
D, - fresh dubrava 1143.6 0.9 7.88 0.54
D, - moist dubrava 2821.0 10.2 19.45 6.08
D, - wet dubrava 0.9 - 0.01 0.00
Total 14505.8 167.8 100.00 100.00
Note: Estimated on the basis of VO Ukrderzhlisproekt database as of January 1, 2019
Table 2. Distribution of stand area in different FST by attractiveness for Tortrix viridana
Indicators Threat of foci development, points*
0 - absent and 1 low 2 - low 3 - average 5 - very high
FST C,D,B,-B, , C,-C, D,
oak seed plantations
Area 228.1 2821 10313.1 1143.6
Share, % 1.5 19.5 71.1 7.9
oak coppice forest
Area 6.2 10.2 150.5 0.9
Share, % 3.7 6.1 89.7 0.5
Note: * - points according to [19]
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Analysis of egg mass density of Tortrix viridana by
age of stands shows that the pest inhabits the stands at
the age of 20 years, and only after 80 years the number
of individuals decreases (Fig. 2).

A significant increase in the egg mass density
of Tortrix viridana was observed in the age range of
31-40 years compared with the interval of 21-30 years

A significant decrease in this indicator occurred at the
age of over 80 years (t_ . =6.2;t,,, = 2.71). Changes in
the indicator within ten-year age intervals from 41 to
80 years are not significant (t_ - 0.7-1.3;t, . = 2.02).

The obtained data on the egg mass density of
Tortrix viridana by age of stands do not differ from the
literature [19]. Therefore, the distribution of the area of
plantations by different ages was calculated according
to the risk of pest outbreak (Table 3).

(t..=2.9;t,,, =2.71) and in the age range of 41-50 years
compared with interval of 31-40 years (t. . =4.7;t,,, = 2.71).
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Figure 2. Distribution of egg mass density (xstandard error) of Tortrix viridana depending on age of stands

Table 3. Distribution of the area of plantations by different ages according to their
attractiveness for Tortrix viridana

Threat of foci development, points*

Indicators
0 - absent 2 - low 3 - average 5 - very high
Age, years <20 21-30 >80 31-40 41-80
Area 325.6 5877.2 283.1 8187.7
Share, % 2.2 40.1 1.9 55.8

Note: * - points according to [19]

According to the scoring of the attractiveness
of oak stands by age, stands under 20 years of age are
unsuitable for the development of Tortrix viridana. The
area of such plantations is only 2.2%. Plantations with a
low risk of Tortrix viridana outbreak — aged 21-30 years
and over 80 years — account for 40.1% of the area.

Plantations with an average threat of Tortrix
viridana outbreak (aged 31-40 years) grow on the area
of 283.1 ha (1.9%). The most attractive for the pest
outbreak are stands aged 41-80 years, occupying an

for Tortrix viridana by the age of oak stands of the forest
fund of Zhytomyrske Forestry is 3.65.

Analysis of the distribution of egg mass density of
Tortrix viridana by the relative crop density (Fig. 3) shows
a decrease in the pest population as the relative crop
density increases. Differences in the egg mass density are
significant between areas with relative crop density up
to0.4and0.5(t, A =2.8;t,,,=2.71),0.6and 0.7 (t_ , =6.5);
t ., =271),07and 08 (t_ =6.0;t . =2.71)and are

0.01 fact. 0.01
not significant between sites with relative crop density

area of 8187.7 ha (55.8% of the area of oak plantations) of 0.5and 0.6 (t., = 1.3;t,, = 2.02).
(Table 3). The average weighted score of attractiveness
12
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Figure 3. Distribution of egg mass density (xstandard error) of Tortrix viridana depending on relative crop density
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Distributionin plantings of phytophagous insects,
in particular leaf-eating [4, 18], is largely determined
by the relative crop density. The illumination of areas,
rates and intensity of freezing, thawing, heating and
cooling of soil, heating and cooling of air, ratio of terms
and rates of development of trees, and composition
of phytophagous and entomophagous insects depend
on this indicator [19]. That is why the foci of mass
reproduction of phytophages are most common in stands
with lower relative crop density, as well as near
suddenly illuminated areas as a result of windbreaks,
fires, felling, construction, etc. [17].

Analysis of forest management data shows that
among the oak plantations of Zhytomyrske Forestry,
stands with a relative density of 0.7 (6648.6 ha, or 45.3%)
prevail. Such plantations have a high risk of Tortrix viridana
outbreak (Table. 4).

Andreieva et al.

The area with less relative crop density, in which
the risk of outbreak of leaf-eating insects is very high,
is 15.8% of the area of oak plantations. In high-density
stands (with a relative crop density of 0.8-1.0) there is
no threat of pest outbreak. The average weighted score
of attractiveness for Tortrix viridana in terms of the
relative crop density of oak plantations of the forest
fund of Zhytomyrske Forestry is 2.6.

As is well known [26; 35; 36], the resistance of
plantations to insect damage is higher with greater bio-
diversity. According to V.L. Meshkova [19], plantations
lose their attractiveness for Tortrix viridana even with
the share of oak less than 7 units. According to the
authors' study, the egg mass density of Tortrix viridana
in the Zhytomyrske Forestry increased as the share of
oak in the stands increased (Fig. 4).

Table 4. Distribution of area by the attractiveness of stands of different crop density for Tortrix viridana

Threat of foci development, points*

Indicators
0 - absent 4 - high 5 - very high
Age, years >0.8 0.7 <0.6
Area 5710.7 6648.6 2314.3
Share, % 38.9 453 15.8
Note: * - points according to [19]
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Figure 4. Distribution of egg mass density (*standard error) of Tortrix viridana depending on the share of
oak in the stands

Differences in the egg mass density are signif-
icant between areas with a consistent increase in the
share of oak in the composition from 3 to 6 (t, , = 4.9;
t,o, = 2.71),from 7to 9 (t., = 2.8;t,,, = 2.71) and are
not significant between sections with relative crop
density of 6 and 7 (t. = 1.3;t, . = 2.02).

The analysis of forest management data shows

that with the participation of oak in the composition of
the oak plantations of the Zhytomyrske Forestry, stands
with low threat of foci development prevail (Table 5).
At the same time, plantations with an oak share of 7-8
(high threat) and 9-10 units (very high threat) are quite
widely represented.

Table 5. Distribution of area of stands with different share of oak plantations on the attractiveness for Tortrix viridana

Threat of foci development, points*

Indicators
0 - absent 2 - low 3 -average 4 -high 5 -veryhigh
Share of oak in the composition, units <2 3-5 6 7-8 >9
Area 55.9 5463.8 23234 3848.7 2981.8
Share, % 0.4 37.3 15.8 26.2 20.3

Note: * - points according to [19]
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The weighted average score of attractiveness for
Tortrix viridana by the share of oak in the plantations of
the forest fund of Zhytomyrske Forestry is 3.3.

The obtained data allow using forest manage-
ment materials to determine the areas of forest where
the pest outbreak is most probable, to calculate the area
of potential foci, and to take the necessary measures to
protect the forest in a timely manner.

Taking into account the forest site type, age,
relative crop density and composition (see Tables 2-5),
then, judging by the forest management database, in
Zhytomyrske Forestry, the greatest risk of Tortrix viridana
exists only in two divisions: Berezivske forestry, quarter
72 compartment 6 (1.3 ha) and Korabelne forestry
quarter 61 compartment 1 (1 ha). Both plantations are
located in FST D,, have planting-stock age of 73 years,
a relative crop density of 0.6 and 9 and 10 units of oak
in the composition.

Taking into account areas with a very high and
high risk of Tortrix viridana, adding compartments with
a relative density of 0.7 and the share of oak in the
composition of 7 and 8 units (see Tables 4, 5), the area
of such plantations is 75 Ha.

Thus, oak plantations of Zhytomyrske Forestry are
generally resistant to outbreaks of green oak leaf-roller
and associated species of leaf-eating insects. At the
same time, it is recommended to monitor the condition

of plantations in areas with the highest risk of mass
reproduction outbreaks.

CONCLUSIONS

1. Eleven species of leaf-eating insects from the
order Lepidoptera,including 9 from the family Tortricidae,
were found in the oak plantations of the State Enterprise
Zhytomyrske Forestry. Among the insects, the green oak
leaf-roller (Tortrix viridana L.) dominated.

2.The highest egg mass density of Tortrix viridana
was determined in fresh dubrava (D,), in plantations aged
50 to 80 years. The egg mass density increased as the share
of oak in the plantations increased and the relative crop
density decreased.

3. The attractiveness of oak plantations for Tortrix
viridana by forest site type is 2.93 and 2.88 for seed and
coppice stands, respectively, by age of stand - 3.65, the
relative crop density and participation of oak in the
composition - 2.6 and 3.3 points. That is, the risk of
outbreaks is average.

4.The combination of the most favourable condi-
tions for the mass reproduction of Tortrix viridana, such
as forest site type, age of stand, relative crop density,
and composition of plantations is determined only in
two compartments with a total area of 2.3 hectares, and
the area of high and very high risk is 75 hectares.
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OCOBJIUBOCTI NMPOrHO3YBAHHA NOWUWUPEHHA KOMAX-JTIUCTOIrPU3IB
Y NICAX XKUTOMUPCbKOI'O NMoniccy

Onena KpiiBHa AHApeeBa, IBaH BonoguMmuposuy MapTtuHuyk, OneHa lMNetpisHa XXKutosa,
AHnaronin BacunboBuu BuwHeBcbKui, AHacTacisa AHaTtoniiBHa 3uMapoeBa

onicbKMii HaWioOHaNbHWIA YHiBEpCUTET
10008, 6-p Crapwui, 7, M. XKutomup, YkpaiHa

AHoTauif. MowKomKEHHS NUCTS KOMAXaMU-NUCTOrpM3aMu Mig 4ac MacoOBMX PO3MHOXEHb CMPUYMHSE MOTipLIEHHS
CaHITAapHOro CTaHy HAaCaKeHb | 3MEHLUEHHS IXHbOro NpMpocTy. BuacHe BUABNEHHS OCepeaKiB WKIOHWKIB AA€E 3MOry
3MEHLUNTU BUTPATM Ha iXHIO NiKBIAALIO Ta 3an06irTM HeraTMBHUM HacNigkaM Ans HacafxXeHb. MeTow [AoCnifxKeHb
6yno BM3HAUMTU BMAOBMI CKNaL KoMax-nuctorpmsiB y nicax Ol «XKutomupcbke JIM» Ta AinsHKM 3 HaMbinbLow
3arpo30t0 GOpMyBaHHS OCePeSKiB LOMIHAHTHOIO BMAY — 3e/1eH0i AyOOBOi IMCTOBIMKM 3 ypaxyBaHHAM NiCOPOCMHHUX
YMOB | CTPYKTYPWU HacafXeHb. Y nepiof >XMBMEHHS KOMaX-IUCTOrPU3iB BM3HAYaNM iXHi BUMOOBMI CKnag, a nicng
3aBepLUEHHS BiAKNaAaHHS S€ELb OLIHIOBANM WiNbHICTb KNAAOK S€EUb 3eneHoi Ayb0BOi NUCTOBIMKKM Ha TifKax Aepes,
BifiOpaHMX Y HAaCaAKEHHSX i3 Pi3HUMM TUMOM NiCOPOCMHHX YMOB, BiKOM, BiAHOCHOI NMOBHOTOK Ta YacTKow ayba y
cknapi. Mig yac aHanizy BUKOpUCTaHO 6a3y AaHunx BO «YkpaepxnicnpoekT» i 6anoBy OLiHKY NPUHAAHOCTI HACAKEHb
ons GopMyBaHHS ocepenkis. Bussneno 11 BuAaiB koMax-nuctorpumsis i3 psgy nyckokpunux (Lepidoptera), 3okpema
9 - 3 poguHu nucToBiliku (Tortricidae), 3 aIKMx LOMiHYBana 3eneHa ayboBa nMcToBilika Tortrix viridana.HanbinbLy WinbHicTb i
K/a[0K SIELb BU3HAYEHO Y CBIXIM Ai6pOBI (D), y YMCTUX HU3bKOMOBHOTHMX HacamkeHHsX Bikom 40-80 pokis. PospaxoBaHo
cepepHin 6an npuHagHocTi HacagkeHb AN «Knutomupcbke JIM» ans LUboro WKigHMKA 33 TUNOM JTiICOPOCIUHHUX YMOB
(2,93 Ta 2,88 pna HaciHHEBMX i MOPOCIEBMX AepeBOCTaHi BiANOBIAHO), BikoM (3,65), BigHOCHOK NMOBHOTO (2,6) Ta
yyacTio ayba y cknagi (3,3). BctaHoBneHo nepenik AiNgHOK i NAOLLY HAaCagKeHb i3 AyKe BUCOKOK Ta BUCOKOH 3arpo30to
(opMyBaHHS ocepeaKkiB MacOBOr0 PO3MHOXEHHS 3efieHoi Ay60BOoi NMCTOBIMKKM. [IpoBeAeHHS HAarnsay Ha UMX AinsHKaxX
[aCTb 3MOry BY4aCHO BUSIBUTM 3POCTAHHSA YMCENbHOCTI LUKiHMKA Ta BXMTU 3aX04iB 3anobiraHHs Moro po3BUTKY

Kntouosi cnoBa: ny6 3BuuaiiHmi, 3eneHa gyboBa IMCTOBINKA, MPUHALHICTb HACAAXKEHb, TUM N1ICOPOC/IMHHUX YMOB, MOBHOTA
Haca[KeHb, Bik HaCaaKeHb
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Abstract. The paper presents the findings of a study of species diversity of
forests in the Kharkivska Oblast. The study was conducted on the territory
of ten forestry enterprises and the State Enterprise Kharkiv Forest Research
Station and the Homilsha Woods National Nature Park on an area of
282.3 thousand ha (area is subordinated to the State Forest Resources
Agency of Ukraine). The purpose of the study was to analyse the species
diversity and typological structure of forests in the Kharkivska Oblast.
The study of species diversity was carried out based on analysis of the
subcompartment database of the VO Ukrderzhlisproekt. The plantations
were classified by the trophotope on the territory of the research facility
in accordance with the main methodological provisions of the Ukrainian
forestry and forest typology. A diagrammatic map of forests and dominant
species (common oak and Scots pine) was compiled using the Maplinfo
Professional 12.5 software package and a vector map of 12 forestries in the
Kharkivska Oblast. It has been established that 56 species of trees grow in
the Kharkivska Oblast. Among these tree species, the predominant ones are
common oak (53.4%) and Scots pine (32.7%).The distribution of plantations
by trophotope is characterised by certain features. For example, dubrava
conditions prevail in the stands (65.6% of the total area covered by forest
vegetation), subor forests are 3.5 times less represented, and sudubravas
and pine forests are the least common. Among the forest types, the most
common are fresh maple-linden dubravas (43.7%) and fresh oak-pine
subors (18.9%). The practical significance of the study is that the analysis
of species diversity and typological structure of forests must be taken into
account during the planning, organisation,and conduct of forestry activities
in the Kharkivska Oblast
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trophotope, state enterprise, national nature park
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INTRODUCTION

The species diversity of forests is declining under the
influence of human economic activity and climate change.
Thisimpactis globaland irreversible [1].There is a signifi-
cant probability of changes in the most common species
(Scots pine and common oak) of Ukraine, which in turn
will lead to the transformation or even destruction of
forest natural ecosystems that exist today [2]. If some
decisive action is not taken now, further adaptation to
climate change will require significant efforts and finan-
cial costs [3].

Forests for their intended purpose and location
perform mainly water-conserving [4], protective [5],
health-improving [6],aesthetic [7],educational and other
functions [8]. Forests have sanitary and recreational
value, cause a positive effect on climate, soil conditions,
and water resources [9], reduce the effects of water [10]
and wind erosion [11; 12], and is also a source of for-
est resources [13]. The formation and distribution of
forest depends on the geomorphological structure, soil
conditions, terrain and climatic features. All these factors
must be taken into account during the planning, organ-
isation, and management of forestry activities [14].

Asignificant number of papers, both by Ukrainian
[15-17] and foreign [18-20] scientists, are devoted to
the study of the species and typological structure of
forests. In Ukraine, studies of the typological diversity
of forests were mainly conducted within natural areas:
Polissya, Forest-Steppe and Steppe.Regarding the study
of species diversity of forests in the Kharkivska Oblast,
recently such studies have been almost non-existent [21;
22]. The scientific novelty of the findings lies in the fact
that the species and typological structure (by forest site
types, trophotopes, and forest types) of forest planta-
tions in Kharkivska Oblast was analysed for the first time,
including diagrammatic maps of predominant species
(Scots pine and common oak). The purpose of the study
was to identify the features of the species diversity of
forests in the Kharkivska Oblast.

To achieve the stated goal, the following research

objectives were set:

— to analyse the distribution of plantations by tree spe-
cies and forest types;

— to compile a map of forests and predominant spe-
cies (Scots pine and common oak);

— to determine the number of tree species, forest site
types, and trophotopes on the territory of forestry en-
terprises in Kharkivska Oblast.

MATERIALS AND METHODS

Species diversity of forests of state forestry enterprises
located in the Kharkivska Oblast, which are subordi-
nated to the State Forest Resources Agency of Ukraine,
was determined based on the forest inventory materials
as of 01.01.2016. The subcompartment databases of
Ukrderzhlisproekt were converted using the NewUn-
PackOHOTA software package, which was developed at
the URIFFM named after G.M. Vysotsky [23].

Study was conducted in several stages.At the first
stage, materials of forest inventory of ten state-owned
enterprises (SE Balakliyske forestry, SE Blyzniukivske
forestry, SE Vovchanske forestry, SE Hutyanske forestry,
SE Zhovtneve forestry, SE Zmiivske forestry, SE Izyumske
forestry, SE Krasnogradske forestry, SE Kupyanske forestry,
SE Chuguevo-Babchanske forestry), Kharkiv Forest Research
Station, and Homilsha Woods National Nature Park were
put together and analysed (Fig. 1). These materials (data-
bases) were grouped by certain indicators. The filtering
of information was carried out in the following sequence:
tree species, forest site types, trophotopes, and forest
types. The analysis of these data was performed using ap-
propriate computer software (Microsoft Excel 2010), as well
as geoinformation technologies (Map/nfo Professional 12.5.
Beta). The silvicultural and typological analysis of forests
was carried out in accordance with the main methodolog-
ical provisions of the forestry and ecological (Ukrainian)
consensus group of forest typology [24].

m Plantations

Figure 1. Diagrammatic map of forest distribution in the Kharkivska Oblast
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At the second stage, diagrammatic map of forests,
distribution of predominant tree species (common oak
and Scots pine) in the Kharkivska Oblast has been com-
piled. It was done using Mapinfo Professional 12.5. Beta
and vector map of Ukraine. Thus, the geographical coor-
dinates of the extreme points of the survey plot: in the
North-37°29'33",50° 27'26",in the South-36° 17'50",
48° 31'56",in the West — 34° 51'27",49° 59'11", and in
the East - 38° 05'36", 49° 50'43". The total area of the
investigated forests,which are subordinated to the State
Forest Resources Agency of Ukraine, is 282.3 thousand hect-
ares. The distribution of forests in the Kharkivska Oblast
isuneven.Theyare mostly located inthe floodplain of the
Siverskyi Donets river and its tributaries.

RESULTS AND DISCUSSION

Species composition of forests in the Kharkivska Oblast
is quite diverse. Thus, the largest concentration of spe-
cies is in SE lIzyumske forestry (37 species of trees) and
SE Zhovtneve forestry (36 species of trees),and the least - in
SE Chuguevo-Babchanske forestry (21 species of trees) and
the Homilsha Woods NNP (16 species of trees), respectively
(Table 1).Atotal of 18 forest site types have been identified
on the territory of research facility. Thus, most of them are
concentrated in the Izyumske forestry (18 site types), and
the least - in the Homilsha Woods NNP (8 site types).

The distribution of forests in the Kharkivska Oblast

Bondar et al.

by trophotopes is characterised by certain peculiarities.
Thus, the plantations are dominated by dubrava site type
(65.6% of the total area covered by forest vegetation),
3.5 times less represented are subors (18.3%),and the least
represented are sudubravas (9.9%) and pine forests 6.2%).

In total, 18 types of forest sites have been identified
in the forests of the Kharkivska Oblast, in particular,in pine
forests there are 3 site types, and in subors, sudubravas
and dubravas - 5 site types in each.Pine forests with poor
growing conditions are present on the territory of 10 en-
terprises, and their share varies from 0.3% (SE Kharkiv
Forest Research Station) to 27.7% (SE Izyumske forestry).
On the territory of two enterprises (SE Blyzniukivske
forestry and Homilsha Woods NNP) pine woods are not
detected at all. Subor types are commonit on the territory
of all enterprises,and their share varies from 0.3% (Homil-
sha Woods NNP) to 32.3% (SE lzyumske forestry). Sudu-
brava types are present on the territory of all enterprises,
and their share ranges from 2.1% (SE Kharkiv Forest
Research Station) to 25.4% (SE Hutyanske forestry). In
dubrava (rich) conditions, plantations grow on the territory
of all enterprises, and their share varies from 25.1%
(SE Izyumske forestry) to 94.4% (Homilsha Woods NNP).
After analysing the distribution of plantating by tropho-
topes in the Kharkivska Oblast (Fig. 2), it was determined
that the natural conditions are favourable for growing
high-yielding plantations of common oak and Scots pine.

Table 1. Distribution of forest areas in the Kharkivska Oblast

State-owned enterprise Number Area

tree species forest site types ha %

SE Balakliyske forestry 29 17 22,650.0 8.0

SE Blyzniukivske forestry 25 11 5,350.8 19

SE Vovchanske forestry 27 16 25,830.0 9.1

SE Hutyanske forestry 30 16 27,686.1 9.8

SE Kharkiv Forest Research Station 33 14 19,753.7 7.0
SE Zhovtneve forestry 36 16 45,321.8 16.1

SE Zmiivske forestry 28 17 23,7521 8.4

SE lzyumske forestry 37 18 43,101.8 153

SE Krasnogradske forestry 28 15 12,083.3 4.3

SE Kupyanske forestry 33 18 33,633.1 119

Homilsha Woods NNP 16 8 3167.7 11

SE Chuguevo-Babchanske forestry 21 15 19,999.0 7.1
Total 56 18 282,329.4 100.0
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Figure 2. Distribution of plantation areas of enterprises by trophotopes, %

In each type of forest sites, foresters have allocated
a different number of forest types. The pine forests are
represented by four, the subors by seven, the sudubravas
by eleven, and the dubravas by thirteen forest types. A
total of 35 forest types were identified: one was very
dry, six were dry, ten were fresh, nine were moist, five

were wet,and four were damp (Table 2). The typological
variety of forests in the Kharkivska Oblast is quite diverse.
Thus, the most common type of forest is fresh maple-
linden dubrava (43.9% of the total area covered with
forest vegetation),a slightly smaller share is fresh oak-pine
subor (18.9%) and dry maple-linden dubrava (11.9%).

Table 2. Forest types in the Kharkivska Oblast

Forest type Area
Name Index ha %
Very dry pine forest A,-P 19.2 0.01
Dry pine forest A -P 5,543.4 2.0
Fresh pine forest A-P 17,131 6.1
Moist pine forest A.-P 115 0.0
Dry oak-pine subor B,-oP 5,243.2 1.9
Dry eroded oak subor B,-Oe 49 0.0
Fresh oak-pine subor B,-oP 53,285.8 18.9
Moist oak-pine subor B,-oP 1,348.9 0.5
Moist floodplain sedge subor B,-Sf 201.1 0.1
Wet oak-pine subor B,-oP 142.8 0.1
Damp birch-pine subor B,-bP 4.3 0.002
Dry eroded Tatarian maple sudubrava C,-TmOe 3,602.1 1.3
Fresh oak sudubrava C,-0 919.3 0.3
Fresh eroded linden sudubrava C,-10e 2,072.6 0.7
Fresh linden-oak-pine sudubrava C,-loP 15,571.8 5.5
Fresh floodplain oak sudubrava C,-Of 1,525.8 0.5
Moist maple-linden sudubrava C,-mlO 287.8 0.1

Scientific Horizons, 2021, Vol. 24, No. 1
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Continuation of table 2

Forest type Area

Name Index ha %

Moist linden-oak-pine sudubrava C,-loP 1,330.0 0.5
Moist floodplain oak sudubrava C,-Of 1,619.8 0.6
Wet alder sudubrava C,-A 2,062.7 0.7

Wet poplar-willow sudubrava C,-pW 236.5 0.1
Damp alder sudubrava C-A 155.0 0.1

Dry elm-Tatarian maple dubrava D,-eTmO 711.0 0.3
Dry maple-linden dubrava D,-mlO 33,608.6 119

Fresh elm-Tatarian maple dubrava D,-eTmO 404.1 0.1
Fresh maple-linden dubrava D,-mlO 123239.2 43.7
Fresh ash-linden dubrava D,-al0 103.0 0.04

Fresh floodplain elm-Tatarian maple dubrava D,-etmOf 1,042.5 0.4
Moist maple-linden dubrava D,-mlO 707.9 0.3
Moist ash-linden dubrava D,-al0 1,144 0.4

Moist floodplain elm-Tatarian maple dubrava D,-etmOf 7,204.4 2.6
Wet alder dubrava D,-A 1,110.3 0.4

Wet floodplain poplar-willow dubrava D,-pWf 177.8 0.1

Damp alder dubrava D.-A 518.9 0.2

Damp floodplain willow dubrava D,-Wf 38.2 0.01
Total 100.0

The greatest typological diversityis characteristic ~ of forest types is explained by the homogeneity of geo-
of the forests of the State Enterprise Izyumske forestry = morphological, soil,and climatic conditions of plantation
(34 forest types), and the least - for the forests of the  within the relevant forestry enterprises (Fig. 3).
Homilsha Woods NNP (12 forest types). The small number
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Figure 3. Distribution of the total number of forest types by enterprises
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The nature of the distribution of wood species on  oak (Quercus robur L.) - 53.4% (150798.4 ha of the total
the territory of the research facility is quite uneven (Fig.4).  area covered by forest vegetation) and Scots pine (Pinus
Thus, in the Kharkivska Oblast there are 56 species of  sylvestris L) = 32.7% (92380.0 ha).
trees, of which the most common (Table 3) are common

Table 3. Distribution of areas of predominant tree species in the Kharkivska Oblast, ha*

Total
Tree species ha o
European birch 2,727.1 1.0
Common alder 4,404.9 1.6
European elm 513.2 0.2
Common oak 150,798.4 53.4
Norway maple 3,387.0 1.2
Tatarian maple 1,248.9 0.4
Big-leaf linden 1,662.9 0.6
Black locust tree (false acacia) 7,142.3 2.5
Scots pine 92,380.0 32.7
European aspen 3,997.6 14
Silver poplar 1,622.5 0.6
Canadian poplar 752.9 0.3
Black poplar 684.2 0.2
European ash 7,062.3 2.5
Green ash 1,640.6 0.6
Other 2,304.6 0.8
Total 282,329.4 100.0

Note: * The table shows the data of the predominant tree species, the area of which is more than 150 ha, from the total
area covered with forest vegetation on the territory of research facility

= Common oak
= Scots pine

Figure 4. Diagrammatic map of the distribution of dominant tree species in the Kharkivska Oblast
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With the increase of areas covered by forest veg-
etation, the number of forest types and tree species in-
creases. This complicates the conditions for forest man-
agement activities in Kharkivska Oblast, and, in turn,
increases biological diversity.

CONCLUSIONS

The species diversity of forests on the territory of the
research facility is represented by 56 tree species.Among
them, the largest share is occupied by common oak (53.4%
of the total area covered with forest vegetation) and
Scots pine (32.7%). Forest management activities on
the territory of the research facility should be aimed at
increasing the species diversity of forests by carrying

Bondar et al.

out certain economic activities.

The trophotopes are dominated by dubrava (0ak)
conditions, the share of which is 65.6% of the total area
covered with forest vegetation. This contributes to the
cultivation of highly productive oak forests. The typological
structure of forests is represented by 35 forest types.
Among the forest types, the most predominant are fresh
maple-linden dubravas (43.9% of the total area covered
with forest vegetation), fresh oak-pine subors (18.9%)
and dry maple-linden dubravas (11.9%). According to the
compiled diagrammatic maps of forests it is possible to
determine the actual amount of woodland and pecu-
liarities of plantation distribution. These materials can
be used when creating new forests.
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AHAII3 BUAOBOIO PIBHOMAHITTS J1ICIB HA TEPUTOPII XAPKIBCbKOI OBJIACTI

Onekcanpp boraaHoBuu boHpap?, lloamuna IeaHiBHa Tkau?, Hens IBaHiBHa Linutopat,
OkcaHa KoctaHTuHiBHa lanaran?, OneHa BacunisHa Tpury6a

!KpeMeHelbka 0bacHa rymMaHiTapHo-nefaroriyHa akagemis iM. Tapaca LleByeHka
47003, Byn. JlineiHa, 1, M. KpemeHelb, YKpaiHa

ZXapKiBCbKMI HaLiOHaNbHWIA YHIBEPCUTET MiCcbKoro rocnogapcTea iM. O.M. bekeToBa
61000, Byn. Mapwana baxaHoBa, 17, M. XapkiB, YkpaiHa

AHoTtauig. HasegeHo pesynbtatv JOCNILKEHb BMOOBOrO Pi3HOMAHITTS NiCiB Ha TepuTopii XapkiBCbkoi obnacTi.
[ocnipxeHHs NpoBeAeHO Ha TepUTOpIi AecSTv NiCOrocnoaapCbKMx NignNpUEMCTB, XapKiBCbKOI 1iCOBOI HAYKOBO-A0CNiAHOI
CTaHUii Ta HauioHanbHOro NpMpoaHoOro napky «lOMiNbWAHCLKI Aicu» Ha naowi 282,3 TUC. ra, 9Ki 3HaXoaATbCa Y
nignopsakyBaHHi JepxnicareHcTBa YkpaiHu. MeToto pocnigxeHHs 6yno npoaHanizyBaTti BUAOBE Pi3HOMAHITTA Ta
TUMNONOTIYHY CTPYKTYPY NiCiB Ha TepuTOpii XapkiBcbkoi obnacTi. ocniakeHHs BUAOBOrO Pi3HOMAHITTS 34iMCHIOBaNN
Ha OCHOBI aHani3y nosuAinbHOi 6a3n gaHux BO «YkpaepxnicnpoekT». Knacudikauito HacagxkeHHs 3a TpopoTonamu
Ha TepuTopii AocnifHOrO OO€EKTA 3AIMCHIOBANM 3riAHO i3 OCHOBHUMWM METOAMYHWMMM MONIONKEHHAMM NiCiBHUYO-
€KOoNorivyHoi (yKpaiHCbKOi) WwKonun nicoBoi TMnonorii. [obyaoBaHO 3aranbHy CXeMy-KapTy iCiB i nepeBaxatumnx
nopig (oyb6a 3BMYaAMHOrO Ta COCHWM 3BMYAMHOI) Ha OCHOBI nporpamu Maplinfo Professional 12.5 i BeKTOpHOi KapTu
12 pocnigHux o6eKTIB Ha TepuTopii XapkiBCbKoi 06nacTi. Bu3HaueHo, Wwo Ha TepuTopii XapKiBCbKOi 061acTi pocTyTb
56 Buaie nepeBHux nopia. Cepen aepeBHUX Mopig Hanbinbw nowwvpeHnMun € ay6 3BuyanHui (53,4 %) Ta cocHa
3BMYariHa (32,7 %). Po3noain HacapkeHb 3a TPO(OTONaMM XapakKTePU3YETbCS MEBHUMM 0cobAMBOCTAMMU. Tak, y
HaCaKEeHHAX AOMiHYIOTb rpyaoBi yMoBu (65,6 % Bif, 3aranbHOi MAOLLI BKPUTOI ICOBOK POC/IMHHICTIO 3eMenb), Y 3,5 pasu
MeHLWe npeacTasneHi cybopu (18,3 %), a HaviMeHwWw npencTaBneHi € cyrpyam (9,9 %) i 6opwu (6,2 %). Cepen TMniB
Nicy HaWbiNbLW NOWMPEHMM € CBiXKA KIEHOBO-NMMNOBA AibpoBa (43,7 %) i cBixuMit fy6oBO-cocHOBMUI cybip (18,9 %).
MpaKTUYHa LiHHICTb CTATTi MONSArA€ B TOMY, LLO Pe3yNbTaTu aHani3y BUAOBOro Pi3HOMAHITTS | TUNOMOrIYHOT CTPYKTYpH
niciB HeobXigHO BPaxoBYBATWU Mifg, YaC NMAHYBaHHS, OpraHisauii Ta NpoBeLeHHi NiCOrocnoaapCcbKMx 3axXofiB Ha
TepuTtopii XapkiBcbkoi obnacTi

KniouoBi cnoBa: ny6 3BMualiHuiA, COCHA 3BMYalHa, LepeBHA NOPOAA, TUNU TiICOPOCIMHHMX YMOB, TPODOTON, AepXKaBHe
NiANPUEMCTBO, HALLIOHANIbHUI NPUPOAHMIA NapK
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Abstract. The paper deals with the ecological and fire situation in the forest
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INTRODUCTION
As aresult of the Chernobyl accident in 1986, the forests
of Polissya region in Ukraine were subject to significant
radioactive contamination [1]. Due to high radiation
pollution, the probability of fire in such forests increases [2].
As aresult of fires in radioactively contaminated forests,
there is an increase in the radioactive background of the
territory, as well as the deterioration of the ecological
situation in the surrounding area. Every year in Ukraine,
when the air temperature rises in the spring and
summer, fire safety in forests becomes a major problem.
In recent years, the number of fires and their area is
growing steadily. Such an expansion is primarily due to
an increase in air temperature and low precipitation [3].

The most dangerous are the crown fires that
start from underbrushes and belong to the first class
of fire danger. The onset of crown fires is also affected
by the negative sanitary condition of forest stands
(clutter and dead trees), which begins with surface fires,
spreads to tree trunks and continues to spread to tree
crowns, and burns a large area of forest [4]. However,
a significant role in the fire situation is played by
radiation contamination of the territory. The peculiarity
of forests contaminated with radionuclides is that they
increase the possibility of forest fires and reduce the
effectiveness of the developed fire prevention system.
Therefore, the question arises as to the study of the
state of the radioactively contaminated forests and
protection of forests from fires.

However, not only in Ukraine there are significant
forest fires as a result of climate change and lack of
precipitation. In the Amazon rainforest, fires also occur
each year, which tend to increase [5]. In addition to
climate change, it is also affected by human activities,
mainly related to changes in land use [6]. Even the
permafrost suffers from fires. Thus, during August 2017 in
Greenland, more than 2.0 thousand hectares of forests
were affected by fires. This indicates that the area under
a layer of snow and ice becomes vulnerable to forest
fires as a result of global warming [7]. Forest fires are
not only detrimental to biodiversity, but also to human
health. Particularly great damage is caused by fires that
occur in radioactively contaminated lands [8; 9].

The purpose of the study is to determine how
radiation pollution affects the fire hazard of forest eco-
systems of the “Drevlyansky” nature reserve (hereinaf-
ter — the Reserve). In accordance with the purpose of
the study, the following tasks were set:

— to distribute the area of forest ecosystems of the
reserve according to the levels of radiation pollution;

— to distribute the area of forest ecosystems of
the reserve according to fire hazard classes with and
without radiation pollution;

— to estimate and compare the average fire hazard
classes between 2008 and 2018.

Scientific Horizons, 2021, Vol. 24, No. 1

MATERIALS AND METHODS

To establish the total area of contamination and fire
hazard class, forest management materials (mensu-
rational descriptions for 2008 and 2018) were used
by the State Enterprise “Narodytske spetsializovane
lisove hospodarstvo” (Narodytske, Klishchivske, Zaliske
forestries), namely the natural areas included in the
territory of “Drevlyansky” nature reserve [10]. The dis-
tribution of the territory of the Reserve according to the
density of radiation pollution took place in accordance
with the forest management instructions [11], which
indicates the density of radiation pollution by zones.
The main indicators for calculating the fire hazard class
were: land category, species, composition, age, type of
forest vegetation conditions, clutter, as well as radiation
contamination of the territory. The fire hazard class of
each division was established according to the scale of
natural fire hazard assessment of forest land plots [12].
The average fire hazard class of forest ecosystems was
determined by the equation 1 [13]:

_ F151 + Fzsz + A + FTI.STI.

Faq 55 ®

where F, F,, .., F,
allotments (quarters);

S, S, .., S - corresponding areas of taxation
plots (quarters).

When performing mathematical calculations
according to equation 1, the share is the average class
of fire hazard. A special feature is that the calculation
of the average class of fire hazard does not require
assigning a separate coefficient to each class of fire
hazard. It is done when calculating the average class
of plant quality, especially when there are plantations
with class 1a.

For convenient grouping of taxation plots
by ignition sources, filtering of ignition sources in a
Microsoft Excel spreadsheet processor was used, where
taxational specifications of research quarters will be
listed. During the assignment of certain class of fire
hazard to the stratum, it is also necessary to take into
account the density of radiation pollution. Because in
one case the stratum belongs directly to class 1, and
in the other it increases the fire hazard class by one.
After that, the summation of all areas for each class of
fire hazard is carried out. The total area of fire hazard
classes should be equal to the sum of the areas of
taxation plots (quarters) in which the calculations were
carried out.

- fire hazard classes of

RESULTS AND DISCUSSION

As a result of the survey of the forest fund in 1991-1992,
the current territory of the Reserve is divided into three
zones according to the density of '*’Cs pollution; the
areas are presented in the table 1.
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Table 1. Division of part of the Reserve territory by zones of
radiation pollution (density of soil pollution *¥’Cs in Ci/km?)
In particular by the pollution density
Zone 1 Zone 2 Zone 3
Total area of pollution, ha/% Subzone Subzone
A:;rg a b C a b
5.1-7.0 7.1-10.0 10.1-15.0 1.1-2.0 2.1-5.0
16823.0 15450.0 58.0 55.0 12110 0 49.0
100.0 91.83 0.34 0.33 721 0 0.29

The largest area of forest ecosystems belongs
to the first zone of radiation pollution and amounts to
15450.0 hectares or 91.83% of the reserve. The second
zone of radioactive contamination includes 1324.0 ha or
7.88% of territory. For its part, the second zone is divided
into 3 subzones. Subzone “a” includes 58.0 hectares or
0.33%. Subzone “b” is slightly smaller - 55.0 hectares
or 0.33%. The largest area is occupied by subzone “b’,
which is 1211.0 hectares or 7.21%. Zone 3 includes
49.0 hectares or 0.29% of the territory. This zone is
represented only by subzone “b”.

There are villages in the forest ecosystems of
the Reserve (Mali Klishchi, Shyshelivka, Zvizdal, Mali
Minky, Khryplya, Severivka, Rohy, Peremoha). These
villages are located near the territories with the level
of radiation pollution over 15 Ci/km? which are referred

to the zone of unconditional (obligatory) resettlement. [14].
Territories belonging to zone 2 are located near the
Loznitsa village and near the road in the direction
of village Mali Klishchi village, as well as alone in
the middle of the forest. Furthermore, the quarters
belonging to zone 2 (subzone “c”) are located south of
the Mali Klishchi village and north of the Mali Minki
village. In the spring of 2020, the territory belonging to
zone 3 was affected by fires, the radiation background
of which became higher than the initial one. As the fire
hazard class is established on the basis of taxational
specifications (Tables 3-4), the forest ecosystem area of
the Reserve was distributed by fire hazard classes for
2008 and 2018 without taking into account the level of
radiation pollution (Table 2).

Table 2. Distribution of lands by fire hazard classes with and without taking into
account radiation pollution between years of forest management

The year of forest (Area,ha) Fire hazard classes Average
management % 1 2 3 4 5 class
Distribution by classes without taking into account radiation pollution

52894 7930.5 21774 819.4 606.3

2008 16823.0 31.44 4714 1294 487 361 202
100.0 4955.2 8084.0 2270.8 906.7 606.3

2018 29.45 48.05 13.50 5.39 361 2.06

Distribution by classes taking into account radiation pollution

15928.3 194.7 106.4 7.6 586.0

2008 16823.0 94.68 116 0.63 0.05 3.48 116
100.0 158774 242.9 108.8 7.6 586.3

2018 “o43g 1.44 0.65 0.05 3.48 L1

Table 3. Distribution of taxational specifications by fire hazard classes without taking into
account radiation pollution between forest management years

Years of forest manage-ment

Taxational specifications

2008 2018
Class 1
Coniferous plantations under 40 years old 3550.4 3319.2
Coniferous plantations over 40 years old (FST *0 1) 416.2 420.4
Free-growing forest plantations 145.5 41.0
Cuttings after conifers 13.2 9.8
Other non-wooded lands located among coniferous plantations 1164.1 1164.8
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Continuation of table 3
Class 2
Coniferous plantations over 40 years old (FST 2) 7925.5 8079.0
Deciduous plantations (FST 0 1) 5.0 5.0
Class 3
Coniferous plantations over 40 years old (FST 3 4) 1726.3 1810.5
Deciduous plantations (FST 2) 451.1 460.3
Class 4
Coniferous plantations over 40 years old (FST 5) 17.1 17.1
Deciduous plantations (FST 3 4) 802.3 889.6
Class 5
Deciduous plantations (FST 5) 20.0 20.0
Roads (forest), compartment line, fire line, etc 335.1 3345
Water bodies 251.2 251.8
Note: *FST - forest site type

Table 4. Distribution of taxational specifications by fire hazard classes taking into
account radiation pollution between forest management years

Years of forest management
Taxational specifications

2008 2018
Class 1
Plantations of coniferous and deciduous spe.cies with the level of radiation pollution 137146 13798.0
over 15 Ci/km?
Meadows, bio-meadows 350.5 350.5
Aree-growing forest plantations 145.5 41.0
Cuttings after conifers 13.2 9.8
Coniferous plantations under 40 years old 496.3 453.5
- radiation pollution 10.1-15.0 Ci/km? 482.9 432.8
- radiation pollution 7.1-10.0 Ci/km? 0.2 5.3
- radiation pollution 5.1-7.0 Ci/km? 13.2 154
Coniferous plantations over 40 years old (FST 0 1) 1.6 1.6
- radiation pollution 10.1-15.0 Ci/km? 1.6 1.6
Coniferous plantations over 40 years old (FST 2) 393.0 408.8
- radiation pollution 10.1-15.0 Ci/km? 302.2 316.7
- radiation pollution 7.1-10.0 Ci/km? 17.4 174
- radiation pollution 5.1-7.0 Ci/km? 319 33.2
- radiation pollution 2.1-5.0 Ci/km? 415 41.5
Other non-wooded lands located among coniferous plantations 813.6 813.6
Class 2
Deciduous plantations (FST 2) 60.9 68.6
- radiation pollution 10.1-15.0 Ci/km? 58.9 66.6
- radiation pollution 5.1-7.0 Ci/km? 2.0 2.0
Coniferous plantations over 40 years old (FST 3 4) 133.8 174.3
- radiation pollution 10.1-15.0 Ci/km? 111.2 1517
- radiation pollution 7.1-10.0 Ci/km? 111 11.3
- radiation pollution 5.1-7.0 Ci/km? 5.2 104
- radiation pollution 2.1-5.0 Ci/km? 6.3 6.3
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Continuation of table 4

Class 3
Deciduous plantations (FST 3 4) 93.9 96.3
- radiation pollution 10.1-15.0 Ci/km? 87.8 90.2
- radiation pollution 7.1-10.0 Ci/km? 4.9 4.9
- radiation pollution 5.1-7.0 Ci/km? 1.2 1.2
Coniferous plantations over 40 years old (FST 5) 125 12.5
- radiation pollution 7.1-10.0 Ci/km? 125 12.5
Class 4
Deciduous plantations (FST 5) 7.6 7.6
- radiation pollution 10.1-15.0 Ci/km? 5.1 5.1
- radiation pollution 7.1-10.0 Ci/km? 2.5 2.5
Class 5
Roads (forest), compartment line, fire line, etc 334.8 3345
Water bodies 251.2 251.8

Thus, the distribution of forest lands without
radiation pollution is as follows: 5289.4 ha (31.44%)
belonged to class 1 in 2008, and 4955.2 ha (29.45%)
in 2018; to class 2 - 7930.5 ha (47.14%) and 8084.0 ha
(48.05%); to class 3-2177.4 ha (12.94%) and 2270.8 ha
(13.50%); to class 4 - 819.4 ha (4.87%) and 906.7 ha
(5.39%) respectively; 606.3 ha (3.61%) belonged to
the class 5 in 2008 and 2018. As can be seen from the
distribution of the territory, the largest area is occupied
by class 2 and 1, so the average class of fire danger
between 2008 and 2018 decreased from 2.02 to 2.06.

But given the fact that the territory of the Reserve
is in the zone of radioactive contamination, where
radiation affects the fire situation, the distribution of
fire hazard classes is as follows: class 1 - 15928.3 ha
(94.68%) and 15877.4 ha (94.38%); class 2 - 194.7 ha
(1.16%)and 242.9ha(1.44%);toclass 3-106.4ha (0.63%)

Since the taxational specifications are divided
into fire hazard classes, the first class is formed by:
coniferous plantations under the age of 40 (3550.4 ha
or 67.12% of the area of the class, 21.20% of the area of

and 108.8 ha (0.65%); class 4 - 7.6 hectares (0.05%)
in 2008 and 2018; to class 5 - 586.0 ha (3.48%) and
586.3 ha (3.48%). Thus, the fire situation taking into
account radiation pollution increased by 0.86 and
0.89 units between 2008 and 2018 without and taking
into account radiation pollution and is 1.16 and 1.17.
Therefore, the fire danger, taking into account radiation
pollution between 2008 and 2018, has hardly changed.

Given the fact that in the Reserve the average
class of fire danger, taking into account radiation
pollution is close to the first, throughout the fire-
hazardous period, ground fires are possible,and in areas
with a forest stand - crown fires [15]. As a confirmation
of this fact, a fire broke out on the territory of the
Reserve in the spring of 2020, as a result of which more
than 3.0 thousand hectares of the forest ecosystem
were burned (Fig. 1).

B
Figure 1. Consequences (A) and scale (B) of the fire on the territory of the “Dreviyansky”
nature reserve, which occurred in April 2020
Source: A) author of the photo M.P. Lutsko; B) view from the Sentinel-2 satellite

the Reserve in 2008 and 3319.2 ha or 66.98%, 19.73%
in 2018), planting of coniferous plantations over 40 years
of age in very dry (0), dry (1) conditions (416.2 ha or
7.87%, 2.47% and 420, 4 ha or 8.48%, 2.50%), forest
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lands not covered with forest vegetation (158.7 ha or
3.00%, 0.94% and 50.8 ha or 1.03%, 0.30% ), others
not covered with forest vegetation and non-forest
lands along with coniferous plantations (1164.1 ha or
22.01%,6.92% and 1164.8 ha or 23.51%, 6.92%).

The largest area is occupied by lands belonging
to the class 2, which include lands of coniferous
plantations over 40 years of age in fresh (2) conditions
(7925.5 ha or 99.94%,47.11% and 8079.0 ha or 99.94%,
48.02%) and deciduous plantations in very dry (0) and
dry (1) growth conditions (5.0 haor 0.06%,0.03% in 2008
and 2018).In the class 3 a significant area is occupied by
deciduous plantations in fresh (2) conditions (451.1 ha
or 20.72%, 2.68% and 460.3 ha or 20.27%, 2.74%) among
deciduous plantations species and a slightly smaller
area among coniferous plantations over 40 years old
are occupied by plantations in moist (3) and damp (4)
conditions (1726.3 ha or 79.28%,60.26% and 1810.5 ha
or 79.73%,10.76%).

The largest area forming the class 4 is deciduous
plantations in moist (3) and damp (4) conditions (802.3 ha
or 97.91%, 4.77% and 889.6 ha or 97.91%, 5.29%). The
smallest area among coniferous plantations over
40 years of age is occupied by plantations in wet (5)
conditions (17.1 ha or 2.09%, 2.20% in 2008 and 2018,
respectively). The main part of class 5 belongs to
infrastructural facilities and water bodies, which
total 586.3 hectares. Deciduous plantations in wet (5)
conditions (alder near rivers [16]) amount to 20.0 ha.
Areas did not change between the years, the same
situation in the total share of the area of the class and
the Reserve (infrastructural facilities and water bodies -
96.70% and 3.48%), deciduous plantations - 3.30%
and 0.13%).

Thus,in coniferous plantations there isanincrease
in the average age of plantations in each type of FST,
which in turn affects the reduction of the area in young
stands with appropriate typological conditions. The
increase in the area of deciduous plantations (different
typological conditions) is due to the decrease in the
area of free-growing forest plantations [17]. However,
the territory of the Reserve is located in the zone of
radioactive contamination, so radiation pollution is taken
into account to establish the areas of fire hazard classes.

The largest area, just like the general indicator
of the fire hazard class, is occupied by deciduous and
coniferous plantations with the level of radiation
pollution over 15.0 Ci/km? (13714.6 ha or 86.11% of
the total area of the class, 81.52% of the area Reserve in
2008 and 13798.0 hectares or 86.91%, 82.01% in 2018).
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Almost equal parts of the area are occupied by forest
lands not covered with forest vegetation (5092.2 ha or
3.71%,3.03% and 501.3 ha or 3.16%, 2.98%), coniferous
plantations under 40 years of age (496.3 ha or 3.12%,
2.95% and 453.5 ha or 2.86%, 2.70%), coniferous
plantations over 40 years of age in very dry (0), dry (1),
fresh (2) conditions (394.6 ha or 2.48%, 2.35% and 410.4 ha
or 2,585, 2.44%), other forest lands not covered with
forest vegetation, located near plantations with conif-
erous species (813.6 ha or 5.84% of the class and 4.84%
of the area of the Reserve in 2008, 5.12% of the class
and 4.84% of the Reserve in 2018).

Other classes of fire danger are formed with much
smaller areas. Class 2 consists of deciduous plantations
in fresh (2) conditions (60.9 ha or 31.28%, 0.36% and
68.6 ha or 28.25%, 0.41%) and coniferous plantations
aged over 40 years in moist (3) and damp (4) conditions
(133.8 ha or 68.72%, 0.80% and 174.3 ha or 71.76%,
1.04%). Class 3 consists of deciduous plantations that
grow in moist (3) and damp (4) conditions (93.9 ha
or 88.25%, 0.56% and 96.3 ha or 88.51%, 0.57%) and
coniferous plantations in wet (5) growth conditions
(12.5 ha or 11.75%, 0.07% in 2008, as well as 11.49%,
0.07% in 2018). The smallest area is represented by
deciduous plantations in wet (5) growing conditions
(7.6 ha or 0.05% of the area of the Reserve), which forms
the class 4. Infrastructural facilities and water bodies
together amount to 586.0 ha in 2008 and 586.3 ha in
2018, which is 3.48% of the area of the Reserve [17].

As can be seen, the areas of plantations that be-
longed to the 2, 3,4 and 5 classes of fire danger due
to the radiation background were classified as class 1
(over 15.0 Ci/km?) and increased by one class (2.1-
15.0 Ci/km?). According to the streamlining of 2018 on the
official website of SE “LIAC” in the section “Map” (Fig. 2)
there is a map of fire danger of land plots of the
forest fund, a significant area of which (almost all) is
marked with colour 1 (most dangerous class). Separate
“islands” can be observed in forest areas of 2, 3 and
4 classes of fire danger. Class 5, which are water
bodies and the quarter grid (other infrastructural
objects are not marked on the map due to the scale)
are not shown because they are “superimposed” with a
‘compartment line” layer. The rivers are the boundaries
between forests in a specialized forest economy or
environmental research units (ERU) in the Reserve, as
well as outside the quarters. Therefore, this map is a
confirmation of the distribution of forest ecosystem
areas of the Reserve by fire hazard classes, taking into
account radiation pollution in 2018 (Table 4).
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Fire hazard classes of
forest land plots

mu Class 1 (most dangerous)
Class 2

i Class 3

mmu Class 4

'Class 5 (least dangerous)

Figure 2. Fire hazard map of the “Drevlyansky” nature reserve according to
SE “LIAC” in the section “Map”

Source: [18]

CONCLUSIONS Distributing the areas of the Reserve taking

In the process of computational analytical study, the
area of the Reserve was divided by zones of radiation
pollution and fire hazard classes.According to the results
of the distribution, it was established that the territory
of the Reserve has a density of radiation pollution over
15.0 Ci/km? (15450.0 ha or 91.83%). According to the
results of the division of the Reserve territory by fire
hazard classes without radiation pollution, almost half
of the area belongs to the class 2 (in 2008 the area was
7930.5 ha or 47.14% of the Reserve territory, and in
2018 - 8084.0 ha or 48.05%), and the average class
between 2008 and 2018 decreased from 2.02 to 2.06

into account radiation pollution, almost the entire area
belongs to class 1 (in 2008 15928.3 ha or 94.68% of
the territory, and in 2018 - 15877.4 ha or 94.68%), and
the average class changed from 1.16 to 1.17. This sharp
increase was conditioned by the fact that the radiation
background was more than 15.0 Ci/km?, which refers
the area immediately to class 1. Given that 30 years have
passed since the radiological survey, the density of *’Cs
contamination in the area has decreased (except for
areas affected by fires). The result of this survey may be
changes in the distribution of areas of radiation pollution,
which will improve the average class of fire hazard.

(1]
(2]
(3]
(4]
(5]
(6]

7]

(8]
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EKOJIOTO-MOXXEXHA XAPAKTEPUCTUKA JTICOBUX EKOCUCTEM NMPUPOOHOIO
3AMNOBIOHUKA «OPEBNAHCbKUN»

Bacunb BaneHTMHOBMY MapTUHEHKO

IHCTUTYT arpoekonorii i npupogokopuctyBaHHst HAAH Ykpainu
03143, Byn. MetponoriyHa, 12, m. Kuis, YkpaiHa

MNpupoaHuii 3anoBigHUK «[peBnsHCbKUM»
11401, Byn. 3amkoBa, 188, cMT Hapoaunui, XXntommnpcbka 061., YkpaiHa

AHoTauisa. Y poboTi NnpeacraBneHo eKoMorivHy Ta NOXEXHY CUTYaLLit0 Y NiCOBiM eKoCUCTeMi NPMPOLHOro 3anoBiAHUKA
«[1peBnsiHCbKMIM». AKTyanbHICTb Li€i pobOTM MONArae y ToMy, WO LWOPOKY ick YKpaiHW MOTepnatTb Bif MOXEeX, SKi
3HMLLYIOTb 3HAYHI M/I0LLI, @ HAMBINbLLOI LUKOAM Bif, NMOXEX 3a3HAKOTb NiCK i3 pagiaLiMHMM 3abpyaHeHHAM. MeToto CTaTTi
€ BCTAHOBUTM BM/IMB PagiaLiMiHOro 3abpyaHEHHS HA MOXEXHY CUTYALLiO Y NICOBiM eKocucTeMi 3anoBigHuKa. [0N0BHUM
3aBAaHHSAM Byno po3nofinmMTi nnoLly 3anoBifHUKA 33 PiBHAMM paAiaLiiHOro 3abpyfAHEHHS Ta 33 KNacaMm MOXKEXHOI
Hebe3neku 3 Ta 6e3 BpaxyBaHHS pafiaLiiHoro 3abpyaHeHHs. ns AoCSarHeHHs pe3ynbTaTiB 6yno po3noAineHo naoLly
NicoBOi eKocncTeMn 3anoBifHMKA 3a PiBHAMM pagdiauiiiHoro 3abpyaHeHHs. CepeHii Knac NoxexHoi Hebe3nekn Mix
2008 Ta 2018 pokamu craHosuB Big 2,02 no 2,06, wo 3i cBOro 60Ky MOKpaLLye MOXEXHY CUTyaLito. Ane, OCKiNbKu
TepuTOpist 3aN0OBiAHMKA 3a3HaNa pajiauiiHoro 3abpyaHeHHs, PO3MOo4ia NOLL 33 KAacaMu NOXEXHOI Hebe3nekn Mix
poKaMuK NiCOBMOPSAKYBAHHS 3a3HaB 3MiH. OTKe, MOXEeXHa CUTyalis i3 BpaxyBaHHAM pajiauifiHoro 3abpynHeHHs
noripwmnacs, K NOpiBHATK i3 TEPUTOPIEID, WO He 3a3Hana pagiauiiHoro 3abpyaHeHHs, a Mk 2008 ta 2018 pokamu
nokpawmnacs i ctaHosutb BignosiaHo 1,16 ta 1,17. Omke, po3nofin niow, NicoBoro GOoHAY 3a KJacaMu MOXEXHOI
Hebe3neKu 3aNeXuTb He TiIbKU Bif, piBHA pajiaLiiHOro 3abpyaHeHHS, a 1 Bif, TakcaLiMHMX NOKa3HUKIB (KaTeropisa 3emni,
a B HACa[KEHHSAX Bif TUNY NiCOPOCIMHHUX YMOB, BiKy Ta AepeBHOI NOpoam). TakoXK NOKA3aHO pe3ynbTaT MOoXeXi, aKa
Bifbynaca Ha TepuTopii 3anoBigHuWKa BecHoto 2020 poKy Ta NpOAEMOHCTPOBAHO KapTy NOXEXHOI Hebe3mneku NicoBoro
doHAY NpUPOAHOro 3anoBigHWKA «[lpeBnsiHCbKMIM» 33 AaHuMu nicoBnopsakyBaHHs 2018 poky. NepcnekTvBoto
NoAanbLUMX AOCNIIKEHb € MOBTOPHE NPOBeAEHHS JOCNIMKEHHS PIBHA pajiaLiiHOro 3abpyaHeHHs, a Takox KoxHi 10 pokis
pa3oM i3 NicoBnopsAHMMM poboTaMu NMPOBOAMTU DaKTUYHI 3aMipy 6e3 BUKOPUCTaHHS pO3paxyHKOBMX METOAMK AN
npoBefeHHs Binbll AOCTOBIPHOTrO PO3MoAiny naoLL NicoBoro GoHAY 3a KacaMu NOXeXHOi Hebesneku, LWo 3i CBOro
60Ky BMN/MHE Ha MJIaHYBaHHSA CTPATeriYHMX 3aBAaHb WOLO HEAOMYLLEHHS MOXEX HA TepMTOpii 3anoBigHMKa

KnrouoBi cnoBa: pagiauiiHe 3abpyaHeHHS, MOXEXHA CUTYaLis, KNAc NOXeXHOi Hebe3neku, icoBa ekocuctemMa
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INTRODUCTION

Climate change on our planet is associated with an
increase in the concentration of greenhouse gases (GHGs)
in the atmosphere caused by human activities. Agri-
cultural activities (tillage, application of ameliorants,
mineral and organic fertilisers, plowing of crop res-
idues) significantly increase GHG emissions from soils.
The main GHG coming from soils is carbon dioxide CO,,
it is formed as a result of decomposition of organic
matter, as well as during the combustion of biomass.
According to the Food and Agriculture Organisation of
the United Nations (FAO) [1], 0.2 billion tonnes of CO,
are released into the atmosphere each year due to
biomass combustion, which is 4% of all greenhouse
gas emissions in the agricultural sector. The second
greenhouse gas is nitric oxide N,0, its global warming
potential exceeds that of CO, by 310 times. According
to various estimates, agricultural soils account for 40
to 60% of the total amount of N,O that enters the
atmosphere of the planet from all existing sources.

Climate change negatively affects soils, and this
poses a threat to global food security. To strengthen
the global food security agenda and combat climate
change, agriculture and land use practices that increase
soil organic carbon need to be improved and updated.

In the report “The State of the World’s Soil
Resources” (drawn up by the FAO Intergovernmental
Group of Experts and timed to coincide with World Soil
Day (04.12.2015, Rome) [2]) it is noted that soils are
extremely important for crop production. It has also
been shown that as primary carbon storage, soils help
regulate carbon dioxide and other greenhouse gas
emissions and are therefore a key component of climate
regulation. Although, “33% of the world's soil resources
are in satisfactory, poor, or very poor condition”. It is
reported that 28% of the world's chernozemic soils and
a third of all arable land in Europe are concentrated
in Ukraine. Active exploitation of agricultural land with
violations of agricultural technologies, the impact of
climate change, etc. leads to a rapid decline in soil quality
andincreasein greenhouse gasemissions.Due tovarious
reasons, the development of national approaches to
combating land degradation has been slowed down. As
of 2020, Ukraine has approved the “Action Plan for the
implementation of the Concept for the implementation
of state policy in the field of climate change until 2030”
in 2017 [4], adopted the “Low Carbon Development
Strategy until 20507 began working on legislation to
monitor greenhouse gas emissions [5]. Therefore, the
introduction of innovative tillage technologies should
ensure resilience to climate change and maintain a
favourable microbiological and physical condition
of soils. Therefore, it is necessary to look for new
technological solutions in this direction. Development
and implementation of tillage technologies by adding
carbonised biomass (other names depending on
the production technology: a) biochar, or biocoal are
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obtained by slow pyrolysis in a certain temperature
range; b) hydrochar (by the method of hydrothermal
carbonisation); can be one of the options of innovative
tillage technologies. To do this, first of all it is necessary:
to determine the effect of biochar on the properties
and composition of soil; to determine its impact on
greenhouse gas emissions; to identify factors that affect
the composition and properties of this product and
its dependence on source components and pyrolysis
conditions.

In recent years, a large number of scientific
publications have been published, which cover these
issues. Thus, the change in the chemical and hydro-
physical properties of the soil due to the introduction
of carbonised biomass was investigated by A.Ye. Ajay,
R. Horn [6]. Factors that affect the composition and
properties of this product are listed in the work of
A.Yu.Krylova, EG Gorlov and A.V. Shumovskii [7],and the
properties of carbonised biomass obtained by pyrolysis
are disclosed in the work of N.P. Buchkina, E.V. Balashoy,
V. Szymanski, D. lgaz, J. Horak [8]. The dependence of
the yield of biochar on the initial components and
conditions of pyrolysis is mentioned in the work of
Z.Tan,C.S.K.Lin, X.Ji & TJ.Rainey [9]. Physico-chemical
properties of biochar obtained from different types
of vegetable raw materials, studied by Ch. Liu, W. Nyu,
H. Chu, T. Zhou, Ch. Nyu [10]. H.V. Smirnova, K.G. Gini-
yatullin, A.A. Valeeva, & E.S Vaganova [11], show the
dependence of the elemental composition of the bio-
char on the content of the original biomass and the
final pyrolysis temperature. The influence of dosages
and fractions of biochar on the properties and
physical state of soils was studied by 1.0. Dubrovina,
M.G. Yurkevich, VAA. Sidorova and TV. Bogdanova [12; 13].
The effect of improving additives based on biochar and
a complex of microorganisms on reducing the transition
of the radioactive isotope cesium into plants, on their
growth and development was studied by I. Cheshyk,
O. Nikitin [14]. Assessment of the impact of biochar on
the microbiological parameters of the soil was made by
L.M. Sungatullina, S.A. Zabelkin, R.R. Shagidullin [15],
and G. Blanco-Kanki [16] investigated the effect of
biochar on soil porosity. S. Garbuz, M. Camps-Arbestein,
A.McKay, B. De Vantier, M. Minor [17] conducted a study
of the interaction of biochar in acidic soils with some
soil fauna, namely earthworms.

The purpose of this study is to assess the impact
of carbonised biomass on changes in the properties and
quality of soils, their productivity, sustainability, and yield,
as well as on the associated environmental changes.

To achieve this goal, based on the studies by sci-
entists from different countries, the following tasks
were set: to investigate changes in physical and mi-
crobiological properties of soils after the introduction
of carbonised biomass; to determine the main factors
influencing the composition and properties of this product;




to find out the physico-chemical properties of biochar
and the dependence of their output from the initial
components and the technological conditions for their
production; as well as to consider the ecological and
agricultural effect of their introduction into the soil.

MATERIALS AND METHODS

The theoretical and methodological basis of this paper
were fundamental and applied studies on carbonised
biomass efficiency (biochar, biocoal, and hydrochar as
an organic ameliorant, their impact on improvement
of physico-chemical and biological properties of soils,
their productivity and stability, as well as reduction of
greenhouse gas emissions into the atmosphere.

The solution of the tasks addressed by the study
was carried out using a number of well-known scientific
theoretical methods: analysis, systematisation and gen-
eralisation of results. To study this issue, the works of
scientists from different countries were studied and
analysed, which consider:

— technologies for obtaining carbonised biomass;

— factors that affect the composition and properties
of carbonised biomass;

— the problem of global warming and the green-
house effect due to greenhouse gas emissions, and the
preconditions for their emergence as a result of human
anthropogenic activities;

— the use of carbonised biomass as an organic
ameliorant;

— ways to improve and restore soils by adding car-
bonated biomass, its impact on improving the physico-
chemical and biological properties of soils, their stability
and yield;

— ecological aspects of introduction of organic and
inorganic fertilisers into the soil;

— issues of optimising the availability of nutrients
for agricultural plants through the use of carbonised bio-
mass, reducing the content of toxic elements in the soil;

— aspects of reducing greenhouse gas emissions
into the atmosphere as a result of the introduction of
carbonised biomass into the soil;

— the need to introduce innovative tillage technologies.

The most relevant studies from the standpoint
of the efficient use of carbonised biomass as one of
methods of increasing productivity and sustainability
of soils and influence of its use on ecology were se-
lected from the received material. These works formed
the information base of this study. The analysis was
used to process the obtained information on the im-
pact of carbonised biomass on individual properties
of soils, which considered the scientific and practical
achievements of specialists in this field and summarised
these results.

For this purpose, by comparing the results with
a sample of studies in which this problem occurred,
an assessment was made of the effectiveness of using
carbonised biomass as an organic ameliorant, and its
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effect on improving the agronomic properties of soils,
their fertility, as well as the impact on the ecological
situation. The criteria were various qualitative and
quantitative characteristics, such as: alkalinity, density,
water-physical and physico-chemical properties, mineral
content, biological activity, plant growth and develop-
ment, as well as emissions of carbon dioxide and other
greenhouse gases. Based on the findings, conclusions
were made on the impact of carbonised biomass on the
improvement of physical and microbiological proper-
ties of soils and crop yields and reduction of greenhouse
gas emissions into the atmosphere.

RESULTS AND DISCUSSION

Technologies for production of carbonised biomass
and analysis of factors influencing its composition and
properties

The study considers the impact of carbonised biomass
on improvement of soil and ecology. Notably, only raw
materials of plant origin are considered for its produc-
tion: utilised agricultural waste; organic crop waste;
waste from the forest and woodworking industry.

Biomass processing can be performed with dry
or wet biomass, the moisture content of which is crucial
to determine the best process for this raw material.
Depending on this factor, a distinction is made between:

e biochar and biocoal - obtained by slow pyrolysis
at different temperatures (biochar is a by-product of
synthesis gas production);

e hydrochar - obtained in the process of hydrother-
mal carbonisation.

According to [8], biochar can also be obtained by
rapid pyrolysis, but in this case it is only a by-product in
the production of electricity and heat. Slow pyrolysis is
the most effective technology for the conversion of raw
materials into carbonised biomass [7]. The carbonised
biomass obtained by this technology at temperatures
from 450 to 600 °C has a higher reclamation effect than
its analogues, which are formed as a result of high-tem-
perature slow pyrolysis (at temperatures above 600 °C -
biocoal) and rapid pyrolysis [8]. It is a product with a
high content of stable polyaromatic hydrocarbons, low
density of composition and high adsorption capacity,
which can be used for application into the soil to im-
prove its chemical, physico-chemical, biological and
hydrophysical properties. Any carbonised biomass is
suitable for reducing greenhouse gas emissions, re-
gardless of the technology of its production. Depending
on the initial components and pyrolysis conditions, the
yield of the biochar usually varies within 20-70% of the
initial weight [9]. Slow pyrolysis is characterised by a
low heating rate of 0.1-1 K/s [7], relatively low tempera-
ture and long residence time (from hours to days) in an
environment with limited oxygen content. Pyrolysis of
biomass at higher temperatures is aimed at obtaining
bio-oil [18] and synthetic gas.

The study [19] shows that the biochar obtained
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during pyrolysis has different characteristics. Its com-
position and properties are influenced by many factors,
such as: the nature of the raw material; the chemical
composition of the raw material (the higher the lignin
content in the raw material, the higher the yield of
biochar); particle size of raw materials and its initial
humidity;technological conditions:processtemperature
and heating rate, duration of stay of raw materials
at a certain temperature; final heating temperature;
speed of gas flow circulation through a layer of raw
materials, etc. [7; 10; 11]. The dependence of biochar
composition on pyrolysis conditions is mentioned in [20],
where the authors show that the product produced
under various technological conditions, obtained in the
pyrolysis process, will differ in physical and mechanical
composition, namely: in porosity, bulk density, strength,
hygroscopicity and moisture absorption; elemental
composition; ash content; aromaticity, acidity pH, etc.
Together, these indicators have a different effect on the
bulk density of the soil, its water-physical and physico-
chemical properties, the content of mineral substances,
biologicalactivityand onthe growth and development of
plants [8]. The ash content depends on the composition
of the raw material; in the biochar from straw and husk,
the ash content is higher than in the biochar obtained
from wood. In addition, the size of pores (macro-, meso-
and micropores) and their distribution in the biochar
depend on the initial biomass.

The impact of the use of carbonised biomass on soil
improvement

Biochar changes the physical, chemical and hydrophys-
ical properties of soils due to direct and indirect effect
onthem [6;11].The study[21] on the effect of biochar on
soil hydrology concluded that the direct effect changes
the filtration capacity of the soil and the moisture supply
available to plants.Astudy [12] showed that the indirect
effect of biochar is associated with changes in the mi-
croaggregate and structural composition of soil. The
efficiency of biochar enrichment is regulated by the size
of the applied biochar and the particle size distribution
ofthe soil [13].All this affects the availability of nutrients
and leaching of solutes; the activity of soil fauna; the
course of microbiological processes, in particular those
that promote the generation of greenhouse gases such
as CO,,N,0 and CH,.

The paper [22] shows that biochar promotes plant
growth, increases crop yields and reduces the amount of
pollutants. Due to the neutral or alkaline acidity, biochar
is able to increase the pH of acidic soils [12],which helps
to optimise the availability of nutrients and their use by
plants. It also reduces the content of toxic elements for
plant growth such as AL,, and Mn,. The positive effect
of biochar on soils and plant growth is associated with
the effect of liming, which is substantiated in [23; 24].
Soils with pH = 5.5 or less reduce plant yields and limit
the choice of crops. The study [25] claims that cereals
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react negatively to acidic soils and the application of bio-
char to increase soil pH promotes good crop yields. At
the same time, the authors note that on soils with a
pH of 7.1-8.0, the biochar does not significantly affect
yields.

In [14] it is reported that soil-improving additives
based on biochar reduce the bioavailability of Cs-137 and
its transition to the aboveground mass of plants, while also
having a positive effect on plant growth and development.
In addition, the introduction of biocoal contributes to an
increase in gross nitrogen in the soil [15].

The most important property of the biochar is
the porous structure, as it provides a great potential for
colonisation by soil microorganisms appropriate in pore
size. Biochar has a porosity of 70 to 90% [16]. In [26],
it is shown that due to its fine-porous structure, the
biochar helps to improve soil quality: it increases the
availability of nutrients and moisture, as well as binds
carbon. The [27] shows that the presence of micro-and
mesopores in the biochar causes its high inner surface,
which plays an important role in chemical reactions,
and macropores promote access of adsorbents to the
inner surface of the biochar. The porous space of the bio-
char obtained by slow pyrolysis is covered with resins
that do not burn during slow pyrolysis, but harden,
covering a thin layer of pores that serve as a refuge for
some microorganisms. Their activity is expressed in the
increase of CO, emissions due to increased decomposi-
tion of organic matter and is associated with the release
of nutrients, which is an important factor that affects
soil fertility and yield. In addition, resins have a high
ability to ion exchange, i.e., ions of the useful substance
can easily join them and be assimilated by plant roots
or hyphae of mycorrhizal fungi, which increases crop
yields. In addition, the use of biochar can increase the
porosity of the soil from 2 to 41% [16].

The interaction of the biochar with the soil fauna
has not been studied enough. However, it is well known
that its interaction with worms improves the spatial
distribution of the soil and the availability of nutrients and
creates good productivity potential for acidic soils [17]. This
can lead to an increase in plant consumption of inorganic
nitrogen, which in turn will improve their yield.

The biochar obtained in the process of hydrother-
mal carbonisation (hydrochar) is inferior in its properties
to the biochar obtained by slow pyrolysis. Comparison
of hydrochar with biochar obtained from the same raw
material showed that hydrochar is more acidic [28].
High concentrations of hydrochloride can adversely
affect plants because it may contain toxic phenolic and
aromatic substances. Due to the fact that hydrochars
have a much higher calorific value than biochar, more
homogeneous and dense structure, lower ash content
and CO, emissions during combustion, they are more
suitable for heat generation and electricity generation.

A number of experiments have shown that bio-
char in some cases can have not only a positive but also




a negative impact on the water properties of the soil
and their ability to cause erosion [29]. Furthermore, in
some cases there was a negative impact of biochar on
the physical, physico-chemical and biological state of
soils [8]. These results are explained by insufficient
amount of nutrients (nitrogen, phosphorus), suboptimal
dose of biochar, and irreversible adsorption of non-
aromatic compounds. Aldehydes, phenols adsorbed on
the surface of biochar, and polyaromatic carbohydrates
generated during the thermal decomposition of ligno-
cellulosic raw materials can have toxic effects on plants
and microorganisms. Biochar can serve as a sorbent for
pesticides and therefore promote weed growth.

There are difficulties in the study of biochars
and their effects on different soils due to their different
properties depending on the raw materials used, heat
treatment, climatic conditions, soil type and many other
factors. Therefore, sometimes the results of the intro-
duction of biochar into the soil have an adverse or
unpredictable result. The same is shown in [30], which
concludes that although biochar can be recommended
to improve the structural condition of unstructured soils,
the long-term effects of its introduction on soil prop-
erties still need to be studied. Therefore, long-term ex-
perimental studies are needed to recommend the use
of carbonised biomass. But the acquired knowledge
about the structure and composition of various biochars,
as well as about their interaction with soils allows
producing a specific biochar for solving many specific
problems.

Influence of the use of carbonised biomass on climate
change mitigation

Greenhouse gas emissions from agriculture account
for 13% and are mainly caused by three gases: carbon
dioxide (CO,), nitrous dioxide (N,0), methane (CH,) [31].

One of the many methods to mitigate the effects
of greenhouse gas emissions is waste management
technology (conversion to carbonised biomass), fertiliser
management and restoration of degraded land, in par-
ticular through the use of carbonised biomass.

The study [32] suggests that the introduction
of carbonised biomass into the soil helps to reduce
greenhouse gas emissions. Confirmation of this can be
found in [33], where the authors note that when intro-
duced into the soil, it mineralises much more slowly
than the original biomass. It provides long-term seques-
tration of the main greenhouse gas CO, (released from
agricultural soils by microbiological decomposition of
plant precipitation and organic matter soil), and can
reduce its increasing concentration in the atmosphere,
increase CO, sequestration by creating stable carbon
effluents, as well as mitigate the effects of other green-
house gas emissions [31]. The introduction of carbonised
biomass into the soil can mitigate the effects of carbon
emissions by 12% [34].

Another greenhouse gas that enters the atmosphere
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from soils is nitrous oxide N,O, which is released mainly
by organic and inorganic fertilisers introduced into the
soil. Agricultural soils are the main source of N,O emis-
sions,accounting for 62% of all nitrous oxide emissions
of human origin [31].

The lifespan of the N,O molecule in the atmo-
sphere is 150 years. Most agricultural soils emit N,O
in the amount of 1.5% of the applied nitrogen, reducing
its use reduces N,O emissions. Only half of the nitrogen
input is captured by crop biomass, the rest is lost to
the system by leaching and gaseous losses. Therefore,
any method that strengthens the links between soil
nitrogen release and growing crops improves fertilisation
efficiency and reduces the need for exogenous nitrogen
while reducing N,O emissions. Numerous field and
laboratory studies of carbonised biomass have shown
that it has a positive effect on reducing N,O emissions
from soils [35]. Its introduction into the soil improves
the water and air regimes of the soil and reduces its
high density. This results in a large number of pores
with low oxygen content, which helps to reduce the
denitrification process. Changing soil pH increases the
overall diversity of soil biota and its efficiency. The
reduction of N,O emission from the soil by 50-80% was
experimentally confirmed [36] after the introduction
of biochar. Furthermore, the reason for the decrease
in nitrogen emissions from the soil may be due to the
increased intensity of plant growth. The carbon con-
tained in biochar and fertilisers promotes increased
nitrogen uptake by plants, which reduces the available
mineral nitrogen for the generation of N,O

The third greenhouse gas coming from the agri-
cultural sector is methane CH,. In terms of heat reten-
tion in the atmosphere, its effect is 21 times stronger
than CO,. Sources of methane emissions are: cattle
(intestinal fermentation, manure management); rice
cultivation (methane release occurs as a result of anaer-
obic decomposition of rice in flooded rice fields); rec-
ommended burning of shrouds; burning of agricultural
residues [31]. Thus, agricultural soils are both a source
and a runoff for CO, in the atmosphere. It has been
experimentally proven that biocoal increases the level
of carbon in the soil [37]. Of paramount importance is
the influence of carbonised biomass on the stabilisation
or conversion of stable carbon in the soil [38].

Improving the cultivation of arable land can lead
to the accumulation of carbon in the soil. Improving the
physical and chemical condition of the soil will change
the balance between N,O and non-greenhouse N. CH,
emissions in the agricultural sector can be reduced by
converting agricultural residues into carbonised biomass
instead of direct combustion.

Today, in Ukraine and in the world, there is no
comprehensive soil improvement programme with bio-
char. Its use in the fight against greenhouse gases is
mainly experimental, not widely used and is at various
stages of development. Given that this is a relatively
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new approach, it is necessary to inform farmers and
energy producers about the sequestration of biochar
and its positive impact on soil characteristics. Inex-
pensive pyrolysers available to farmers need to be
developed and their production expanded. Studies have
shown that pyrolysis can be cost-effective by combining
sequestration and energy production when the cost of a
tonne of CO, reaches USD 37 [39].Binding of carbon and
mitigation of greenhouse gas emissions allows taking
advantage of quotas on carbon emissions in the quota
market. Carbon credits sold by carbon sequestration in
the biochar are economically competitive when prices
reach USD 58/t CO,-eq [40].

Efforts must be made to make the use of biochar
a sustainable carbon sequestration procedure that will
ensure higher unrealised carbon emissions. Further dis-
semination of this technology depends to a large extent
on the progress of global negotiations on climate
change in terms of financing climate-safe technologies.

CONCLUSIONS

1. Based on the study of the impact of carbonised bio-
mass as an organic ameliorant on soil improvement,
increase in its productivity, stability, yield, as well as the
associated reduction of greenhouse gas emissions into
the atmosphere, it was found:

e carbonised biomass obtained by slow pyrolysis has

a higher reclamation effect than its analogues obtained
by high-temperature slow pyrolysis and rapid pyrolysis;

e introduction of carbonised biomass into the soil
has a positive effect on the physical, physico-chemical
and biological condition of soils, which provides high
crop vyields, as well as water properties of the soil.
However, under certain conditions, the result can be
zero or even negative;

e any carbonised biomass is suitable for reducing
greenhouse gas emissions, regardless of the technology
of its production;

« due to the use of carbonised biomass, the content
of toxic elements in the soil can be reduced.

2. The findings suggest that the technology of
increasing productivity and stability of soils through
the use of carbonised biomass is promising for devel-
opment, both in Ukraine and globally. However, due to
the fact that this trend is relatively new today, it has
not gained wide popularity. Therefore, it is necessary to
conduct further research, which will allow developing
mechanisms to address the problem of using biochar as
an organic ameliorant. For this purpose, it is necessary
to inform farmers and energy producers about the
sequestration of biochar and its positive impact on soil
characteristics, to develop pyrolysers and promote the
expansion of their production.
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BMJIUB KAPEOHI3ZOBAHOI BIOMACU HA NMOKPALLEHHS I'PYHTIB, NIABULLEHHS
BPOXXAMHOCTI CITIbroCnKy/bTYP | NTOM'SKLUEHHA
HACNIAKIB 3MIHU KNIMATY

laHHa leopriiBHa AiakKiBcbka, 3oca BikropiBHa MacniokoBa,
€BreHig leopriiBHa HoBuubka

[HCTUTYT BiZHOBNOBaHOI eHepreTukn HAH Ykpainu
02094, Byn. [HaTa XoTkeBunua, 20-a, M. Kunig, YkpaiHa

AHoTauif. AKTyanbHiCTb 4OCNIAXKEHHS 06YMOBNEHA HEOOXiAHICTIO pO3p06KM Ta BNPOBALKEHHS HOBUX TEXHONOTIYHUX
pilleHb WoAo 06pobKM IPYHTIB, SKi CNPUATUMYTb MOAIMLUEHHIO iX BNAacTMBOCTEN. MeTa AaHOi pob60oTH — PO3rNsaHYTH
BM/IMB KapbOOHi30BaHOi BioMacK Ha BNACTMBOCTI Ta AKOCTI I'PYHTIB, @ TAKOX Ha MOB'A3aHi 3 LLUM EKOMOTiYHI HACniKK.
PiweHHs nocTtaBneHux y CTaTTi 3aBAaHb 34iMCHIOBANOCS 32 AOMNOMOrOK HAayKOBUX TEOPETUYHUX METOAIB: aHani3,
cucTeMaTM3alig Ta y3aranbHeHHS pe3ynbTaTiB. Y poboTi npoaHanizoBaHO HayKoBi MpaLi, WO CTOCYHTbCS Npobnemu
OpPraHiyHoOro MeniopaHTy, Ta ii BMAMBY Ha MOAIMLIEHHS arpOHOMIYHMX BNACTMBOCTEN [PYHTIB, iX POAIOYICTb, | Ha
eKoNoriyHy cutyauito. O6rpyHTOBaHO, WO BMKOPUCTAHHS 3acTapifiMx arpapHuX TEXHOMOriM Nif 4ac NpoBeAeHHS
CiNbCbKOroCnoAapCbKMX 3aX0iBTa IX NOPYLIEHHS B NPOLLECi eKCMyaTaLlii Mae HEraTUBHMI BNMB HA POAIOYICTb PYHTIB
i 30iNblUIEHHS NAPHUKOBKX ra3iB B aTMocdepi. ApryMeHTOBaHO, WO Lie MOXe NPUBECTM A0 rMobanbHOi NPoa0BO/bYOI
Kpu3u. lNigkpecneHo, Wo 3aBAsSKM 3aCTOCYBaHHIO Biovapy SIK OpraHiyHOro MeniopaHTy MoninwyTbCs Qi3nyHi Ta
MikpobionoriyHi BNacTMBOCTI IPYHTIB, BiAOYBAETLCA ONTUMI3aLLiS AOCTYNHOCTI MOXMBHUX PEYOBMH | 3HUXKYETHCS BMICT
TOKCMYHMX eneMeHTiB. [loka3aHo, wo kapboHizoBaHa HioMaca NO3UTUBHO BMNAMBAE HA BPOXKAMHICTb, @ TAKOX CNpUSIE
3MEHLLEHHIO BUKMAIB MAapHWKOBMX rasiB B atMocdepy. BU3HaueHo 0CHOBHI cydacHi mpobnemu, ski icHyoTb B YKpaiHi
WOAO BMKOPUCTAHHS TEXHOMONiT MOKpALLEHHS FPYHTY 3a AOMoMorow kapboHizoBaHoi 6iomacu. 3anpomnoHOBaHO
LUAAXM X BUPILWEHHS 419 NOAANBbLIONO PO3BUTKY LIMX TEXHOMOTIN | BNPOBaAXKEHHS iX B arpoNnpoOMMUC/IOBOMY CEKTOPI.
MpaKTUYHa LiHHICTb HAYKOBOi POBOTM NONSITAE B BU3HAYEHHI €(PEKTUBHOCTI BUKOPUCTaHHSA KapOOHi30BaHOi 6iomMacu

YNOBINIbHEHHI 3MiH KNliMaTy

KniouoBi cnoBa: nosinbHUiA niponis, 6iovap, rigpoyap, opraHiyHMiM MeniopaHT
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