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Article’s History: Abstract. The cardiovascular system and respiratory organs in animals are interconnected,
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data on the peculiarities of macro-, histo-, and cytomorphometric characteristics of the morphological structures of
the heart and lungs. The dog heart has a rounded shape, its absolute weight is 167.58%9.46 g (without epicardial fat -
154.22+8.04 g), relative weight — 0.72%0.005%. It was found that cardiomyocytes of the left ventricle had the largest
volume, the right ventricle — the smallest, and atrial cardiomyocytes - the smallest. At the same time, the nuclear-
cytoplasmic ratio of cardiomyocytes of the left ventricle is 0.0224+0.0076, the cardiomyocytes of the right ventricle
have a greater value - 0.0275%0.0081 and the atrial cardiomyocytes have the highest value - 0.0367+0.0105. Such
ambiguous cytometric parameters of cardiomyocytes are associated with the morphological and functional activity of
the myocardial ventricular muscle tissue and its functional features inherent in spontaneous and rhythmic contractions,
which result in blood flow through a closed system of vessels. The absolute weight of the domestic dog’s lungs is
201.3+18.4 g, the relative weight is 1.21£0.14%, the ratio of the absolute weight of the left to the right lung is 1:1.33.
According to the asymmetry coefficient (1.37:1),the lungs of dogs are of the narrowed-elongated type. The connective
tissue stroma of the lungs occupies 59.62%3.4%, the respiratory part — 40.38%2.6%. The data on the morphology of
the heart and lungs of the domestic dog, including the results of the study of the macro- and microscopic structure
of the organs under investigation, which are presented in the publication, are of great importance for histology and
comparative anatomy, and also make a significant contribution to clinical veterinary medicine

Keywords: comparative anatomy; histostructure of organs; cytometric parameters; cardiomyocytes; myofibrils;

bronchial tree; alveolar tree

INTRODUCTION

The cardiovascular system and respiratory apparatus in
mammals perform vital functions, ensuring the vital ac-
tivity of the animaland human body.They are among the
first to respond to various natural and anthropogenic
environmental factors and to physical activity. These
are phylogenetically interconnected organs whose
morphological and functional activities are closely
interconnected with the environment, thus forming a
single “morphological and functional complex”: organ-
ism (organ system) < environment) (Sarah et al., 2020).
The main function of such a complex, multifunctional
‘complex” is to ensure gas exchange in the human and
animal body through the process of inhaling air from
the environment and excretion of CO, already formed
in the body. At the same time, the response of the mam-
malian body to environmental factors occurs during
the normal functioning of all its organs and systems,
including the cardiovascular system, respiratory system
and nervous system, which transforms them into a sin-
gle whole. Therefore, an important priority area in vet-
erinary medicine to prevent the emergence and spread
of diseases of various geneses is the prevention of con-
tagious and non-contagious pathologies, which, along
with organizational and preventive measures, requires
in-depth fundamental morphological studies of the an-
imal body, its macro- and microscopic structure, includ-
ing the cardiovascular system and respiratory organs.

The assessment of the functional state of the res-
piratory and cardiovascular systems is of great impor-
tance in clinical practice. Knowledge of respiratory and
cardiac function is important for making a diagnosis,
determining the severity of the disease, and choosing
an effective treatment. According to B. Bi & G. Zhang
(2021), in the process of mammalian phylogenetic de-
velopment, a morphological and functional pattern of
continuous combination and interdependence of all
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anatomical structures and their functions has histori-
cally been formed, especially between the respiratory
system and the cardiovascular system, which exchanges
gases between the environment and the blood of the
animal body. It is this close relationship, formed in mam-
mals in the course of their evolutionary development, be-
tween the structure and functions of the cardiovascular
system (its closed system of large and small blood ves-
sels) and the respiratory organs (their unique structure of
the aerogeometric barrier of the lung alveoli), which are
coordinated by the nervous system, that ensures the joint
vital function of gas exchange (respiration) in the animal
body with the external environment, as evidenced by
the work of O. Voloshyn et al. (2020). At the same time,
despite the implementation of preventive measures
against diseases of the cardiovascular and respiratory
systems in animals, according to S. Manickavel (2021),
there is a significant increase in the number of diseases
of these organ systems of various aetiologies. According
to M. Giinthel et al. (2018), prevention, diagnosis, surgery,
and treatment of these pathologies are impossible with-
out knowledge of the morphological and functional pa-
rameters of anatomy, histology, and physiology.
According to N. Cesarovic et al. (2020), the cardio-
vascular system, with the heart as its central organ, is
extremely important in the physiological regulation of
all body systems. Thus, according to studies by G. Liu &
R. Summer (2019), it is the dominant system in provid-
ing respiratory, trophic and excretory functions, which
ensures metabolism. Due to this structure of the cardi-
ovascular system, it forms an important and basic link
in the large (somatic) and small (pulmonary) circula-
tion. According to |. Vyshnyvetskyy et al. (2017), oxygen,
hormones, and nutrients are delivered to the tissues of
the body throughout the body, and metabolic products
are removed from the body. From the point of view of




mechanics, according to the research of O. Shemla et al.
(2021), the heart can be considered as a mechanism con-
sisting of two discharge pumps formed into a closed sys-
tem of tubes through which fluid (blood) circulates. In this
case, the pumps serve to create a directed flow of blood
in the appropriate direction. The heart itself, according
to R. Storlund et al. (2021), is a muscular hollow organ
and is topographically and functionally the central organ
of the cardiovascular system, ensuring blood circulation.

Scientists R. Berg et al. (2022) noted that the func-
tioning of the respiratory system is assessed through
two homeostatic mechanisms: metabolic and condi-
tioning. The first mechanism of regulation depends on
the ambient temperature and is provided through the
neuroendocrine apparatus of the body. Cutaneous and
tracheobronchial receptors activate the adrenal glands
and thyroid gland, and contribute to the synthesis of
biologically active substances. This leads to changes
in haemodynamics involving the large vascular field of
the tracheobronchial tree, which results in changes in
the haemodynamics of the small circulation.

Thus, according to A.F. Butkiewicz et al. (2022), the
respiratory organs, which include the lungs, perform the
main vital functions in the mammalian body, the most
important of which is pulmonary respiration, which is
characteristic of almost all terrestrial vertebrates, espe-
cially animals of the Mammalia class. Such respiration is
the most perfect way of gas exchange between the ani-
mal organism and the environment,in contrast to diffuse,
gill, and tracheal respiration, which are characteristic of
poikilothermic organisms in most cases. In the respira-
tory department of the lungs, which includes respira-
tory bronchi, alveolar passages, alveolar sacs - structures
containing alveoli,according to L. Cadiz & M.Jonz (2020),
gases are exchanged between air and blood through the
wall of the alveoli and the wall of capillaries.

Therefore, the purpose of the study was to deter-
mine the morphological structure of the heart and
lungs at the macro- and microscopic levels, which will
serve as markers and criteria for the morphological di-
agnosis of animal diseases associated with disorders of
the cardiovascular and respiratory systems.

MATERIALS AND METHODS

Scientific research was carried out on the basis of the Lab-
oratory of Pathomorphology at the Department of Nor-
mal and Pathological Morphology, Hygiene and Forensics,
Polissya National University, Zhytomyr, during 2019-2023.
The scientific work is a fragment of the department’s de-
velopment: “Development, morphology and histochemis-
try of animal organs in normal and pathological condi-
tions” under the registration number 0113V000900.
Morphological, morphometric and statistical meth-
ods were used in the study. The object of the study was
the heart and lungs of mature dogs (n=5), class - Mam-
malia, species - wolf (Canis lupus), subspecies - do-
mestic dog (Canis familiaris). The lungs and hearts of
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experimental animals were used for anatomical dissec-
tion. For the morphological study, their absolute and rel-
ative weights were determined. The absolute mass (AM)
of the heart and lungs was determined by weighing them
on a laboratory balance (RADWAG PS 6000/C/2, Poland).
Relative mass (RM) was determined by the formula:

AM
BM = ==+ 100, (1)

where, AM is the absolute mass of organs; MA is the
mass of the animal.

Determination of linear parameters of the studied
organs (height, width, thickness, and circumference) was
carried out by direct measurement. The development in-
dex (DI) of organs was determined by the ratio of their
total height to width using the following formula:

HO
DI = 22+ 100, 2)

where HO is the height of the organ; WO is the width
of the organ.

For microscopic examination of the heart and lungs,
the pieces of material made from them were fixed in a
10-12% chilled aqueous formalin solution for 24 hours
or more. After fixation, the pieces of material were em-
bedded in paraffin according to the schemes proposed in
the methods of Manual L. Horalskyi et al. (2015). Sections,
10-12 pm thick, were made on a microtome, type MS-2.

To study the cyto- and histoarchitectonics of the
heart and lungs, histological sections (after deparaffin-
isation) were stained with haematoxylin (Diapath, Italy,
2021) and eosin (Leica Geosystems, Germany, 2020). In
addition, for microscopic examination (visualization of
elements) of transverse striated myocardial muscle tis-
sue, detection of cardiomyocyte cytostructure, staining
of histological specimens by the Heidenhain method
was used. The prepared histopreparations were used to
study the main structures that make up the lungs and
heart and for histological and cytometric studies.

Histometric characteristics: determination of the
respiratory part and connective tissue base of the lungs
(per unit area equal to 5.0 mm2); average alveolar vol-
ume; length and width (diameter) of cardiomyocytes;
volume of cardiomyocyte nuclei,was performed by light
microscopy using Micros microscopes (Micros, Austria,
2012) with an imaging system and MBS-10 (Micromed,
China, 1998), according to the recommendations pro-
vided in the manual (Horalskyi et al., 2015).

The volume of myocardial cells (cardiomyocytes)
was determined by the following calculations:

2

V=n*<§) A, (3)

where Vis the volume of the cardiomyocyte; m - 3.14; A -
cardiomyocyte length; B is the width of the cardiomyocyte.

To determine the volume of nuclei cardiomyocytes,
the following formula was used:

T[ 2
V=E*A*B, 4)
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where Vis the volume of the cardiomyocyte; m - 3.14;
A is the length of the nuclei cardiomyocyte; B is the

width of the nuclei cardiomyocyte. The nuclear-cyto-
plasmic ratio (NCR) was determined by the formula:

The volume of the nuclei

NCR

Photographs of histological specimens were taken
using a CAM V-200 video camera (Inter Med, China,
2017). Anatomical and histological terms of the heart
and lung structures are given in accordance with the In-
ternational Veterinary Histological and Anatomical No-
menclature (Terminology Dictionary) (Khomych, 2019).
The statistical data of the results of quantitative stud-
ies were performed using the Statistica 7.0 software
package (StatSoft, Tulsa, USA). The difference between
the digital data of the studied indicators was carried
out using ANOVA, where the difference was considered
statistically significant at p<0.05.

All experimental studies were conducted in ac-
cordance with modern methodological approaches and
in compliance with relevant requirements and stand-
ards, in particular, they meet the requirements of DSTU
ISO/IEC 17025:2005 (2006). The study animals were
kept and all manipulations (methods of morphological
studies) were carried out in accordance with the provi-
sions of the “Procedure for conducting experiments and
experiments on animals by scientific institutions” (Law
of Ukraine No. 249, 2012), the “European Convention for
the Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes” (1986).

RESULTS AND DISCUSSION

The heart in dogs is located in the thoracic cavity be-
tween the lungs and occupies the space from the 3rd to
the 7th rib and is slightly displaced to the left. The base
of the heart is located in the plane of the middle of the
first rib of the thorax, and its apex has a projection at
the level of the 6th-7th ribs. The aorta comes out of the
left ventricle of the heart, behind the pulmonary trunk.
As it travels dorsally to the spine, it makes an arc at the
level of the 11th thoracic vertebra.

Externally, the epicardium of the heart is smooth,
moist, shiny, white-grey in colour, transparent, with-
out any layers, and a small amount of white-grey fat is
noted. The heart myocardium is of elastic consistency,
pale red on the surface and in the section, the fibre pat-
tern is well-defined. It should be noted that the heart
has different shapes in mammals (Emam & Abugherin,
2020). In predators, the dominant shape is spherical
or cone-ellipsoidal. According to the literature, dogs,
depending on their breed characteristics, have differ-
ent heart shapes: spherical (7%), ellipse-elliptic (26%),
cone-elliptic (24%), and most often ellipsoidal (43%)
(Gémez-Torres et al., 2021). The heart of mammals, in-
cluding dogs, is divided into four chambers by parti-
tions: the left and right atria, left and right ventricles.
According to the results of research, the right ventricle
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has a thicker wall than the atrium, but less thin than the
left ventricle. The difference in wall thickness between
the right and left ventricles is approximately 2.4 times.

The canine heart has a dilated base directed dor-
socranially and a narrowed apex directed ventrocau-
dally (Figs. 1, 2). The heart cavity is divided into left
and right halves by an internal septum. The latter are
divided into atria and ventricles. Each right and left
atrium with their respective ventricles are connected to
each other by the atrial-ventricular opening. The atria
are located at the base of the heart. They are separated
from the ventricles of the heart by a transverse coronary
groove. The atria at the base of the heart are formed
by the right and left heart ears (sac-like protrusions),
which are cranial in direction and located on the right
and left, relative to the trunk of the pulmonary arter-
ies and aorta. The right and left ventricles of the heart
occupy the main part of the organ. Externally, they are
separated by interventricular grooves — the near-cone
groove, which is located more cranially, and the sub-ax-
illary groove, which is located caudally. These furrows
are interconnected on the anterior (cranial) part of the
heart, not reaching the apex, and separate the left ven-
tricle from the right ventricle, respectively.
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Figure 1. Macroscopic structure of the heart
of a sexually mature dog (right side)

Notes: 1 - heart base; 2 - apex of the heart; 3 - right
ventricle; 4 - left ventricle; 5 - right atrium; 6 - right
auricle; 7 - left atrium; 8 - axillary interventricular groove;
9 - subepicardial fat; 10 - aorta; 11 - trunk of pulmonary
arteries; 12 - cranial vena cava; 13 - caudal vena cava.
Photo from macropreparation

Source: photo of the authors




Figure 2. Macroscopic structure of the heart
of a sexually mature dog (left side)

Notes: 1 - heart base; 2 - apex of the heart; 3 - right
ventricle; 4 - left ventricle; 5 - left atrium; 6 - left auricle;
7 - right auricle; 8 - semi-conical interventricular groove;
9 - subepicardial fat; 10 - blood vessels; 11 - pulmonary
veins; 12 — aorta. Photo from macropreparation

Source: photo of the authors

Studies have been published that show that the ab-
solute heart weight depends on the breed and age of
dogs, and in relation to body weight ranges from 0.76 to
1.2% (Brambilla et al., 2020). According to the results of
the studies, the absolute heart weight is 167.58%9.46 g,
and the RM is 0.72%£0.005%. According to L. Queiroz
et al. (2018), the relative heart weight in dogs ranges
from 0.6 to 1.1% of the animal’s body weight. Perhaps
such ambiguous parameters are due to the breed prop-
erties of animals. The ratio of muscle thickness of the
left and right ventricles was not the same, the left ven-
tricle was 1.6 times thicker than the right, which is al-
most the same as in our studies.

The net weight of the heart (without epicardial fat)
in the dog is 154.22%8.04 g. The height of the heart is
11.09+0.04 cm, the width is 7.6£0.02 cm, and the circum-
ference is 17.7#0.08 cm. Comparing the morphometric
data of A.Best et al. (2022) and the analysis of morpholog-
ical measurements, the heart of the studied mature dogs
is more often rounded (ellipsoidal) in shape (Figs. 1, 2).

According to the results of morphometric studies,
the weight of the dog’s LV heart is 76.24%1.02 g, the
weight of the right ventricle is 43.59+0.62 g.The average
weight of the right and left ventricles is 120.26+1.98 g,
and the weight of the atria is 33.77+0.48 g. At the same
time, the ratio of the mass of the ventricles (right and
left) of the heart to the net mass is 1:0.78, respectively,
the ratio of the mass of the atria (right and left) to the
net mass of the heart is 1:0.22,and the ratio of the mass
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of the atria to the mass of the ventricles is 1:0.28. The
wall thickness of the heart ventricles, depending on
their morphological and functional activity, is different:
the wall thickness of the left ventricle (15.92%0.34 mm)
is 1.52 times (p<0.01) greater (10.47%+0.11 mm) than
that of the right ventricle. Atrial wall thickness was
4.01£0.02 mm.

The wall of the dog’s heart, as in other domestic
mammals, is formed by 3 membranes: endocardium,
myocardium and epicardium, of which the muscular
membrane is the most developed. The atrial myocar-
dium consists of two layers - outer (common to both
atria) and deep. The middle shell of the ventricles (myo-
cardium) is formed by 5 layers: the outer and inner lay-
ers,in which the muscle fibres are located in an oblique
longitudinal direction, then deeper layers — the outer
and inner layers and the deepest layer, whose muscle
fibres have a direction similar to the letter “eight”. Due
to this structure of the myocardial ventricles and their
functional activity, their walls are much thicker than
the atrial walls.

The histoarchitecture of the myocardium is built by
transversely striated muscle fibres, which form unicel-
Lular cells - cardiomyocytes. When histological sections
are stained using the Heidenhain method, their cyto-
structure looks like dark transverse, rectangular stripes
(Figs. 3,4). The sarcolemma, myofibrils, and nuclei loca-
ted in the centre of cardiomyocytes are differentiated.

Figure 3. Histological section of the myocardium of the
left ventricle of the heart of a sexually mature dog
Notes: 1 - cardiomyocyte cells; 2 - nuclei of cardiomyocyte
cells; 3 - insert disk; 4 - intermuscular connective tissue;
Dyeing according to the Heidenhain method. x280

Source: photo of the authors

The assessment of changes in the quantitative
morphometric parameters of each organ in any of its
pathologies should start from a certain point of refer-
ence.This starting point is the concept of “normal”. How-
ever, there are various quantitative variants of the pa-
rameters of an unchanged heart, depending on genetic,
constitutional factors, physical activity, etc. Therefore, the
concept of “normal heart” is rather conditional. According
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to S.M. Bilash et al. (2019), morphologists should use
their own quantitative parameters of the heart, taking
into account age-related changes. Mathematical analy-
sis of the structures of morphological objects, which has
gained recognition as a method that is distinguished by
objectivity and reliability, is of great importance in mor-
phology to determine the structure, shape, size of organs
and systems, the ratio of their specific structural features
(Hryhorieva & Cherniavskyi, 2018).

Figure 4. Histological section of the myocardium of the
left ventricle of the heart of a sexually mature dog:
Notes: 1 - cardiomyocyte cells; 2 - nuclei of cardiomyocyte
cells; 3 - insert disk; 4 - intermuscular connective tissue;
5 - longitudinal striation; 6 - transverse striation; Dyeing
according to the Heidenhain method. x600

Source: photo of the authors

According to the results of morphometric studies, car-
diomyocytes of the left (LV) and right ventricles (RV), atrial
cardiomyocytes, depending on their morphotopography,
and hence on their functional load, have ambiguous cy-
tometric parameters. Morphometric analysis shows that
the quantitative parameters of cardiomyocytes of the left
ventricle of the dog heart are significantly higher than
those of the right ventricle. Thus, the length and width of
LV cardiomyocytes are 1.1 times greater than those of the
right ventricle and are equal to 46.06£1.12 um (length)
and 9.02%0.39 um (width), respectively.

Similar changes were found in the morphomet-
ric study of cardiomyocyte volumes: the largest vol-
ume of cardiomyocytes was determined in the LV
(2941.76%127.44 umd), in the right ventricle this indi-
cator was significantly (p<0.05) less by 1.31 times and
was equal to 2237.24+103.02 pym?. Similar results of

morphometric parameters were found when determin-
ing the volume of cardiomyocyte nuclei: the average
volume of the nucleus of cardiomyocytes of the left
ventricle was 64.58+5.09 um?®, of the right ventricle -
59.97£5.83 um?®. According to such ambiguous quantita-
tive cytometric characteristics of cardiomyocytes for the
ventricles of the dog heart, they formed different NCR:
the lowest such indicator was characteristic of LV cardi-
omyocytes (0.0224#0.0076), the highest for RV cardio-
myocytes (0.0275+0.0081), which indicated their mor-
phological and functional load. According to S.C. Orozco
et al. (2019) and the results of our own studies, this is
an objective reality, since the LV functions mainly as a
pump, and the RV functions as a volume pump.

Therefore, an increase in the morphometric param-
eters of cardiomyocytes of the left ventricle myocardi-
um, compared to the right ventricle, correlates with the
morphological and functional load of myocardial muscle
tissue, namely, the consequence of rhythmic contrac-
tions of cardiomyocytes of the heart, promoting blood
flow through a closed circle of vessels. At the same time,
LV cardiomyocytes perform a higher load, contributing to
the movement of blood through a large circle of blood
circulation; RV cardiomyocytes perform a lower load,
contributing to the movement of blood through the ves-
sels of a small circle of blood circulation.

Significantly lower cytometric parameters (length
and width), cardiomyocyte volume, and nuclei volume
were characteristic of atrial cardiomyocytes, and thus,
such cardiomyocytes had the highest nuclear-cytoplas-
mic ratio (0.0367+0.0105) (Table 1). The results indicate
that such an increase in the nuclear-cytoplasmic index
of atrial cardiomyocytes, relative to the ventricles, indi-
cated a lower morphological and functional load, since
more functionally mature and active cells are those
characterized by a low nuclear-cytoplasmic ratio and,
conversely, cells with a high nuclear-cytoplasmic ra-
tio are less functionally active (Horalskyi et al.,, 2022).
Such ambiguous morphometric parameters of cardio-
myocytes of the left and right ventricles and atria are
associated with morphological and functional features
of the heart. In this case, the right and left atria receive
blood that returns to the heart from the body, perform-
ing a lower load, and the ventricles (left and right)
pump blood from the heart to the body of animals, per-
forming a much higher load.

Table 1. Histometry cardiomyocytes of the heart of a sexually mature dog, (Mxm, n=5)

Length Width of Volume Volume nuclei Nuclear-
Indexes cardiomyocytes  cardiomyocytes cardiomyocytes cardiomyocytes cytoplasmic
(um) (um) (um?®) (um?) relationship
Left ventricle 46.06+1.12 9.02%0.39 2941.7 #127.44 64.58+5.09 0.0224+0.0076
Right ventricle 41.47+1.24 8.29%0.42 2237.24+103.02* 59.97+5.83 0.0275+0.0081*
Auricle 39.06%1.35* 7.19%0.49* 1496.92+98.02** 53.06% 6.02* 0.0367+0.0105**

Note: * p<0.05; ** p<0.01; *** p<0.001 in relation to the left
Source: developed by the authors
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The lungs of mature dogs have a similar structure
and morphotopography to those of domestic mammals
(Zamorska & Grushanska, 2022). Thus, the left and right
lungs of dogs are divided into lobes (cranial, middle,
caudal) by deep notches on the ventral side. The right
lung has an additional lobe. At the same time, in com-
parison with other domestic animals, the lobes of the
lungs of the dog have distinct deep interlobar notches
that pass through the dorsal margin and reach almost
to the main bronchus. The pattern on the lung surface
is smoothed (Fig. 5).
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Figure 5. Anatomical structure of the lungs of a sexually
mature dog (costal surface)

Notes: 1 - leftlung; 2 - right lung; 3 - deep cuts; 4 - top of the
lung; 5 - the base of the lung; 6 - left cranial lobe; 7 - right
cranial lobe; 8 - left middle (cardiac) lobe; 9 - right middle
(cardiac) lobe; 10 - additional share; 11 - left caudal lobe;
12 - right caudal lobe; 13 - interlobular slits; 14 fragment of
tracheal bifurcation; Photo from macropreparation
Source: photo of the authors

The middle lobe of the left lung in dogs caudally
overlaps the cranial lobe, and at the blunt (dorsal) edge,
these parts merge with each other (there is no sepa-
ration between the lobes). The caudal lobe of the left
lung in dogs is compact and has an irregular pyramidal

Horalskyi et al.

shape. The cranial lobe of the right lung in dogs is al-
most completely separated from the other lobes by
the cranial interlaminar gap. The cranial contour of the
cranial lobe is rounded. The middle lobe is located be-
tween the cranial and caudal lobes, not reaching the
dorsal edge of the lung. The ventral end of this lobe is
pointed. The directed cranial margin of the middle lobe
forms the cardiac notch together with the directed cau-
dal sharp margin of the cranial lobe. The caudal lobe of
the right lung is similar in shape to the caudal lobe of
the left lung. On its surface, which borders on the dia-
phragm, an uneven depression is found medially due to
the adjacent accessory lobe. The accessory lobe of the
right lung is different in shape from the other lobes: its
middle part is relatively thicker and has three processes
directed dorsally, ventrally and laterally. The accessory
lobe of the right lung of dogs is fused to the medial
surface of the caudal lobe.

The peculiarity of the anatomical structure of the
canine lung is that the interlobular gaps dividing the
lung into lobes are deep and reach the main bronchus.
Lung lobes are not connected to each other by paren-
chyma, except for the cranial and middle lobes of the
left lung, where they are connected to each other in
the dorsal part (Fig. 5). Morphometric studies of organs
and systems in clinically healthy humans and animals
are important for their assessment at the cellular, tissue
and organ levels, which are criteria for the diagnosis of
diseases of contagious and non-contagious pathology
(Hosapatna et al., 2022).

According to the results of morphometric studies,
the total length of the dog’s lungs is 23.0¥2.42 cm,
width 16.7%+1.34, and thickness 1.9+0.36 cm. The right
lung was 22.9%2.18 cm long, 8.1+0.62 cm wide, and
1.8%£0.11 cm thick. The left lung was 20.2%2.44 cm long,
7.6%0.54 cm wide, and 1.5%0.09 cm thick. The ratio of
the average lung length to lung width in dogs is 1.37:1,
so the lungs in dogs are of the narrowed-elongated
type. The AM of the lungs of dogs is 201.3+18.4 g, the
relative weight is 1.21£0.14%. At the same time, the ab-
solute weight of the left lung in dogs is 86.26£8.01 g,
and the right 115.04+10.14 g, their ratio in mature
clinically healthy dogs, according to the results of orga-
nometry, is 1:1.33 (Table 2).

Table 2. Absolute and relative mass of lung lobes of a sexually mature dog, (M*m, n=5)

Particles Left lung Right lung Both lungs
lungs AM (g) RM (%) AM (g) RM (%) AM (g) RM (%)
Cranial 22.09+3.01 10.97+0.96 27.29%3.21* 13.56%0.92 49.38+6.34 24.52%1.52
average 19.91+2.84 9.89%0.64 23.65%2.96 11.75%1.14 43.56%5.87 21.64%2.03
Caudal 44.26%6.02 21.98%1.82 47.96%6.38 23.83%1.82 92.22#8.76 45.81+5.38
Additional - - 16.14%2.08 8.02+0.48 16.14%2.08 8.02+0.48
Total: 86.26%8.01 42.84+6.04 115.04+10.14* 57.16%8.02 201.3#18.4 100

Note: * p<0.05; ** p<0.01; *** p<0.001 in relation to the left lobe

Source: developed by the authors
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At the same time, the absolute weight of the cranial
lobe of the left lung is on average 22.09£3.01 g, and
the cranial lobe of the right lung is 27.29+3.21 g. The
absolute weight of the middle lobe of the left lung av-
eraged 19.91£2.84 g,and the right lobe — 23.65%£2.96 g.
The absolute weight of the left lung caudal lobe is
44.26%*6.02 g, and the absolute weight of the right lung
caudal lobe is 47.96%6.38 g. The absolute weight of the
additional lobe of the right lung was 16.14+2.08 g (Ta-
ble 2). Thus, the results of organometric studies indi-
cate that in dogs, the most developed are the caudal
lobes of the right and left lungs, followed by the cranial
and middle lobes (Table 2).

The relative weight of the cranial lobe to the ab-
solute weight of both (right and left) lungs in dogs av-
erages 10.97£0.96% in the left lung and 13.56%£0.92%
in the right lung. The relative weight of the middle lobe
in relation to the absolute weight of the lungs in the
left lung is 9.89+0.64%, in the right lung, respectively,
11.75+1.14%. The average volume of the caudal lobe
in both lungs was 21.98%1.82% in the left lung and
23.83%1.82% in the right lung. The relative weight of the
additional lobe, respectively, is 8.02£0.48% (Table 2).

The lungs are formed by branches of the bron-
chi (bronchial tree), which have different sizes and
branches of the respiratory department (alveolar tree).
Such branches of the alveolar tree are usually accom-
panied by blood vessels, nerves and delicate layers
of loose connective tissue. Haematoxylin and eosin
staining of histological specimens reveals a significant
amount of collagen and elastic fibres in the connective
tissue, which are red and clearly differentiated in the
lung tissue section. The bronchi are divided into ex-
trapulmonary (main and interlaminar) and pulmonary
bronchi, which are part of the lungs, where they branch
out to form the bronchial tree. The lobular bronchi are
branched off by segmental bronchi of different sizes.
They are divided into dorsal and ventral segmental
bronchi depending on the direction.

To date, it has been proven that the structure of the
bronchial tree in animals corresponds to the location of
the lobes of the lungs. It is known that the lobular bron-
chi of the right and left lungs are not developed equally.
In the studies of A.F. Butkiewicz et al. (2022), it was noted
that the pig lungs have dorsal, ventral, medial, and lat-
eral bronchiolar systems on both sides. In addition, the
tracheal bronchiole (bronchus) arises from the right side
of the trachea. According to the bronchial branching, the
right lung consists of cranial, middle, caudal and acces-
sory lobes, and the left lung consists of bilobed middle
and caudal lobes. The branching of the lung bronchi in
dogs is as follows: the trachea branches into two main
bronchi at the bifurcation (Fig. 6). The main bronchi enter
the lungs, giving rise to the lobar bronchi. The anatomi-
cal structure of the main and lobar bronchi is similar to
that of the trachea. However, the right main bronchus
has a larger diameter than the left one.
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Figure 6. Anatomical structure of the lungs of a sexually
mature dog (mediastinal surface)

Notes: 1 - trachea; 2 - bifurcations of the trachea; 3 -
right lung; 4 - left lung; 5 - top of the lung; 6 - the base
of the lung; 7 - right cranial lobe; 8 - left cranial lobe;
9 - right middle (cardiac) lobe; 10 - left middle (cardiac)
lobe; 11 - additional share; 12 - right caudal lobe; 13 -
left caudal lobe; 14 - deep cuts; 15 - interlobular gap;
16 - main right and left bronchus; 17 - branching of the
bronchi of the left lung; Photo from macropreparation
Source: photo of the authors

In the area where the trachea divides into two main
bronchi (bifurcation), the latter form an angle of 65°-
70°. At the same time, the left main bronchus deviates
more strongly from the tracheal axis, forming an angle
of 45°-50° with it (Fig. 6). Both main bronchi branch
first cardio-laterally, then caudally and are directed to
the caudal lobes, forming their bronchi. Branching in
each lung of the main bronchus into large, then me-
dium, small bronchi, terminal bronchioles, occurs at
the base of their blunt edges, where they go caudally,
forming a bronchial tree. At the same time, the larg-
est branches of the main bronchus branch and, one
branch at a time, go to the cranial, middle, caudal and
additional lobes - only for the right lung. Thus, directly
after the bifurcation, the right cranial lobar bronchus
branches off from the right main bronchus at almost
right angles. Immediately afterwards, the middle lobar
bronchus extends ventro-laterally. The next branch is
the ventro-medial bronchus of the accessory lobe.

From the left main bronchus, the left cranial bron-
chus for the cranial lobe branches cranially. After the
branching of this bronchus, the left main bronchus
continues as a bronchus (caudal bronchus) for the left
caudal lobe of the lungs. The large bronchus of the
caudal lobe gives eight (four dorsal and four ventral)
branches to its parenchyma in each lung. The smallest




intralobular bronchi enter the lung lobes, where they
branch into terminal bronchioles, which branch into
respiratory bronchioles, then alveolar ducts and alveo-
lar sacs, thus forming the alveolar tree (Fig. 7).

Figure 7. Histological section of the lung tissue
of a sexually mature dog
Notes: 1 - respiratory part of lung tissue; 2 - connective
tissue; 3 - alveolar course; 4 - alveolar sac; 5 - alveoli;
6 - interalveolar partitions; Haematoxylin and eosin
staining. x280
Source: photo of the authors

The bronchial tree is the airways of the lungs,
which are microscopically formed by bronchi of differ-
ent calibre (main bronchi, large, medium, and small),
which vary in diameter and structure along the direc-
tion of the bronchial tree. Thus, the histoarchitectonics
of the wall of bronchi, especially large ones, is similar to
the wall of the trachea, which is formed by the inner -
mucous, middle - fibrous -cartilaginous, and outer - ad-
ventitia membranes (Fig. 8).

Figure 8. Histological section of the lung tissue
of a sexually mature dog
Notes: 1 - lumen of a large bronchus; 2 - epithelial plate;
3 —muscle plate; 4 - cartilage plates; 5 - connective tissue
stroma; 6 - alveoli; 7 - interalveolar septa; 8 - vessel;
Haematoxylin and eosin staining. x280
Source: photo of the authors
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In the large bronchi, the cartilage rings of the fi-
brous -cartilaginous membrane are represented by sep-
arate, clearly defined cartilage plates (Fig. 8), and the
middle shell of the middle bronchi contains cartilage
plates that occur in groups in the form of separate car-
tilage islands (Fig. 9). The wall of the small bronchi is
formed only by the mucous membrane and adventitia.
There are no cartilage plates in the wall of the small
bronchi.

Figure 9. Histological section of the lung tissue
of a sexually mature dog

Notes: 1 - respiratory part; 2 - connective tissue stroma;
3 - alveoli; 4 - middle bronchus; 5 - lumen of the middle
bronchus; 6 - internal mucous membrane; 7 - cartilage
plates in the form of cartilage islands; 8 - muscle plate;
9 - vessel; Haematoxylin and eosin staining. x280
Source: photo of the authors

The histoarchitectonics of dog lungs is formed
by pulmonary lobules. The latter have a pyramidal or
conical shape. The lobules include pulmonary acini,
which are formed by respiratory bronchioles, alve-
olar ducts, alveolar sacs, and alveoli. In dogs, unlike
other domestic animals, terminal bronchioles are gen-
erally poorly developed. Each terminal bronchiole is
joined by several respiratory bronchioles, which are
well-developed in dogs. Their wall is lined with a sin-
gle-layer prismatic epithelium. The wall of the alveoli
is lined with a single-layer flat epithelium (alveolo-
cytes), which include respiratory and secretory cells
and alveolar macrophages. Interalveolar membranes
of alveoli are formed by layers of loose connective tis-
sue. According to the results of histometry, the aver-
age volume of lung alveoli of sexually mature dogs is
58.9%6.26 thousand pm?.

The respiratory part of the lungs in adult animals
occupies 40.38+2.6%, the connective tissue base, re-
spectively, 59.62+3.4% (Fig. 10).
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Figure 10. The area of the histostructure of the lungs of a sexually mature dog

Source: developed by the authors

Thus, the cardiovascular system and respiratory or-
gans are interconnected and perform extremely impor-
tant functions in the body for the vital activity of the
organism.Their main function is gas exchange, through
inhalation of air from the environment and excretion
of carbon dioxide formed in the body of humans and
animals. Gas exchange in the body directly occurs in
the lungs, between air and blood by diffusion of O, and
CO, through the walls of the pulmonary alveoli into
the blood capillaries (Voloshyn et al, 2020). Studies in
this area have shown that the morphological structure
of the heart and lungs in clinically healthy dogs has a
similar morphoarchitectonics to that of other species of
mammals, but differs in morphometric parameters.

Thus, depending on the morphofunctional load, the
largest morphometric parameters (cardiomyocyte vol-
ume, volume of their nuclei) are characteristic of cardi-
omyocytes of the left and right ventricles, in which the
NRC is the smallest (respectively, 0.0224+0.0076 and
0.0275%0.0081), compared to the NRC of atrial cardiomy-
ocytes (0.0367£0.0105), indicating their morphological
and functional activity (the most functionally mature
cells are those with a low NRC index and, conversely,
cells with a high NRC are less active). Depending on the
type of respiration characteristic of dogs, their lungs are
of the elongated type according to the developmental
index (IDI = 137£2.84), and the lung asymmetry ratio is
1:1.33. The respiratory part of the lung parenchyma is
40.38+2.6%, the connective tissue base is 59.62%3.4%,
and the average volume of the pulmonary alveoli is
58.9%6.26 thousand um?. Such studies are of great im-
portance for comparative morphology and are the basis
for clinical veterinary medicine as criteria for the mor-
phological diagnosis of diseases of various geneses.

CONCLUSIONS

The heart of most mature dogs has a rounded (el-
lipsoidal) shape. The absolute weight of the heart is
167.58+9.46 g (without epicardial fat - 154.22%8.04 g),
the relative weight - 0.72%0.005%. Height was
11.09£0.04 cm, width - 7.6%0.02 cm, circumference -

Scientific Horizons, 2023, Vol. 26, No. 12

17.7+0.08 cm. The ratio of the total mass of the right
and left atria to the mass of the right and left ventricles
is 1:0.28, the ratio of the mass of both ventricles to the
net mass of the heart is 1:0.78, respectively, the mass
of the atria is 1:0.22. The microscopic structure of the
ventricles and atria of the dog heart has a similar his-
toarchitectonics, but differs in cytometric parameters,
according to the functional load: the largest volumes
are characteristic of cardiomyocytes of the left ventri-
cle - 2941.76%127.44 ym3, smaller - of the right ven-
tricle 2237.24+103.02 um?® and the smallest - of atrial
cardiomyocytes 1496.92+98.02 um?. The volume of nu-
clei of cardiomyocytes of the left (64.58+5.09 um?®) and
right (59.97%5.83 um?®) ventricles of the heart is almost
the same, in atrial cardiomyocytes this index is much
lower (53.06%6.02 um?).

The nuclear-cytoplasmic ratio of cardiomyocytes
of the left ventricle is 0.0224%0.0076, a slightly higher
value is observed in cardiomyocytes of the right ventri-
cle - 0.0275+0.0081 and the highest value is observed
in atrial cardiomyocytes (0.0367%0.0105). The dog’s
lungs have a partial structure. The left lung is char-
acterized by three lobes (cranial, middle, caudal), and
the right lung by four lobes (cranial, middle, caudal and
accessory). The absolute weight of the lungs of dogs
is 201.3+18.4 g, the relative weight is 1.21+0.14%. The
weight of the left lung is less (86.268.01 g) than the
right (115.04%10.14 g), their ratio is 1:1.33.

The length of the lungs of dogs is 23.0£2.42 cm,
width 16.7£1.34, thickness 1.9£0.36 cm. The ratio of their
length to width (asymmetry ratio) is 1.37:1, so the lungs
in dogs are of the narrowed-elongated type. The his-
toarchitecture of the lungs is formed by cone-shaped or
pyramidal lobules separated by connective tissue septa,
which form the connective tissue stroma (59.62%3.4%),
formed by loose connective tissue and containing elas-
tic fibres, blood and lymphatic vessels. The respiratory
parenchyma of the lungs (40.38%2.6%) is formed by res-
piratory bronchioles, alveolar ducts and alveolar sacs,
the walls of which contain alveoli (large, medium, small),
which together form the alveolar tree. The average value
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AHortauisa. CepLeBo-CyaMHHA CMCTEMA Ta OPraHW AMXaHHS B OPraHi3Mi TBapMH B3aEMOMOB'A3aHi MiX c060t0, BOHU
BMKOHYIOTb HaA3BMYAMHO BAXMBI DYHKLIT ANS XKMUTTELIANBHOCTI OpraHiaMy, OCHOBHOK 3 SIKMX ra3006MiH. Tomy,
[OCNIAKEHHS CepLEeBO-CYAUHHOT CUCTEMM Ta OPraHiB AMXaHHS € aKTyallbHUM MUTAHHAM CbOroAeHHS. MeToto poboTu
6yna MopdonoriyHa oLiHKa Makpo- Ta FiCTOCTPYKTYp Cepus i ereHb CBiMNCbKoi cobaku. [1ns poboTu 3acToCcoBYBaNU
KOMMJIeKCHi MopdonoriyHi MeToaM [OCAIAXKEHb: FiCTOMONYHI, aHATOMIYHi, OpraHo-, ricTo Ta UMTOMETPUYHI,
CTAaTUCTUYHI, 3aBASAKM IKMM NpPeLCTaBNeHO HOBI AaHi Woa0 0cobnmMBocTel Makpo-, ricTo- Ta LUTOMOP(OMETPUYHOT
XapaKTepuCTUKU MOPGOOTiYHMX CTPYKTYp cepus Ta nereHb. Cepue cobaku Mae okpyrny ¢GopMmy, Horo abcontoTHa
Maca popiBHioe 167,58+9,46 r (6e3 enikapaianbHoro xupy - 154,22+8,04 r), BigHocHa Maca - 0,72#0,005 %.
BcTaHoBneHo, Wo Halbinbwmii 06’eM MaOTb KapAiOMiOLMTM NiBOMO WAYHOUKA, MEHLMIA — NPABOro Ta HAWMEHLLUIA —
Kapaiomiountn nepepcepdb. pu TiM, saepHO-LMTONNA3MATUUYHE BiQHOWEHHS Kap4ioMiOUMTIB NiBOro LWAYHOYKA
popisHioe 0,0224£0,0076, 6Ginblwe 3HaYeHHd MakloTb KApAiOMiouMTM npaBoro wayHouka - 0,0275+0,0081
i Hanbinbwe kapapiomiountn nepepcepab - 0,0367%0,0105. Taki HeoAHO3HaYHi UMTOMETPUYHI MapameTpu
KapaioMiouuTiB MoB’a3aHi 3 MOPGHOMYHKLIOHANbHOW AiSNBHICTIO M'A30BOT TKAaHMHM LWAYHOYKIB Miokapay Ta
dYHKLiOHaNbHWMK ii 0COBAMBOCTAMM, BNACTUBMMM [0 CMOHTAHHWMX | PUTMIYHWMX CKOPOYEHb, BHACMILOK 4Oro
BiAOYBAETbCA PyX KPOBi MO 3aMKHYTIM cucTeMi cyauH. ABCONOTHa Maca NereHiB CBiMCbKOi CcObakM CTaHOBUTb
201,3£18,4 r, BigHocHa - 1,21%0,14 %, cniBBiAHOWEHHA abCONOTHOI MacK NiBOi 4O MPaBOi NlereHi CTaHOBWTb
1:1,33. 3rinHo koediuieHTy acumeTpii (1,37:1), nereHi y cobak 3BYXeHO-BUTATHYTOro Tumny. Cnoay4yHOTKaHMHHA
CTpoMa nereHb 3anmae 59,62%3,4 %, pecnipatopHa yactnHa - 40,38%+2,6 %. Bigomocti 3 Mopdonorii cepus Ta
NereHb CBiMCbKOi COBaKM, BKIOYAOUM Pe3yNbTaTh AOCNIAXKEHHS MAKpO- Ta MiKPOCKOMIYHOT OyA,0BM LOCNIAKYBAHUX
OpraHi., siki NpeacTaBieHi y nybnikalii, MaloTb BeIMKE 3HAYEHHS A5 TICTONOrii Ta MOPiBHANbHOI aHATOMIi, @ TaKOX
pobnsaTb BaroMmi BHECOK Yy KNiHIYHY BETEPUHAPHY MeAULMHY

KniouoBi cnoBa: nopiBHsAAbHA aHaTOMIisl; FiCTOCTPYKTYpa OpPraHiB; UMTOMETPUYHI MapameTpu; KapaiomioumTt;
Miodibpunu; 6poHxianbHe AepeBo; anbBEONIPHE AEPEBO
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reproductive quality of females and determine the incubation period of caviar, its quantity, weight, and survival rate.
The study presents the results of research on the reproductive qualities and embryonic period of crayfish eggs of
four species (Cherax quadricarinatus, Procambarus clarkii, Procambarus fallax forma virginalis, Cherax destructor) kept in
separate closed water supply tanks at an optimal planting density of 4 individuals per 0.45 mZ. Studies have shown
that the colour range of caviar and the duration of the incubation period for its maturation varies among different
crayfish species. Thus, the first stage of incubation was the shortest and ranged from 2.80 (Florida crayfish) to 3.55
(destructor crayfish) days, while the second stage lasted the longest - from 13.17 to 15.80 days for Australian and
broad-toed crayfish, respectively. Based on the analysis of the physiological characteristics of the female crayfish
micropopulation, they were divided into quality categories, considering the following indicators: female weight, egg
weight, total number of eggs, and number of eggs per 1 g of female. Females of the Australian red snapper of the
excellent category was the best among all species in terms of live weight (63.0£0.67 g), egg weight (5.0£0.05 g)
and total number of eggs (376.8+16.34 pcs.), the lowest similar indicators were in the marble species (16.8+0.15 g,
1.6%+0.03 g, 124.5£2.66 pcs.), respectively. In terms of the number of eggs per 1 g of female weight, Florida crayfish
prevailed (7.8%£0.19). Instead, the destructor crayfish had intermediate results in these characteristics. The study results
can be used in the economic activities of enterprises producing aquatic organisms

Keywords: Cherax quadricarinatus; Procambarus clarkii; Procambarus fallax forma virginali; Cherax destructor,;

reproductive female qualities

INTRODUCTION

Crayfish belong to the aquaculture segment, and their
production technologies in artificial conditions are still
under development, which requires scientifically sound
approaches to keeping, feeding and production sys-
tems. The incubation period of female crayfish eggs is
no exception, as it determines the size of the future mi-
cro-population. Therefore, the selected research topic
is relevant. Freshwater crayfish are in great demand
around the world. According to the International Food
and Agriculture Organisation (FAO), crayfish products
were sold for USD 7.6 billion, and it is also noted that
the demand for this type of aquatic organism constantly
exceeds supply (FAO, 2021).

F.Liu et al. (2020) note that the level of production
of aquaculture products is negatively affected by the
use of traditional, labour-intensive production methods,
depending on the season and the effects of inbreeding.
According to A.Asher (2020); only traditional caviar pro-
duction to increase the number of crustaceans requires
the use of up to 30% of production tanks, which signifi-
cantly reduces production efficiency, and the use of the
above methods has a direct impact on the industry’s
ability to meet current market requirements and indi-
cates their unsuitability for intensive production sys-
tems.J. Bitomsky (2008) describes that modern technol-
ogies of crayfish farming in industrial conditions should
be based on a high percentage of preservation of indi-
viduals by creating optimal conditions for their repro-
duction and maintenance, as well as obtaining products
in the projected volumes. N.E. Hrynevych et al. (2022)
indicate that to increase the growth rate and reduce
cannibalism in crayfish, it is advisable to use dietary
supplements (Spirulina+Chlorella, Digestarom, carote-
noids) with extruded feed, which contributes to the pro-
duction of high-quality protein products, and the pro-
cess of production of aquatic organisms is determined

by their technological level of cultivation and the devel-
opment of aquaculture as an industry.

J. Patoka et al. (2016) believe that out of more than
100 species of Australian freshwater crayfish, only three
have the potential for commercial farming, including mar-
ron (C. tenuimanus), yabby (C. destructor), and red-clawed
(C. quadricarinatus). |. Norshida et al. (2021) indicate that
the most promising for commercial farming is the Aus-
tralian red snapper.N.P.José et al. (2019) describe that the
production of freshwater crayfish products began with
the Australian red snapper, as this species has biolog-
ical characteristics that contribute to its rapid breeding.
D. Lodge et al. (2012) describe Australian red-claw cray-
fish as a native species, best suited for aquaculture.

E.l. Fedorovych et al. (2022a) note that the average
weight gain in the first year of life of red snapper in
closed water supply systems is 50-150 g. Up to 70% of
the maximum growth can be achieved at temperatures
in the range of 23-28°C. For adults,a comfortable level of
dissolved oxygen in water is 6-8 mg/l, and the Ph level is
6.0-8.0. M. Amer et al. (2015) studied the maturation pe-
riod of Florida crayfish eggs in the natural conditions of
the Nile River basin and proposed to divide them into ten
stages of development during maturation. G. Vogt et al.
(2008) pointed out that the marbled crayfish is the only
crustacean in the world that reproduces by apomictic par-
thenogenesis. In particular, the author notes that there
are only females that lay unfertilised eggs, the develop-
ment of which causes a genetically homogeneous popu-
lation. C.M. Jones et al. (2009), having conducted several
studies in laboratory conditions and natural populations,
indicate that no males of this species have been found.
Females reared at a temperature of 20-25°C began to
breed at the age of 141-255 days, their fecundity ranged
from 45 to 416 eggs and varied depending on the size of
the female. The incubation period was 22-42 days.
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Given the above, the issue of studying the growth
and development of female crayfish eggs of different
species in closed-water supply systems remains rele-
vant. The study was aimed at assessing the embry-
onic period of development of female crayfish eggs of
Cherax quadricarinatus, Procambarus clarkii, Procambarus
fallax forma virginali, and Cherax destructor.

MATERIALS AND METHODS

The experiment was carried out in the aquaculture
laboratory of the Polissia National University (39 B
Korolova St., Zhytomyr, Zhytomyr region). The exper-
iment was conducted in the second half of 2021. For
the experiment, 70 females of the Australian red snap-
per, 67 females of the marbled snapper, 64 females
of the destructor and Florida crayfish were selected.
They were kept in separate breeding tanks measuring
23x35 cm. The water filtration system included three

stages of purification: mechanical - using a filtration
sponge, biological - using a special biofilter, and bi-
oremediation - purification with plants. The water was
saturated with oxygen using an air aerator. The water
temperature was maintained at 28°C. The optimum
planting density for the breeding stock was 4 individ-
uals per 0.45 m2

Before forming a group, each female was weighed,
and the stage of egg development was determined.
Sampling to determine the number of eggs was car-
ried out immediately after the females laid eggs on the
pleopods and at the end of the embryonic period of egg
development, just before the larvae emerged. Fecun-
dity was determined by counting all eggs on the female
pleopods. To determine the stage of egg development,
females were examined weekly. Experimental animals
were fed with balanced feed, its nutritional value is in-
dicated per 100 g of product (Table 1).

Table 1. Feed nutritional value

.Feed Water, g Protein, g Fat,d Carbohydrate, g Fibre,g Calorie content, kcal
Grain crops:
sprouted wheat 48 7.5 1.3 41.4 2.0 198
non-polished rice 12 7.5 2.7 72.8 3.4 362
oats 14 10 6.2 55.1 12 316
Fish fillet:
hake 79.7 16.7 2.0 0 0 86
pike 79 18.4 1.1 0 0 84
Oak leaves 0 0.1 0 0.1 0 1

Source: compiled by the authors

During feeding, females were observed, and the
stage of egg development was determined. When
formed fry appeared, the female was removed, and the
crayfish were counted. To complete the incubation cy-
cle, the fry was reared to a weight of 0.02 g, and such
crayfish were considered formed. However, individuals
weighing less than 0.02 g were vulnerable and a sig-
nificant percentage of mortality was observed among
them, which is associated with an increase in the fre-
quency of moulting at small sizes. The reproductive
quality of females was assessed by the following indi-
cators: female weight, egg weight, total number of eggs,
and number of eggs per 1 g of female body weight. Sub-
sequently, based on the results obtained, the females
were divided into quality categories: excellent, good,
satisfactory, and unsatisfactory.

All experimental studies were carried out by mod-
ern methodological approaches and in compliance with
relevant requirements and standards, in particular, they
meet the requirements of DSTU ISO/IEC 17025:2005
(2006). The animals were kept, and all manipulations
were carried out following the provisions of the Pro-
cedure for conducting experiments and experiments
on animals by scientific institutions (Law of Ukraine
No. 249, 2012), the European Convention for the

Scientific Horizons, 2023, Vol. 26, No. 12

Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (European Convention on
the Recognition of the Legal Personality of Internation-
al Non-Governmental Organisations, 1986).

RESULTS AND DISCUSSION

In 3-4 weeks after mating, females begin to lay eggs,
releasing them through the anus, the eggs attach to
the pleopods under the pond and remain there until
the developmental period is complete. This is the most
difficult stage in a female’s life, as she constantly needs
to move her tail, flex and extend her abdomen, creating
constant dynamics in the water under the pelvis, as the
eggs require continuous flushing with oxygen-enriched
water. It has been shown that during this process, some
eggs are detached from the pleopods, fall to the bot-
tom and die. In addition, females do not always manage
to create the necessary water movement when placing
them in hiding places, which contributes to the stag-
nation of water and, accordingly, a decrease in its oxy-
gen content and an increase in the level of metabolic
products, which also contributes to an increase in the
percentage of eggs killed. It is worth noting that at this
time, the body is forming, and the colour of the eggs is
changing.




H. Aydin and M.K. Dilek (2004) provide data on
the duration of embryonic development of broad-toed
crayfish eggs. They kept females with eggs in cages at
a temperature of 10£2°C and then transferred them to
incubation pools with temperatures of 11.8°C, 16.0°C,
and 20.0°C. The period of embryonic development of
eggs under experimental temperature conditions was
120£4, 92%4 and 71£2 days, respectively. According to
other scientists, in particular, S. Koca et al. (2013), the
development of longnose crayfish eggs occurred at an
average temperature of 12°C and a period of 134 days.
The above studies were performed in vivo. The experi-
ment was conducted in closed water supply systems at
a temperature of 28°C, which is optimal for the devel-
opment of eggs of most species of aquatic organisms.

According to the observations, the colour range of
crayfish eggs and their embryonic development varied
in the following time intervals: Australian red-clawed
crayfish caviar - from O to 4 days (olive or dark green
shades), from 4 to 17 days (yellow and orange), from 17
to 22 days (eye spots and barely visible limbs), from 22
to 30 days (abdomen is formed and separated from the
head and chest), from 30 to 38 days (fry has a formed
body structure, limbs are available and is weaned from
the female); marble crayfish caviar - from 0 to 3 days
(dark grey or pale green shades), from 3 to 15 days (light
yellow), from 15 to 19 days (pink colour, eye formation),
from 19 to 28 days (abdomen is formed, its separation
from the head and neck is observed), from 28 to 35 days
(fry is fully formed and weaned from the female); Florida
crayfish caviar - from 0 to 3 days (black), from 3 to 13
days (the head is formed, has a black dorsal protrusion
containing yolk residues, eye spots are formed), from 13
to 18 days (the abdomen is formed, its clear separation
from the head is observed), from 18 to 28 days (the body
becomes similar to adults), yambi crayfish caviar - from
0 to 4 days (black in colour), from 4 to 19 days (yellow or
light yellow), from 19 to 27 days (orange in colour, eye
spots are formed, and the abdominal part of the body is
barely visible); from 27 to 39 days (eyes are fully formed,
the abdomen is separated from the thorax, there is a
dorsal projection containing the remains of the yolk),
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from 39 to 45 days (anatomically, the body is similar to
adults, the presence of limbs is observed). Thus, based
on our research, the following division of the embryonic
period of development of female crayfish eggs of differ-
ent species is proposed, in particular:

Australian red snapper. In the first stage - the eggs
had a dark green and, in some individuals, olive colour.
Olive-coloured eggs gradually changed to yellow, and
dark green eggs to orange (second stage). Regardless
of colour, as the eggs developed, eye spots appeared
(stage 3), and the abdomen formed and was separated
from the head and neck (stage 4). At the last stage of
development, the tadpoles hatched with a fully formed
body (stage 5). Marble crayfish. In the first stage, the
caviar had dark grey or pale green shades, by the next
stage it changed to light yellow, in the third stage - to
pink and eyes formed, in the final stage of incubation
the body and limbs began to form (stage 4) and in the
fifth stage the crayfish were weaned from the females.

Florida crayfish had one less stage of maturation
compared to other crayfish species due to the shorter
time of egg maturation. Thus, they were weaned from
the female at the fourth stage between the 26th and
28th day. In contrast, the incubation period for yabby
crayfish was longer than for the other species studied,
with the fifth stage coming to an end on day 45. It is
worth noting that unfertilised eggs for all species of
females were transparent or light grey in colour. It was
located on the outer part of the pleopods in the culled
females, was unevenly distributed, and aborted after
a while. In other individuals, however, the eggs were
tightly adjacent to each other and resembled bunches
of grapes.

According to observations, the hatching of cray-
fish from eggs coincides with the process described
by Ya. Tsukerzis (1989). The crustacean, making move-
ments with its abdomen and limbs, breaks the eggshell
and hatches out of it, then it hangs on the so-called
hyaline threads. The tadpoles stay in this position for 1
to 4 days, feeding on the yolk from the dorsal projection
above the thorax. The average incubation time for each
stage of caviar is shown in Figure 1.

15.8
16
13.17
14
1.63
12 100 10.48
10 8.45 8.19
7.88 7.837. :

8 772 681

6 5.035.08 5.19

4 347 311 28 3.55

: 0 ol :

0

1st stage 2nd stage 3rd stage 4th stage 5th stage
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Figure 1. The average incubation time of eqggs of the studied female crayfish

Source: compiled by the authors
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The average duration of the 1st stage of caviar incu-
bation for each experimental group was: Australian cray-
fish females - 3.47 days, marbled crayfish - 3.11 days,
Florida crayfish - 2.80 days and yabby - 3.55 days. The
longest stage was the 2nd stage, which was 9.70 days
longer than the previous one for the Australian, 8.52 for
the marbled, 7.29 for the Florida and 12.25 for the de-
structor crayfish. The third stage is shorter than the sec-
ond and lasted 8.14 days less in red snapper, 6.55 days
in marble, 4.90 days in Florida and 7.92 days in yabby.
The last two stages of development were almost the

same for the Australian, which was 8.46 and 8.18 days,
respectively. In the marbled, the period of these stages
was 7.83 and 6.81 days. In the female Florida crayfish,
the last-fourth stage lasted 7.72 days. The final - fourth
and fifth stages of incubation of caviar in the destructor
were within 10.48 and 7.50 days, respectively. As men-
tioned earlier, the reproductive capacity of female cray-
fish was assessed throughout the incubation period and
during the weaning of fry. Thus, at the final stage of the
research, five female groups were formed: culled, unsat-
isfactory, satisfactory, good and excellent (Table 2).

Table 2. Categories of reproductive quality of female crayfish of different species

Quality category
Female crayfish species Excellent, Good, Satisfactory, Unsatisfactory, Defective,
individuals/% individuals/% individuals/% individuals/% individuals/%
Australian red-bellied 36/51.43 8/11.43 11/15.71 9/12.86 6/8.57
Marbled 22/32.83 16/23.88 18/26.86 5/7.46 6/8.95
Destructor 25/39.06 14/21.88 12/18.75 4/6.25 9/14.06
Florida 27/42.19 13/20.31 14/21.88 3/4.69 7/10.9

Source: compiled by the authors

Australian red snapper females were distribut-
ed by quality categories as follows: rejected — 8.57%,
unsatisfactory - 12.86%, satisfactory - 15.71%, good -
11.43% and excellent - 51.43%. For marble crayfish,
32.83% were in the excellent category, 23.88% were
good, 26.86% were satisfactory, and 7.46% were unsat-
isfactory, with the proportion of culls being 8.95%. The
largest percentage of females in the destructor crayfish
was in the excellent category (39.06%), 21.88% were
in the good category, 18.75% in the satisfactory cate-
gory, 6.25% in the unsatisfactory category, and 14.06%

in the cull category. The lowest number of Florida cray-
fish was in the unsatisfactory group and amounted to
4.69%, while the highest rate was in the excellent qual-
ity category - 42.19% of individuals, in the good and
satisfactory groups the rates were 20.31% and 21.88%,
respectively, with 10.9% of females rejected. The fol-
lowing indicators were considered when forming the
above groups: weight of females, weight of eggs, total
number of eggs, and number of eggs per 1 g of female.
The weight of female crayfish of different species ac-
cording to the quality category is presented in Table 3.

Table 3. Weight of female crayfish of different species according to the quality category

Quality category and female weight

Female species .Ex<.:e_llent, Good, individuals s.ati.s f'actory, Ur]sa!:is'factory, Rejected, individuals
individuals individuals individuals
M#m, r C,% M#m, r C,% M#m, r C,% M#m, r C,% M*m, r C,%
Australian red- (n=36) (n=8) (n=11) (n=9) (n=6)
clawed 63.0+0.67 6.4 57.6x1.01** 49 58.31.10"™* 6.3 56.6x1.88" 100 56.1%£2.34* 12.0
(n=22) (n=16) (n=18) (n=5) (n=6)
Marbled
16.8+0.15 4.2 15.7+0.08*** 2.1 14.9+0.09*" 2.7 13.7+0.19*** 3.2 16.0+0.23* 2.5
(n=25) (n=14) (n=12) (n=4) (n=9)
Destructor
46.9%0.23 7.5 44 4+0.84** 7.2 46.4%1.18 8.8 45.3+2.08 8.0 46.2+0.87 5.7
Florid (n=27) (n=13) (n=14) (n=3) (n=7)
orida
21.8+0.17 4.1 20.5+0.19** 35 20.3x0.17*** 3.2 20.9+0.39 33 20.8+0.91 7.6

Note: difference relevance is shown in comparison with the “excellent” group of females in the quality category: *P<0.05;

**P<0.01; **P<0.001
Source: compiled by the authors

In particular, among the analysed micro-popu-

lations, females of the Australian red snapper had
the highest weight. At the same time, 44 (62.8%) out
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of 70 individuals were of excellent and good quality.
The proportion of such individuals among Florida
crayfish was also significant - 62.5%. However, weight




does not always determine female quality. This is ev-
ident among Australian red snappers, where females
of satisfactory quality outnumbered those of good
quality by weight, although the qualitative difference
with the best group was highly significant (p<0.001).

Slusar et al.

This indicates the need for an integrated approach
to assessing the quality of females since weight can-
not be the only criterion for their quality. The weight
of female caviar of different species is presented in
Table 4.
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Table 4. Female crayfish egg weight of different species as per quality category

Quality category and egg weight

. Excellent, s Satisfactory, Unsatisfactory, Rejected,
Female species individuals Good, individuals individuals individuals individuals
M£m, r C,% M#m, r C,% M#m, r C,% M*m, r C,% M*m, r C,%
Australian red- (n=36) (n=8) (n=11) (n=9) (n=6)
clawed 5.0£0.05 6.4 3.9£0.05** 4.3 3.5£0.04** 39 1.7£0.15* 28.5 -
(n=22) (n=16) (n=18) (n=5) (n=6)
Marbled
1.6+0.03 10.7 1.5+0.04** 10.9 1.4£0.02** 8.1 0.7+0.04*** 15.3 -
(n=25) (n=14) (n=12) (n=4) (n=9)
Destructor
3.7+0.02 117 3.5+0.12** 13.8 3.0£0.21** 247 2.1+0.34** 289 -
Florida (n=27) (n=13) (n=14) (n=3) (n=7)
i
2.1+¥0.04 120 1.8+0.06*** 135 1.5+0.03** 74 1.4+0.10*** 13.6 -

Note: difference relevance is shown in comparison with the “excellent” group of females in the quality category: *P<0.05;

**P<0.01; **P<0.001
Source: compiled by the authors

The analysis of Table 4 highlights a clear trend -
an increase in the quality category of females to “‘good”
and ‘excellent”,causes an increase in the weight of their
caviar. At the same time, there was a highly significant
difference in the quality category (p<0.001). The total
amount of caviar varied depending on both the type
of crayfish and the quality category (Table 5). Thus, the
total loss of caviar during sampling during the incuba-
tion period was 65%. Such losses were caused, among

other things, by the counting process, as the slightest
manipulation provoked the development of stress in
females, due to which they shed part of their caviar.
However, the quality category of females is a crucial
factor in caviar production. In particular, in all groups,
without exception, a significant amount of caviar pro-
duction by females of good and excellent quality was
recorded, with a highly significant difference within
groups (p<0.001).

Table 5. Total number of eqggs of female crayfish of different species as per quality category

Quality category and total quantity of female caviar

Female Excellent, Good. individuals Satisfactory, Unsatisfactory, Rejected,
species individuals ’ individuals individuals individuals
M£m, pcs. C,% M£m, pcs C,% M£m, pcs C,% M£m, pcs C,% M#m,pcs  C,%
Australian red (n=36) (n=8) (n=11) (n=9) (n=6)
snapper 376.8%16.34 26.0 214.3%6.95** 9.2  172.7*441** 85  80.1%6.92*** 259 - -
(n=22) (n=16) (n=18) (n=5) (n=6)
Marbled
124.5¥2.66 10.1 101.2+1.51 6.0 87.3£1.81*** 8.8  29.2%£2.19* 16.8 - -
(n=25) (n=14) (n=12) (n=4) (n=9)
Destructor
261.8+13.17 141 207.9%9.62 173 179.949.50* 18.3 73.8+8.99*** 21.1 - -
Florid (n=27) (n=13) (n=14) (n=3) (n=7)
orida
164.9¥446 141 1435181 4.6  115.1#1.64™ 54  71.7*751** 18.2 - -

Note: difference relevance is shown in comparison with the “excellent” group of females in the quality category: *P<0.05;

**P<0.01; *™*P<0.001
Source: compiled by the authors

The number of eggs per 1 g of female body weight
is presented in Table 6.

Females of all groups of ‘excellent” and “good”
quality produced significantly more eggs per 1 g of

body weight compared to the worst quality individ-
uals. Moreover, this difference, compared to the cate-
gory of females rated as ‘excellent”, was highly signif-
icant (p<0.001).
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Table 6. Number of eggs per 1 g of female weight as per the category of quality

Quality category and female weight

. Excellent, s Satisfactory, Unsatisfactory, Rejected,
Female species individuals Good, individuals individuals individuals individuals
M#m,pcs. C,% M#m, pcs C,% M#m, pcs C,% M#m, pcs C,% M2m,pcs  C,%
Australian red (n=36) (n=8) (n=11) (n=9) (n=6)
snapper 6.1x0.22 22.0 3.8+0.12** 9.1 3.0£0.06** 7.2 1.4£0.13** 28.1 - -
(n=22) (n=16) (n=18) (n=5) (n=6)
Marbled
7.7+0.11 7.2 6.8+0.09*** 5.6 6.3%0.12*** 8.7 2.2+0.16** 16.2 - -
(n=25) (n=14) (n=12) (n=4) (n=9)
Destructor
5.8+0.05 13.2 4.8+0.20*** 164  4.1+0.22** 18.8 1.7+0.14* 149 - -
) (n=27) (n=13) (n=14) (n=3) (n=7)
Florida
78+0.19 129 7.2+0.09* 5.5 5.8+0.09** 5.9 3.6£0.41* 19.6 - -

Note: difference relevance is shown in comparison with the “excellent” group of females in the quality category: *P<0.05;

**P<0.01; **P<0.001
Source: compiled by the authors

Thus, observation of females, the state of caviar
(depending on the periods of its development) during
the incubation period, and the division of females into
quality categories of all studied groups contribute to
their selection for the best economically useful traits.
In the course of research by C. R. King (1993), conduct-
ed at the Queensland University of Technology, a divi-
sion by stages of incubation of C. quadricarinatus eggs,
based on changes in their colour and development: O
to 3 days (olive or khaki), 3 to 16 days (reddish-brown
or orange), 16 to 20 days (formation of the abdomen
and its separation from the cephalothoracic region), 20
to 23 days (eyes and barely visible limbs appear on the
eggs), 23 to 31 days (limbs and eyes are more distinct),
31 to 41 days (fry are fully formed and released from
the female).

In 1997, several studies were conducted at the
Southern Regional Aquaculture Centre in Australia to
characterise the morphological, functional, and repro-
ductive qualities of red snapper crayfish (Masser &
Rouse, 1997). According to these studies, crayfish reach
sexual maturity at the age of 6 months; spawning oc-
curs several times a year; the female lays from 100 to
1000 eggs (depending on the size of the latter). The av-
erage period from the beginning of spawning to wean-
ing is 6-8 weeks. At the age of 4-5 years, the weight of
adults reaches over 400 g.

C. quadricarinatus was first commercially farmed
in Australia in 1985. In 1988, this species was intro-
duced to the United States, where it was named the
Freshwater Lobster. In 1989, Auburn University began
research on the biology of the species, which led to
the design of closed-water supply systems. In the same
year, several private companies and research institu-
tions, including the Louisiana Agricultural Experiment
Station, assessed the potential for farming red snapper
and proposed a farming technology. The main disad-
vantages of this technology were cannibalism, loss of
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eggs during spawning, diseases (bacterial and para-
sitic), mortality during moulting, and high energy con-
sumption (Jones, 1998).

P.B. Medley et al. (1993) noted that the growth
rate and productivity of red snapper are influenced by
stocking density and diet. CM. Jones (1992) studied
the fecundity of red snapper crayfish and the factors
that affect spawning, namely stocking density, weight
of males and females, diet, mortality and its causes,
and cannibalism. Y.I. Fedorovych et al. (2022b) and
A. Radzikhovsky (2017) describe that since the intro-
duction of this species into commercial aquaculture, its
cultivation has spread throughout the globe, and the
main producers that grow it on a commercial scale are
the USA, China, Spain, Israel, and Indonesia. That is why,
as noted by R. Hutchings et al. (1990), the introduction
of innovative methods into production will give an im-
petus to the intensive development of the aquaculture
industry in general and crayfish farming in particular
and will allow it to meet significant market needs.

Thus, the most promising for breeding and use is
the Australian red snapper, as females of this species
significantly outweigh other crayfish species in terms
of weight and a set of reproductive traits.

CONCLUSIONS

The embryonic period of egg development in different
species of crayfish was studied during the entire period
of incubation and weaning, considering the following
indicators: change in colour shades of eggs, duration
of incubation stages, weight of females, weight of eggs,
total number of eggs, number of eggs per 1 g of female
weight. According to the results obtained, it was pro-
posed to divide the females of the studied species into
five quality categories.

The incubation period of egg development was
shortest in Florida crayfish (the fry was separated from
the female from day 26 to 28), and the longest in yabby




crayfish - the completion of the fifth stage took place
on day 45. The colour shades of the eggs were differ-
entin all species studied and varied depending on their
maturity, while unfertilised eggs were transparent or
light grey in females of all species. The quality category
of females is a crucial factor in the production of eggs
by females, their weight, and the number of eggs per
1 g of female weight, as there is a highly significant

Slusar et al.

The results of the research can be used in the ed-
ucational process, as a theoretical basis for teaching
relevant aquaculture disciplines and in the activities of
aquaculture farms to improve the artificial breeding of
crayfish. Further research will be aimed at determining
the dependence of the postembryonic development of
individuals on the quality of caviar and the reproduc-
tive capacity of female crayfish.
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difference in all studied crayfish micro-populations

between all categories of female quality. Given the re- ACKNOWLEDGEMENTS
search, the most promising for commercial breeding is  None.
Australian red snapper and Florida crayfish, as their fe-
males are characterised by high reproductive capacity CONFLICT OF INTEREST
and, accordingly, belong to the “excellent” category. None.
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AHoTauis. BupollyBaHHS MpiCHOBOAHMX pakiB € MepcrneKTMBHUM HanpsMoOM BMPOOGHMLTBA HAa PUHKY MPOAYKTIB
XapyyBaHHs. Hapasi usg ranysb akBakynbTypu HabyBa€e MOMNynsipHOCTI Y BCbOMY CBiTi, OAHAK, 3 YypaxyBaHHSAM
BE/IMKOrO CMOXMBALLbKOro NonuTy, noTpebye MoaepHisauii BUpobHMuTBa. EQEKTUBHICTE BUPOOHULTBA TiApOobioHTIB
IPYHTYETbCS Ha BNPOBAAXKEHHI Y BUPOOHMYI NpoLecy iHHOBALLIMHMX METOLIB, B OCHOBY SIKMX MOKM3AEHO 3HAHHS Npo
6ionoriyHi 0cobAMBOCTI, B TOMY YMC/i NPO BiATBOPHOBANbHY 34aTHICTb Ta eMOPiOHaNbHMI Mepiof pO3BUTKY iKpK.
Came ToMy MeTol poboTh 6yNo AOCHIMKEHHS CaMOK 33 BiATBOPHOM SKICTH, BU3HAYeHHs iHKybaLuiiHoro nepioay
ikpu, i KiNbKOCTI, Baru, BMXXMBAHOCTI. Y CTaTTi NOAAHO pe3ynbTaTh AOCNIAKEHb WOAO BIATBOPHMX SKOCTEM Ta
eMbpioHanbHOro nepioay po3BUTKY iKpM CaMOK pakiB 4oTupbox BuAaiB (Cherax quadricarinatus, Procambarus clarkii,
Procambatrus fallax forma virginalis, Cherax destructor), 9Ki yTpuMyBanucCb B OKPEMUX pe3epByapax 3aMKHYTOro
BOLOMOCTAYaHHS 33 ONTUMaNbHOI LWiNbHOCTI Nocaaku 4 0ocobuHmu Ha 0,45 M2, [locnifKeHHS NokKasanu, Lo KoNbopoBa
ramma ikpu Ta TpMBanicTb iHKybaLiiHOro nepiofy ii LO3piBaHHS € HEOLHAKOBOK Y pi3HMX BMAIB pakiB. Tak, nepLua
CTagfis iHkybauii 6yna HalikopoTwoto i nepebyBana B Mexax 2,80 (bnopuacbkuii pak) Ta 3,55 (pak LecTpykTop) nobwm,
[Lpyra TpuBana Hanposwe - Big 13,17 po 15,80 4i6 y aBcTpaniicbkoro i WMpoKonanoro paka BianosiaHo. 3rigHo
aHanisy gisionoriyHnx ocobnmneocTel MikpononynaLii CaMoK pakiB HaMM NPOBEAEHO iX MOAIN 32 KaTeropisMmn AKOCTi
3 BpaxyBaHHAM TakMX MOKA3HMKIB — Maca CaMoK, Maca ikpW, CyMapHa KifbKiCTb iKpUHOK, KiNbKiCTb iKpMHOK Ha 1 1
caMku. CaMKM aBCTPanincbKoro YepBOHOK/ELHEBOrO paka BigMiHHOI KaTeropii 6ynun Halkpawmmu cepep, yCix BUAIB
3a NoKasHMKamu xueoi MacK (63,0£0,67 r), macu ikpu (5,0£0,05 r) Ta cymapHOI KinbKocTi ikpuHOK (376,8+16,34 wuT.),
HaMHWXXYMMM aHANOTIYHI NOKa3HMKKW Bynn y MapmypoBoro Buay (16,8+0,15r,1,6%0,03 1, 124,5%2,66 wwT.) BiANOBIAHO.
3a MOKa3HMKOM KiNbKOCTi iKpMHOK Ha 1 r Macu camMku nepeBaxanu paku dnopuacbkoro suay (7,8+0,19). HatomicTb
pak LecTpyKTOp MaB MPOMiXHi pe3ynbTaTh 33 LMMKU XapaKTepucTukaMu. PesynbTaTv JOCNIIKEHHS MOXYTb OyTu
BMKOPWCTAHI Y roCnofapCbKii AisnbHOCTI NiANPUEMCTB 3 BUPOOHUUTBA rigpo6ioHTIB

Kntouosi cnosa: Cherax quadricarinatus; Procambarus clarkii; Procambarus fallax forma virginali; Cherax destructor,;
BiATBOPHI SKOCTi CAMOK
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that for soaking rootstock and scion components it is advisable to use the strain Chlorella vulgaris Beijer, dilution
1:5, soaking should be carried out for 72 hours - rootstock components, 18 hours - scion components; for irrigation
of grape garden plot it is advisable to use the strain Chlorella vulgaris Beijer. + Ge, dilution 1:5, it was carried out
immediately after planting scions and three times during the growing season - in June,July, and August. The use of
these strains of live chlorella suspension allowed obtaining a higher yield of standard seedlings from the garden
plot, the plants had a well-developed root system and annual growth. Compared to the control, which was water,
the total number of roots increased. Plants in these variants were also characterized by increased growth of the
aboveground part. Indicators of total and mature growth, which characterize the overall development of grafted
grape seedlings, were in the range of 687.1-773.2 cm? (total growth volume), 337.9-386.6 cm?® (mature growth
volume), while 730.1 and 362.6 cm?, respectively, in the control. The records of the output of standard seedlings
from the garden plot also showed the advantage of using a suspension of live chlorella (an increase of 19.0-21.0%)
compared to water. The above technological methods allow obtaining high-quality grape seedling products and
can be a promising alternative for more sustainable and environmentally friendly agricultural methods

Keywords: cuttings; vegetative organs; annual growth; root system; microalgae Chlorella vulgaris Beijer.; germanium

INTRODUCTION

Viticulture is an important economic sector of Ukraine’s
agro-industrial complex. This is due to the valuable
consumer, energy, health, and wellness properties of
fresh grapes and their products. In agricultural produc-
tion, grapes are considered an “insurance fund” as they
are undemanding to soils (vineyards are often planted
and cultivated on land unsuitable for growing grain or
other crops) and always yield a crop even under ex-
treme conditions of drought, frost, and other negative
influences. Therefore, long-term highly productive
grape plantations will ensure the stable and full de-
velopment of the viticulture and winemaking industry.

The analysis of scientific research on the use of
live chlorella suspension in crop production showed
that the work that is currently being carried out mainly
concerns annual crops. In the work of T. Hajnal-Jafari
et al. (2020), the authors studied the effect of Chlorella
vulgaris Beijer. strain S45 suspension on the growth of
Beta vulgaris L. subsp. cicla. plants and the pigment con-
tent in leaves. The best results in the development of
the leaf apparatus and root system were obtained after
soil treatment with 10% suspension solution.

A. Kusvuran & A. Can (2020) and A. Kusvuran &
C. Kusvuran (2019) investigated the effect of a liquid
fertilizer containing the microalgae Chlorella vulgaris
Beijer.on the nutrient content of the aboveground mass
of Cyamopsis tetragonoloba (L.) Taub. plants and their re-
sistance to salinity and drought conditions. The authors
came to the conclusion that foliar fertilization with a
fertilizer based on Chlorella vulgaris Beijer. contributed
to an increase in shoot length, wet and dry leaf weight,
and their number, while an increase in the content of
photosynthetic pigments, total phenolics, flavonoids,
potassium, and calcium was noted in the leaves. And
plants of Cyamopsis Tetragonoloba (L) Taub. tolerated
the negative effects of salinity better.

In the study by YJ. Park et al. (2022), the positive ef-
fect of Chlorella vulgaris Beijer. (suspension, biomass, fil-
tered supernatant) on the growth of Brassica napus var.

Pabularia plants and the content of secondary metab-
olites in the leaves were shown. The authors showed
that the filtered supernatant had a positive effect on
the accumulation of phenols and flavonoids in the
leaves, while the supernatant treatment had a positive
effect on the accumulation of anthocyanins. G.E. Ozer
Uyar & N. Mismil (2022) grew Mentha spp. seedlings,
while they introduced the microalgae Chlorella vulgaris
Beijer into the hydroponic culture. The results of the
research showed that the increase in wet weight of
plants was the highest after the application of microal-
gae under aeration conditions. However, the height of
the plants did not change significantly.

In the study by Sh.L. Tian et al. (2022), the effect of
Chlorella vulgaris Beijer extract on the growth of Capsi-
cum annuum plants of the “Chao Tian Jiao” variety was
investigated. Two weeks after transplanting into pots,
the seedlings of the experimental groups were sprayed
with Chlorella extracts. The results showed that the
use of the extract significantly increased the height of
the seedlings, stem diameter and leaf area, increased
the pigment content and enzyme activity in the leaf
tissues, and the root system was more powerful and
branched. Similar results in terms of biometric indica-
tors of growth and development of vegetative organs
were obtained when growing Eruca vesicaria ssp. sativa
Mill plants in greenhouse conditions with a closed root
system (Turhan et al.,, 2022).

Few studies have been devoted to the use of
live chlorella suspension in viticulture, which are
mainly aimed at increasing berry yields. For example,
S. Tangolar et al. (2019) studied the effect of root and
foliar treatments with Chlorella vulgaris Beijer algae ex-
tract on the yield and quality of grape varieties “Trakya
ilkeren”, “Yalova incisi” and “Prima”. The results of the
experiments showed that the highest grape yield,
weight of one bunch, 100 berries were obtained after
the complex application of a suspension of live chlorel-
la: root + foliar treatment. After such application, a high
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content of K, Ca, Mg and Fe, P,and Zn was also noted in
the leaves of plants.

To date, there are no studies related to the use of a
suspension of live chlorella — Chlorella vulgaris Beijer. in
a grape nursery. Separate works on the use of dry extract
of Chlorella vulgaris Beijer. in the cultivation of vegetative
rootstocks of grape variety “Palieri” affected by root ecto-
parasite Xiphinema index were conducted at the Agricul-
tural University of Plovdiv, Bulgaria (2010-2013). Chlo-
rella vulgaris Beijer. suspension was not generally used
in the technology of growing grafted grape seedlings.
Thus, at present, there is no data on its influence on
the development of vegetative organs of grape planting
material and the production of standard seedlings.

Given the above, the study aimed to determine
the effect of live chlorella suspension on the develop-
ment of vegetative organs of grafted grape seedlings.
To achieve this goal, the following research objectives
were set: to determine the effect of live chlorella sus-
pension on the development of annual growth and root
system of grafted grape seedlings; to determine the ef-
fect of live chlorella suspension on the yield of grafted
grape seedlings from the garden plot and their compli-
ance with DSTU 4390:2005 (2006); to assess the influ-
ence of certain technological factors on the formation
of quality indicators of grafted grape seedlings.

MATERIALS AND METHODS

The work was carried out during 2018-2022 at the De-
partment of Nursery, Propagation, and Biotechnology of
Grapes of the National Research Centre “Tairov Institute
of Viticulture and Winemaking” of the National Acad-
emy of Agrarian Sciences of Ukraine. The material for
the research was graft components and grafted seed-
lings of the Cabernet Sauvignon technical grape variety.
Cabernet Sauvignon is a late-ripening dark berry grape
variety. The growth of the bushes is strong, the ripening
of the shoots is satisfactory, and it is relatively winter-
hardy. It is characterized by high resistance to mildew
and grey rot. Productivity is 6.0-9.0 t/ha, average bunch
is weight 73 g. Tasting score: 7.9-8.0 points.

The suspension of live chlorella was used at the
following stages of the technology for the production
of grafted grape planting material — soaking of scion
components and during the cultivation of seedlings in
the open ground plot. The strain of Chlorella vulgaris
Beijer. pure and enriched with germanium (aqueous
working solutions) were used in the study. Chlorella vul-
garis Beijer is a unicellular microalgae belonging to the
domain Eukaryota — kingdom Protista — division Chlo-
rophyta — order Chlorellales — family Chlorellaceae —
genus Chlorella — species Chlorella vulgaris Beijer.

Cultivation of microalgae Chlorella vulgaris Beijer.
[FR No.C-111 (grade A,TU U 03.0-37613791-001:2017)
and Chlorellavulgaris Beijer BIN are grown at the farm ‘At
Samvel’s” (Odesa region). The product is used as a plant
growth stimulant to increase crop yields (grade B). In
terms of organoleptic, physicochemical parameters and
toxicity, the chlorella suspension must meet the tech-
nical specifications of TU U 03.0-37613791-001:2017.

Scientists of the I.I. Mechnikov Odesa National Uni-
versity together with the International Research and
Production Company “Living Chlorella” have developed
a method for growing a suspension culture of live cells
of the microalgae Chlorella vulgaris Beijer with the ad-
dition of germanium. The preparation contains vitamins
(B,, B,, B, B,, B, B,,, A, G, D, E, PP, K), macro- and mi-
croelements (N, P, K, Ca, Cu, Mg, Fe, S, Zn, Mn, Zr, Rb, I,
Co), amino acids (alanine, valine, glycine, leucine, thre-
onine), vegetable protein, growth regulators (gibberel-
lins, cytokinins, auxins, natural steroids and phenols),
and a natural antibiotic - chlorelin.

In the experimental variants, the scion components
were soaked in Chlorella vulgaris Beijer working solu-
tions for 72 (rootstock scions) and 18 (grafting scions)
hours, in the control variants they were soaked in water
for similar time intervals. Watering of grape planting
material in the open field (plot) with aqueous solutions
of live chlorella suspension was carried out immedi-
ately after planting and three times during the growing
season - in June, July, and August. Control grafts and
seedlings were watered at the indicated times.

Scheme of the experiment:

Soaking components of grafts:

Option 1 Water (control 1).

Option 2 Chlorella vulgaris Beijer. (dilution of the suspension solution: water 1:5).
Option 3 Chlorella vulgaris Beijer. + Ge (dilution of the suspension solution: water 1:5).

Watering the scion in the nursery:

Option 4 Water (control 2).

Option 5 Chlorella vulgaris Beijer. (dilution of the suspension solution: water 1:5).
Option 6 Chlorella vulgaris Beijer. + Ge (dilution of the suspension solution: water 1:5).
Option 7 Chlorella vulgaris Beijer. (dilution of the suspension solution: water 1:1).
Option 8 Chlorella vulgaris Beijer. + Ge (dilution of the suspension solution: water 1:1).

Source: developed by the authors

Scientific Horizons, 2023, Vol. 26, No. 12




The produced grape scions were stratified in a closed
way on coconut substrate for 20 days, hardening - for 7
days openlyon water in the greenhouse complex of the
Institute. After the end of the growing season and dig-
ging of the grafted grape seedlings, the following indi-
cators were determined: total number of roots (including
those with a diameter of more than 2 mm) (pcs.); root
length (including gradations) (cm); shoot height and part
of the matured vine (cm); shoot maturation (%); shoot
diameter (mm); volume of total, matured growth (cm?);
yield of standard seedlings (%). Determinations and cal-
culations were made according to the methods described
in the textbook “Features of the grape plant and meth-
ods for assessing organ and tissue indices” (Scherer &
Zelenyanskaya, 2011). The quality of the grafted grape
seedlings was determined by determining whether the
development of vegetative organs - annual shoots and
roots — corresponded to the parameters and characteris-
tics specified in DSTU 4390:2005 (2006).

To determine the effect of live chlorella suspen-
sion on the biometric parameters of growth and de-
velopment of grafted grape planting material, the
value of stimulating efficiency (R, %) was calculated:
R=( K,/N)) - ¢ K,/N,), where R is the value of stimu-
lating efficiency (%); 3K, is the number of plants char-
acterized by the studied trait after exposure to the
suspension (%); N,, N, is the number of replications
during the study period; K, is the number of plants
characterized by the studied trait without the influence
of the suspension (%). Depending on the value of R, the
results were evaluated as follows: R>0 - the suspension
showed stimulating properties, R=0 - the suspension
did not show stimulating properties; R<0 - the suspen-
sion had an inhibitory effect. The study was conducted

Zelenianska et al.

in accordance with the requirements of the Convention
on Biological Diversity (1992).

RESULTS AND DISCUSSION

The development of the root system of plants in general
and grapes in particular determines the degree of de-
velopment of aboveground organs, fruiting, and yield of
bushes. The development of the root system of a grape
plant and the placement of roots in soil horizons de-
pends on many agronomic practices, including plant nu-
trition. Therefore, the issue of determining the effect of
live chlorella suspension on the development of the root
system of grafted grape seedlings is relevant and timely.

In the process of growing grafted grape seedlings, it
is very important to obtain plants with well-developed
roots with a diameter of more than 2.0 mm. Since these
roots are characterized by a perfect conductive system
and thick parenchyma, the latter performs protective,
reserve and mechanical functions. Therefore, during the
autumn and winter storage of seedlings, these roots
counteract the negative effects of environmental fac-
tors to the maximum extent possible, are better pre-
served, and in the spring, when laying out a vineyard
or planting individual bushes, they ensure high plant
survival. Roots with a smaller diameter are more often
exposed to abiotic and biotic factors during storage, are
damaged and die.

The development of the root system of the grafted
grape seedlings was recorded after excavation from the
garden plot. The results showed the following. In the
control variants, the grafted grape seedlings, on aver-
age, had 10-11 roots, of which 31.0% were roots with
a diameter of more than 2.0 mm and 69.0% were roots
with a diameter of less than 2.0 mm (Table 1).

Table 1. The effect of live chlorella suspension on the formation of the root system of grafted grape seedlings

(average for 2018-2022)
Number of Number of  The length of The total length The length of  Total length of
Research  Total number
options of roots, pes. roots,d22 mm, roots, one root of the roots, one root roots
pcs. d<2 mm,pcs. d22 mm,cm d22 mm,cm d<2 mm,cm d<2 mm,cm
1 11.3%0.5 3.0+0.2 7.8%0.4 27.0x1.5 94.8+5.5 9.3x0.7 73.1%3.8
2 16.0+0.3 5.8+0.3 10.1£0.5 43.3£2.7 253.3%£7.2 16.3£0.9 166.2£5.6
3 13.6%0.6 4.6%0.3 9.0%0.5 34.6%2.1 162.0¢5.8 9.3+0.8 84.3%4.0
4 10.6%0.5 3.0+0.2 6.9%0.3 29.0+1.4 108.0£5.0 9.6%0.7 67.1%4.2
5 14.4%0.5 3.8+0.2 10.6%0.6 30.4%1.6 116.5%4.6 10.0%0.6 106.3£5.0
6 19.2+0.8 5.7%0.4 13.4%0.7 43.8+1.8 251.5%6.6 19.0+0.8 255.8¢59
7 14.9+0.4 4.4%0.3 10.5%0.5 37.5%2.3 165.7%6.0 11.3%0.6 119.5¢3.5
8 16.4%0.3 4.8+0.3 11.6x0.4 35.3%2.2 170.8+6.5 14.6%0.6 170.7£3.3

Source: developed by the authors

After applying the method of soaking the grafted
components in aqueous solutions of live chlorella sus-
pension with subsequent grafting and growing seed-
lings in a garden plot, the number of roots increased to
14.0 (Chlorella vulgaris Beijer. + Ge (dilution 1:5)) - 16.0
(Chlorella vulgaris Beijer. (dilution 1:5)), of which 33.8-
36.2% were roots with a diameter of more than 2.0 mm

and 63.1-66.1% were roots with a diameter of less than
2.0 mm. In general, after soaking the scion components
in the live chlorella suspension, a significant difference
was observed in the total length of roots of different
gradations. Compared to control 1 (water application),
the total length of roots d22 mm increased by 1.7-2.6
times, and the total length of roots d<2 mm - by 1.5-2.2
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times, respectively. At the same time, the length of one
root differed significantly from the control only after
soaking the scion components in a solution of Chlorella
vulgaris Beijer (dilution 1:5).

After applying the suspension of live chlorella for
watering grape scions and seedlings during the grow-
ing season in the garden plot, the total number of roots
increased by 33.3 and 54.7% compared to the control
after using aqueous solutions of Chlorella vulgaris Bei-
jer. + Ge (dilution 1:5, 1:1) and by 35.8 and 40.5% after
using aqueous solutions of Chlorella vulgaris Beijer. of
the corresponding dilutions. The number of roots with a
diameter of more than 2.0 mm, on average, increased by
29.0% in variants and in relation to control 2. After the
application of Chlorella vulgaris Beijer. + Ge (dilution 1:5,
1:1),a significant increase in the length of roots of both
gradations was observed. Compared to the control, such
an increase for roots of the first order (d=2 mm) was 1.5
(Chlorella vulgaris Beijer. + Ge, Chlorella vulgaris Beijer.
(dilution 1:1)) - 2.3 (Chlorella vulgaris Beijer. + Ge (dilu-
tion 1:5)) times, for roots of the second order (d<2 mm),
respectively, 2.5-3.8 times after application of Chlorella

vulgaris Beijer. + Ge and 1.5-1.7 times after application
of Chlorella vulgaris Beijer.

In grapes, a certain relationship has been estab-
lished between the root system and the aerial part
of the bushes: the leaf apparatus provides organic
matter to both the aerial parts and the root system,
the latter provides water and minerals to the aerial
part. Therefore, by regulating the growth of the grape
root system through the use of appropriate agricul-
tural products, it is possible to stimulate the growth
of shoots and leaf surface. Enhanced growth of the
aerial part, on the contrary, promotes the development
of the root system. In the process of growing grafted
grape seedlings, it is very important to stimulate the
growth of shoots, as the development of the assim-
ilation (leaf) apparatus will depend on their devel-
opment. According to the results of the work, it was
found that the longest annual shoots were formed in
seedlings after the use of Chlorella vulgaris Beijer. +
Ge (dilution 1:5, 1:1) (sixth, eighth variants, watering
of scions) and Chlorella vulgaris Beijer. (second variant,
soaking of components) (dilution 1:5) (Table 2).

Table 2. The influence of live chlorella suspension on the development of the vegetative mass of grafted grape
seedlings (average for 2018-2022)

Research  The total length Shoot The length of the mature  Ripening of Total growth Volume of mature
options  of the shoot,cm diameter, mm part of the shoot, cm shoots, % volume, cm? growth, cm?

1 49.5%3.1 4.2+0.10 24.3%1.6 49.1 687.1£22.5 337.9%12.5

2 60.3+3.8 5.0¢0.31 34.6%1.8 57.5 1216.6%23.3 698.4£14.5

3 55.0+3.4 4.6x0.24 25.6%1.5 46.6 929.8%23.4 4345130

4 50.1+3.0 4.4+0.22 25.0+1.5 49.9 773.2%¥21.0 386.6x12.4

5 53.7%3.5 4.5%0.32 27.6%1.7 51.5 885.2+20.5 450.3+12.5

6 71.2%4.5 6.0£0.51 45.6%£2.0 63.9 2017.7£23.1 1295.1£14.1

7 60.2+3.7 5.0£0.20 31.6%2.1 52.5 1200.4%22.2 625.0£13.8

8 65.9%4.1 5.4%0.50 39.0£2.4 58.9 1526.0¢23.0 899.6%13.2

Source: developed by the authors

In comparison with the controls, the shoot height
in plants of the second variant was 10.8 cm or 21.8%
higher, in plants of the sixth and eighth variants, re-
spectively, by 21.1, 15.8 cm or 42.1 and 31.5%. The
plants of these variants also had a larger shoot diame-
ter.And this is an important feature, since this indicator
affects the formation of the volume of total and mature
growth. The latter determines the degree of develop-
ment of grape plants in general, the content of reserve
and plastic substances in lignified and perennial parts
of the bushes, which indicate the quality of the planting
material and its stability during storage.

The use of a suspension of live Chlorella vulgar-
is Beijer. (dilution 1:5) for soaking the components of
grape scions contributed to an increase in the volume
of total and mature growth, compared to the control, by
1.8 (total growth), 2.0 (mature growth) times. The use
of the strain Chlorella vulgaris Beijer. + Ge (dilution 1:5)
also contributed to different results from the control,

Scientific Horizons, 2023, Vol. 26, No. 12

but these indicators were lower and increased by 1.3
times compared to the control. After applying a sus-
pension of live chlorella for watering grape scions and
seedlings in the garden plot, the best results were ob-
tained after using the strain Chlorella vulgaris Beijer. +
Ge (dilution 1:5 (sixth variant) and 1:1 (eighth variant)).
In plants of these variants, the volume of total growth
was 2.6 times (sixth variant) and 1.9 times (eighth var-
iant) higher than the control value, the volume of ma-
ture growth was 3.3 times (sixth variant) and 2.3 times
(eighth variant). After the use of the strain Chlorella vul-
garis Beijer. dilution 1:5, these indicators were at the
level of control values, and after the use of the solution
dilution 1:1 increased by 1.5 times.

A similar dependence was found for the matura-
tion of annual shoots. In the technological process of
growing grafted grape seedlings, it is very important
to achieve maximum ripening of shoots (vines). It is of
great practical importance - it is associated with the




winter hardiness of shoots, buds, and the quality of
rootstock and scion in the production of planting ma-
terial. Therefore, the issue of shoot ripening is of great
interest, especially after the phylloxera invasion. The
best shoots ripened in the variants where the plants
were watered in the garden plot with a suspension of
live Chlorella vulgaris Beijer. + Ge (dilution 1:5) - 63.9%,
which is 14.0% more than in the control. After the use
of Chlorella vulgaris Beijer. + Ge (dilution 1:1) for water-
ing plants and Chlorella vulgaris Beijer. (dilution 1:5) for
soaking the components of scions — shoots maturation
was in the range of 57.5-58.9%, which was 8.4-9.0%
higher than in the control. In all other variants, this
increase was not significant.Obtaining grafted grape
seedlings with the specified parameters of vegetative
organs development allows increasing the survival rate
of plants in a permanent place. Comparison of plant de-
velopment indicators obtained after the use of a sus-
pension of live chlorella and water in the technology of
growing grafted grape seedlings showed that the root
system development of seedlings of the experimental
variants, where the strain Chlorella vulgaris Beijer. + Ge
(dilution 1:5 and 1:1) for irrigation and Chlorella vulgaris
Beijer. (dilution 1:5) for soaking the scion components
fully met the parameters of DSTU 4390:2005 (2006).

Plants of control variants and after application of the
strain Chlorella vulgaris Beijer.+ Ge (dilution 1:5, soaking),
Chlorella vulgaris Beijer. (dilution 1:1, 1:5, watering) the
number of roots corresponded to the minimum value, but
the roots were placed asymmetrically (on the one hand)
on the “heels” of plants, which does not correspond to
DSTU 4390:2005 (2006). According to the development
of one-year growth, namely the thickness of the shoot,
only plants in the second group (Chlorella vulgaris Beijer.
(dilution 1:5, soaking)), sixth (Chlorella vulgaris Beijer. +
Ge (dilution 1:5, watering)), seventh (Chlorella vulgaris
Beijer. (dilution 1:1, watering)) and eighth (Chlorella vul-
garis Beijer. + Ge (dilution 1:1, watering)) variants.

Thus, summarizing the above, it should be not-
ed that the suspension of live chlorella promotes the
powerful development of both the root system and the
aboveground vegetative mass of grafted grape seedlings.
Its use at the stage of soaking the scion components
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involves the use of the strain Chlorella vulgaris Beijer. di-
lution 1:5, at the stage of watering plants in the garden
plot during the growing season — the use of the strain
Chlorella vulgaris Beijer. + Ge dilution 1:5 or 1:1.

The reliability of the data obtained on the develop-
ment of vegetative organs of grafted grape seedlings
was proved by the results of analysis of variance. The
main factors of influence are: technological method
(factor 1), strain of live chlorella suspension (factor 2)
and dilution of live chlorella suspension solution (fac-
tor 3). The identified differences between the experi-
mental and control variants are reliable, since the ac-
tual values of Fisher’s criterion (for most of the main
factors of influence) at the level of significance P - 0.05
were higher than their tabulated values. F_ =4.35,
Fieo, = 6-58-55.7 (limits for different indicators). How-
ever, the results of the interaction of factors 2 and 3
were not always reliable in the development of annual
growth and root system of plants.

Determination of the share of influence of the
main factors on the development of annual growth
and root system showed that the factor “technologi-
cal method”(i.e. how the live chlorella suspension was
used: soaking or for irrigation) was of the greatest im-
portance - 27.0-52.0%. The influence of other factors
was as follows: factor “dilution of the live chlorella sus-
pension solution” - 11.2-33.0% (vegetative mass), 14.0-
29.6% (root system), factor “strain of live chlorella sus-
pension” - 12.1-25.0% (vegetative mass), 10.0-17.3%
(root system), interaction of factors “technological
method” and “strain of live chlorella suspension”-11.1-
37.2% (vegetative mass), 13.1-22.2% (root system).

In nursery farming, the effectiveness of new or im-
proved technological methods is assessed by the yield of
planting material, in this work it is the number of grafted
grape seedlings that must meet the parameters of DSTU
4390:2005 (2006). The largest number of such plants
was obtained in the variants after the use of live chlorel-
la suspension for irrigation of grape garden plot - 48.0-
55.5% and these are variants with the strain Chlorella
vulgaris Beijer. + Ge and after the use of live chlorella
suspension for soaking the grafted components - these
are variants with the strain Chlorella vulgaris Beijer.
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M the output of standard seedlings from the garden plot, % M the value of stimulating efficiency, %

Figure 1. The yield of grafted grape seedlings from the nursery and the assessment of the effect
of live chlorella suspension on this indicator (average for 2018-2022)

Source: developed by the authors
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The effectiveness of the influence of live chlorel-
la suspension on the yield of standard grape seedlings
from the garden plot is confirmed by the value of stim-
ulating efficiency. It had the highest values in the var-
iants identified as the best (sixth, eighth, second, and
seventh). Thus, the results obtained indicate the posi-
tive effect and expediency of using a suspension of live
chlorella Chlorella vulgaris Beijer. in the technology of
production of grafted grape planting material, in par-
ticular at the stages of soaking the scion components
and watering the seedlings in the garden plot. Its use
allowed increasing the yield and improving the quality
of planting material.

Microalgae produce a wide range of metabolites,
which, due to their biological activity, can be used in
agriculture as biofertilizers, biostimulants or biopesti-
cides. They play an important role in: soil decontami-
nation and fertilization, protection of plants from biotic
and abiotic factors, and promoting better plant devel-
opment (Gongalves, 2021). In the current study, the
authors concluded that the live chlorella suspension
has a stimulating effect and promotes the growth and
development of the vegetative organs of grafted grape
seedlings, in particular the development of shoots and
root systems. According to the authors, these results
are associated with the influence of biologically active
substances contained in the live chlorella suspension.
These are: vitamins (B,,B,, B,, B,, B,, B,,, A, C, D, E, PP, K),
macro- and microelements (N, P, K, Ca, Cu, Mg, Fe, S, Zn,
Mn, Zr, Rb, I, Co), amino acids (alanine, valine, glycine,
leucine, threonine), plant protein, plant growth and de-
velopment regulators (auxins, gibberellins, cytokinins,
natural steroids, phenolic compounds). The conclusions
about the stimulating effect of algal fertilizers were
also reached by C. Schreiber et al. (2018), who grew
Triticum aestivum L. on two poor substrates: “null Erde”
and sand, and liquid algal fertilizer was used for irriga-
tion.As a result, it was shown that plants grown in sand
were smaller in terms of biometric parameters, but fer-
tilization with algal fertilizer led to increased growth
processes, which, according to the authors, was similar
to the use of chemical fertilizers. These results showed
that algal biomass and its nutrients can be a natural
alternative to support agriculture.

The positive effect of minerals and vitamins in their
works is pointed out by R. Rahman et al. (2022). The au-
thors note that, in addition to vitamins and minerals, the
intensification of the growth processes of grape seed-
lings is also explained by the presence of a number of
active amino acids in the live chlorella suspension,which
are central to metabolic processes and building blocks
of cell walls. H. Bager et al. (2019) also associate active
growth processes with the presence of active amino
acids. The authors believe that a group of natural regula-
tors of plant growth and development contained in the
suspension — auxins, cytokinins, gibberellins - also con-
tributes to the activation of the metabolism of the plant

Scientific Horizons, 2023, Vol. 26, No. 12

organism in general, and grape seedlings in particular.
They ensure the architecture and development of vege-
tative organs and the vascular system. Y. Duran-Medina
et al. (2017) also reported a similar effect on the de-
velopment of Arabidopsis thaliana (L.) Heynh. under the
influence of these plant growth regulators.

After applying a suspension of live chlorella Chlorella
vulgaris Beijer.+ Ge.,dilution 1:5, grafted grape seedlings
with a well-developed root system were obtained. Dur-
ing the growing season, it was noted that immediately
after planting the grafts in the open ground plot, they
took root faster, rooted and moved to the vegetation
stage. The positive effect of microalgae on plant rooting
is emphasized in the works of N. Pereira et al. (2018).
They showed that the use of chlorella stimulated the
rooting of the orchid Schomburgkia crispa in vitro. Other
authors explain this effect through the influence of mi-
croalgae directly on soil microbial populations (changes
in biomass, activity, species composition and diversity),
improvement of soil physical properties (structure, wa-
ter holding capacity), enrichment of soil with phytohor-
mones and other biologically active substances (Marks
et al, 2019; Nisha et al., 2018; Chanda et al.,, 2019).

The use of live chlorella suspension Chlorella vul-
garis Beijer., dilution 1:1, 1:5 at the stage of soaking the
scion components was also aimed at intensifying cal-
lusogenesis in the current study. And, according to the
results obtained, it intensified the formation of callus
tissue on rootstock and scion sections, the formation
of the vascular-conductive system (xylem and phloem),
and the formation of “fusion rods” This was facilitat-
ed by auxins, cytokinins, amino acids and vitamins that
activate callus growth and vascular tissue formation.
These data are consistent with the results of A.K.Nanda
and CW. Melnyk (2018), who showed the overall effect
of biologically active substances on the formation of
a whole organism after vaccination and A. Aydin et al.
(2022), who proved that the treatment of cucumber
(Cucumis sativus L.) cuttings during the grafting pro-
cess with auxin substances contributed to better plant
formation (increased moisture, dry weight of roots and
stems). The use of a suspension of live chlorella with
germanium at this technological stage did not give
the desired results. In previous laboratory studies by
N.M. Zelenianska and O.M. Mandych (2022), the authors
showed that after soaking the inoculated components
in aqueous solutions of Chlorella vulgaris Beijer. suspen-
sion with germanium, the mass of callus was lower, and
callus tissue was formed unevenly around the circum-
ference of the copulation cut. Most likely,germanium,in
this case, had an inhibitory effect, and the strain Chlo-
rella vulgaris Beijer. gave positive results.

When comparing the parameters of the develop-
ment of vegetative organs of grafted grape seedlings
after application of live chlorella suspension, it should
be noted that they were higher than the standard ones
after application of Chlorella vulgaris Beijer. + Ge for




watering plants in the garden plot. According to the au-
thors, this is due to the introduction of germanium into
the suspension. In plant tissues, it promotes the decom-
position of water into oxygen and hydrogen, which is
then used in physiological processes, thus stimulating
plant growth.K.V.Chernega et al. (2019), in their work on
Cucumis sativum L., Cucurbita pepo subsp., Solanum lyco-
persicum L.and Lepidium sativum L. plants, also showed
the stimulating effect of germanium obtained from the
culture fluid of the microalgae Chlorella vulgaris Beijer.
on seed germination and further morphometric devel-
opment of plants.

Thus, taking into account the theoretically sub-
stantiated effect of physiological and biochemical sub-
stances that are components of the suspension of live
chlorella, it becomes clear that the formation of better
parameters of the development of the aboveground
mass and root system of grafted grape seedlings after
its application is possible. Therefore, based on the the-
oretical and practical results obtained, it is advisable to
use the suspension of live chlorella - Chlorella vulgaris
Beijer. at the technological stages of growing grafted
grape seedlings — pre-stratification soaking of grafted
components and for irrigation of grape garden plot.

CONCLUSIONS

The suspension of live chlorella Chlorella vulgaris Beijer.
has a stimulating effect on the development of veg-
etative mass, root system of grafted grape seedlings
and their exit from the garden plot. It should be rec-
ommended for use at the following stages: soaking of
grape scion components with subsequent production
of scions and when growing grafted seedlings in an
open ground plot for irrigation through a drip irriga-
tion system. For soaking grape scion components, the
strain Chlorella vulgaris Beijer. should be used at a dilu-
tion of 1:5.In this case, the scion components should be
soaked for 18 hours, and the rootstock components -
for 72 hours. For irrigation of grape scions and seed-
lings in the garden plot - use the strain Chlorella vul-
garis Beijer. + Ge dilution of the working solution 1:5 or
1:1. Watering should be carried out with aqueous solu-
tions in time - immediately after planting the scions
in the garden plot and three times during the growing
season - inJune,July, and August.
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The use of such strains at different technological
stages contributed to the formation of more roots, in-
cluding roots with a diameter of more than 2 mm, an in-
crease in their length and better branching of the root
system. Compared to the controls, the total number of
roots increased by an average of 41.5-81.1%, the num-
ber of roots with a diameter of more than 2 mm - by
29.3-36.2%, and the length of roots - by 1.5-2.6 times.
After the application of live chlorella suspension of
these strains, the plants were also characterized by
better development of annual growth: the volume of
total growth was in the range of 1216.6-2017.7 cm?,
mature growth - 698.4-1295.1 cm?, while 730.1 cm?
and 362.2 cm?® in the control. The use of such strains
and dilutions allows producing grafted grape seedlings
that fully meet the parameters of DSTU 4390:2005. The
yield of standard seedlings from the garden plot ex-
ceeded the control values by an average of 21.5-26.5%.

The reliability of the obtained results was con-
firmed by the results of the analysis of variance. The
identified differences between the experimental and
control variants are reliable, since the actual values of
Fisher’s criterion (at the significance level P<0.05) were
higher than their tabulated values. Determination of
the share of influence of the main factors (technologi-
cal method, strain of live chlorella suspension, dilution
of live chlorella suspension solution) on the devel-
opment of annual growth and root system of grafted
grape seedlings showed that the factor “technological
method” was the most important - 27.0-52.0%. The in-
fluence of other factors was in the range of 10.0-33.0%.
Prospects for further work in this area are to determine
the effect of live chlorella suspension on the course of
physiological and biochemical processes in the tissues
of grape leaves and shoots.
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Anotauif. OgHMM i3 WNGXiB BMPOLWYBAHHSA BMCOKOSIKICHUX LUEMMEHUX CafXKaHLIB BMHOrpagy € BMKOPUCTAHHS
Cy4aCHMX, eKOMoriyHo He3neyHux 6GionoriyHo akTMBHMX npenapatiB. [Jo TakMx npenapaTiB CbOrOAHI BiAHOCSATb
CyCneHsito XuBoi xnopenu. ii 3acTocyBaHHS Y BUHOrPafHOMY PO3CaAHMULITBI € HOBMM Ta aKTyaNbHWUM TEXHONOTIUHUM
NPUIOMOM BMPOLLYBaHHS CaAMBHOro Matepiany. Metolo poboTu 6yno nokasaTu BMAMB CyCneH3ii XMBOI xnopenu
Ha peani3auito 6i0n0riYHOro NoTeHLiany BUHOrPaLHOI 1031 3 NOAANBLUMM OAEPXKAHHAM BMCOKOSKICHUX LLEMIEHNX
CafKaHuiB BMHOrpagy. Y poboTi BMKOPUCTOBYBanM MOMbOBI (001iKM POCTY Ta PO3BUTKY POCIMH), NabopaTopHi
(BM3HAYEHHA KiNbKICHMX Ta SIKICHUX NapaMeTpiB POCAUH) i CTAaTUCTUYHI (NIATBEPOXEHHS AOCTOBIPHOCTI pe3ynbTaTiB)
MeToam gocnigpkeHb. OTpMMaHI pe3ynbTaT NOKasanu, Wo A8 BUMOYYBAHHS NiALWENHUX | NPULLENHUX KOMMNOHEHTIB
pouinbHo BukopuctoByBatu wtam Chlorella vulgaris Beijer., po3BeaeHHs 1:5, BUMOUYYBaHHS NPOBOAMUTU MPOTSATOM
72 roAuH - NigLWenHi KOMNoHeHTH, 18 roguH — npuwenHi KOMNOHEHTU; AN NOAMBY BUHOTPAAHOI WKINKW AOLINBHO
BuKopucToByBaTtu WTam Chlorellavulgaris Beijer + Ge,po3BeaeHHs 1:5,/oro 3aiicHi0Bany ofpasy Nicas BUCALXKYBAHHS
Lwen Ta TpMYi NPOTArOM BereTauil — Y YepBHi, IMMHI Ta CepnHi. 3aCTOCYBaHHS BKa3aHMX LUTaMiB CyCneH3ii XunBoi
XNOpenu [,03BOANN0 OTPUMATK BiNbLUMI BUXiA CTAHAAPTHUX CAKAHLIB 3i LWKINKM, POCIUHM Manu Ao6pe pO3BUHEHY
KOpEHEeBY CUCTEMY Ta OLHOPIYHMIA NpUpicT. [OpPiBHSHO 3 KOHTPONEM, IKMM CNyryBana BoAa, Yy POCIMH 36ibluyBanach
3aranbHa KifbKiCTb KOpeHiB. POCAMHM y LMX BapiaHTaX XapaKTepu3yBanumcs i NOCMNEHUM POCTOM HaA3EMHOI YaCTUHM.
lMOKa3HMKM 3aranbHOro Ta BM3pPIifOro NPMpOCTY, SKi XapaKTepu3yroTb 3arajibHUi PO3BUTOK LWENNEHMX CafXaHLIB
BMHOTPaLy, 3HAaX0AUAMUCS Y Mexax 687,1-773,2 cm® (06€M 3aranbHoro npmpocty), 337,9-386,6 cm® (06€M BU3pinoro
npupocty), npu 730,1 1a 362,6 cM® BignoBiaHo y KOHTponi. O6/ikM BUXOAY CTAHLAPTHUX CAAXKAHLLIB i3 WKINKM TaKOX
NMOKa3anu nepe.ary 3aCTOCYBaHHSA CycneHsii xuBoi xnopenu (36inbweHHs Ha 19,0-21,0 %) y nopisHSHI 3 BOAoOtO.
HaBeneHi TexHonoriyHi NpuitoMun A03BONSIOTL OTPUMYBATU BUCOKOSIKICHY NPOAYKLIH0 BUHOrPaAHOro po3CafHULTBA
Ta MOXYTb OYTU MEPCNEKTUBHOK aNbTEPHATMUBOLO A1 BiNbLU CTIAKMX | EKONOTIYHO YUCTUX METOLIB BEAEHHS CiNlbCbKOTO
rocnofapcrea

KniouoBi cnoBa: wenu; BeretaTMBHi OpraHu; OAHOPIYHUIM MpPUPICT; KOpeHeBa cucTeMa; MikpoBogopictb Chlorella
vulgaris Bejer.; repMaHin
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The results showed that the optimum plant height of winter wheat varieties ranged from 82.1 to 84.5 cm, and
the highest yield was 6.32 t/ha in Staleva and 6.68 t/ha in Duma Odeska. A significant effect of varietal traits on
stem length, second and last internode, number of stems formed per 1 m?, grain weight in the ear and lodging
resistance of winter bread wheat was established. Plants of the tested winter soft wheat varieties Staleva, Dyvo,
Katarina, Felix, Ozerna, PONTICUS, Faust, Glaucus have a very high (9.0 points) resistance to lodging regardless of
the weather conditions of the year. Ukrainian varieties Duma Odeska (6.68 t/ha) and Staleva (6.32 t/ha) achieved
higher productivity. The obtained scientific results of the research contribute to the widespread use of the studied
winter wheat varieties of this reasonably climatic zone and contribute to further improvement of grain production

Keywords: plant height; internode length; spike length; number of productive stems; weight of 1000 grains; soft

winter wheat; amount of precipitation

INTRODUCTION

Under current conditions,an important factor in stabiliz-
ing and increasing high grain yields is the introduction
of high-yielding, competitive new varieties with signifi-
cant agro-ecological plasticity and increased adaptabil-
ity to adverse and extreme environmental conditions,
the most important of which is lodging resistance. In the
south of Ukraine, where wheat crops often suffer from
drought, plant height is almost always lower than in the
north, so lodging is not common. However, in years with
favourable moisture conditions and under irrigation,
plants often lodge, resulting in significant yield losses.

Wheat is the main crop in many countries of the
world, and in the steppe zone it is the main food crop,
so the system of agronomic practices should focus on
creating optimal conditions for high yields of this crop
(Domaratskiy et al, 2019). As the world’s population
grows, military operations lead to a decrease in the area
of cultivated land and overall crop production, the prob-
lem of finding innovative ways to increase crop yields,
thereby increasing global food supplies, arises. Wheat
yields vary from year to year, depending on factors such
as water availability during the growing season, the vari-
ety and agricultural practices used to grow the crop, and
especially the nutrients applied (Panfilova, 2021).

The authors K. Mottaleb et al. (2022) and R. Ihle
et al. (2022) pointed out that in poor countries, where
people often suffer from hunger, wheat provides 14% of
daily dietary energy and protein intake per person. Due
to the hostilities in Ukraine, which is one of the world’s
major wheat producers and exporters, food prices have
risen significantly, with serious implications for food
security. According to the UN online database, in 2020,
864 million people - 8.9% of the world’s population -
suffered from hunger, while at least 63 countries im-
ported wheat from Ukraine (The state of food security
and nutrition..., 2020).

According to T. Rife et al. (2019), one of the ways
to overcome the crisis in the global grain sector is to
increase gross grain harvests by increasing yields. Stud-
ies conducted by O. Berdnikova and E. Kucherak (2021)
found that variety selection is a key factor in obtaining
technical indicators of high yield and grain quality. The
development of new winter wheat varieties is one of

the ways to increase the profitability of winter wheat
cultivation, but the average yield of winter wheat in
Ukraine is 2.5 times lower than in Western Europe.
There are several reasons for this, one of which is the
use of outdated varieties that do not meet the require-
ments of modern high-intensity farming.

The research of M. Korkhova et al. (2022) found that
the determining criteria for selecting modern winter
wheat varieties are the degree of durability and re-
sponse to growing conditions. Each variety has certain
morph-agrobiological traits and characteristics so that
it can develop its genetic potential if a favourable en-
vironment is created for it. A. Muszynska et al. (2021)
found that lower internode bending (stem bending) is
common in wheat, barley, and oats due to a marked dif-
ference in weight and strength between the upper and
lower internodes. Plant height; stem length, diameter,
and weight; ear weight; and stem wall thickness of soft
winter wheat are known to be most strongly related to
lodging resistance.

The study conducted by T. Shah et al. (2019) found
that lodging resistance is completely dependent on in-
ternode length, plant height and stem bending strength.
Reducing plant height develops tolerance to lodging
due to a relatively low centre of gravity and a decrease
in the aboveground load of the plant on the lower part
of the stem in rice. A negative relationship was found
between basal internode length and lodging index, in-
dicating that longer internodes at the base may lead to
a higher lodging index in winter wheat plants.

Studies conducted by F.J. Pinera-Chavez et al
(2020) found that in plant breeding, checking lodg-
ing resistance is very difficult, as this quantitative
trait is controlled by different genes, and its expres-
sion is significantly affected by environmental factors.
M. Bondarenko & M. Nazarenko (2022) argue that
high-yielding genotypes increase yields by producing
more ears, are more resistant to lodging due to lower
plant height and grain weight per ear, respectively, and
use fewer nutrients for stem formation.

As of 11.04.2023, the State Register of Plant Va-
rieties (2022) includes more than 600 varieties of
soft winter wheat, but their economic and biological
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characteristics, including lodging resistance, have not
been sufficiently studied. During state variety testing,
plants cannot always get into favourable weather condi-
tions for stem growth, which can lead to lodging. Yields
of winter wheat varieties are influenced by climatic con-
ditions of crop cultivation and agricultural practices.

The analysis of scientific sources showed that the
chosen topic has been studied insufficiently. That is why
the aim of the work was to determine the influence of
weather conditions and varietal characteristics during
the study period on lodging resistance and productivity
elements of winter wheat plants.

MATERIALS AND METHODS

The field trials were conducted over six years (2017-
2023) at the Educational and Research Centre of
Mykolaiv National Agrarian University, located in the
South of Ukraine. The experimental scheme included
20 varieties of soft winter wheat of Ukrainian and for-
eign selection: Ozerna, Staleva, Kvitka poliv, Legend
of Bila Tserkva, Mudrist Odeska, Maria, Duma Odeska,
Dyvo, Koshova, Zdobna, Myronivsky Institute of Wheat
(MIW) Assol, and MIW Valencia, Pamyati Hirka, Kraevid,
Katarina, Centurion, Felix, PONTICUS, Faustus, Glaucus,
which are short-stemmed (50%), semi-dwarf (35%) and
medium-sized (15%) (Table 1).

Table 1. Varieties of soft winter wheat by height (stem and ear)

No Medium-sized Short-stemmed Half dwarfs
1 Kvitka Poliv Ozerna MIW Valencia
2 The legend of Bila Tserkva Steel Katarina
3 MIW Assol Mudrist Odeska Centurion
4 Duma Odeska Felix
5 Koshova PONTICUS
6 Maria Faustus
7 Zdobna Glaucus
8 Dyvo
9 Pamyati Hirka
10 Kraevid

Source: developed by the authors

Plants of all varieties tested had weakly filled
straw. The area of the sowing plot was 70 m? and the
accounting plot was 35 m2 The experiment was de-
signed by the method of randomization. Agricultural
practices included sowing winter wheat in the first
decade of October, using a seeding rate of 4.5 million
seeds/ha. The soil of the experimental plot is a typical
southern black soil, heavy humus with a slightly saline
residue in the loess, humus content (0-30 cm) - 3.1-
3.3%, average soil solution in the calculation (pH -6.8-
7.2). On average, the topsoil contains 15-25 mobile ni-
trates, 41-46 mobile phosphorus and 389-425 mg/kg
of exchangeable potassium.

The height of winter wheat plants was measured
in the period before harvesting on 100 permanently
allocated plants using a measuring ruler, which was
evenly placed on the calculated area of each plot. The
stem is measured from the soil surface to the top of the
plant. The final indicator is the average height of the
plants in the plot. The resistance to lodging of winter
wheat plants was determined on a five-point scale: 5
points - no lodging, 4 points — weak lodging, 3 points -
moderate lodging, 2 points - significant lodging, which
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complicates harvesting, 1 point — significant lodging
occurs long before harvesting and the crop is not suita-
ble for combining. Observations were made every 5-10
days from the onset of this phenomenon until harvest.

The weight of 1000 grains was determined accord-
ing to DSTU ISO 520:2015 (2016). The average num-
ber of grains per ear was determined by the ratio of
the total number of grains after threshing 25 ears to the
sum of the average sample, and the weight of grain per
1 ear was determined by the weight of grain per sheaf
to the number of productive stems in the sheaf sample.
Harvesting was carried out continuously from the entire
accounting area. Soft winter wheat was harvested with
a SAMPO-500 combine harvester (Finland). After thresh-
ing in each plot, the combine was stopped, and the grain
was weighed and brought to the standard moisture con-
tent (14%) and purity (100%). The weather conditions
during the years of research differed significantly. Thus,
the 2017/2018, 2021/2022 and 2022/2023 agricultural
years were medium-wet, with 338.5,331.6 and 343.4 mm
of precipitation during the growing season, respectively,
while in 2019/2020 - 161.2 mm; 2018/2019 - 547.6 mm
and 2020/2021 - 603.7 mm (Fig. 1).
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Figure 1. Amount of precipitation (mm) during the growing season of soft winter wheat plants, 2017/2018-2022/2023

Source: developed by the authors

Thus, the most favourable weather conditions were
in 2018/2019 and 2020/2021,and the least favourable -
in 2019/2020. Such contrasting conditions allowed the
authors to study the influence of weather conditions on
the formation of plant height, internode length, lodg-
ing resistance and grain productivity of the studied
winter bread wheat varieties. Mathematical processing
of the research results was performed using one-fac-
tor analysis of variance. The scale of R.E. Chaddock
(Emmet & Chaddock, 1928) was used to assess the
closeness of the relationship between the studied in-
dicators. The value of the correlation coefficient can be
used to estimate the strength of the relationship on the
following scale: 0.1-0.3 - weak, 0.3-0.5 - moderate, 0.5-
0.7 - significant, 0.7-0.9 - high, 0.9-0.99 - very high.

The experimental studies of plants (both cultivated
and wild), including the collection of plant material,
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were in accordance with institutional, national or inter-
national guidelines. The authors adhered to the stand-
ards of the Convention on Biological Diversity (1992)
and the Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

On average, over the six years of research (2017-
2023), medium-sized soft winter wheat varieties
of Kvitka poliv (108.6 cm), Legend of Bila Tserkva
(106.9 cm) and MIW Assol (103.1 cm) formed 7.5-
14.0% higher plant height than short-stemmed vari-
eties (Kraevid, Mudrist Odeska, Ozerna, Duma Odeska,
Staleva, Koshova, Zdobna, Dyvo, Maria, Pamyati Hirka)
and by 18.6-23.8% more than semi-dwarfs (MIW Va-
lencia, Katarina, Centurion, Felix, PONTICUS, Faustus,
Glaucus) (Fig. 2).
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Figure 2. Influence of varietal features on the height of soft winter wheat plants (cm), average for 2017-2023
Source: developed by the authors
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The lowest plant height on average for 2018-2023
was formed by semi-dwarf varieties: MIW Valencia
(86.9 cm), PONTICUS (85.1 cm), Faustus (80.9 cm), Cen-
turion (81.9 cm), Glaucus (78.8 cm), Katarina (68.9 cm)
and Felix (71.2 cm). Medium-sized soft winter wheat
varieties Kvitka Poliv, Legend of Bila Tserkva and MIW
Assol had above average and high lodging resistance
at the level of 7.0-8.2 points over the years of research,
while short-stemmed varieties Maria, Mudrist Odeska,

Ozerna, Pamyati Hirka, Duma Odeska, Staleva, Koshova,
Zdobna, Dyvo, Kraevid had lodging resistance ranging
from 6.5 to 9.0 points. Resistance to lodging of semi-
dwarf varieties MIW Valencia, Katarina, Centurion, Felix,
PONTICUS, Faustus, Glaucus was high and very high
(8.7-9.0 points).

The height of the stem of winter wheat of the stud-
ied varieties ranged from 59.2 cm (Felix) to 98.8 cm
(Legend of Bila Tserkva) (Table 2).

Table 2. Indicators of lodging resistance and the main elements of productivity of soft winter wheat plants depending
on the variety (average for 2017-2023)

No. Varieties StemsL\:ight, The Length of intermodes, cm t;h:r::t::?i?/:e gr:?: ;:oc::n 1 R:;if;ia:;e
the second lower the last stems per 1 m? ear,g down

1 Ozerna 85.1 123 314 662 0.98 9.0
2 Staleva 82.1 121 30.4 651 1.02 9.0
3 Kvitka Poliv 98.7 155 32.1 663 1.00 77
4 Legend of Bila Tserkva 98.8 16.5 30.5 649 0.99 7.0
5 Mudrist Odeska 90.9 12.8 32.2 642 1.09 7.8
6 Duma Odeska 84.5 121 331 634 1.13 6.8
7 Koshova 85.6 122 29.5 618 1.07 6.8
8 Maria 84.7 124 30.1 615 1.05 8.0
9 Zdobna 85.7 120 32.2 640 1.05 6.5
10 Dyvo 80.6 12.2 33.3 621 1.05 9.0
11 MIW Assol 95.0 13.0 32.8 594 1.09 8.2
12 MIW Valencia 77.9 11.5 28.0 588 1.07 8.7
13 Pamyati Hirka 90.9 12.0 31.5 615 1.07 8.5
14 Kraevid 87.5 121 32.7 623 1.15 8.7
15 Katarina 62.1 79 21.2 554 0.96 9.0
16 Centurion 74.8 122 26.0 585 1.07 8.7
17 Felix 59.2 8.8 22.7 548 1.01 9.0
18 PONTICUS 75.2 10.2 27.0 588 1.00 9.0
19 Faustus 714 9.6 255 595 0.99 9.0
20 Glaucus 68.8 9.4 25.1 610 1.01 9.0
Average by grade 82.0 11.8 29.2 610 1.05 8.3

Source: developed by the authors

The results of the research showed that the length
of the second lower internode does not significantly
affect the resistance to lodging of the studied win-
ter wheat varieties. Thus, the plants of Kvitka Poliv
(15.5 cm) and Legend of Bila Tserkva (16.5 cm) varie-
ties formed a longer length of the second lower inter-
node on average in 2017-2023, but their resistance to
lodging was 7.7 and 7.0 points, respectively. The lowest
(7.9 cm) was recorded in plants of the Katarina variety,
whose resistance to lodging was very high - 9 points.

Shortening and thickening of the stem wall in the
last (upper) internode allows avoiding yield losses due
to breaking off of ears due to their excessive weight
(fullness), adverse weather factors (strong winds,
thunderstorms, rain, etc.) and late harvesting. Our re-
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search partially confirms this. The smallest length of
the last internode of winter wheat plants was formed
in foreign-bred varieties - Katarina (21.2 cm); Felix
(22.7 cm), Glaucus (25.1 cm); Faustus (25.5 cm); Cen-
turion (26.0 cm) and PONTICUS (27.0 cm), while the
resistance to lodging of these varieties was 8.7-9.0
points. The length of the last internode of the straw of
plants of Ozerna, Staleva and Dyvo varieties was 30.4-
33.3 cm, which is 4.1-14.0% more than the average
for six years, but their resistance to lodging was very
high (9 points).

No less important is the sowing density, which de-
termines the resistance to lodging. More resistant to
lodging (9 points) were winter wheat varieties (Felix,
Katarina, PONTICUS, Faustus, Glaucus, Dyvo, Staleva,




Ozerna) with a density of productive stem of 548-
662 plants/m? It was found that a smaller number
of productive stems (618-663 pcs. per 1 m?) were
formed by plants of the varieties Zdobna, Duma odes-
ka, Koshova, Legend of Bila Tserkva, Kvitka poliv and
Mudrist odeska, whose resistance to lodging was 6.5-
7.8 points. Thus, the smallest productive stem stand
(554 units/m?) was formed in plants of the Katarina
variety, and the largest - 663 units/m? in plants of the
Kvitka Poliv variety.

An important indicator of the yield structure is the
grain weight of one ear, which also affects the lodg-
ing of the crop. The optimal size of the average grain
weight in an ear varies and increases significantly with
the emergence of new varieties. On average, over the
years of research, a larger grain weight per ear was
formed by winter wheat plants of the varieties Kraevid
(1.15 g), Duma Odeska (1.13 g), MIW Assol (1.09 g), MIW
Valencia (1.07 g), Pamyati Hirka (1.07 g) and Centurion
(1.07 g). The lower weight of grain per ear was formed

Korkhova et al.

by Ozerna (0.98 g/ear), Faustus (0.99 g/ear), and Legend
of Bila Tserkva (0.99 g/ear).

Previous studies have shown that awned varieties
have less resistance to lodging than awnless varieties
(Korkhova et al., 2022). Current research partially con-
firms this. The awned varieties Mudrist Odeska, Ozerna,
Duma Odeska, Staleva, Koshova, Zdobna, Maria, Dyvo,
Pamyati Hirka, Centurion, MIW Valencia, Kraevid formed
0.3 points more resistance to lodging than the awnless
varieties MIW Assol, Kvitka Ooliv, Katarina, Legend of
Bila Tserkva, Felix, Faustus, PONTICUS, Glaucus.

The length of the ear depends more on the varietal
characteristics.The mostimportantenvironmentalfactors
are temperature, illumination and daylight hours. Lower
temperatures will slow down the growth process. The
ears become longer, so the yield potential increases. The
largest average spike length over six years was observed
in winter wheat plants of Glaucus (10.0 cm), Mudrist
Odeska (10.1 cm) and Felix (12.6 cm), and the smallest
in Centurion (7.1 cm) and Katarina (6.8 cm) (Table 3).

Table 3. The influence of varietal characteristics on elements of wheat ear productivity mild winter
(average for 2017-2023)

The number of ears in  The number of grains in

Weight of 1000

No Varieties Spike length, cm an ear, pcs./ear an ear, pcs./ear grains, g
1 Ozerna 8.0 134 27.5 40.2
2 Staleva 8.3 16.2 33.1 40.3
3 Kvitka poliv 9.9 15.0 311 38.0
4 Legend of Bila Tserkva 8.1 15.6 30.1 38.3
5 Mudrist odeska 10.1 16.4 32.0 38.1
6 Duma odeska 8.6 16.9 35.6 374
7 Koshova 8.2 18.5 31.5 36.6
8 Maria 79 179 30.6 371
9 Zdobna 8.2 16.1 29.6 38.4
10 Dyvo 8.0 15.7 34.3 39.1
11 MIW Assol 8.1 16.4 33.8 413
12 MIW Valencia 9.0 17.2 36.8 40.4
13 Pamyati Hirka 8.6 16.9 35.6 38.6
14 Kraevid 8.2 16.2 28.9 39.1
15 Katarina 6.8 14.2 253 40.7
16 Centurion 7.1 14.4 30.8 41.8
17 Felix 12.6 16.0 28.6 39.2
18 PONTICUS 9.9 154 29.1 39.3
19 Faustus 9.5 144 28.8 38.7
20 Glaucus 10.0 14.1 29.1 39.0

Q;";rrz%‘z 8.7 15.8 311 39.1

Source: developed by the authors

The main stage of plant growth is the period dur-
ing which the number of ears is established. The pro-
cess of spikelet differentiation in wheat occurs at the
fourth stage of organogenesis, from the end of tillering
to the beginning of heading. Each variety is character-
ized by a certain number of ears. Some varieties have a

low number of ears, while others have a high number
of ears. On average, in 2017-2023, the highest number
of spikelets per ear was formed by Duma Odeska (16.9
spikelets/ear), MIW Valencia (17.2 spikelets/ear), Maria
(17.9 spikelets/ear) and Koshova (18.5 spikelets/ear),
and the lowest number of spikelets per ear was 13.4
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spikelets/ear in Ozerna, which is 15.2% less than the
average number of spikelets per ear for all studied
varieties. It was determined that the average number
of grains per ear of the studied varieties ranged from
25.3 pcs/ear (Katarina) to 36.8 pcs/ear (MIW Valencia).
Thus, the varieties MIW Valencia (36.8 seeds/spike),
Pamyati Hirka (35.6 seeds/spike), Duma Odeska (35.6
seeds/spike) formed 14.5-18.3% more grains per spike
than the average number of varieties.

Higher yields are achieved due to the formation of
better grain filling, i.e. larger, more developed grains,
at the later stages of plant growth and development.
Grain filling is best characterized by the weight of
1000 grains. On average, over the years of research,
the weight of 1000 grains was 39.1 g. This indicator
was higher in the varieties Centurion (41.8 g), MIW As-
sol (41.3 g), Staleva (40.3 g) and Ozerna (40.2 g). The

lowest weight of 1000 grains was formed by the variety
Koshova (36.6 g).

According to the results of the research, it was de-
termined that the highest grain yield (6.88 t/ha) on av-
erage for 2017-2023 was formed by winter wheat plants
of the Duma Odeska variety (6.68 t/ha), which is 5.4%
more than in the Staleva variety; 6.0% more than in the
Kraevid and Pamyati Hirka and Mudrist odeska varieties;
6.6% more than in the Zdobna variety; 7.0% more than in
the Koshova variety; 7.3% more than in the Dyvo variety;
7.6% more than in the Ozerna variety; 9.0% more than
Kvitka Poliv and Maria; 10.2% more than MIW Valencia;
10.8% more than Glaucus; 11.7% more than MIW Assol;
by 12.1% than in the variety Legend of Bila Tserkva; by
13.8% than in the variety PONTICUS; by 14.7% than in
the variety Faustus; by 20.5% than in the variety Felix; by
22.6% than in the variety Katarina (Table 4).

Table 4. Winter wheat grain yield losses from lodging and shedding depending on the variety, average for 2017-2023

No. Varieties Biological yield, t/ha Actual yield, t/ha Crop losses, %
1 Ozerna 6.49 6.17 -4.9
2 Staleva 6.64 6.32 -4.8
3 Kvitka Poliv 6.63 6.08 -8.3
4 Legend of Bila Tserkva 6.43 5.87 -8.7
5 Mudrist Odeska 7.00 6.28 -10.1
6 Duma Odeska 7.16 6.68 -6.7
7 Koshova 6.61 6.21 -6.1
8 Maria 6.46 6.08 -5.9
9 Zdobna 6.72 6.24 -71
10 Dyvo 6.52 6.19 -5.1
11 MIW Assol 6.47 5.90 -8.8
12 MIW Valencia 6.29 6.00 -4.6
13 Pamyati Hirka 6.58 6.28 -12.3
14 Kraevid 7.16 6.28 -12.3
15 Katarina 5.32 5.17 -2.8
16 Centurion 6.26 6.00 -4.2
17 Felix 5.53 5.31 -4.0
18 PONTICUS 5.88 5.76 -2.0
19 Faustus 5.89 5.70 -3.2
20 Glaucus 6.16 5.96 -3.2

Average by grade 6.41 6.03 -5.9
NIR,, 2018 0.22
NIR,, 2019 0.25
NIR,, 2020 0.20
NIR,, 2021 0.24
NIR,, 2022 0.26
NIR ;2023 0.15

Source: developed by the authors

Thus, the resistance to lodging of wheat crops did
not always affect the formation of grain yield. Thus,
the varieties with high (7.7-8.7 points) and very high
(9 points) resistance to lodging formed grain yields
of 5.90-6.28 t/ha and 5.17-6.32 t/ha, respectively,
while the varieties with medium resistance to lodging
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(6.5-7.0 points) formed 5.87-6.68 t/ha. Grain yield loss-
es due to lodging and grain shattering ranged from 2.0
to 12.3% on average in 2017-2023. Correlation analy-
sis of the relationship between lodging resistance and
the number of productive plant stems, ear weight and
grain yield of the studied winter wheat varieties over




six years of research showed that there was no rela-
tionship for a number of varieties Ozerna, Staleva, Dyvo,
Katarina, Felix, PONTICUS, Faustus and Glaucus.

For the varieties Legend of Bila Tserkva (r=-0.89),
Koshova (r=-0.78), Zdobna (r=-0.72), MIW Valencia
(r=-0.90), Pamyati Hirka (r=-0.94) and Kraevid (r=-0.90)
and Centurion (r=-0.92), a high and very high inverse re-
lationship between lodging resistance and the number

Korkhova et al.

of productive stems per unit area was found, for MIW
Assol varieties (r=-0.67), Mudrist Odeska (r=-0.61), Maria
(r=-0.60), Duma Odeska (r=-0.55), a significant inverse
relationship was found, and for Kvitka Poliv (r=-0.49) -
a moderate inverse relationship (Table 5). That is, with
an increase in the number of productive stems per 1 m?,
there is a decrease in lodging resistance of most winter
wheat varieties.

Table 5. Correlation analysis between dormancy and indicators of the main elements of the productivity of winter
wheat plants of different varieties

Performance elements

No. Varieties number of productive  mass of grain from yield, t/ha
stems, pcs./m? 1earg
1 Kvitka poliv r=-0.49 r=-0.79 r=-0.73
2 Legend of Bila Tserkva r=-0.89 r=0.11 r=-0.31
3 Mudrist odeska r=-0.61 r=-0.57 r=-0.41
4 Duma odeska r=-0.55 r=-0.24 r=-0.33
5 Koshova r=-0.78 r=-0.32 r=-0.61
6 Maria r=-0.60 r=-0.26 =-0.50
7 Zdobna r=-0.72 r=0.12 r=-0.41
8 MIW Assol r=-0.67 r=0.11 r=-0.16
9 MIW Valencia r=-0.90 r=0.42 r=-0.18
10 Pamyati Hirka r=-0.94 r=0.21 r=-0.56
11 Kraevid r=-0.90 r=0.55 r=-0.15
12 Centurion r=-0.92 r=0.46 r=-0.22

Source: developed by the authors

A weak direct correlation between resistance to
lodging and grain weight per 1 ear was established
for plants of varieties Legend of Bila Tserkva (r=0, 11),
Zdobna (r=0.12), MIW Assol (r=0.11) and Pamyati Hirka
(r=0.21), moderate for MIW Valencia (r=0.42), Centurion
(r=-0.46) and significant for Kraevid (r=0.55). A high and
significant inverse correlation between these indices
was found for Kvitka Poliv (r=-0.79) and Mudrist Odeska
(r=-0.57); moderate - for Koshova (r=-0.32) and weak -
for Duma Odeska (r=-0.24) and Maria (r=-0.26). For all
the studied winter bread varieties, there is an inverse
correlation between resistance to lodging and vyield,
which ranges from weak - r=-0.15-0.22 (MIW Assol, MIW
Valencia, Kraevid, Centurion) to high - r=-0.73 (Kvitka
Poliv). Thus, the studies have established the influence
of varietal characteristics of winter wheat on the forma-
tion of plant height, resistance to lodging, productivity
elements and grain yield. The highest grain yield was
formed by the variety Duma odeska, which is 6.68 t/ha
with high resistance (7.8 points) to lodging and high
yield losses from lodging and shattering (10.2%).

The research conducted by V.A.Vlasenko et al. (2018)
with 50 varieties of winter wheat showed that the
shorter the growing season of genotypes, the shorter
the plants, which is also confirmed by our own research.
It was determined that among the 20 varieties studied,
the mid-season varieties Kvitka Poliv, Legend of Bila
Tserkva and MIW Assol formed the highest plant height

(103.1-108.6 cm), and the lowest was formed by semi-
dwarf varieties (68.9-86.9 cm) - MIW Valencia, PONTI-
CUS, Faustus, Centurion, Glaucus, Katarina, and Felix.

Plant height plays a very important role in the for-
mation of grain yields, and is at the same time an im-
portant component of the resistance of cereal plants
to lodging. According to the research of W-G. Li et al.
(2022) found that lodging resistance varies greatly de-
pending on the plant height of each variety. Therefore,
it is necessary to take this into account when selecting
varieties for different soil and climatic growing condi-
tions, agrophones and predecessors. Current research
confirms this statement. Thus, the medium-sized varie-
ties Kvitka Poliv, Legend of Bila Tserkva and MIW Assol
had above average and high resistance to lodging (7.0-
8.2 points) during all years of research, while in short-
stemmed varieties the resistance to lodging ranged
from 6.5 to 9.0 points.

L. Wang et al. (2022) state that with decreasing
plant height of winter wheat, productivity increases. Ye.
Zaika (2021), F. Spolidorio (2019) argue that short win-
ter wheat varieties are a source of redistribution mech-
anisms that affect plastic matter, so that tall varieties
with high stem strength can outperform short varieties
of yield. Current research confirms this. Thus, on aver-
age, over the years of research (2017-2023), the win-
ter wheat variety Duma Odeska has a maximum yield
of 6.88 t/ha, which is 0.88-1.71 t/ha higher than the
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semi-dwarf wheat varieties Centurion, MIW Valencia,
Felix, Katarina, Faustus, PONTICUS and Glaucus.

The high grain yield of winter wheat is influenced
by the interaction of many factors, namely the number of
productive stems, thousand grain weight and grain qual-
ity (Tsvey et al, 2021). M. Lozinskiy et al. (2021) deter-
mined that grain quality or productivity largely depends
on the components caused by the action and interaction
of genetic factors, so the main ear plays a key role in
shaping grain productivity and wheat grain yield.

According to the research of M. Korkhova et al
(2022) conducted during 2020-2022 with winter wheat
varieties, the largest weight of 1000 grains was formed
when growing the variety Duma odeska, which averaged
37.2 g, which is 0.2 g less than in the current research.
Research by Bazalii et al. (2019) showed that in the South
of Ukraine, it is necessary to grow plastic wheat varie-
ties with increased yield stability (Odesa, Kherson Bez-
osta, Clarissa, Kherson 99, Nakhidka Askaniyska) if there
are strict stress limits. Plant height plays a major role in
the resistance of cereals to lodging (Rachon et al., 2020).
Plant height is closely related to lodging resistance at all
stages of cereal development. Varieties with high lodging
resistance are better than those with low lodging resist-
ance because they are able to withstand lodging pressure.

T. Makoveychuk et al. (2018) determined that lodg-
ing of cereals, especially high-yielding wheat crops, is
one of the main factors limiting the high yield. Loss-
es of winter wheat grain yield due to lodging can be
in the range of 10-80 % due to deterioration of har-
vesting conditions. A. Zhupina et al. (2021) found that
in many populations of winter wheat, there is a high
interdependence between ear grain weight and grain
yield (r=0.624...0.803), which suggests the prospects of
selecting for yield by the “ear grain weight” indicator.

Thus, since the studies were conducted in years
with different climatic conditions, there is no consen-
sus among scientists on the influence of different mor-
phological traits on lodging resistance and grain yield
formation of soft winter wheat varieties. With the emer-
gence of new varieties of production, this issue requires
further research.

CONCLUSIONS

According to the results of field and laboratory studies
conducted during 2018-2023 in the Southern Steppe of
Ukraine, a significant influence of varietal characteris-
tics on the formation of plant height, stem length, sec-
ond and last internodes of winter bread wheat, number
of productive stems per 1 m?, grain weight per ear and
lodging resistance was found. Resistance to lodging of
wheat crops did not always affect the formation of grain

yield. The varieties with high (7.7-8.7 points) and very
high (9 points) resistance to lodging produced grain
yields of 5.90-6.28 t/ha and 5.17-6.32 t/ha, respectively,
while the varieties with medium resistance to lodging
(6.5-7.0 points) produced 5.87-6.68 t/ha. Grain yield
losses due to lodging and grain shattering ranged from
2.0 to 12.3% on average over the years of research.

The highest productivity was recorded in the vari-
eties of Ukrainian breeding Mudrist Odeska (6.28 t/ha)
and Duma Odeska (6.68 t/ha), created at the Selection
and Genetic Institute - the National Centre for Seed
Science and Variety Studies of the National Academy of
Agrarian Sciences; Pamyati Hirka (6.28 t/ha) and Kraevid
(6.28 t/ha) - National Research Centre “Institute of Agri-
culture of the National Academy of Sciences of Ukraine”
and Staleva (6.32 t/ha) and Ozerna (6.17 t/ha) - Bor
Farm. With the increase in the number of productive
stems per 1 m?, the lodging resistance of most winter
wheat varieties decreased. The most resistant to lodg-
ing were (Felix, Katarina, PONTICUS, Faustus, Glaucus,
Dyvo, Staleva, Ozerna) with a density of productive
stems of 548-662 pcs./m?, and less resistant to lodg-
ing were (Zdobna, Duma Odeska, Koshova, Legend of
Bila Tserkva, Kvitka Poliv and Mudrist Odeska) with the
number of productive stems 618-663 pcs./m?.

Correlation analysis of the relationship between
the lodging resistance index and the number of produc-
tive plant stems, ear weight and grain yield of the stud-
ied winter wheat varieties during six years of research
showed that there is no relationship for a number of
varieties Ozerna, Staleva, Dyvo, Katarina, Felix, PONTI-
CUS, Faustus and Glaucus. A high and very high inverse
relationship between lodging resistance and the num-
ber of productive stems per unit area was found for the
varieties Legend of Bila Tserkva, Koshova, Zdobna, MIW
Valencia, Pamyati Hirka, Kraevid and Centurion. A high
and significant inverse correlation between lodging re-
sistance and grain weight per ear was found for Kvitka
Poliv and Mudrist Odeska. For all tested winter bread
wheat varieties, there is an inverse correlation between
lodging resistance and yield, which ranges from weak
to high. In the future, it is planned to characterize the
effect of weather conditions and characteristics of win-
ter wheat varieties on grain quality, which will provide
a more complete description of the winter wheat vari-
eties under study.
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AHoTauia. TexHonorii BMPOLLYBaHHS, BMOIp COPTY € BWPpiWanbHUM YUHHMKOM MiABULLEHHS BPOXAMHOCTI Ta
MOKPALLEHHS AKOCTI 3epHa MLweHuLi 031MMoi. [MoCiBHI NAOLWi NWeHWLi 03MMOi NocifatoTb neplue Micue B YKpaiHi,
3 UMM MOB’I3aHe BMPOOHULTBO SKICHOrO 3epHa. Metoiw poboTu OGyno BM3HAUMTM BMAMB MOrOAHMX YMOB Ta
0C06IMBOCTEN COPTY HA BUCOTY POC/MH MLWEHUL 03UMOI, [OBXMUHY MiXBY3iB, CTIMKICTb 4O BUNSATaHHS, KOeiLieHT
NPOAYKTUBHOCTI Ta BPOXAMHICTb MPOTArOM AOCAIAXKYBAaHUX POKiB. Y npoueci AOCNIAXEHHS 33aCTOCOBYBANMUCS
3arafnbHOMNPUIWHATI METOAM: CUCTEMHMM niaxig, nigxia CUCTEMHOro aHanisy, nigxia aHaniTMYHOro CUHTE3y,
NoNbOBMM NiAxig Ta CTaTUCTMUYHWMM Nigxia. Y CTaTTi HaBeAeHO AaHi NPO pe3ynbTaT MPOBEeAEHMX AOCNIAXKEHb i3
20 coptaMu nweHuLi M'aKoi 03MMOI B yMOBax HaB4anbHO-NPaKTUYHOrO LEHTPY MMWKONAiBCbKOro HaLioHanbHOro
arpapHoro yHisepcutety 3 2017 no 2023 poku. ArpoTexHika BMPOLLYBAHHS COPTiB MIUEHMULi 03MMOIi LUMPOKO
nolmpeHa B ctenax niBaHa YkpaiHu. [locnigpkeHo BNMB NOroAHMX YMOB Ta COPTOBMX OCOBMMBOCTEN Ha CTiMKiCTb
[0 BUASITAHHS Ta NPOAYKTMBHICTb MLWEHMLI 03UMMOi. Pe3ynbTaT nokasanu, Wo OonTMManbHa BUCOTA POCAUH COPTIB
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nweHuLi o3nmMoi ctaHouna Big 82,1 no 84,5 cMm, a HavBuMLLa ypoxarHicTb — 6,32 T/ra y copTy CraneBa Ta 6,68 T1/ra
y copTy lyma Opecbka. BcTaHOBNEHO AOCTOBIpHMIA BNMB COPTOBMX O3HAK Ha JOBXWMHY CTebna, Apyre Ta OCTaHHE
MiXKBY3/15l, KiNIbKiCTb cTEGEN, WO YTBOPKOTLCS Ha 1 M%, Macy 3epHa B KOMOCi Ta CTilKiCTb A0 BWUASrAHHS MLUEHMULI
MIKOT 031MOI. PociMHKM focnipKyBaHWX COpPTiB nweHuui Makoi o3umoi Cranesa, Aueo, KaTtapiHa, @enikc, O3epHa,
MOHTIKYC, ®aycT, Maykyc mMakoTb gyxe Bucoky (9,0 6aniB) CTiMKiCTb 4O BUASrAHHS HE3ANEXHO Bif NOroAHMX YMOB
pOKy. Buuly npofyKT1BHICTb gocarnm ykpaiHcbki coptv [lyma Opecbka (6,68 T/ra) Ta Cranesa (6,32 1/ra). OnepxaHi
HayKOBIi pe3ynbTaT AOCNIAXEHb CIPUAIOTH LWMPOKOMY BUKOPUCTAHHIO AOCIIAXKYBAHMUX COPTIB NLWEHULL 03UMOI B LN
00OrpyHTOBAHO-K/TIMATUYHI 30Hi Ta CNPUAIOTb NOAANbLIOMY BLOCKOHANEHHIO BUPOOHMLTBA 3epHa

KniouoBi cnoBa: B1COTa pOC/IH; AOBXKMHA MiDKBY3/iB; LOBXMHA KONOCA; KiIbKiCTb NPOAYKTMBHUX cTeben; maca 1000
3epeH; NweHMLs MKa 03MMa; CyMa OMnagais
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and stopped their development. Of these 37 varieties, 13 genotypes were selected, which had real salt tolerance
and continued to grow and develop under stressful conditions, having the ability to give a satisfactory yield in
comparison with the standard variety. These varieties are successfully used as testers in hybrid crosses and have a
combination of useful characteristics, which makes them valuable for agricultural practice. The study also showed
that different characteristics have different degrees of genetic variability. Thus, according to the data obtained, the
number of grains in the ear and the weight of 1000 grains have high genetic variability, indicating the importance
of genetic factors in their formation. These characteristics play a key role in the selection of plants to increase the
yield and quality of grain. The results obtained are of practical importance for agricultural producers, as they can
more accurately choose barley varieties that are most suitable for local conditions. This contributes to an increase
in yield and product quality, which is important for ensuring food security and economic efficiency of agriculture

Keywords: yield; salt tolerance; selection; breeding; aridity

INTRODUCTION

The selection of agricultural crops, including barley, is an
important stage in increasing agricultural productivity
and ensuring food security. Genotypic variability, that is,
the diversity of genetic characteristics of barley varieties,
plays a key role in the development and introduction of
new varieties that can meet the needs of agriculture. In
addition, their adaptation to various environmental con-
ditions depends on the modification and genetic varia-
bility of cultivated plants (Hudzenko et al., 2021).

The study of adaptive changes and genetic var-
iability of cultivated plants is an object of research
within the framework of ecological breeding carried
out in various natural conditions. Currently, statistical
methods are available that combine ecological and ge-
ographical data with information about plant charac-
teristics to create strategies aimed at identifying the
features of the genetic structure of plant populations
based on the characteristics of their germplasm (FIGS).
This approach allows identifying links between plant
traits and environmental parameters, which can help in
identifying regions where germplasm with certain use-
ful traits can be found. Then, based on the information
received, it is possible to select suitable samples for
further research from large collections of germplasm.
An alternative approach is to identify places where new
collections of germplasm should be collected in order
to look for rare features. This can significantly speed up
the selection process.

Conducting research in the field of assessing the
genotypic variability of barley varieties, Y. Turuspekov
et al. (2016) argue that in Kazakhstan, as in many other
countries, special attention is paid to the selection and
assessment of barley varieties with high yields, adapted
to local agro-climatic conditions and other important
qualities. Assessment of the genotypic variability of
quantitative traits of varieties plays a key role in this
process, allowing the identification of the most promis-
ing varieties for further development and introduction
into agriculture.

Barley is considered a crop that is relatively well
adapted to the soil salinity, and different genotypes of
barley have the potential for high yields even in saline

conditions. Many researchers who studied resistance at
a non-genetic level, including A. Zatybekov et al. (2020)
and A. Dreiseitl (2020), demonstrated a wide range of
genetic variability in barley, especially in relation to its
salt tolerance. Therefore, the study of the germplasm
of barley and its genetic reactions to different levels of
salinity can be an important and useful continuation in
the existing area of research.

Research on biological and agronomic tolerance of
barley varieties to salinity remains extremely important
for several reasons.According to A.Amalova et al. (2021)
changing climatic conditions in the world, including an
increase in the frequency of extreme weather events,
may be accompanied by an increase in soil salinization
in some regions. Conducting such studies plays a key
role in the development of barley varieties that are able
to survive and grow on saline soils, which, in turn, helps
agricultural enterprises adapt to new climatic realities.

Y. Genievskaya et al. (2023) argue that the increase
in the level of soil salinity in some regions of the world
is caused not only by climate change, but also by im-
proper use of water resources and other human factors.
This creates an urgent need for plant varieties that can
successfully grow and develop on saline soils, ensuring
food security and increasing agricultural productivity.
Such studies contribute to the conservation of soil re-
sources, reduce the cost of fertilisers and agrochemi-
cals, and the introduction of modern biotechnological
methods to create resistant varieties of barley.

Researchers dealing with the topic of assessing
barley varieties by the level of genotypic variability of
quantitative traits face several difficulties, namely: a
limited amount of research; difficulties in methodol-
ogy; insufficient attention to certain aspects, such as
the influence of the environment and genetic factors
on quantitative traits; heterogeneity of research data.
To solve these problems and promote further research,
it is necessary to develop general methodologies for
assessing genotypic variability, and to assess which va-
rieties of barley adapt better to extreme climatic condi-
tions, which will help farmers choose the most suitable
varieties.
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Thus, the study of the biological and agronomic
resistance of barley varieties to salinization remains
relevant and important for ensuring the sustainability
of agriculture, increasing productivity and mitigating
the negative effects of climate change and ecology. The
purpose of the study is to assess the level of resistance
of barley varieties to soil salinization to develop and
recommend the most productive and adapted varieties
to improve agriculture and sustainability in a changing
climate. To achieve this goal, the following tasks were
set: to diagnose the salt resistance of barley varieties,
and to identify crop varieties that have shown high re-
sistance to salinity.

MATERIALS AND METHODS

A field experiment was conducted in 2021 to evaluate
barley varieties by the level of genotypic variability of
quantitative traits. The research was conducted on the
territory of Kazakh Scientific Research Institute of Rice

Growing named after I.Zhakhayev, Kyzylorda city. The cli-
mate in the Kyzylorda region is characterised as sharply
continental with pronounced seasons. Summers are hot
and dry, and winters are cool and unstable, with little
snow. The annual precipitation is about 130 mm, and in
some very dry years, it can drop to 40 mm. The aridity of
the climate is the main limiting factor for agriculture and
vegetation in this area. The soils on the experimental site
belong to the type of meadow-swamp soils. The humus
content in the soil is 1.03%, which indicates very low fer-
tility. A dense residue above 1% indicates the presence of
organic material in the soil. The mechanical composition
of the soil is characterised as a medium loam. The object
of the study was 42 collectable samples of barley, the
world collection (Table 1). This set of samples represents
a variety of genetic and ecological groups of barley from
different regions of the world and provides a basis for
research in the field of breeding, genetics,and agronomy
of this crop. The seeding rate is 65 grains per 1 m.

Table 1. Barley varieties under study

Ecological and

No. geographical group Quantity Variety samples Country/scientific organisation
Jailau. Saule. Asem LLP “Kazakh Research Institute of
s les £ ’ ’ Agriculture and Plant Growing”
amples from R : :
1 10 . Kazakh Scientific Research Institute of Rice
Kazakhstan Syr Aruy, Inkar, Shahristan, Kaysar Growing named after |. Zhakhayev
Granal, Karabalyksky 150 Karabalyk Agricultural Experimental Station
) Odesky 100, Dnipropetrovsky 435,
2 Sam[zt)eusnirr(i)er: cls 5 Dnipropetrovsky 85, Donetsky 8, Ukraine
Kharkivsky 74
Spring, Marni, Steploe, Scarlett, Millita Germany
3 European group 10 - -
Ruby, Accent, Diamond, Forum, Amulet Czech Republic
. k-6891, k-6853, k-520645, k-6848 Turkey
4 Anatolian Group 7 - -
Rihane, Harmal, Legnee Syria
Atlas 46, MT960225, Keystone,
. USA
5  North American group 10 Baronesse, Conrad, Stark
Stm 48076, Palliser, Harrington, k-920 Canada
Total 42

Source: compiled by the authors

Soil analyses were carried out in the laboratory of
the Joint Stock Company (JSC) National Centre of Exper-
tise and Certification in the city of Kyzylorda, which has
the appropriate accreditation status. In the course of
the study, the methodology of the state variety testing
of agricultural crops was used, which provided for strict
monitoring of the parameters of the growth and de-
velopment of wheat plants. The following parameters
were measured: length of the upper internode, number
of plants that yielded, plant height, number of ears per
square metre of plot, weight of 1000 grains, number of
grains in each ear, and total weight of grains harvested
from each plant.

The number of productive barley stems was cal-
culated by counting the number of stems on an area

Scientific Horizons, 2023, Vol. 26, No. 12

of 1 m% The number of ears was calculated using the
sampling method on each square metre of the field
to determine the sowing density. The weight of 1000
grains was determined by taking two samples of 500
grains and weighing with an accuracy of 0.01 g. The
weight of grain from the ear - by collecting samples of
ears and subsequent weighing of grains. To diagnose
salt tolerance, the method of assessing salt tolerance
through seed germination in salt solutions was used.
This method can determine the salt tolerance of plants
and assess their ability to survive and grow in saline
soils.The method of genetic analysis was used to assess
the genotypic variability, which makes it possible to as-
sess the diversity of genetic characteristics of barley
varieties in the study. Thus, the conducted experiments




considered the features of climate, soil cover, and ob-
servation methods, which allowed the study to obtain
reliable results and draw conclusions regarding the as-
sessment of barley varieties by the level of genotypic
variability of quantitative traits. The obtained results
were processed for reliability using two-factor analysis
of variance using Microsoft Excel and the Statistica 10
software suites. The authors adhered to the standards
of the Convention on Biological Diversity (1992) and
the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (1979).

RESULTS

Cultural specifics of barley cultivation in Kazakhstan in
2021 were influenced by various climatic and soil fac-
tors, which affected the effectiveness of this agricultur-
al process. Usually, the cultivation of barley in Kazakh-
stan includes early sowing, following rice. According
to the agrochemical analysis of the soil, the average
content of dense residue ranges from 0.6% to 0.9%. On
such a medium-saline background, varieties differ little
in salt tolerance. For a more accurate assessment of the
differences in salt tolerance, a highly saline background
with a dense residue content of 1.65% was used, for
which barley was the predecessor, and barley sowing
was carried out at a late date.

In 2021, Kazakhstan experienced an extremely dry
climate, with only 21 mm of precipitation recorded
during the growing season. The drought in May had a
particularly negative impact on the growth and devel-
opment of barley, when the air temperature reached
43.3°C, with a complete absence of precipitation. The
combination of atmospheric and soil drought neg-
atively affected the formation of plants and yields. In
June and July there was unstable temperature and lack
of precipitation. On some days, the air temperature rose
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to an abnormal +52°C, which accelerated the ripening
and filling of grain. The growing season of barley was
66-70 days,which is respectively almost 3 weeks earlier
than in previous years. Such stressful climatic condi-
tions only aggravated the negative impact of repeated
sowing of barley by barley. This led to the development
of fusarium root rot, atmospheric and soil drought, and
an increase in the content of dense residue in the soil
to 1.62%. Also in 2021, characterised by unfavourable
climatic conditions, barley plants faced a number of ad-
verse factors that seriously affected their development
and yield. Late spring frosts and lack of moisture in the
soil posed serious challenges for the crop. Plants be-
gan to show signs of stress, such as a decrease in leaf
turgor, yellowing and drying of leaves, and sometimes
even complete death of plants.

The study was carried out considering the biolog-
ical salt tolerance and agronomic salt tolerance of va-
rieties. This important study identified differences in
the breeding material depending on its geographical
origin. Out of the total number of 45 varieties studied,
it was found that 37 genotypes had biological salt tol-
erance, which can be useful when grown in saline or
saline soils. However, despite their ability to transfer
salt, they were unable to maintain their viability when
re-sowing barley. It is important to note that among the
studied varieties, 13 genotypes were identified that had
true salt resistance. These varieties have demonstrated
the ability to maintain productivity even under stress
conditions, such as unfavourable climatic conditions
and soil salinity. The obtained results emphasise the
importance of long-term breeding programmes and
research in order to create resistant plant varieties ca-
pable of coping with adverse environmental conditions
and providing sustainable products even in conditions
of climatic fluctuations and soil salinity (Fig. 1).

200
180
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m Number of sprouts, pcs
Number of plants to be harvested, pcs
b) ® Harvest, g/m?

Figure 1. The impact of predecessors on the level of barley yield in rice crop rotation:
a) predecessor - rice; b) predecessor - barley

Source: compiled by the authors
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Notably, the selected 13 varieties that have real
salt resistance are actively used as reference sam-
ples in cross-hybridisation and represent important
suppliers of genetic characteristics that can be use-
ful in the selection process and the development of
breeding programmes for improving barley varieties.
The analysis of the data obtained allows drawing sev-
eral important conclusions. Thus, different varieties of
barley have different yields depending on their pre-
decessors. For example, the Asem variety has a yield
of 264.8 g/m? after rice and 132.1 g/m? after barley.
This indicates that the predecessor affects yield, and
the need for careful selection of the predecessor when
planning crop rotations and determining which crops

1

are best combined with barley to maximise yield. Some
barley varieties, such as Odesky 100 and Kharkivsky 74,
show stable yields regardless of the predecessor. This
may be important for farmers who are looking for sus-
tainable varieties that can produce a good harvest in
various conditions.

The results of the study indicate that the arid cli-
mate and repeated sowing of barley have a significant
impact on the development of quantitative character-
istics of this crop. It is especially important to note that
these factors not only affect the yield, but also modify
other quantitative characteristics of barley, such as the
number of ears, grain weight, and even the structure of
plants (Fig. 2).

0.9
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Plant height, cm  Weight of 1000 Grain weight per
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m Predecessor - rice
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Length of upper Number of grains
internode, cm per ear, pcs

M Average by trait

Figure 2. Modification of genotypic variability under the influence of predecessors

Source: compiled by the authors

Thus, the data obtained reflect the influence of pre-
decessors (rice and barley) on the genotypic variability
of some quantitative traits of barley culture. For exam-
ple, the height of plants and the number of ears per
1 m? were higher with the predecessor “rice” compared
to “barley”. The average value for plant height was 0.82
for the predecessor “rice” and 0.51 for “barley”. Similarly,
the number of ears per 1 m? was higher with the “rice”
predecessor (0.92) compared to “barley” (0.67).

The characteristics of the length of the upper in-
ternode, the number of grains in the ear, the weight of
1000 grains and the total weight of the grain also show
variations depending on the predecessor. Therefore, in
general, it can be concluded that the choice of a prede-
cessor can affect the genotypic variability of barley and
its quantitative characteristics. Thus, the study showed
that dry climate and repeated sowing lead to changes
in the growth and development of barley plants, which,
in turn, affects the quantity and quality of the crop.
This modifying effect emphasises the importance of
adapting agricultural practices and varieties to specific

Scientific Horizons, 2023, Vol. 26, No. 12

climatic conditions and agrotechnical factors in order
to achieve optimal results in agriculture.

A subsequent study of the genetic variability of
quantitative traits of barley allows us to identify sev-
eral key observations. Different characteristics have
different degrees of genetic variability. Signs such as
the number of grains in an ear and the weight of 1000
grains have a high genetic variability - more than 49%,
which means that genetic factors play an important role
in their development. In addition, these two parameters
play an important role in the selection of plants at the
early stages of hybridisation in order to assess their
productivity. This is information that can be valuable in
the selection of barley varieties in order to increase the
yield and quality of grain.

Genetic variability in traits, such as yield and dura-
tion of the growing season, is also high. This underlines
the importance of genetic diversity in the selection of
barley varieties and the selection of suitable varieties
for specific climatic and soil conditions. On the other
hand, plant height varies significantly depending on




growth factors and the interaction between plant ge-
netic information and climatic conditions. This is due to
the low value of the genotypic variability of this trait,

Tokhetova et al.

which was only 12.3%. Thus, the height of plants is
more affected by external factors and growing condi-
tions than by genetic characteristics (Table 2).

Table 2. Percentage contribution of the studied factors to the variability
of economically important characteristics of the barley crop

Features Genotype Random factors
Yield 25.8" 2.1
Duration of the growing season 27.8" 10.5
Weight of grain from the ear 10.2" 5.2
Number of grains in one ear 50.6" 3.1
Weight of 1000 grains 49.27 3.7
Number of productive stems 13.27 4.1

Productive tilling capacity 15.77 3

Plant height 12.3" 4.3

Note: reliable: at P<0.01"
Source: compiled by the authors

In general, the data obtained emphasise the impor-
tance of the genetic diversity of barley varieties and the
need to take this diversity into account when breeding
and selecting varieties to optimise grain yield and qual-
ity in various climatic conditions. Analysis of genetic
variability among varieties showed that the conditions

of subsequent sowing of barley had the greatest impact
on quantitative characteristics. As a result of the study,
genotypes with a high level of characteristics in this set
were identified, especially with respect to drought re-
sistance, which was determined based on the length of
the upper internode as a phenotypic indicator (Fig. 3).

m Upper internode length

Plant height
m Number of ears per 1 m?2
M Grain weight per ear
B Number of grains per ear

W Weight of 1000 grains

Figure 3. The level of genetic variability of quantitative characteristics in the context
of crop rotation with rice (barley as predecessor)

Source: compiled by the authors

According to the results, significant variability was
found in key characteristics, such as the number of ears
per m?, plant height, the length of the upper internode,
the weight of 1000 grains, the weight of grains in the
ear,and the number of grains in the ear between differ-
ent varieties. This highlights the potential for improv-
ing yields and product quality through breeding and
selection work. This allows breeders and agronomists
to more accurately select barley varieties that are best
adapted to specific growing conditions, considering the

desired product characteristics. In addition, observing
the differences between barley varieties from different
regions (Kazakhstan, Syria) emphasises the importance
of local adaptations and specific characteristics for
each region. This means that the selection of varieties
for specific climatic and soil conditions can be more ef-
fective if the genetic characteristics of varieties adapted
to these conditions are considered.

In general, the results obtained emphasise the im-
portance of the genetic diversity of barley varieties and
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the need for intensive breeding and agrotechnical solu-
tions to optimise yields in various agro-climatic zones
and improve the quality of agricultural products.

DISCUSSION

The study of genotypic variability in barley varieties and
the maintenance of varietal biodiversity have profound
ecological and agricultural implications. An important
environmental benefit is the resilience of agriculture
to adverse conditions, such as climate change or dis-
ease epidemics, due to the variety of varieties that are
ready to adapt to changes. It also helps to reduce the
use of chemical pesticides and fertilisers, which has a
positive impact on the environment and human health
(Beleggia et al., 2021).

Moreover, the assessment of genetic variability
contributes to the conservation and increase of the
genetic resources of cultivated plants, which is stra-
tegically important for agricultural sustainability and
food safety. Knowledge of genotypic variability allows
creating varieties that are better adapted to changing
climatic conditions and can increase yields and product
quality. Thus, the assessment of the genetic variability
of barley varieties has a direct impact on the conserva-
tion of natural resources, the level of productivity and
economic efficiency of agriculture, and contributes to
food security (Dracatos et al., 2019; Hickey et al., 2021).
The selection of agricultural crops, including barley,
is the most important component of the agricultural
sector of Kazakhstan, since the country has a variety
of agro-climatic zones, from steppes to mountainous
areas, and, consequently, there is a need for adapted
and productive varieties capable of providing stable
and high yields in various regions (lannucci et al., 2021).

Scientific research devoted to the assessment of
varieties of barley and other crops by the level of geno-
typic variability of quantitative traits is carried out reg-
ularly in agricultural research institutions, universities,
and agricultural enterprises. These studies help to se-
lect and develop varieties that are best adapted to spe-
cific growing conditions and have the best agricultural
characteristics. They provide important information for
agricultural research and allow optimising agricultural
practices in a climate with low precipitation and arid-
ity (Czembor et al., 2021). There are also studies that
confirm the presence of intraspecific variability among
barley varieties. This means that even within the same
species,there may be different genotypes with different
characteristics (Alipour et al., 2019; Bukhari et al., 2021).

Along with this, M.Zh. Nurpeissov et al. (2015) note
that there is a need to increase agricultural produc-
tivity in Kazakhstan, where agricultural products, in-
cluding cereals, play an important role. The assessment
of genotypic variability allows creating new varieties
capable of providing high yields and product quality,
which, in turn, contributes to an increase in the overall
productivity of agriculture. In addition, the creation of
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varieties with high resistance to pests and diseases is
also important to reduce crop losses and increase sta-
bility. The findings of many authors, in particular A.T.
Pham et al. (2020) and R.Sharma et al. (2018), also show
that genetic variability depends on specific climatic,
soil, and other regional factors. This may emphasise
the importance of choosing varieties, considering the
specific conditions of regional cultivation, which is also
demonstrated in the study.

A. Zatybekov et al. (2020) emphasise that changing
climatic conditions can seriously affect agro-climatic
situation in various regions of Kazakhstan. Assessment
of genotypic variability plays an important role in the
creation of varieties that can successfully adapt to
new climatic conditions and extreme events, such as
droughts and high temperatures. Thus, it contributes to
ensuring the sustainability of agriculture to environ-
mental changes and the preservation of high crop pro-
ductivity in a changing climate, which is also reflected
in the study. It is important to note that some barley
varieties can detect high genetic diversity, which man-
ifests itself in significant fluctuations in quantitative
characteristics in different growing conditions and in
different regions. This may indicate the possibility of
selecting varieties that are most suitable for specific
regional conditions (Kaur et al., 2022).

Some varieties may have low genetic variability,
which means that quantitative traits remain stable un-
der different conditions. This can be useful for farm-
ers who are looking for stable and predictable results
when growing barley (Wiegmann et al., 2019). Along
with this, F. Novakazi et al. (2020) note that an impor-
tant result of research may be an assessment of the
quality of products obtained from different varieties of
barley. Some varieties may have a high protein content,
which is important for beer production, while others
may stand out with good yields.

A study by M. Mehnaz et al. (2021) shows that the
results of assessing the genetic variability of barley
varieties play an important role in agriculture and
plant breeding. They help agricultural producers and
researchers to choose and develop the best varieties,
considering different growing conditions and con-
sumer preferences. This is important for increasing
the productivity and efficiency of agricultural produc-
tion. The results obtained coincide with the findings of
A.Jamshidi & H.R.Javanmard (2018), who found a high
degree of heritability in the grain yield from the plant,
and in the yield index, the weight of 1000 grains, and
the number of grains per ear. The highest level of var-
iability, both genetic and phenotypic, was found in the
grain yield from the plant. The researchers also found
that some signs, such as the height of the barley plant,
the length of the ear, the length of the awn, had mod-
erate heritability.

J.Wang and Z. Zhang (2021) point that the study of
genotypic relationships between traits that affect grain




yield allows to more accurately determine the real links
between them, since it excludes the influence of the
environment. According to the results of the research-
ers, the yield of barley grain demonstrated a significant
positive genotypic correlation with the length and
number of awns on the ear, the number and weight of
grains on the ear. These results indicate that the genes
that control these traits may be related. They can be
located close to each other on the same chromosome
or be controlled by a single pleiotropic gene. Therefore,
the selection to improve these characteristics can be
used for indirect selection to increase grain yield, which
is also demonstrated in the study.

Considering these factors, the assessment of gen-
otypic variability of barley varieties in Kazakhstan re-
mains the most important and urgent task for the ag-
ricultural sector of the country. Kazakhstan, with its
diverse climatic and soil conditions, has a huge poten-
tial for the production of different barley varieties, and
the assessment of genetic variability helps agricultural
specialists to choose and develop the most suitable
varieties for specific regions and conditions. Under-
standing genotypic variability also allows breeders to
develop barley varieties that can better adapt to chang-
ing climates and ensure stable yields even under ex-
treme weather events. This contributes to the sustain-
able development of agriculture and contributes to the
achievement of food security, which is a critical aspect
for ensuring the food sovereignty and well-being of the
nation. Thus, the assessment of genotypic variability of
barley varieties in Kazakhstan remains an integral part
of the country’s agricultural development strategy and
contributes to its sustainable future in agriculture.

The mentioned research papers and the results of
the study of the genetic variability of barley varieties
in Kazakhstan provide valuable information for agri-
cultural practice and scientific research in the country.
These data not only help to optimise the selection of
varieties for cultivation in various regions of Kazakh-
stan, but also contribute to the development of more ef-
fective methods of breeding and adaptation to changes
in the environment. Considering the challenges associ-
ated with climate change and increased requirements
for food security, the assessment of genotypic variabil-
ity remains a key tool for ensuring sustainable agricul-
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CONCLUSIONS

In 2021, Kazakhstan experienced an extreme drought,
which had a serious impact on agriculture, including
barley cultivation. These natural factors greatly affected
plant growth, yield, and the general condition of crops,
and also led to the emergence of various diseases and
deterioration of soil characteristics. In the course of the
study, 37 genotypes were identified among 42 barley
varieties, which showed biological salt tolerance but
could not cope with the re-cultivation of barley. How-
ever, out of these 37 genotypes, 13 varieties were iso-
lated, which had true salt resistance and continued to
grow and develop even under stressful conditions of
repeated sowing. It is worth noting that these selected
varieties are widely used as testers in hybrid crosses
and have many useful characteristics. Many local barley
varieties were created based on these genotypes.

It was also found that different characteristics have
different degrees of genetic variability. The number of
grains in an ear and the weight of 1000 grains have a
high genetic variability exceeding 49%, which indicates
a significant influence of genetic aspects on their de-
velopment. These traits also play a key role in the selec-
tion of plants to increase productivity and grain quality.
On the other hand, the height of plants depends more
on external conditions and interaction with the envi-
ronment, which is reflected in the low level of genetic
variability of this trait (12.3%). The high genetic varia-
bility of traits, such as yield and duration of the grow-
ing season, emphasises the need to consider genetic
diversity in the selection of barley varieties, especially
in the context of changing climatic conditions. Thus,
the results obtained can help agricultural specialists
and breeders to make more informed decisions when
choosing barley varieties and determining optimal crop
rotations to increase yields and agricultural efficiency.

The practical significance of the results lies in the
fact that they allow agricultural producers to more ac-
curately select barley varieties that best match local cli-
matic and soil conditions. This can significantly increase
productivity and product quality. The prospect of further
research consists in analysing the genomes of barley va-
rieties to identify specific genes and molecular mecha-
nisms responsible for various characteristics, which can
contribute to more accurate molecular breeding.

tural development in Kazakhstan. It contributes to the ACKNOWLEDGEMENTS
creation of barley varieties that can successfully adapt  None.
to new conditions and ensure stable and high yields,
which is critically important for the food security and CONFLICT OF INTEREST
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AHorTauis. [JocnigKeHHs reHeTUYHOI MiHAMBOCTI COPTIB I4MEHI0 0COBIMBO BAX/MBI B KOHTEKCTI MiHAMBOIO KniMaTy
Ta HeobXifHOCTI 3a6e3neyeHHs NPOAYKTUBHOCTI CiflbCbKOrO rocnofapCTBa B YMOBaxX €KOMOTiYHUX BUMK/MKIB. MeTa
NpoOBeAEHOro AO0CNIAKEHHS Mongarana B OUiHLI CTIMKOCTI COPTIB SYMEHI0 A0 3aCONMEHHS FPYHTY 019 BUSBMEHHS
HaMbinbW NPOAYKTUBHUX Ta aAaNTOBAHMX COPTIB. [INs LOCATHEHHS NOCTaBleHOi MeTH, Byn10 NPOBELEHO AiarHOCTUKY
CONECTIMKOCTI COPTIB SYMEHI0 Ta iAEHTU(IKOBAHO COPTY, LLLO NPOABUAN BUCOKY CTIMKICTb 40 3aCONEHHS. Y pe3ynbTarti
[ocnimxkeHHs 45 copTo3paskiB s4MeHo 6yno BUSBNEHO, WO 37 i3 HUX BUSBASIM CONEBUTPUMBANICTb, ane B Mipy
3pOCTaHH$ AesKi 3 HUX He CNPaBASINCS i3 33CONEHHSAM i MPUMUHSAAM CBilA pO3BUTOK. 3 LMX 37 copTiB Byno obpaHo 13
reHOTMNIB, IKi MaNIM CNPaBXHIO0 CONECTIMKICTb i NPOAOBXYBAAM POCTU 1 PO3BMBATUCS B CTPECOBMX YMOBAX, BOOAIH0UM
30aTHICTIO AaBaTM 3a40BINIbHUIA BPOXaW, IK MOPIBHATU 3 COPTOM-CTaHAAPTOM. LLi copTu ycnilwHO BUKOPUCTOBYHOTHCS
K TecTepu B riOpUAHMX CXPELLYBAHHAX i MalOTb 6€3/1i4 KOPUCHUX XAPAKTEPUCTMK, WO pobUTb iX LiHHUMKM Ans
CiNbCbKOrocnoAapcbkoi MNpakTUKK. TakoX [OCNIMKEHHS MOKa3ano, WO Pi3Hi XapakTepUCTUKM MakoTb Pi3HUNA
CTYNiHb reHETUYHOI MIHAMBOCTI. TaK 3rigHO 3 OTPUMAHUMM OAHUMM, KiNbKiCTb 3epeH y Konoci Ta maca 1000 3epeH
MaloTb BUCOKY F€HETUYHY MIiHAMBICTb, BKa3yUM HA BAXK/MBICTb FTEHETUYHUX YMHHUKIB Y iXHbOMY GopMyBaHHI. Lii
XapaKTepPUCTUKM BiAirpatoTb KNHOUOBY posib Y A060PI pOC/IMH A4 36iblUEHHS BPOXAMHOCTI Ta SIKOCTi 3epHa. 3 iHWOoro
60Ky, BUCOTa POC/IMH 3aN€XMTb Bif, 30BHILUHIX YMOB | B3aEMOJiT 3 HABKO/IULLIHIM CEPELOBULLEM, LLO Bif0OpaXKaeTbes
B HWU3bKOMY PiBHi reHeTUMYHOI MiHAMBOCTI Li€i 03Haku (12.3 %). OTpuMaHi pe3ynbtaTi MakTb NPAKTUYHE 3HAYEHHS
[LNS1 CiNbCbKOrocnoAapCbKMx BUPOOHUKIB, TOMY L0 BOHM MOXYTb TOUHilLE 0OMpaTH COPTU AUMEHI0, AKi HaWbinblue
niaxoaaTb Ana MicueBux yMoB. Lle cnpusie 36inblueHHI0 BPOXKAMHOCTI Ta SKOCTI NPOAYKLii, WO € BAXIUBUM ANs
3abe3neyeHHs1 NPOAOBOLYOI He3Mnekn Ta EKOHOMIYHOT e(heKTUBHOCTI CiNbCbKOro rocnoaapcTea
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most revealing morphometric indications were identified by examining the dimensions and characteristics of the
venation of leaf plates at various distances from the dump up to a radius of one kilometre. Moreover, the length
of the leaf’s second vein of the second order was determined as the most stable parameter, while the difference
in the lengths between the bases of the first and second veins of the second order was the most sensitive. Based
on the data collected on the varying asymmetry of the leaf plates, it is concluded that variations exist in the
morphometric indicators over the entire distance under investigation. These variations enable the determination
of the environment within the range of “polluted” to “excessively polluted”. These findings can serve as a quick way
to gauge how much of an influence landfills have on the ecosystems around them when sanitary protection strips
are established, municipal waste dumps are built and outfitted, etc

Keywords: veining; morphometric indications; birch; pollution; waste

INTRODUCTION

Landfills are an urgent problem nowadays,and the num-
ber of them is increasing annually. One of the primary
causes of pollution in the environment is spontaneous
landfills. Due to incorrect functioning, current landfills
are in unsatisfactory condition. Landfills are gradually
engulfing plantations, streams, and woods. Due to the
lack of storage places, perimeter collapse,and conditions
of the organization, garbage is frequently dispersed. The
contamination that these landfills filter into the sub-
terranean aquifer and incorporate into the cycles of
chemicals has a detrimental effect on the health of the
nearby ecosystems and, as a result, plant, and animal
organisms. When solid household waste breaks down
or burns, dangerous and occasionally cancer-causing
chemicals are released into the atmosphere. The con-
dition of ecosystems’ permanent components has the
biggest impact on all these factors. As a result, these
ecosystem components serve as the most useful indi-
cators of the ecological health of ecosystems.

The functioning of human society is related to en-
vironmental pollution. Forests, which act as natural
cleaners and sorbents of pollution, play a special role in
these processes. A significant proportion of pollutants
settle and later accumulate in the phytomass of woody
plants. In general, temperature, chemical pollution,and
population density are known stressors to populations
in ecosystems (Benitez et al., 2020). Trees clean, mois-
turize, and enrich the atmosphere of cities with oxygen,
influence radiation levels and temperature, and reduce
wind impact and noise pollution (Pfeifer et al, 2022).
Sanitary-hygienic, architectural, economic, and other
human activities severely impact green spaces. One of
the types of extreme conditions of vegetation habitats
is landfills (Vaverkova et al., 2019).

The situation that has developed around the land-
fill of solid household waste (Zhytomyr, Ukraine) has re-
cently caused considerable concern.The low level of use
of waste processing causes its accumulation in the sur-
rounding natural environment and pollution. Hundreds
of thousands of tons of household waste accumulate in
city landfills every year. The location, arrangement, and
operating conditions of most waste disposal sites do
not meet regulatory requirements, which increases the

environmental hazard of these facilities. A large landfill
borders 6 blocks of the forest of the State Enterprise
“Zhytomyrske LG” The influence of waste and the gas
composition of the air in landfills is reflected in the
form of various anomalies in the development of den-
drocenoses in adjacent landscapes (Skydan et al., 2022).

Many studies state that there are many species of
plants and animals in ecosystems that are the first to
respond to the appearance or increase of anthropogen-
ic influence in the form of pollution (Orlov et al., 2023;
Fedoniuk & Skydan, 2023). Dendrocenoses, in their ma-
jority, actively respond to technogenic load by changing
their growth and development indicators. For example,
Y. Petrushkevych and |. Korshykov (2020) noted a clear
trend regarding the differences in the responses of
plants from a relatively clean area and polluted areas:
in control trees, the coefficient of variation was higher
for the right half of the leaf (right-sided asymmetry),
and in man-made area plants, a small left-sided asym-
metry was present (Fedoniuk et al., 2022). The reactions
of plants in response to pollution vary greatly, from col-
our changes to changes in the size and shape of leaf
plates, leaf asymmetry, crown asymmetry, etc.

L. Romanchuk et al. (2018) noted, that many woody
plants with pronounced and easily visible responses
to environmental pollution are often used as indicator
plants that allow not only determining the fact of the
presence of pollution but also characterizing their scale
and origin. K. Hartikainen et al. (2020) noted that even
a slight but realistic increase in environmental temper-
ature can significantly change the structure of silver
birch leaves. The effect of changes in the gas composi-
tion (emissions of biogenic volatile organic compounds)
on the morphometric indicators of the Betula species
was noted by F. Ndah et al. (2022). As a result, such
species either disappear from such ecosystems or re-
act in the form of morphological or physiological
disturbances. In conditions of prolonged impact of an
undesirable object, the search for contamination signs
becomes difficult since some of the sensitive species
could have already disappeared under the influence of
adverse conditions. In this case, species that respond
to the presence of adverse factors in the environment
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in the form of morphological disturbances come to the
fore, as can be successfully recorded.

As a bioindicator of the quality of the environment,
the hanging birch has been used successfully for quite
some time (Betula pendula) in research of M. Anici¢
UroSevic et al. (2019) and M. Bozym et al. (2021). They
noticed that it is massive and widespread and is part
of various biotopes (ecosystems); its area includes
steppe and forest-steppe zones in Scandinavia, Cen-
tral and Atlantic Europe, the Mediterranean, and the
Balkans. Several questions regarding the use of birch
as a bioindicator remain unanswered. There is insuffi-
cient information on the disturbance of development
stability on the ecological periphery of the area. The
regularities of the spatial distribution of the asymmetry
coefficient of this type have not been studied. However,
M. Vaverkova et al. (2019) confirmed the possibility of
determining environmental pollution under the influ-
ence of solid waste landfills by biotesting methods. This
study demonstrated and proved the possibility of using

152 228

304

1Km

hanging birch populations (Betula péndula), oak (Quer-
cus robur L.), and alder (Alnus glutinosa (L.) Gaertn.) to
assess the impact of landfills on the environment.

As such, the study aimed to analyse the ecological
condition of trees in the dendrocenoses of the forest,
which are developing in the area of the municipal solid
waste landfill (MSW).

MATERIALS AND METHODS

Characteristics of the research object. The municipal
solid waste dump in Zhytomyr city is situated 0.65 km
from the city limits; 0.514 km from residential and
public buildings; 0.05 km from agricultural land; 65-
70-0.05 km from the State Enterprise “Zhytomyrske
LG” forest massif; and 1200 m from the Kroshenka
River, which is a left tributary of the Kamianka River,
which is a left tributary of the Teteriv River (Fig.1).The
primary data source for this project was created using
the “Dynamic World V1” product on the Google Earth
Engin platform (n.d.).

Figure 1. Map scheme of the location of the municipal solid waste dump in Zhytomyr
(blocks 65-70 of the forest lands of the State Enterprise “Zhytomyr LH”) and the investigated forest ecosystems

Source: Google Earth Engin platform (n.d.)

Collecting plant material peculiarities. To investigate
the effects of the Zhytomyr landfill on dendrocenoses,
measurements were made of a hanging birch leaf’s di-
mension. The investigated area was separated into
groups according to varying distances from the solid
waste border (0-99, 100-199, 200-299, 300-399, 400-
499, 500-599, 600-699, 700-799, 800-899, 900-1000 m).
A location inside a forest massif that was no closer than
two kilometres to the closest highway (hydropark) was
selected as the control area. Ten birch trees yielded ten
leaves each. This resulted in a total of 100 leaves in each
experimental region, sufficient for appropriate correla-
tion analysis and statistical analysis of a small sample of
values. Regarding measuring indications, the degree of
plant asymmetry was considered from both the left and
right sides concerning the two sides. The average rela-
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tive difference for one attribute for each leaf is a crucial
measure of development stability for a collection of traits.
This was accomplished by measuring and determining
each chosen leaf’s curve. There was no discernible var-
iation in the leaf tip’s curvature in the studied sites. As
a result, this parameter was ignored in the subsequent
investigation. The material collection started following
the conclusion of the time of intense leaf growth, which
typically falls between late May and early June through-
out the years 2020-2022.

Leaves were sampled for each interval from medi-
eval woody plants by the route (tape transect) method
(Loya, 1978). 100 leaves were measured to assess the
ecological state of large areas. In the case of damage,
another +10% was collected. The leaves were taken
from the lower part of the crown, at the level of the




raised hand, from the maximum number of available
branches (at the same time, they tried to use parts of
the plant located in different directions, conditionally
to the north, south, west, and east) (Fig. 2).

® .
e sampling sites
]

Figure 2. Leaf collection sites
Source: compiled by the authors

Birch leaves were used only from shortened shoots.
About one leaf, the average size for this species, was
selected. Damaged leaves were used in the study only
if the areas from which the measurements would be
taken were not damaged. Leaves from one tree were
tied with a thread by the petioles and placed in a poly-
ethene bag. If the collected material was not processed
immediately, it was placed on the bottom shelf of the
refrigerator, such material was kept for a maximum of
one week. For long-term storage, a fixative was used:
70% alcohol or 3% formalin.

To exclude subjective errors when taking measure-
ments from biological samples, the following was set: if
the measurements were carried out by several people,
then any individual sample was completely processed
by the same person. After the measurement results
were input into the electronic database and processed
using the Statistica 12.0 software, the asymmetry value
of every hanging birch leaf was ascertained. After sta-
tistical processing of the results of the features of each
leaf, the average relative difference per feature was
determined for this sample of leaves in the study area
“plot 0-99” according to the example:

Xay = XLHXe+Xs++xn 1)
100
where X - average relative difference per leaf fea-
ture; X1, X2, X3...Xn - asymmetry value of every hang-
ing birch leaf.

The Pearson coefficients were used to calculate
the correlations between the birch performance indi-
ces and the distance from the landfill. Linear regression
models were used to evaluate the relative changes in
the performance indices in space.

Dimensions were measured from birch leaf plates.
Five factors were used to note indications from the left

Fedoniuk et al.

and right sides of a single leaf (Fig. 3): half of the leaves’
width. Folding the leaf in half, securing the top to the
base, and then unfolding the leaves allowed for meas-
urements along the created fold; the distance between
the bases of the first and second veins of the second
order; the length of the second vein of the second order
to the leaf’s base; and the separation between these
veins’ ends; the separation between the leaf’s top and
the end of the second vein of the second order; the an-
gle formed by the base of the second-order leaf vein’s
main vein and secondary vein.

Figure 3. Measurement of the angle between veins
Source: compiled by the authors

The acquired result was equated with the degree of
detection of deviations from the norm and their posi-
tion within the general range of deviations in signs. The
first four parameters were taken with a calliper, and the
angle between the veins was measured with a protrac-
tor (Fig. 3). When measuring the angle, the protractor
(1, Fig. 3) was held so that the centre of the base of the
protractor window (2, Fig. 3) was at the branching point
of the second vein of the second order (3, Fig. 3). Since
the veins are not rectilinear but winding, the angle was
measured as follows: the section of the central vein (3,
Fig. 3), located within the window of the protractor (2,
Fig. 3), was combined with the central beam of the pro-
tractor, which corresponds to 90°, and the section of
the vein of the second order (3, Fig. 3) continued to the
degree values of the protractor (3, Fig. 3) using a ruler.

The “bending” of the top of the leaf was recorded
separately as “not bent”, “bent to the left”, “bent to the
right”, and “swallow’s tail”, which also potentially indi-
cated that the leaves were subjected to technogenic in-
fluence. For the determination of parameters on the left
and right sides, they were marked as Xl and Xr. For each
of the 10 leaves of the same tree, the relative difference
in the measurements of each of the 5 features on both
sides of the leaf was determined using the formula:

FA; =22 2

where, FA. - fluctuation asymmetry index; X, X - pa-
rameters on the left and right leaf sides.

xptxy’
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Then, the average relative difference was cal-
culated for each characteristic at each distance from
the polygon. Fluctuation Asymmetry Integration Index
(IIFA) values were then calculated for each leaf. To do
this, the sum of the fluctuation asymmetry coefficients
for each of the five sheet characteristics, divided by the
number of measured characteristics, was calculated:

_ FA{+FAy+FAz++FAp

IIFA, = , 3)

n

where /IFA - fluctuation asymmetry integration index;
FA - fluctuation asymmetry index of each parameter.

This indicator characterizes the degree of asym-
metry (Klingenberg 2015). If data sets demonstrated
that fluctuating asymmetry exists, FA value was esti-
mated using the protocol recommended by A. Palmer
and Strobeck (2003). The last research step was to de-
termine the level of air pollution in each area using a
5-point scale (Viscosi, 2015).To evaluate the level of dis-
ruption to the stability of plant development, a 5-point
rating system was created. The first point (conditional
norm), z, fluctuates in the range from 0.040 to 0.054,
the second point, from 0.055 to 0.059, the third point,
from 0.060 to 0.064, the fourth point, and from 0.065
to 0.070 and above, the fifth point (critical state), are all
within the range of values of the integral index of sta-
bility of development up to 0.070. The integral asym-
metry index values that correspond to the first point are
typically seen in a sample of plants that are growing
in ideal conditions. If the plants are in extremely poor
condition, the fifth point describes the critical state of
the environment. The authors followed the standards
of the Convention on Biological Diversity (1992) and
the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

One of the typical landfills in Ukraine is the solid waste
landfill in Zhytomyr city. These landfills are typically
run with little regard for environmental protection. In
Zhytomyr City, all beforehand unsorted home waste is
dumped in a landfill. This requires improvement as it
has become a significant source of contamination for
both groundwater and the atmosphere, thereby height-
ening the potential for an epidemic. Based on infor-
mation presented during the 53rd session of the VIl
convocation of the Zhytomyr City Council (n.d.), from

the moment the municipal landfill opened in 1957,
between 12 and 15 million m3 of various waste was
dumped, with a layer height of around 30 meters. The
storage site occupies 18.7 hectares, but the overall area
is 21.6 hectares (the state act on the allocation of land
states that the total size is 21.5670 hectares). According
to the 53rd session Decision at the landfill, waste of the
3rd and 4th class of danger from the city’s population
and enterprises of all forms of ownership is stored. The
sources of waste include waste from high-rise build-
ings (about 63%); waste from private residential con-
struction (about 26%); and waste from commercial and
other business entities (about 11%). Household waste,
dumped in the landfill, has the following declared mor-
phological composition: 33.1% is food waste; 5.9% is
paper; 3.3% is metal; 13.2% is polymer packaging; 4.1%
is wood; 13.5% is glass; 2% is rags; 1.4% is leather and
rubber; 3.7% is construction waste; 11% is road debris;
and other waste is 8.8%.

Nevertheless, the lack of a weight scale at the mu-
nicipal solid waste storage site raises questions about
the accuracy of this data and the stated initial average
coefficient of the solid household waste ratio of mass
to volume (density), which is 0.27 t/m?3. The following
environmental effects have been shown to have a sig-
nificant negative impact: agricultural land alienation
and landscape change; air pollution from the smoul-
dering and burning of accumulated waste; potential
harm from pathogenic microorganisms, dust, smells,
and noise; noise pollution and pollution from the trans-
portation of waste and the use of technical means; en-
vironmental thermal pollution; and pollution of surface
and subsurface waters.

During research on the dendrology of the State En-
terprise “Zhytomyrske LG” forests, the territory of which
is closely adjacent to the territory of the Zhytomyr Mu-
nicipal Solid Waste Landfill, the following species were
discovered: Birch pendula Roth., Populus alba L., Populus
tremula L., Pinus sylvestris L., Salix caprea L., and Ashi-
nus excelsior L. The hanging birch was chosen as a re-
search object since its effectiveness has been proven
by Y. Petrushkevych and I. Korshykov (2020). As a result
of the conducted research, the general indicator of
asymmetry in the morphological parameters of the leaf
plates of the Betula pendula species All data was divid-
ed into grades for better understanding and visualiza-
tion of the data (Table 1).

Table 1. Gradations of the main parameters of Betula pendula leaves in samples
from phytocenoses subjected to different levels of anthropogenic pressure

Share in the sample of leaf plates of certain grades, %

Leaf plate Parameter location
parameter grades 100-  200-  300- 500- 700- 900-
0-99 190 200 300 00499 0% 600699 00 800-899 00
<40.0 43815
Leal length, 400499 25215 4375 2552 1565 1109
50.0-59.9 24515 23975 3452 2465 2009 3567 2345 1678 0469
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Table 1. Continued

Share in the sample of leaf plates of certain grades, %

Leaf plate Parameter location
parameter grades 100-  200-  300- 500- 700- 900-
0:99 195 999 399 400-499 L0° 600-699 oo 800-899  Jooc
60.0-69.9 21315 25530 17,252 13,335 12,879 9,651 14568 13098 10,034 12,456
700-79.9 14715 27010 20,520 19,678 20,134 23561 16,093 22,207 23,453 12,988
Leaflength,  80.0-89.9  9.430 10,580 27130 26,143 26599 32,992 30,021 33524 31008 31455
mm 90.0-99.9 7150 15290 24,986 25442 24780 26287 21,165 26,5577 33455
100.0-109.9 1380 10,250 9,263 8812 4447 8456 7098 5457 4679
1100 3552 2,565 3021 1,003 2,234 1234 3004 4977
00-199 19756 9,075 5456 4469 3819 2642 2,589 1054 1,094 1564
Width mm _ 200-39.9 26031 32974 9123 8136 7486 6789 8965 7567 6541 7789
: 400-49.9 31256 37,568 40,253 41,354 42,004 43789 42786 41,567 44678 46,678
2500 22956 20,463 45257 46046 46,696 46,780 45660 49812 47687 43969
<1.50 1874 1256 1025 0,038
150-200 22456 9,623 5462 4475 3825 4678 4910 3001 2870 10987
_ 200-2.19 45698 30,265 25690 25301 26657 18907 14,631 14321 12,568 15324
Flongation of 7920249 22150 30,565 35456 33,720 34,687 38789 31678 27081 23609 26788
250-2.66 5648 202635 22412 25331 24537 26987 29,001 35890 27,810 22,102
270-299 2547 5968 753 9,768 8301 10,123 18906 16,710 21,614 29,450
23.00 0652 2100 2354 1367 2,000 0516 0874 2997 11529 4,349
<20 3772 2870 2460 1486 1,578 0567 0,110
2.0-2.49 3154 8770 9434 8497 6678 4789 6898 2678 3897 2475
Distance from 2 50-2.99 5440 11,521 8780 7793 8,678 12,679 22,648 21899 20,678 16,567
ttgee%er;‘:r\‘j‘élt: 3.00-349 22444 22,161 20456 19,469 13567 28,543 35679 39,543 33268 32,789
mm . 35-399 47596 32,163 31256 30,291 30,032 25678 31,568 32,019 33600 35676
400-449 15050 18,910 23456 25598 26,789 21,897 20,500 20,165 18,562 24,808
45-5.0 2550 3998 4252 6867 12678 5847 3098 3861 8557 12,494
<4.00 3202 2,226 1890 0,903 0,673
The distance __ +00-449 2584 6056 8864 7934 7704 5690 8668 6989 8679 3,678
between 450499 4870 7425 8210 7223 69935 7743 8437 5678 8547 9,072
the firstand  5.00-549  21.874 22,587 19,886 18132 17902 16,567 22,678 25989 22,099 26,567
second veins, 550600 45156 35146 30,126 31,234 31464 30466 33678 32678 29,678 36,679
mm 6.00-7.00 20359 22,458 25345 26,789 27019 28,678 25687 20,789 18,678 18,678
37.00 1980 4459 5896 7789 8245 10857 0852 7877 12,320 5326
<2.99 22485 6725 4004 3017 0750 0189 0037 0000 0000 0,000
The distance __300-349 25273 28475 6288 5301 6069 5052 6825 4223 5149 2713
from the base _ 3.50-3.99 26285 31,549 30986 29,999 14,109 13,110 15239 13966 13931 13,654
ofthe leafto  4.00-449 18835 23737 32,888 31,901 22,052 27,966 22581 30,871 26,325 26,306
theedgeof ~ 45499 4715 5290 13,565 15678 28,678 27710 30,108 29,709 30,363 31,485
theleaf,mm ~=T00 549 2158 3575 7645 8678 20703 20233 21,698 19221 19,618 24,312
25.50 0256 0690 5125 5429 7639 5740 3513 2010 4615 1,529
101-1.26 4490 2,059 0,600 0,151 0,029
127-149 16354 6,159 1,659 0672 5077 4042 5460 3378 4119 2,171
150-1.74 29565 33,259 28156 24017 11689 11,201 12,660 11,508 11,238 10,923
nuﬁ:;gﬁ’ﬁgex 1.75-199 38257 25145 63,154 62,167 20217 24303 25437 27316 23,067 24,981
200-224 10145 17290 5859 12,872 26969 26,880 28,090 30,501 28,981 27,786
225249 1259 13256 1,259 0272 21882 22,785 23362 22,082 21,896 25741
250-2.74 2,859 13565 10,638 4,962 5215 10,699 8,398
Base numeric  1.70-1.99  9.400 15,300 4675
index 200-2.25  90.600 84,700 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000
The apex 0.25-049 61524 57,980 74300 75587 75070 72,770 74425 71598 73357 72,347
shape 050-0.74 26300 28050 19,654 19,305 17410 17,995 21,118 22424 19,699 21,734
asymmetry  075-078 11400 9,300 6,100 5113 7521 7128 3754 4188 6944 3110
coefficient 079-099 0700 4,900 2,108 0703 1,790 2,809
less than 0.015 60.062 50,154 55154 55685 53910 46,333 54601 53,006 54201 49,097
Thebase  0015-0.029 29.150 25419 35150 36,567 30439 32486 30,409 30,875 29,406 31,306
as;;an‘::try 0.030-0.044 7156 14250 7162 6175 7401 8402 8928 11920 8510 9,103
coefficient  0.045-0059 2156 6362 2562 1575 4825 3199 5670 4120 6987 7,901
20.060 1595 3,862 3427 9580 0392 0079 089 2,593
Scientific Horizons, 2023, Vol. 26, No. 12
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Table 1. Continued

Share in the sample of leaf plates of certain grades, %

Leaf plate Parameter location

parameter grades 100-  200- 300- 500- 700- 900-
0-99 199 299 399 400-499 o9  600-699 o9 800-899 .00

0.025-0.034 13,216 3,500 0,675 0,170 0,033 0,000 0,000 0,000

0.035-0.044 25,245 9,800 3,300 2,313 4,573 3,294 4573 2,851 4,067 3,879
Integral index  0.045-0.054 51,400 39,800 19,568 18,581 19,893 23,421 23,045 26,870 23,030 24,340
of FA 0.055-0.064 10,156 39,156 53,150 54,634 50,303 45,302 46,532 45,002 47201 46,533
0.065-0.074 7500 21,156 22,567 21,668 22,336 22,287 23978 24,844 20,981

20.075 0,900 2,895 1,908 2,887 5,476 3,530 1,299 0,858 4,267

Source: compiled by the author’s research results

According to the results of research on the analysis
and processing of data on the magnitude of asymmetry
according to 6 parameters of birch leaf plates, the most
stable parameter was determined - the length of the

140

2nd vein of the 2nd order from the base of the leaf
(0.028), which proves its insensitivity to environmental
factors. The most noticeable difference was between
the sizes of leaf plates in length (Fig. 4).

r=0,5157; p = 0.0000; r* = 0,26590

Leaf length, mm

Distance from the landfill, m:Leaf length, mm: y = 43,2008 + 0,0448*x;

400

800

600 1000

Distance from the landfill, m

Figure 4. Peculiarities of the formation of the dimensions of leaf plates in length
depending on the distance from the landfill

Source: compiled by the authors

It was noted that at a distance of up to 500 m
from the landfill, the average size of leaf plates was
smaller than at landfill at nearable distances. Thus, as
follows from Figure 4, 80% of leaf plates in this range
had dimensions from 30 to 80 mm, while at more than
500 m, these dimensions increased to 50-110 mm.
This proves that the influence of toxic gases, leachate
coming from landfills, and toxic substances in the soil
has a significant negative impact on the surrounding
dendrocenoses. Studies of the linear regression model
showed that the coefficient correlation is 0.51, which
indicates a medium-level relationship and characteriz-
es the quality of the obtained regression line.

Based on the calculations in Figure 4,the regression
equation is y=432008+0.0448x, where x is the length of
leaf plates, mm, and y - is the distance from the landfill.
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The difference in the parameter of the width of the leaf
plates was less pronounced. The processing of statistical
data shows a less pronounced correlation dependence
between the values of leaf width in closer and more dis-
tant areas from the border of the landfill. The collected
data did not yield reliable correlation values (correlation
coefficient: r=0.21). As per the research program, the
distance from the central vein to the first vein was also
measured. In general, the range of value variations was
from 1.2 to 5 mm. In general, it was noted that the dis-
tance of the first vein from the central one depends on
the degree of distance from the landfill in denrocenoses.
Tangent to the limit, it is smaller and increases with dis-
tance. However, the correlation of these parameters can
be characterized as directly proportional with a weak de-
gree of closeness of the connection (r=0.25).




The difference between the distances between
the bases of the 1st and 2nd veins of the 2nd order
was significant and maximal in comparison with other
investigated parameters. In general, the values of the
indicators varied in the range of 3.38 to 7.60 mm. At
the same time, the values of asymmetry according to
this indicator were the highest, and the value reached
0.16. Based on all the measurements that were taken,
asymmetry coefficients were found, and their integral
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index of fluctuation asymmetry was calculated by find-
ing the average value of five different asymmetry meas-
ures for each leaf plate (Fig. 5). In general, the obtained
values ranged from 0.012 to 0.077. At a distance of up
to 500 m from the landfill, violations of the asymmetry
of the studied leaf plates were noted. 80% of the values
were in the range of 0.03 to 0.067. At a distance exceed-
ing 500 m of the IIFI, 80% of the values were in a lower
and narrower range, from 0.02 to 0.055.

IIFA = 0.0551-2.404E-5*x; 0.95 Pred.Int.

0.08

0.07 P

0.06

0.05

0.04

IIFA

003}
0.02
o = 3 &
0.01 Distance from the landfill, m:IIFA: y = 0.0551 - 2404E-5*; el ]
r = -0.5100: p = 0.0000: 12 = 0,2602
0.00
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Distance from the landfill, m

Figure 5: Fluctuation Asymmetry Integration Index (IIFA) at various distances from the landfill’s edge (in meters)

Source: compiled by the authors

Linear regression model analyses revealed that
the generated regression line’s quality is character-
ized by a coefficient correlation of -0.51, indicating
an inversely proportional link between the aver-
age level. The regression equation, where y is the

distance from the landfill and x is the IIFA value, is
y=0.0551+2.404E-5x based on the computations. The
obtained IIFA values were equated to the threshold
values for the stability of the development of den-
drocenoses (Table 2).

Table 2. The degree of atmospheric air pollution in the zone of influence of the Zhytomyr landfill
(by the degree of leaf asymmetry)

The score and value of the stability indicator. Degree of air pollution Distance from the edge of the landfill, m IIFA, X
1 point (up to 0.055) - clean air beyond influence 0.046%+0.0398
21000 0.067%0.0424
900-999 0.067+0.0387
3 points (0.060-0.065) 800-899 0.068+0.0234
Air pollution 700-799 0.060+0.0164
600-699 0.062%0.0234
500-599 0.062%0.0098
) 400-499 0.067%0.0067
4£§;C?fy(g'c)()lf’u5t;%g7i?) 300-399 0.068+0.0123
200-299 0.068+0.0378
5 points (more than 0.070) 100-199 0.072%0.0287
Excessively polluted <99 0.083+0.0092

Source: compiled by the authors

Scientific Horizons, 2023, Vol. 26, No. 12

71



72

The bioindicative characteristics of the Betula pendula Roth species...

The obtained data on IIFA levels were compared
with air pollution scales, revealing that within a dis-
tance of up to 200 meters from the landfill border, the
area was classified as “Excessively polluted”, while up to
a distance of 0.5 kilometres, it was categorized as “Heav-
ily polluted”. Starting from 500 m, the sheet plates also
had certain deviations of asymmetry, which allows this
territory to also be defined as ‘contaminated”. Since the
impact on the environment in the zone of the Zhytomyr
solid waste landfill is limited only to the activities of
the landfill itself (due to the absence of industrial en-
terprises, highways, and other factors), it is possible to
conclude that the solid waste landfill has a significant
impact on the development of the leaf plates of the
hanging birch.

The leaves of woody plants are considered one of
the most flexible and sensitive plant organs (Gawronski
et al, 2017) as they are in direct and long-term con-
tact with the environment (Crini & Lichtfouse, 2018;
Rodriguez-Santamaria et al,, 2022). The conducted re-
search fully confirms these statements as the results
presented in this study demonstrated the deformations
in the formation of leaf plates in trees exposed to neg-
ative anthropogenic influence. Such plants change at
morphological or physiological levels under the influ-
ence of long-term anthropogenic influence. R. Popek
et al. (2018) determined that the greatest frequency
of pollutants from the atmospheric air is fixed in the
leaves, disrupts photosynthesis, and thus affects the
physiological parameters of the leaves. This study ana-
lysed the precise manner in which this influence man-
ifests itself on morphometric indicators. As such, com-
parable information was obtained, although concerning
the landfill’s toxic effects. In the same study, a negative
relationship between FA and distance from the pollu-
tion source was found for several species of trees. This
result seems quite reliable, although the authors used
small sample sizes from two birch trees. The studied ar-
eas show great variability both in terms of the amount
and composition of pollutants - this is a pulp and paper
enterprise, a metallurgical plant, etc. In the presented
study, the sample size, which allowed us to obtain com-
pletely reliable results, was significantly increased.

Similar conclusions that the morphometric indica-
tors associated with the asymmetry of plants and their
parts are informative indicators of the state of the en-
vironment were reached by other scientists. Studies by
0. Bala & A. Terentiev (2017), as well as by O. Chorno-
brov and O. Tkachova (2021) confirm that the greater

the deviation, the worse the conditions. This applies
equally to both terrestrial and aquatic plants. Further-
more, more specific results were noted by M. Zbilji¢
et al. (2023). Their study indicated that the morpholog-
ical diversification of leaves is another sign that shows
how bad the conditions are. This is because it’s con-
sidered one of the most crucial methods for assessing
alterations in the plate’s shape. Based on this study, this
indicator has also been used for the presented research
but did not get reliable results. Given this, this issue
requires a more detailed study regarding the identifi-
cation of environmental components that cause the
deformation of the tips of leaf plates. Simultaneously,
literature studies did not identify the distances be-
tween leaf veins as key indicator parameters.

CONCLUSIONS

By using degradation indicators to track the condition
of dendrocenoses in the area under the influence of sol-
id household waste landfills, this study addressed a real
scientific and practical issue. While doing research, the
following tree species were found in the forests right
next to the Zhytomyr Municipal Solid Waste Landfill: Pi-
nus sylvestris L., Salix caprea L., Betula pendula Roth, and
Populus alba L. The technique of measuring the anthro-
pogenic load near the solid waste dump using bioindi-
cators - plates containing Betula pendula leaves, was
effective. The accuracy of the procedure is demonstrat-
ed by the statistical estimations and the bioindicator
results’ resemblance to data collected by other authors.
The length of the second vein of the second order
from the base of the leaf (0.028) was found to be the
most stable of the five parameters of birch leaf plates.
This shows that it is not affected by environmental fac-
tors. The difference between the distances between the
bases of the 1st and 2nd veins of the 2nd order, where
the asymmetry values exceeded 0.16, was defined as
the maximum in the study. Further research should
consider more indicator species since not all phyto-
coenoses contain the same list of species. Expanding
the species diversity of indicator plants will help to be
more flexible in monitoring ecosystems that are poten-
tially subject to negative anthropogenic influence.
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AHotauis. [MpobneMa 3poCTaHHS YMCENbHOCTI Ta PO3MIpiB CMITTE3BaNMW, B YKpaiHi 3pOCTaE LOMMUTI, OCKiNbKM
OKPIM @i3MYHOr0 3aMHATTS 3HAYHUX NOLL, 3eMJTi, CMITTE3BANMLLA BNAMBAIOTb HA HAaBKOMIULWWHE CEPEAOoBULLE Ta MOro
KOMMOHEHTU Yepes MOCTiMHE HAaAXOAXKEHHS TOKCUYHMX PevyoBMX Y MOBITPS, FPYHT i nig3emMHi soan. Omxe, MeTOH
poboTn Byno [OCNiOXKEHHS EKONMOTiYHOro CTaHy AepeB Yy AeHAPOLEHO3aX, WO PO3BMBAKOTLCA HABKOMO MOAIrOHY
TBepAmMx nobytosux Bigxonis (TMB). 3 ornaay Ha ue, y CTATTi OLiHEHO BMIMB MONIrOHY TBEPAMX NOOYTOBUX BiAXOLIB
M. )KUTOMUP Ha HABKOMMULLHI OeHOPOLEHO3M HA NPUKIaLi MOPHOMETPUUYHMX 3MiH MOKA3HUKIB NnUCTa Buay Betula
pendula Roth. lns uboro fLocnigkKeHi po3Mipy Ta 0COBMMBOCTI XXMNKYBAHHS IMCTKOBUX NAACTUHOK HA pi3Hil Bigaani
Bif, NMONiroHy B Mexi 40 1 KM, @ TaKOX BU3HAY€EHi HaMObiNbL iIHPOPMATUBHI MOPDOMETPUYHI MOKA3HUKMK. [TpU LbOMY
BM3HAYEHO, WO HaMbiNbL CTIMKUM BU3HAUYEHUI MApaMeTp — AOBXMHA 2-1 XXUJIKKU 2-T0 NOPSIAKY Bif OCHOBM JIMCTKA,
a MAKCMManbHO YYTIIMBMM — DPi3HULSA MiX BiACTaHAMM MiX ocHoBaMu 1-i Ta 2-i Xunok 2-ro nopsaaky. Ha niacrasi
OTPUMAHUX OaHUX WoA0 BAYKTYaUiMHOI acCUMETPIi IMCTKOBUX NNACTUHOK Yy3araibHEHO, WO Ha YCi JOCIAKYBaHIN
BiAAani € BiAXMNEHHS y MOPOOMETPUYHMX NMOKA3HMKAX, LLO A03BONSOTb BU3HAYATU CepefoBuLLe Y Aiana3oHi Big
«3abpynHeHe» 00 KHAATO CUbHO 3abpyaHeHey. [aHi poboTn MOXyTb BYTU BUKOPUCTAHI Yy SKOCTI ekcrnpec-MeTony
OLLiIHKM MacwTabiB BNAMBY CMITTE3BANMULL, HA HABKOJMLLHI EKOCUCTEMM NPU CTBOPEHHI CaHITAPHMX 3aXUCHWUX CMYT,
OyLiBHMUTBI Ta 06NagHAHHI NONIrOHIB NOOYTOBMX BiAXOAIB TOLLO
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which 29.3 million hectares are almost completely eroded. In 2023, the average yield of grain crops was 9.3 c/ha,
oilseeds - 7.1 c/ha, and vegetables — 275.4 c/ha. It is noted that the yield of grain crops in 2023 is 28% lower than
in the previous period of 2020-2022, despite the increase in sown areas. Drought and soil degradation are the
main reasons for the decline in grain yields. It is noted that the main biological constraints to grain production are
soil drought, windstorms, degradation and extreme temperatures, especially in rainfed irrigated farming systems
in arid lands such as southern Kazakhstan. In the northern and central parts of Kazakhstan, agricultural land is
dominated by black and chestnut soils, and in the south by brown semidesert soils. The largest areas of eroded
agricultural land are located in Almaty, Atyrau and Turkestan regions - over 30%, and the smallest - in Akmola,
Karaganda, Kostanay and North Kazakhstan regions - 5%. Productive grain growing requires soil monitoring for
the main mobile elements that affect plant yields. The average values for the Republic of Kazakhstan are: nitrogen
content - 37.5 mg/kg, phosphorus - 16.8 mg/kg, potassium - 419.5 mg/kg, humus - 2.8%. The practical significance
of the study is to expand and supplement the theoretical basis of research in the field of soil degradation, and the

results obtained are proposed for a comprehensive environmental assessment of soils in Kazakhstan

Keywords: agrochemical analysis; nativeness; rational land management; humus; nitrogen; phosphorus

INTRODUCTION

The use of fertilizers, intensive farming, and high-yield-
ing varieties contribute to successfully overcoming food
shortages. These factors eventually lead to soil fertil-
ity problems. Stable development of agriculture, growth
of production and the welfare of the population largely
depends on soil fertility, but over the last few decades
there has been a steady degradation of agricultural land
and loss of its productivity, which leads to an overall de-
crease in crop yields and efficiency of crop production.
Rational use of nutrients and maintenance of soil fertili-
ty is increasingly recognized, especially in countries with
high demographic pressure on land resources.

Environmental problems in the Republic of
Kazakhstan (RK), are the primary causes of soil degra-
dation, namely reduced humus content, toxicity, ero-
sion, salinization, waterlogging, pollution and desertifi-
cation. As described in the data of S.B. Kenenbaev et al.
(2023), the main causes of declining soil fertility are:
weakening of vegetation productivity in the apparent
absence of pests and diseases; change of soil structure
with the appearance of cracks; overabundance of wa-
ter-soluble chloride, sulphate and carbonate salts with
increase of acidity; reduction of organogenic elements
by more than 15-20%; reduction of useful microorgan-
isms, worms, insects; development of pathogenic fungi.

Anthropogenic activity imposes an imprint on nat-
ural conditions, lack of crop rotations, use of outdated
technologies and insufficient application of organic
fertilizers. Soil protection measures in RK are based on
interrelated principles, namely: avoidance or minimi-
zation of mechanical disturbance of soil productivity;
constant maintenance of soil covers with plant resi-
dues and living cover crops (including legumes used as
green fertilizer), which reduces moisture loss and soil
erosion; protection from extreme harsh climate condi-
tions through crop rotation and the use of a wide range
of new crop varieties and hybrids.

S.M. Farahat et al. (2022) noted that agricultural
land management is a complex system involving land

use forecasting, land supervision and physical monitor-
ing as the development of agricultural areas is directly
dependent on their land and resources. One fifth of
RK lands are not cultivated, which requires diagnosing
new signs of types and kinds of soil degradation. The
study of L. Kuanova et al. (2023) shows that the area of
the RK agricultural land fund is 37.6% of the total area
of 102.6 million ha, including arable land - 24.3 million
ha, irrigated land - 1.7 million ha, fallow land - 2.6 mil-
lion ha, hayfields - 2 million ha, pastures — 70 million
ha. The qualitative composition of land suitable for
farming is as follows: 16.1 million ha of arable areas,
58.2 million ha of solonetz soils, 43.1 million ha of
scrubby soils, 35.3 million ha of saline soils, while the
genetic and geographical features of soil degradation
in RK remain unidentified.

As noted by M.A. Ansari et al. (2023), monoculture
adoption usually leads to soil degradation and reduced
crop yields, while the concept of conservation agricul-
ture aims at obtaining acceptable profits while pre-
serving the environment, therefore, double cropping
with reduced tillage and utilization of crop residues is
recommended. S. Turebayeva et al. (2022) report that
proper and rational use of fertilizers can improve soil
fertility and crop yields, while haphazard application
of mineral fertilizers can have a negative impact. The
main measure to protect the soil from contamination
by mineral fertilizers and related compounds is scien-
tifically justified fertilizer application at the optimal
time. The intensive farming system involves the use of
large quantities of mineral fertilizers, pesticides and
other products of the chemical industry. Soil-protective
measures are based on strengthening natural biolog-
ical processes, by eliminating to a minimum chemical
means of protection, fertilizers of mineral or organic or-
igin. To improve soil degradation zoning of the RK ter-
ritory, it is necessary to carry out continuous soil moni-
toring, as well as bonitet, soil-ecological and economic
assessments.
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The aim of the study is to assess the ecological
state of RK soils and use soil-protective methods to in-
crease crop yields.

LITERATURE REVIEW

Ecological problems of soils take place not only in RK,
but also on a world scale, as can be seen from the data
of world congresses in Europe, America, Turkey, China
and near abroad, devoted to degradation, pollution,
desertification, soil and environmental protection.
AM. Fortuna et al. (2023) report that soil is a unique
natural resource that is utilized by mankind in agri-
culture and forestry for food independence, livestock
rearing and industrial raw materials. Indicators of soil
analysis include percentage of organic matter, biotic and
microbial biomass, carbon amount, enzymatic activity,
pH, electrical conductivity, cation exchange capacity
of nitrogen, phosphorus, potassium, sulphur available
to plants, porosity, aggregate stability, infiltration, bulk
density, water available in soil. Topography has a signifi-
cant influence on the formation of climate, soils, natural
landscape and land cover. As reported by T. Darbayeva
et al. (2020), the geological structure of the RK territory
is complex and diverse: from low surface elevations to
glacial highlands.

As noted in the data of A. Tokbergenova et al. (2018),
more than 70 million ha of land in RK suffers from ero-
sion, which is 26% of the territory of the republic, of
which more than 52 million ha suffered from wind ero-
sion and 17 million ha from water erosion. Wind ero-
sion is widespread in the plains’ region, especially in
dry steppe areas, and it is most pronounced on soils
of light mechanical composition in Zhambyl, Mangistau
and Pavlodar oblasts. R. Zhu et al. (2023) report that
water erosion is the result of unsystematic human use
of land resources, it occurs during prolonged rainfall
and snowmelt, when moisture does not have time to
soak into the soil, washes out soil particles and forms
potholes. Strong water flow forms deep gullies, reduc-
ing the area of cultivated land and creating inconven-
ience for field cultivation. According to K Khosravi et al.
(2023), important parameters such as maximum water
absorption and plasticity number decrease with increas-
ing degree of soil washing. The fertility of such soils is
lower than that of non-washed soils and is one of the
major causes of agricultural production losses due to
erosion. In a study by M. Koza et al. (2021) noted that the
total amount of trace elements - copper, zinc, cobalt, and
manganese - as well as the amount of chelates of these
elements available to plants decreases in highly eroded
medium- and high-treated layers of chernozem.

Practically all agrophysical parameters deterio-
rate due to loss of power fraction and run-off as a re-
sult of soil erosion, as well as indicators of pesticides.
A.l. Derepaskin et al. (2023) point out that in eroded
soils, the number of permeable aggregates larger than
1 mm is almost twice as large as in fully formed soils.
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As a result of loss of silt particles and humus, the phys-
ical and hydraulic properties of soil deteriorate, eroded
soil becomes less water-holding and permeable. Spe-
cific and volumetric masses increase as humus content
decreases and coarse dust content increases. In typical
arable layers of chernozem and chestnut eroded soils,
the content of silt and physical clay decreases by 5-6%,
while the content of coarse dust increases by 4-5%.
D.L. Corwin (2021) evaluates soil protection measures
in agriculture, which are aimed at maintaining optimal
phytosanitary conditions for crops, in particular, at pro-
tecting crops from weeds. The number of weed seeds
in the arable layer ranges from 20 million to 5 billion
seeds/ha, with a weed threshold of 10-20 seeds/m? for
spring crops and 2-3 seeds/m? for perennial crops.

In their studies, S.T. Shah et al. (2022) report that
destruction of the most fertile topsoil, deterioration of
agrochemical and hydrophysical characteristics of soil
inevitably leads to significant reduction in yields of cul-
tivated crops in all regions. Soil estimation of humus
content noted by K. Kunanbayev et al. (2022), informs
about the availability of nitrogen, phosphorus, and po-
tassium in the arable layer of the North-Kazakhstan
region and shows that the yield of major grain crops
(wheat, barley, oats, and maize) on slightly eroded soils
decreases by 15-18%, on moderately eroded soils -
by 30-40%, on highly eroded soils - by 40-50% com-
pared to the yield on unaffected soils. Soil conservation
measures have the potential to reduce the impact of
climate change, in particular by regulating greenhouse
gas emissions. As reported by R. Lal (2020), agricultural
activities increase the stock of soil organic matter that
can sequester carbon from carbon dioxide and store it
safely for long periods of time, e.g. 25-50 years, before
soil carbon saturation reaches a new stabilization level.

The benefits of proper crop rotation are increased
yields and reduced costs; it is an integral part of the
farming system. W. Grzebisz et al. (2022) found that a
well-planned crop rotation not only enhances insect,
disease and weed control, but also helps to maintain
and improve soil structure and organic matter content.
H. Li et al. (2023), in turn, characterized the crop diver-
sity that can be used to reduce the negative impact
of weeds, evenly distribute the load and prevent soil
erosion, reduce biotic and abiotic stresses, and reduce
economic risks.

MATERIALS AND METHODS

Fundamental and conceptual developments of the
problem of determining the state of soil cover and its
suitability for solving various tasks of agricultural pro-
duction served as the basis of the scientific research.
The following methods were used in the research: car-
tographic, analysis and synthesis, systematization, ab-
straction, concretization, forecasting.

The method of cartographic analysis was used to
consider the soil cover of eroded agricultural lands as




one of the largest reclaimed groups in terms of area. Ac-
cording to the East National Technology Support Centre
(ENTSC), the Soil Management Assessment Framework
(SMAF) was evaluated. Soil quality within the farmland
was characterized by certain levels of performance,
namely the ability to provide crops with moisture, macro-
and micronutrients. RK soils were classified on a latitu-
dinal basis and were represented by: chernozem in the
northern part of the country, chestnut, brown semidesert
and desert sandy soils in the south. Soil structure in the
RK territory was determined by the thickness of humus
horizon, humus content, pH, hydrolytic acidity, nitrogen,
phosphorus,and potassium content. Using the method of
systematization, the RK soil structure was formed, which
allowed collecting and analysing data based on the prin-
ciples of state regulation of potential resources and to
determine the productivity of high quality crop and live-
stock production at different levels of development.

The work was based on the main factors of soil fer-
tility depletion: wind and water erosion, pollution, reduc-
tion of biological productivity of natural pastures, sec-
ondary salinization and waterlogging of irrigated areas,
desertification, and use for construction. On the basis of
soil degradation and fertility losses, the factors of water
and wind erosion were determined. The development
of soil erosion processes is caused by a combination of
natural conditions (such as climate, relief, mechanical
composition of soils and other natural conditions), but
the increased level of anthropogenic impact and the de-
gree of intensity of land use, especially agricultural land,
significantly accelerates degradation. To substantiate the
planning of land management in RK, methods of analy-
sis and synthesis have been used to determine the pros-
pects for the use of land funds in the regions, determin-
ing the efficiency and effectiveness of agricultural land
use, based on analysed and processed information of the
Bureau of National Statistics (2023).

Natural and climatic conditions of RK have a sig-
nificant impact on the yield and growth period of grain
crops, ensuring high yields, as well as improving the
quality of marketable products and raw materials. The
noticeable effects of RK climate change are signalled
by the occurrence of severe droughts that manifest with
high intensity. According to United Nations (2013) cli-
mate parameters were set: summer high temperatures
of 24-35°C with dust storms; winter low temperatures
and snowstorms, with average temperatures of 13°C.In
the research system, SWOT-analysis of RK agricultural
land by soil condition and plant productivity was made.
SWOT-analysis allowed finding out the optimal param-
eters of land use for building a model of sustainable
development of the agro-industrial complex. Soil sur-
vey materials, materials on redistribution of agricultural
land, land cadastre data, materials on socio-economic
development and nature protection were used as input
data for the survey.

Kusherbayev et al.

RESULTS

The peculiarity of the RK ecological and geographical
position is low stability of the natural environment to
anthropogenic impacts. Four soil-geographical zones
are distinguished on the RK plains: middle humid for-
est-steppe, middle arid steppe, dry desert steppe and
desert. Geographical boundaries of natural zones cor-
respond to the size of soil zone types. In RK 86% of the
area falls on plains, where three main types of soils are
present: chernozem, chestnut, grey-brown loamy soils,
as well as in some areas’ riverside soils - fluvisols and
marsh soils - histosols. According to Sh. Smagulova et al.
(2022) it is established that the scale of actively used
agricultural land in RK as of 2022, is: 38.5%, of which
more than 70% of arable land is in Akmola, Kostanay,
Pavlodar and North-Kazakhstan oblasts, more than
60% of irrigated arable land in Almaty and South-
Kazakhstan oblasts, as well as small areas of pastures
in Karaganda - 18.8% and Almaty - 44.1% oblasts.

Reduction of soil degradation is ensured by the use
of sustainable land use practices, as traditional tillage
with intensive ploughing destroys soil structure and
leads to soil degradation. In contrast, no-till or mini-
mum tillage systems increase organic matter content,
retain moisture and minimize soil degradation. Crop ro-
tation prevents degradation; it is the alternation of crops
of different families on the same plot to control pests
and diseases, increase fertility and reduce the risk of nu-
trient deficiencies. Strip farming is the alternation of leg-
umes and cover crops with cereals and continuous crops
to prevent soil degradation. Precision efficient irrigation,
such as drip irrigation, can prevent a range of negative
impacts, especially secondary salinization and sanding of
fields. Satellite imagery can be used to analyse crop con-
ditions and determine the right amount of fertilizer to
be applied to a particular area, helping farmers get the
desired yields without damaging nature. Organic farm-
ing with natural fertilizers helps prevent soil degrada-
tion, and the use of integrated crop protection methods
avoids the application of chemicals that pollute the envi-
ronment. Planting cover crops with living mulch protects
the soil from damage, improves soil structure, increases
nutrients and provides effective weed control. Contour
ploughing using earthen ridges or dikes to collect water
prevents fields from eroding and flooding.

Identifying soil erosion hotspots is the first step in
improving environmental remediation strategies. Var-
ious methods can be used, including analysing aerial
photographs, using soil erosion models and more de-
tailed scaling. D. Malakhov et al. (2022) report a large
volume of soil, reclamation, soil-erosion and soil-geo-
chemical surveys with a number of thematic soil maps.
The main volume of RK soil surveys totalled: 96.4 mil-
lion ha or 52.1% of the total surveyed area in the period
up to 1990; 3.2 million ha each in 2014-2015; 2.3 mil-
lion ha in 2016; 5.2 million ha in 2017, 7.2 million ha in
2018, 7.3 million ha in 2021, and 7.8 million ha in 2022.

Scientific Horizons, 2023, Vol. 26, No. 12

79



The influence of soil-drying inputs on the soil and the productivity of crops

The agricultural lands of RK are characterized by the
presence of chernozem, chestnut soils in the northern
part, brown semidesert soils are marked to the south.
Chernozem are subdivided into leached soils with hu-
mus content of 3-6%, ordinary soils and southern soils.
Regions with chernozem include Northern, Kostanay,
Akmola, Pavlodar, Aktobe and West Kazakhstan regions

and occupy 25.5 million ha or 9.5% of the country’s
territory. Unlike other types of soils, chernozem are
characterized by a high level of natural fertility, thick
humus layer, significantly higher content of humus and
total nitrogen in inclusions, which gradually decreases
by soil layers, detailed agrochemical analysis of cher-
nozem is considered in Table 1.

Table 1. Chernozem - agrochemical properties

Subtype  Humus horizon thickness, cm Humus, % Salt extract, pH Acidrintgéél/\)l/groo;ytid Abson:';?/"focg Zacity
Ordinary 65-135 5.5-8.5 7-7.8 0-1 40-50
Leached 75-145 9-9.4 5.4-6 2-4 45-55
Typical 100-175 8.5-12 6.4-7.1 0.5-3 50-60
Southern 45-85 3-6.5 72-8.1 0-0.5 25-35

Source: compiled by the authors based on M.K. Zhumagulova et al. (2022)

Chestnut soils are subdivided into dark chestnut,
chestnut, and light chestnut soils, they occupy most
of the plains of the central RK, the northern part of
the Caspian lowland and East Kazakhstan oblast, cov-
ering 90.6 million ha or 34% of the country’s territory.

Chestnut soils are widespread in Northern, Central,
Eastern and Western Kazakhstan.

Humus content in chestnut soils is 2-3%, detailed
agrochemical analysis of chestnut soils is considered
in Table 2.

Table 2. Chestnut soils — agrochemical properties

Humus horizon

Total number of

Subtype thickness, cm Humus, %  Nitrogen, % Phosphorus, %  Salt extract, pH cations, meq/100 g
Dark chestnut 36-46 4-5 0.22-0.28 0.15-0.25 6.8-7.2 30-35
Chestnut 30-40 3.5-4 0.18-0.22 1.13-0.18 7.2-7.5 20-13
Light chestnut 25-30 2.5-3 0.11-0.16 0.09-0.13 74-8.2 12-15

Source: compiled by the authors based on A.B. Kaldybekov et al. (2022)

Brown and grey-brown soils are located to the
south of chestnut soils and cover an area of 120 mil-
lion ha, or 44% of the RK territory. Morphological fea-
tures of brown soils include an upper humus layer
of lighter colour, predominantly brown in the profile.

The humus layer is 12-15 cm thick, weakly stratified,
structureless, loose, light brown. The humus content in
brown soils varies in the region of 1-2%, so it is suitable
only for use in livestock areas, and farming is possible
only under irrigation, which is clearly shown in Table 3.

Table 3. Gray-brown soils - agrochemical characteristics

Subtype Salt extract, Humus horizon Humus, Transitional phosphorus Transitional potassium
typ pH thickness, cm % mg/100 g soil mg/100 g soil
Gray-brown 4-5.8 20-30 1.2-2 <5 <10
Brown 4.3-4.8 15-20 1-2 5-8 10-15

Source: compiled by the authors based on K. Kunanbayev et al. (2022)

When assessing soil degradation in the context
of damage to agriculture due to climate change, the
most frequent focus is on crop production, which is in-
creasingly affected by the unevenness of precipitation
over the year. However, livestock production is equally
affected by climate change, leading to degradation of
pastures, low productivity of hayfields — and as a conse-
quence, the inability to keep livestock in many regions
of RK.Reducing conventional tillage and the correct use
of herbicides can significantly improve weed control ef-
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ficiency, reduce chemical costs and reduce the risk of
environmental pollution. For better utilization of mois-
ture, spring soil preparation techniques are of great
importance: one or two cultivations with harrowing,
also timely carrying out of these operations improves
moistening of the sowing layer, ensures active sprouts
and weed control. Data on land quality characteristics
in RK counts 90 million ha of eroded soils, of which
29.3 million ha are almost completely eroded. Figure 1
illustrates the extent of eroded soils.
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Figure 1. Rhodinated soils of the Republic of Kazakhstan
Source: compiled by the authors based on S.K. Makenova et al. (2023)

The largest share, more than 30% of eroded agri-
cultural land from the total area falls on Almaty, Atyrau
and Turkestan oblasts, on the contrary the smallest
share up to 5% on Akmola, Karaganda, Kostanay and
North-Kazakhstan oblasts. The effectiveness of agri-
cultural technologies is assessed by plant productivity,
which depends on a number of factors, including the
growing season and weather conditions of the previ-
ous autumn, winter, and spring. The vegetation in RK is
distributed by zones: the wet northern zone is located
in the forest-steppe zone, the arid southern zone is lo-
cated in the steppe, semidesert and desert zones. Due
to the diversity of soil vegetation and relief within each
zone, in addition to the characteristic zonal vegetation
scattered throughout Kazakhstan, there is striped veg-
etation - for example: riparian forests, desert buck-
thorn and other wetlands. The current RK flora includes
trees - 68 species, shrubs - 266, semi-shrubs - 433,
perennial — 2598, annual - 849 herbs.

Drought and temperature extremes are the main
biological constraints to cereal production, especially
in rainfed dry farming systems such as in the south-
ern part of RK. The average yield of cereals in 2023
was 9.3 kg/ha, oilseeds 7.1 kg/ha, and vegetable crops
275.4 kg/ha. During the 2021-22 harvest period,
Kazakhstan harvested 22 million tonnes of grain, which
is 34% more than in 2021, of which: wheat - 16.4 mil-
lion tonnes, barley — 3.3 million tonnes. In 2023, RK’s
average grain yields are 28% lower than the previous
2020-2022 figures. The reason for the fall in cereal

yields was atmospheric and soil drought, dry spells and
soil degradation. One of the main problems of crop pro-
duction in RK is unstable crop yields due to progres-
sive soil degradation. According to M. Kazlauskas et al.
(2022), it was found that the yield of winter wheat on
moderately podzolic soils with non-washed loamy turf
was 31.7 ¢/ha, on moderately washed soils - 15.3 c¢/ha,
on heavily washed soils - 2 c/ha.

A large amount of research is devoted to the use of
mineral fertilizers, microelements and growth regula-
tors, as well as their effect under different treatments
and conditions. RK is developing technologies of direct
sowing and pre-sowing tillage for winter wheat without
main tillage in three-field crop rotation under rainfed
conditions. Wheat is a strategic crop for the RK econ-
omy and the issue of resource efficient winter wheat
production technologies in the south of the country is
one of the strategic priorities that are being developed,
tested and adapted. More detailed research is needed,
especially in arid climatic conditions with erratic rain-
fall and temperature regimes. At the time of maize sow-
ing, the best moisture reserves are in the one and a half
metre layer of soil and are observed after winter wheat.
Significantly less moisture in the soil ball by 30-50 mm
is observed after sunflower, barley, Sudan grass, sugar
beet. Provision of soils with three main mobile elements,
which affect plant yields on the example of cereals, on
average in RK the content of humus on arable areas is
2.8%, nitrogen - 37.5 mg/kg, phosphorus - 16.8 mg/kg,
potassium - 419.5 mg/kg, which is noted in Table 4.

Table 4. Composition of humus and productivity of grain crops by regions of the Republic of Kazakhstan

Regions Humus, % Nitrogen, mg/kg Phosphorus, mg/kg Potassium, mg/kg ZGOrgIZn/‘Z,I;lg/Ihna
North Kazakhstan 4.6 475 16.1 4541 20.9
Kostanay 4.2 49.2 18.2 483.7 9.1
East Kazakhstan 3.8 36.4 213 404.7 23.6
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Table 4, Continued

Regions Humus, % Nitrogen, mg/kg Phosphorus, mg/kg Potassium, mg/kg nggiz'}g;lg/Lna
West Kazakhstan 37 351 18.9 563.3 13.8
Akmola 2.6 48 124 424.3 14.1
Aktobe 29 36.9 15.5 276.8 9.2
Pavlodar 2.5 33.6 154 464.6 12.7
Turkestan 2.5 15.8 19.1 3233 314
Karaganda 2.4 56.4 10.6 4336 12.9
Kyzylorda (irrigated lands) 2.1 57.9 9.9 344.1 13.1
Zhambyl 1.9 16.7 23 456.8 29.1
Almaty 1.3 16.5 20.8 399.8 28.8

Source: compiled by the authors based on A. Rau et al. (2023)

Nitrogen is the main element of soils, as it has the
greatest influence on plant growth and is the building
material for new cells. The leaders in terms of nitrogen
content in soil are: Karaganda region - 56.4 mg/kg, Ko-
stanay region - 49.2 mg/kg, Akmola region - 48 mg/kg,
North Kazakhstan region - 47.5 mg/kg. The main im-
portance of phosphorus is acceleration of metabolic
processes in cells, which determines the speed and
quality of crop maturation, as well as resistance to
plant diseases. In terms of phosphorus content pre-
vails: Zhambyl region - 23 mg/kg, East Kazakhstan
region - 22.5 mg/kg, Kyzylorda region - 20.4 mg/kg,
Almaty region - 19.5 mg/kg, West Kazakhstan region -
19.4 mg/kg. Potassium is involved in the process of
photosynthesis, as well as in the movement of carbohy-
drates, protein synthesis, provides resistance to fungal
diseases of plants. In the case of potassium deficien-
cy, plants develop and grow slowly, leaves turn yellow,
stems thin, seeds lose germination energy. According to
the content of potassium in the soil are leading: West
Kazakhstan region - 563.3 mg/kg, as well as Zhambyl
region - 456.8 mg/kg, Kostanay region - 483.7 mg/kg,
Pavlodar region - 464.6 mg/kg, North Kazakhstan re-
gion - 454.1 mg/kg. Correlation with the percentage of
humus content is noticeable in the content of nitrogen,
phosphorus, potassium, as these elements of plant nu-
trition are contained in humus.

The formation of energy plantations of bush willow
biomass Salix Viminalis prevents soil erosion and con-
tributes to the improvement of the environment, this
project is ideal for seedlings on RK lands consisting of
low-productive and polluted in terms of crop cultiva-
tion, as well as in erosion control measures to strength-
en soils, a natural filter to clean the soil from pesticides.
Soil-forming plant growth activators are presented in
the form of potassium and sodium humates of biologi-
cal metabolites in dilution of 5-10 ml per litre of water,
with the rate of application of the preparation 2-4 |/ha.
Preparations based on potassium and sodium humates
stimulate the growth of the root system, simultane-
ously increase yield and mobilize the immune system,
in combination with herbicides they reduce stress for
the main crop, increase the efficiency of photosynthesis,
nitrogen uptake by plants, participate in the accumula-
tion of sugars and protein synthesis. M.A. Abdelfattah
et al. (2021) reported that humates contain less than
200 g/l dry matter, humic, citric, succinic, ascorbic organic
acids, vitamin complexes B1, B3 and B1 less than 80 g/l;
potassium and sodium salts of humic acid more than
60 g/l, carbon more than 35 g/l, complexes of macro-
and microelements. The most comprehensive tool for
analysing agricultural land for sustainable farming in
RK'is SWOT-analysis, it is a general method of assessing
various phenomena and factors, presented in Table 5.

Table 5. SWOT analysis of the formation of sustainable land use in the Republic of Kazakhstan

Strengths

Weaknesses

» waterlogging of the soil due to mulching;
e absence of water and wind erosion;

« formation of an active microbiota with the presence of micro- and macroelements;

e accumulation of carbon in the soil;
¢ reduction of carbon dioxide emissions into the atmosphere.

e treating fields with pesticides
before sowing and during the
growing season.

Opportunities

Threats

e natural accumulation of humus in soils;

e improvement of agrophysical and agrochemical properties of soils;

e diversification of resource-saving technologies;
¢ marketing of agricultural products;
e modernization of agricultural machinery.

¢ infestation by pests and
diseases;

¢ economic damage from a lack
of fertilizers and a decrease
in soil fertility.

Source: compiled by the authors based on B. Hnatkivskyi et al. (2022)
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The phenomena and factors of SWOT-analysis are
divided into four categories: Strengths, Weaknesses,
Opportunities, Threats. The SWOT-analysis allowed
identifying internal and external factors of develop-
ment, determined the best standards of land use or-
ganization and formed the basis of the sustainable land
use model in RK.

DISCUSSION

The formation of crop yields in RK is influenced by nat-
ural soil fertility, as well as climate, organic and min-
eral fertilizers, seeds, tillage, fertilizers, ameliorants,
plant protection products. It is noted that the average
yield of cereal crops in RK in 2023 is low at 9.3 kg/ha.
L. Rayichuk et al. (2023) report that wheat ranks third
among cereals in terms of production, behind only rice
and maize. But it should be taken into account that the
world leaders in wheat yield, are characterized by high
productivity indicators: Germany - 75.3 c/ha, France -
68 c/ha, Egypt — 64 c/ha, China - 57 c/ha. From the re-
viewed facts, it is found that only application of soil
protection measures can raise plant productivity in RK.

Firstly, it is necessary to introduce innovative farm-
ing systems in RK: water accumulation, regulation of
water exchange, gas exchange and heat exchange pro-
cesses. Obtaining high and stable yields of grain crops
in severe hydrothermal conditions requires taking into
account soil-climatic zonality: in the north of RK agri-
cultural lands are represented by chernozem and chest-
nut soils,and in the south — brown semidesert soils. Un-
foreseen weather conditions and drought lead to loss
of fertility. To ensure the sustainability of crop yields,
it is necessary to carry out reclamation measures with
the application of organic and synthetic mineral ferti-
lizers. According to D.S. Peixoto et al. (2020), in order to
conserve natural resources, maintain water, air and soil
quality, and stabilize crop yields, it is necessary to im-
plement soil-protective resource- and moisture-saving
farming methods: No-Till, Strip-Till, Mini-Till, Conserva-
tion Agriculture. These technologies envisage preser-
vation of integral, intact structure, leaving on the field
stubble and mulch of shredded plant residues, and are
also applied in the form of soil-protective crop rota-
tions, terracing of slopes, snow retention, improvement
of conservation planting, hydraulic engineering con-
struction. It should be agreed that the alternate applica-
tion of the most effective No-Till, Strip-Till and Mini-Till
tillage technologies in RK will improve soil fertility and
crop yields with minimal environmental impact.

Soils contain more carbon than the atmosphere
and all vegetation in general, and the introduction of
crops such as legumes and cereals into the farming
system allows it to be biologically sequestered into or-
ganic matter, as well as balancing the nitrogen content
of the soil. W.P. Zhang et al. (2023) noted that stems,
stubble, roots, and leaf litter of crops are important ad-
ditions of nutrients to the soil, but crops such as root
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crops and fruiting vegetables leave very little nutrients
in the soil. Also, in the work of K.K. Shah et al. (2021),
an improved crop rotation system that significantly im-
proves soil structure, physical and chemical properties
and increases the availability of nitrogen, phosphorus,
potassium and other elements in the soil are described.
Certainly, this study confirms the importance of this in-
tervention in maintaining soil fertility.

Different crops are adapted to different types of
extreme weather events, and crop rotation effectively
reduces the risks of yield loss as well. RK has developed
a technology of direct seeding and pre-sowing tillage
without main tillage for winter wheat in a three-field
rotation in rainfed conditions. A.P. Pinto et al. (2023)
take into account the basic principles of building dy-
namic rotations of conservation agriculture: avoiding
the alternation of crops of similar origin; respecting the
optimal return period of crops on the same site; con-
sideration of soil-ecological groups, soil peculiarities;
availability of machinery, farm evaluation, economic
conditions. As an additional confirmation, it is noted
that modern harmonious crop rotation combines the
ecological possibility of reducing the use of synthetic
mineral fertilizers and pesticides in the soil with the
economic aspect of profit maximization through the
growth of highly profitable yields.

In RK, new methods of bio-agriculture, including
cover crops, plant growth stimulators, liquid fertilizers
in the form of humates, organic acids and B vitamins are
used to increase crop production. To date in RK, conser-
vation technologies have reached about 7.5 million ha
of agricultural land, but the main problem is the annual
removal of essential nutrients from the soil after har-
vesting. Productive cultivation of food crops in the soil
assumes the presence of the main mobile elements af-
fecting plant yield, namely nitrogen - 37.5 mg/kg, phos-
phorus - 16.8 mg/kg, potassium - 419.5 mg/kg. In the
case of unfertilized sowing, only 15-20% of nutrients
taken up by plants with harvesting are returned to the
soil, therefore, it is necessary to apply a large amount
of mineral and organic fertilizers. According to S. Shar-
ma et al. (2022), nitrogen and potassium should be re-
turned to the soil by 80%, and phosphorus - by 85%, so
potassium fertilizers are recommended to be applied to
grain crops from autumn in the amount of 90-120 kg/
ha, and phosphorus fertilizers at seed sowing - 60-80
kg/ha due to the introduction of synthetic mineral fer-
tilizers. It is worth refuting this opinion, but the use of
synthetic mineral fertilizers is an effective way to en-
sure constant yields, although it contradicts the con-
cept of soil-saving agriculture. And the work of T. Bayu
(2020) pointed out effective ways to restore soil fer-
tility through intensification of agricultural production
using organic fertilizers and plant growth regulators. It
is also found that the combined application of manure
and mineral fertilizers is more economical to maintain
sustainable agricultural productivity. Maximum sus-
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tainable crop yield of 2.88 t/ha is obtained by applying
69 kg of mineral fertilizer with 10 t/ha of manure. As
a result, it can be agreed that organic matter in soil is
of fundamental importance in providing nutrient ele-
ments to plants, especially under the conditions of con-
tinuous increase in potential yield of RK degraded soils.
Consequently, it is possible to agree with the statement
that organic matter in soil has fundamental importance
in providing plants with nutrient elements, especially
under conditions of necessity of constant increase of
potential crop yields for RK degraded soils.

To increase humus levels in RK soils, it is necessary
to create a dense cover of plant material, with gradual
application of organic, organomineral fertilizers that
disperse surface run-off, attenuating the force of winds
under contour ploughing and strip farming. Assessing
the quality of agricultural land requires a significant
amount of soil sampling for humus content. Monitoring
estimates of humus content in the arable layer of cher-
nozem ranges from 3% to 12%; in chestnut soils from
2.5 to 5%; grey-brown soils from 1 to 2%. L. Kang et al.
(2021) report that in order to preserve and reproduce
soil fertility, in particular its main indicator - humus,
it is necessary to apply crop rotations with annual and
perennial grasses, and to apply organic fertilizers. It is
worth agreeing with this statement, because the min-
eral fertilizer system does not provide stabilization of
humus content in grain and fallow crop rotation, irre-
spective of the method of main tillage.

Energy plants are natural filters for soil purification,
in RK there are prerequisites for mass use of modern
methods of cultivation and processing of such biomass.
Of particular relevance are arrays of energy willow,
which can be used as buffer zones in places of accumu-
lation of biological wastes of farms and become natural
filters for removal of agro-industrial wastes. As noted
in the work of S.Jain & A.R. Tembhurkar (2022), the de-
velopment of bioenergy technologies will diversify the
country’s energy supply, improve soil and air ecology,
and promote local employment. In addition, planta-
tions are effectively used in anti-erosion measures to
strengthen the soil, enrich the soil with macro- and
microelements and nutrients of natural origin. It is dif-
ficult to disagree with this study, as bioenergetics is a
promising branch of agriculture, for radiation-contam-
inated, unproductive and degraded lands, plantations
of energy plants, which become the only cost-effective
and safe maintenance of land fertility.

Diversification of agriculture is done by planning
and ensuring a high level of land use through special-
ized digital maps with photo images corresponding
to the current state of the land, which should cover
100% of the RK territory. The results of RK soil surveys,
indicate environmental problems and risks of agricul-
tural land use related to landscape degradation, espe-
cially for arable land. According to Y. Cai et al. (2022),
modern assessment of soil profile status and potential
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is impossible without the application of Geographic
Information System (GIS) land use indicators, which
determines the net amount of carbon assimilated by
photosynthesis and autotrophic respiration over a cer-
tain period of time for biological production of fibre
and protein. It is impossible to disagree that in this
study, the main emphasis is placed on the construc-
tion of balance relationships in the agro-landscape,
their use for the optimization of natural-anthropogen-
ic systems aimed at raising the level of productivity of
farms with low yields.

CONCLUSIONS

Soil research, which was conducted, has shown that soil
erosion has a detrimental effect on the economy, as the
gradual degradation of fields inevitably leads to lower
crop yields. Regular monitoring of fields helps to detect
the first signs of problems. Intensive farming aims to
generate as much profit as possible through the use of
fertilizers and pesticides, intensive and extreme land
use with significant inputs, abundant irrigation, exten-
sive cropping, high-yielding varieties and expansion
into new areas. At the same time, the potential of de-
graded fields is significantly reduced and more atten-
tion needs to be paid to their management practices,
including ways of applying additional mineral organic
fertilizers to increase productivity. Despite the length
and complexity of the process, it is also necessary to
analyse the short-term effects of soil erosion using veg-
etation indices. Establishing a natural crop rotation can
effectively improve soil physical and chemical proper-
ties while increasing soil enzyme activity, fertility and
ultimately soil stability in the process of resisting RK
weather extremes.

Modern agricultural technologies allow not only
achieving significant success in preventing soil erosion
and its consequences, but also finding rational solu-
tions to this problem. At the same time, the choice of
optimal methods and strategies depends on effective
management decisions, climatic conditions, resource
availability and soil utilization plans. Soil erosion mon-
itoring and control can be adapted to the requirements
of specific agribusinesses. For example, digital mapping
of fields based on satellite images and the use of math-
ematical models allows analysing the current state of
soils and taking appropriate protective measures. In the
process of climate change and global warming, modern
agriculture is far from classical methods that ensure
adequate storage and utilization of soil moisture, as
even on fertile soils plant productivity may not give the
expected yield due to lack of soil moisture.
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AHotauif. Y KaszaxcTtaHi cinbCbKOrocnogapcCbKi 3emni gerpagyBanu NpoOTAroM AeCaTUAiTb, WO NpuU3Beno Ao
3aranbHOr0 3HMXKEHHS BPOXAWHOCTI CiNlbCbKOrOCMOAAPCbKUX KyNbTyp. MeTol [0CNiOXEHHS € MNPOBEeAEHHS
€KOJIOMYHOT OLiHKM Cy4aCHOro CTaHy rpyHTiB KasaxcTaHy Ang niaBMLEHHS BPOXaMHOCTI CiNbCbKOroCnoaapCbKmnx
KYNbTYp 3 BUKOPUCTAHHAM IPYHTO3aXMCHUX MeToAiB. [ig yac npoBeAeHHs AOCNIAKEHHS BUKOPUCTOBYBANMUCS TaKi
MeTOAM: KapTorpadiyHuiA, aHanisy i cMHTe3y, cucteMaTm3alii, abcTparyBaHHs, KOHKpeTU3aLii, NporHo3yBaHHs. Iig
CiNlbCbKe rocnoAapCTBO BMKOPUCTOBYETbCS 86 % 3eMenb KasaxcTtaHy. AKTMBHE 3eMNeKOPUCTYBaHHS MpPWU3BENO
[0 pisHMx dopM Aerpafauii, BHACNiAOK Yoro Hanivyetbcs 90 MAH ra epoAoBaHMX FPYHTIB, 3 SKMX 29.3 MAH ra
NpakTUYHO NOBHICTIO po3muTi. Y 2023 poui cepeaHs BPOXKaMHICTb 3epHOBMX KYNbTyp CTaHOBMAA 9.3 L/ra, ONikHKX —
7.1 u/ra, oBoyeBux — 275.4 u/ra. 3a3HaueHo, LU0 BPOXKAMHICTb 3epHOBMUX KynbTyp Yy 2023 poui H1xkYa Ha 28 %, HixX y
nonepesfHboMy nepioai 2020-2022 pp., He3BaXKarouM Ha 36inblUeHHS NoCiBHMX naoLl. [locyxa Ta ferpafalis rpyHTiB
€ OCHOBHMMMU MPUYMHAMMU 3HUKEHHSI BPOXAMHOCTI 3€PHOBUX KYNbTYp. 3a3HAY€EHO, WO OCHOBHWMMU GionoriyHUMM
0OMEeXeHHAMM ANS BUPOOHMLITBA 3E€PHOBMX KYNbTYp € IPYHTOBA MOCyxa, CYXOBii, Aerpajauisa Ta eKcTpeMalnbHi
TeMnepaTtypu, 0cobanBo B HOrapHMX 3poLlyBaHMX CMCTEMax 3emiepobCTBa Ha MOCYLIMBMX 3eMANX, TaKMX SK
nisaeHb KasaxcraHy. Y niBHIYHIN | LeHTpanbHiM YacTuHi KaszaxcTaHy yrigas CinbCbKOrocnoAapCbKoro Npu3HavyeHHs
npeacTaBieHi YOpHO3eMaMM i KalWTaHOBUMM IPyHTAMK, @ HA MiBAHI BypyrMKM HaniBnycTenbHMMKU. Hanbinblwi naowwi
€pOA0BaHMUX CilbCbKOrOCNOAAPCbKMX Yrifb PO3TALLOBaHI B AIMAaTUHCBKIM, ATUpayCbKil | TypKeCTaHCbKin 0bnacTsax —
noHan 30 %, a HaWMeHwi - B AKMOAMHCbKIN, KaparaHauHcbkin, KoctaHarcbkint i [liBHiYHO-Ka3axcTaHCbKin
obnactax -5 %. 019 NpoayKTUBHOIO BUPOLLYBAHHS 3€pHOBUX KY/IbTYp HEOOXiAHWI MOHITOPUHT FPYHTY 32 OCHOBHUMMU
PYXOMUMU enemMeHTaMM, SKi BMIMBAKOTb Ha BPOXalHicTb pociuH. CepeaHi 3HayveHHsa ansa Pecny6bniku Kasaxcraw
CTQHOBNATL: BMICT a3oTy - 37.5 mr/kr, docdopy - 16.8 mr/kr, kanito — 419.5 mr/kr, rymycy - 2.8 %. lMpakTnyHa
3HAYYLWiCTb AOCNIAXKEHHS NONATAE B PO3LIMPEHHI Ta AOMOBHEHHI TEOPETUYHOI 6a3um AocnimKeHb Y ranysi gerpagauii
I'PYHTIB, @ OTPUMaHI pe3ynbTaTi MPOMNOHYIOTHCS A5 KOMMNAEKCHOT eKONOriYHOI OLiHKM rpyHTIB KasaxcTaHy

KntouoBi cnoBa: arpoximMiuHWI aHanis; NpMPOAHICTb; paLioHasibHe 3eMAEKOPUCTYBAHHS; ryMyc; a3oT; pocdop

Scientific Horizons, 2023, Vol. 26, No. 12

87


https://orcid.org/0009-0007-1590-2524
https://orcid.org/0009-0004-2077-7201
https://orcid.org/0000-0002-7020-6595
https://orcid.org/0000-0001-7196-9159
https://orcid.org/0009-0005-8862-4364

SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(12), 88-98

UDC 631.46:631.417
DOI: 10.48077/scihor12.2023.88

Ecological aspects in the use of soil enzymes as indicators
of anthropogenic soil pollution

Nurzat Totubaeva’
PhD in Biological Sciences, Associate Professor
Kyrgyz-Turkish Manas University
720044, 56 Chyngyz Aitmatov Ave., Bishkek, Kyrgyz Republic
https://orcid.org/0000-0002-5919-9363
Ainura Batykova
PhD in Technical Sciences, Head of Department, Associate Professor
Kyrgyz National Agrarian University named after K.I. Skryabin
720005, 68 Mederov Str., Bishkek, Kyrgyz Republic
https://orcid.org/0000-0001-9173-3151
Tamas Karches
Doctor of Philosophy, Associate Professor
Ludovika University of Public Service
H-1441, 2 Ludovika Sq., Budapest, Hungary
https://orcid.org/0000-0003-2347-3559
Akylbek Osmonaliev
Senior Lecturer
Kyrgyz National Agrarian University named after K.I. Skryabin
720005, 68 Mederov Str., Bishkek, Kyrgyz Republic
https://orcid.org/0000-0000-8914-8778
Victoria Sultanalieva
PhD in Agricultural Sciences, Associate Professor
Kyrgyz National Agrarian University named after K.I. Skryabin
720005, 68 Mederov Str., Bishkek, Kyrgyz Republic
https://orcid.org/0000-0002-9320-5632

Article’s History: Abstract. In the contemporary era, with rapid industrial growth and urbanisation,
Received: 27.08.2023 analysing the impact of human activities on soil enzyme activity becomes crucial. The
Revised: 5.11.2023 purpose of this study is to assess the influence of anthropogenic pollution on enzyme
Accepted: 27.11.2023 activity in soil. Research on enzyme activity levels in the soil in the city of Kara-

Balta, Chuy Region, Kyrgyz Republic, was conducted using biochemical analyses and
specific enzymatic tests. The results revealed significant diversity in catalase activity in

Suggested Citation:

Totubaeva, N., Batykova, A., Karches, T., Osmonaliev, A., & Sultanalieva, V. (2023). Ecological aspects in the use

of soil enzymes as indicators of anthropogenic soil pollution. Scientific Horizons, 26(12), 88-98. doi: 10.48077/
scihor12.2023.88.

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY

Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author


https://orcid.org/0000-0002-5919-9363
https://orcid.org/0000-0001-9173-3151
https://orcid.org/0000-0003-2347-3559
https://orcid.org/0000-0000-8914-8778
https://orcid.org/0000-0002-9320-5632

Totubaeva et al.

different soil samples. Some samples exhibited high activity, while others showed low activity. These differences
may be associated with oxidative stress and the ability of soil microorganisms to decompose hydrogen peroxide.
Urease analysis indicated the highest activity in soil samples after 2 hours, particularly near the protective barrier
of the tailings pond, suggesting intensive chemical reactions, especially near pollution sources. Research has also
revealed the diversity of protease activity in soil ecosystems, where samples with high activity may more effectively
break down proteins compared to samples with low activity. To achieve ecological stability of soil resources, it is
necessary to develop a management strategy, including monitoring and restoring priority areas considering local
characteristics, supporting biodiversity, applying sustainable agricultural methods, and combating soil erosion.
Important steps also include forming a community emphasising the importance of soil resources, funding research,
and collaborating with local authorities, scientists, and the business community. The results of the study can be
used in developing strategies to prevent the negative consequences of soil pollution, contributing to improved

ecological resilience, especially for environmental protection agencies

Keywords: catalase; urease; protease; ecosystem; ecological stability; sustainable development

INTRODUCTION
Soil is an integral part of biogeocenoses and the bio-
sphere as a whole, performing important environmen-
tal functions. It sustains life on Earth, participates in
the cycling of substances and energy in the biosphere,
and contributes to ecosystem stability. However, under
increasing anthropogenic pressure on the planet, soil
undergoes degradation due to human activities. This
affects all components of the biosphere and under-
scores the importance of assessing the state of the soil
and its potential rehabilitation (Bartkowiak et al., 2020).

Enzymes in the soil play a key role in biochemical
processes, determining its functionality. They act as bio-
catalysts, facilitating the decomposition of organic mat-
ter and the circulation of biogenic elements in the soil.
These enzymes can be produced by various organisms,
as their activity creates complex biochemical systems
in the soil (Doolotkeldieva et al., 2021). The analysis of
enzymatic activity in the soil is a powerful tool for as-
sessing anthropogenic impact. It reflects the dynamics
of essential biochemical processes, such as the decom-
position of organic material and nitrification. These pro-
cesses are crucial for maintaining soil health and the
overall ecosystem (Totubaeva et al., 2019).

Research on enzymatic activity allows evaluating
the degree of ecosystem degradation and developing
soil rehabilitation strategies. They can also help estab-
lish a quantitative relationship between the physico-
chemical properties of the soil and enzyme activity,
contributing to a deeper understanding of changes
occurring in the soil due to anthropogenic influence.
Soil enzymes are a powerful tool for diagnosing con-
taminated soils and ecosystems. They reflect changes
in the soil under the influence of pollutants such as
oil, metals, and pesticides. Studies show that enzymes
are sensitive indicators of pollution, and their activity
may change depending on the type of pollutant and its
concentration (Cui et al., 2021).

In particular, enzymes such as urease, catalase,
and dehydrogenase can be used to detect oil-contam-
inated soils. Urease often increases its activity in the

presence of oil, associated with the growth of ammo-
nifying microorganisms. However, after the completion
of oil degradation processes, urease activity decreases,
and catalase activity increases. These changes in en-
zyme activity can serve as indicators for diagnosing the
state of the soil after oil contamination (Doolotkeldieva
et al., 2018). The use of soil enzymes as indicators of
anthropogenic soil pollution in industrial cities of the
Kyrgyz Republic is of great importance for assessing the
environmental situation and soil health in the country.
Like many other countries, the Kyrgyz Republic faces
soil pollution issues in industrial regions, where inten-
sive industrial activities can lead to emissions of vari-
ous pollutants. This is particularly crucial for industrial
cities, where the intensive use of soil and emissions
from industrial enterprises can have a negative impact
on soil quality (Severinenko et al., 2023).

In this regard, researching enzyme activity in pol-
luted soils provides an opportunity to diagnose and
assess the degree of soil contamination by various pol-
lutants such as oil, metals, or pesticides. Soil enzymes
are sensitive to changes in the environment and can
serve as indicators to detect the presence and nature of
pollution. This enables taking measures to control and
manage contaminated areas and developing strategies
for their rehabilitation. Research on enzyme activity in
polluted soils is also important in the context of cli-
mate change and the development of rehabilitation
strategies for pollution. In addition, enzyme activity is
linked to soil quality and its impact on human health
through food products, making it relevant from a pub-
lic health perspective. Thus, studies on enzyme activity
have practical significance for addressing environmen-
tal, economic, and health issues in the modern world.

The purpose of this study is to assess how anthro-
pogenic pollution affects enzyme activity in the soils
of the industrial city of Kara-Balta. To achieve this pur-
pose, the following tasks were set and implemented:
evaluate the level of enzymatic activity in the soil in
Kara-Balta, and develop recommendations for the
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management and monitoring of soil resources to pre-
serve and restore environmental sustainability.

MATERIALS AND METHODS

The object of the study was the city of Kara-Balta, located
in the Chui region, serving as the centre of the Jayyl dis-
trict of the Kyrgyz Republic. The city is situated in the Chui

Valley along the Kara-Balta River and is positioned on
the route of the road connecting Bishkek, Taraz (Kazakh-
stan), and Tashkent (Uzbekistan). Located at an altitude of
780 m above sea level, the city is 62 km west of the capital
Bishkek and 122 km from the regional centre of Tokmok.
Various sampling points were selected in different parts
of the city for soil sample collection (Table 1).

Table 1. Points of selection of soil samples

No. Soil sampling points in the city of Kara-Balta Coordinates of points
1 300 m from Djunda, in an agricultural area 42°47°42"N 73°50'34"E
2 100 m from the security zone 42°47'56"N 73°52°58"E
3 10 m from the security zone 42°47°56"N 73°53°00"E
4 200 m from the tailings tank 42°47°004"N 73°50'20"E
5 100 m from the tailings tank 42°47°'15"N 73°50'11"E
6 50 m from the tailings tank 42°47°13"N 73°50'07"E
7 At the border of the protective barrier of the tailings pond 42°47°14"N 73°50'06"E
8 Inside the tailings pond 42°47°'15"N 73°50'08"E
9 200m from Kara-Balta Mining and Metallurgical Plant (KMMP) 42°46'28"N 73°50'01"E
10 KMMP from a distance of 100m 42°46°28"N 73°50'01"E
11 Acreage 150m from KMMP 42°46’14"N 73°50'18"E
12 400m from KMMP 42°46'26"N 73°50'47"E
13 Control sample 1 km from KMMP 42°46'23"N 73°51'14"E

Source: compiled by the authors

Samples were taken at a depth of 0-20 cm from a
test area measuring 1x1 m at 5 different points, which
were then combined into a single composite sample
weighing 400-500 g. The following methodologies
were employed to determine soil indicators:

1. Soil pH was determined using a universal iono-
mer EV-74.

2. Humus content in the soil was determined using
a modified Tyurin method.

3. Soil moisture was determined by the gravimetric
method, where samples were dried in an oven at a tem-
perature of 105°C.

4. Soil particle size distribution was determined
using the sieve method, using sieves of various sizes
ranging from 0.001 to 10 mm.

For catalase activity determination,a method based
on the formation of a complex of intact hydrogen per-
oxide with potassium iodide was used. Catalase activity
was calculated using the formula: A=D/0.02, where A
represents the catalase activity in the sample; D - opti-
cal density of the investigated sample; 0.02 - the con-
version coefficient of catalase into arbitrary units.

For urease activity determination, an express
method was employed. This involved placing 50 g of
soil sample in a Petri dish and adding 0.5 g of urea
dissolved in a small amount of water. The soil and
urea were thoroughly mixed, moistened with distilled
water to a paste-like state, and evenly distributed on
the bottom of the dish. The dish was covered, and the
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incubation time was determined based on soil biolog-
ical activity (2-3 hours, up to 4 hours in cold weather).

For protease activity determination, a modified
photometric method was used, conducted in the labo-
ratory of the fertility of hydromorphic and acidic soils of
the Institute of Soil Science and Agrochemistry named
after O.N. Sokolov. This method is based on the Mishus-
tin method for determining protease activity, utilising
photographic film, and an improved method for calcu-
lating protease activity using Adobe Photoshop.

The obtained research results were processed
for reliability using a multifactor analysis of variance
(ANOVA) with the help of Microsoft Excel and the Sta-
tistica 10 software package. Differences in the obtained
results were considered significant at a significance level
of P<0.05 according to the Student’s t-test criterion.

RESULTS

The city of Kara-Balta is characterised by the presence
of several large industrial enterprises and has a tail-
ings storage facility. The Zhongda Oil Refinery, located
in Kara-Balta, was built in 2009 and started produc-
tion in 2014. The owner of the refinery is the Chinese
company China Petrol Company Zhongda LLC, and
Kyrgyzstan does not have a share in its ownership.
The refinery specialises in the production of various
oil products, including gasoline, diesel fuel, mazut, and
liquefied gas. About 89% of the produced products are
sold on the domestic market, while the remaining 11%




are exported to countries such as China, Tajikistan, Be-
larus, and Uzbekistan. The refinery’s operations have
been suspended since October 2020.

The tailings storage of the Kara-Balta Mining Com-
bine is located in the Jayyl district of the Chui region.
This site has been used for storing radioactive waste
since 1955 and is located only 1.5 km from the city of
Kara-Balta, which has a population of over 50 thousand.
Since 2008, the complex has belonged to the private
enterprise “Uran-Platina Holding.” The total volume of
radioactive waste here is about 37 million m?, although
the designed capacity of the storage is almost twice as
large - 63.5 million m3. Some sections of the waste stor-
age are undergoing constant rehabilitation. However,
due to the complex economic situation at the Kara-Balta
Mining and Metallurgical Plant (KMMP), the quality of
supervision over the storage has deteriorated, posing an
increased risk to the environment and the population
in densely populated areas. The waste storage in Kara-
Balta is considered one of the most dangerous objects in
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the Kyrgyz Republic and is the largest landfill of its kind
in the world. The potential contamination zone extends
to a radius of 10 km from this facility.

Agrochemical indicators of soil samples are crucial
for understanding its condition in a region with in-
dustrial load. The analysis of agrochemical soil charac-
teristics helps not only in determining the physical and
chemical properties of the soil but also in developing
strategies to improve its quality and increase produc-
tivity. It is important to emphasise that agrochemical soil
indicators have a significant impact on agriculture and
the environmental condition of the studied region. Ac-
cording to the obtained data, soil samples have different
levels of acidity (pH), but most of them are in the neu-
tral or slightly alkaline range, which is often favourable
for agriculture. The humus content varies from low values
around 2% to higher values around 6.5%. Samples with
higher humus content can provide better soil fertility. Cat-
ion exchange capacity also varies among samples, which
can affect the soil’s ability to retain nutrients (Table 2).

Table 2. Agrochemical indicators of the studied soil samples

No. pH Humus, % Absorption capacity, mg equiv per 100 g of soil
1 7.2 1.98 13.4
2 7 2.96 14
3 7.55 3.22 16
4 77 3.22 18.4
5 7.85 2.5 14.6
6 7.55 3.28 17
7 7.6 3.38 18
8 7.8 3.22 18
9 7.2 5.04 22
10 73 3.9 18
11 7.95 3.38 17.2
12 7.2 6.55 23
13 6.9 2.65 16

Source: compiled by the authors

The analysis of the mechanical composition is an
important stage of the study, as it allows determin-
ing the percentage of various particles in the soil by
their size. These data are of significant importance for
evaluating the soil’s textural characteristics, its ability
to retain moisture and nutrients, and determining its
agrochemical properties. The mechanical composi-
tion of the soil, including the proportions of sand, silt,
and clay, determines its textural characteristics. In the

conducted study, various soil samples exhibit different
mechanical compositions. The soil at 10 m from the
protected zone has a high content of the fraction sized
1-0.25 mm (24.79%), while the soil at the boundary
of the tailings storage protective barrier has a higher
content of the fraction 0.25-0.05 mm (32.2%). The soil
sample from the sowing area at 150 m from KMMP
has a significant content of the fraction <0.01 mm
(26.12%) (Table 3).
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Table 3. Mechanical composition of the studied soil samples

Fraction content, % (particle size mm)

No. Sum of particles <0.01
>1 1-0.25 0.25-0.05 0.05-0.01 0.01-0.005 0.005-0.001 <0.001
1 14.72 124 41.48 1.44 16.24 13.72 314
2 12.21 9.41 32.2 11.12 19.56 154 46.08
3 18.61 24.79 22.56 4.48 19.92 9.64 34.04
4 10.21 18.79 29.92 8.08 17.52 15.45 41.08

Scientific Horizons, 2023, Vol. 26, No. 12




Ecological aspects in the use of soil enzymes as indicators of anthropogenic soil pollution

Table 3, Continued

Fraction content, % (particle size mm)

Sum of particles <0.01

>1 1-0.25 0.25-0.05  0.05-0.01 0.01-0.005 0.005-0.001 <0.001
5 129 17.58 28.92 10.68 17.24 12.68 40.6
6 21.74 21.86 24.56 8.64 12.8 104 31.84
7 11.99 19.13 322 8.48 16.36 11.84 36.68
8 154 18.2 30.76 9.84 13.44 12.36 35.64
9 13.18 13.38 35.04 10 17.04 11.36 384
10 16.91 14.97 29.56 11.24 14.64 12.68 38.56
11 20.33 1711 36.44 4.32 12.88 8.92 26.12
12 20.66 19.5 24.72 7.88 14.88 12.36 35.12
13 20.76 33.56 31.84 9.08 14.46 10.56 34.6

Source: compiled by the authors

The catalase activity is an important indicator that
can help determine the impact of anthropogenic chang-
es on the soil. Locations with increased catalase activity
may have mechanisms to protect against oxidative stress,
while in other locations, the soil may be less resistant to
this stress. The study of the activity of catalase and other
soil enzymes is crucial for monitoring soil conditions and
detecting anthropogenic impacts. This data can assist
in developing environmental protection strategies and
maintaining ecosystem stability in industrial cities.

As a result of the study, it was found that catalase
activity varies significantly among samples, covering a
wide range of values from 15.9 to 86.6. This indicates

the different ability of soil samples to decompose hydro-
gen peroxide. Soil samples from 200 m from the tail tank
and inside the tailings storage exhibit the highest cata-
lase activity values. This may indicate their high capabil-
ity to decompose hydrogen peroxide, potentially linked
to greater resistance to oxidative stress. Soil samples
from 50 and 100 m from the tail tank have the lowest
catalase activity values, suggesting limited capabili-
ty to decompose hydrogen peroxide. This may indicate
higher vulnerability to oxidative stress, possibly related
to anthropogenic influences. Other samples have activity
values between these extremes, indicating diversity in
their ability to decompose hydrogen peroxide (Table 4).

Table 4. Catalase activity

No. D A

1 0.41 20.5
2 0.318 159
3 0.851 42.55
4 0.933 46.65
5 0.246 123
6 0.245 12.25
7 0.318 159
8 1.732 86.6
9 0.862 43.1
10 0.838 419
11 0.749 3745
12 0.842 42.1
13 0.739 36.95

Note: D is the optical density of the test sample; A is the catalase activity in the sample

Source: compiled by the authors

Results of urease activity measurements in differ-
ent samples over time (1 hour, 1.5 hours, and 2 hours)
show that the enzyme’s activity varies among samples
and changes over time. Initial values range from 3.5 to
5, and final values after 2 hours range from 6.5 to 8.
This suggests various chemical processes occurring in
the solutions, which can be a crucial factor in examin-
ing chemical reactions and the time impact on environ-
mental parameters.

Scientific Horizons, 2023, Vol. 26, No. 12

Significant increases in soil samples from 200 m
from the tail tank and the control sample 1 km from
KMMP may indicate chemical processes affecting the
acidity or alkalinity of the solutions. Changes in urease
activity over time indicate that chemical processes in
the soil develop and change over time. This dynamic
may be related to various factors such as microorgan-
isms, the presence of organic substances, and environ-
mental conditions. Thus, soil samples at the boundary




of the tailings storage protective barrier and in the
control sample demonstrate the highest urease activity
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values after 2 hours, potentially linked to more intense

chemical reactions (Fig. 1).

9
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soil samples

m 1 hour (pH)

1.5 hours (pH)

M 2 hours (pH)

Figure 1. Urease activity

Source: compiled by the authors

Significant changes in soil samples, especially
near pollution sources, may indicate the influence of
anthropogenic chemical processes on soil acidity or
alkalinity. This can have long-term effects on soil and
biota and the quality of soil resources. The research
results emphasise the importance of regular moni-
toring of soil enzymes, such as urease, in industrial
city areas. This helps identify changes in the soil eco-
system and react promptly to anthropogenic impact.
Information about changes in the soil ecosystem, oc-
curring under the influence of anthropogenic factors,
using the activity of protease enzymes as an indica-
tor, was determined by the area of the decomposed
gelatine layer — S(g). Values of S(g) vary significantly
among the investigated samples. The minimum value
is 0.267, while the maximum value is 7.318. This indi-

cates diverse activity of protease enzymes in different
soil samples.

Soil samples at 50 m from the tail tank and at
the boundary of the tailings storage protective barrier
stand out with the largest area of the decomposed gel-
atine layer. This may indicate higher activity of protease
enzymes in these samples, possibly related to more in-
tensive biochemical processes. Soil samples at 200 m
from the tail tank and inside the tailings storage have
the lowest S(g) values, indicating reduced activity of
protease enzymes in these soils. This could be associ-
ated with the impact of anthropogenic factors that may
slow down or restrict biochemical processes in the soil.
Other samples have S(g) values between these extreme
values, indicating diversity in the activity of protease
enzymes in soils (Table 5).

Table 5. Assessment of changes in the soil ecosystem under anthropogenic influence
based on the activity of protease enzymes

No. S(g)
1 4.542
2 1.952
3 2.258
4 0.554
5 1.773
6 5.954
7 7318
8 0.84
9 0.267
10 3.383
11 1.652
13 4.67

Note: S(g) - area of the decomposed gelatine layer
Source: compiled by the authors
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Protease activity is directly related to the soil’s abil-
ity to decompose organic material, including plant and
animal residues. These processes play a crucial role in
the nutrient cycle and soil stability. Therefore, changes in
protease activity can affect soil quality and its ability to
support plant and animal life. Analysing protease activity
in different samples or conditions allows the following
observations: the data demonstrate diversity in protease
activity in samples, with minimum activity at 0.0002%
and maximum reaching 0.04%. Such diversity indicates
varying abilities of samples to decompose protein com-
pounds. The soil sample at 300 m from the China Pet-
rol Company Zhongda oil refinery, in the agricultural

area, and the control sample 1 km from KMMP exhibit
the highest protease activity. This may indicate a higher
capacity for breaking down protein compounds in these
samples, suggesting healthier soils in these locations.

Soil samples at 200 m from the tail tank, inside
the tailings storage, and at 200 m from KMMP have
the lowest protease activity. This indicates a reduced
ability to decompose protein compounds in such sam-
ples, possibly due to pollutant impact and changes in
soil conditions. The obtained data can be essential for
understanding biochemical processes in the soil and
other ecological systems and for assessing the soil’s
ability to decompose organic material (Table 6).

Table 6. Protease activity, %
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In general, the study confirms that soil enzymes
can serve as important indicators of anthropogenic
impact on soils in industrial cities. This not only helps
understand the environmental conditions but also en-
ables measures to improve ecological sustainability in
such areas. Recommendations for the management and
monitoring of soil resources to preserve and restore
ecological sustainability:

1. Develop a soil resource management strategy
that includes goals and priorities for managing and re-
storing soil resources, considering local characteristics
and environmental needs.

2. Monitor soil quality in vulnerable and ecologi-
cally important areas.

3. Preserve biodiversity by applying conservation
and restoration methods, such as soil vegetation resto-
ration and creating locations for animal migration.

4. Adopt sustainable agricultural practices, such as
organic farming, and reduce the use of chemical fertil-
isers and pesticides.

5. Develop erosion stabilisation methods.

6. Educate and inform the public, agricultural work-
ers, and all stakeholders about the importance of soil
resource management and methods for preserving eco-
logical sustainability.

7. Finance and support research aimed at studying
soil processes, monitoring changes in soil ecosystems,

Scientific Horizons, 2023, Vol. 26, No. 12

and developing new methods for soil resource resto-
ration.

8. Incorporate legislation and regulations that pro-
mote sustainable soil resource management, including
penalties for soil damage and illegal construction on
vulnerable soil sites.

9. Collaborate with local authorities, scientists, and
the business community to develop and implement
joint programmes for soil resource management and
monitoring.

These recommendations form the basis for devel-
oping a comprehensive approach to soil resource man-
agement with the goal of preserving and restoring eco-
logical sustainability. Effective soil management plays
a crucial role in ensuring a healthy environment and
sustainable development.

DISCUSSION

Soils are an essential component of ecosystems, sup-
porting vegetation, filtering water, and participating
in the nutrient cycle. However, industrial activities in
cities often result in high levels of anthropogenic soil
pollution. This pollution includes various chemical
compounds such as heavy metals, organic compounds,
petroleum products, and other harmful substances that
can cause serious damage to soil ecosystems and hu-
man health.




According to Y. Cui et al. (2019), various methods
and tools are employed to assess the degree of anthro-
pogenic soil pollution in industrial cities. One of such
methods is the use of soil enzymes as indicators. Soil
enzymes are proteins that play a key role in the bio-
chemical processes occurring in the soil. They can be
sensitive to changes in the soil environment and serve
as indicators of anthropogenic impact on the soil. The
application of enzymes also contributes to the devel-
opment of measures to restore soils affected by human
activities, correlating with the conducted research and
its findings. The study also reflects the opinion of S.H.
Lee et al. (2020) that anthropogenic pollutants can af-
fect the activity and structure of enzymes, which can
be used to assess the pollution level. Metals such as
copper, nickel, and mercury can inhibit the activity of
various soil enzymes, depending on their concentration
and the enzymes’ properties. These metals can have di-
verse effects on soil biochemical processes.

Furthermore, the activity of soil enzymes can be
influenced by pesticides, and this impact depends on
their chemical structure and bioavailability. The chem-
ical structure of pesticides can affect how they interact
with soil enzymes. Some pesticides may inhibit or de-
stroy the activity of specific enzymes, leading to dis-
ruptions in processes related to the decomposition of
organic matter or nutrient cycling. This can lead to a
deterioration in soil quality and a decrease in its fer-
tility (Masikevych et al., 2022). According to C. Michan
et al.(2021), substances entering the soil due to anthro-
pogenic influence can alter enzymatic activity, serving
as an indicator of pollution. Toxic trace elements and
petroleum hydrocarbons can have a negative impact on
the activity of soil enzymes, affecting the soil’s ability to
support life and ecosystem functions, as also noted in
the conducted study.

Confirmation of the conducted research can also be
found in the works of R. Nunes et al. (2021), who argue
that soil enzymes can be used for conducting ecotoxi-
cological studies to assess the impact of pollutants on
biological systems in the soil. The use of soil enzymes
also facilitates monitoring anthropogenic soil pollution
in industrial areas, which can be useful for taking meas-
ures to improve soil quality and environmental protec-
tion, as also reflected in the conducted study. Moreover,
studies on soil enzyme activity help assess the health
of an entire ecosystem, and the functionality of the
soil and its ability to support life in the ecosystem are
linked to enzyme activity. Changes in enzyme activity
may indicate alterations in biological diversity and the
structure of soil microorganisms, which, in turn, influ-
ence ecosystem processes. Such research allows not
only the evaluation of the current state of the biogeo-
cenosis but also the prediction of its ability to recover
after potential pollutant impacts. These studies help
make informed decisions in environmental protection
and strategy development to minimise pollutant impact

Totubaeva et al.

on natural ecosystems, as reflected in the arguments
presented in the current study (Maphuhla et al., 2020;
Maini et al., 2020).

C.M. Raffa and F. Chiampo (2021) emphasise the
importance of understanding how soil pollution levels,
chemical and biological properties influence the syn-
thesis, activity, and stability of enzymes, their release
into the environment, and distribution in the soil un-
der increasing human impact on soil ecosystems. This
knowledge plays a key role not only in soil enzymology
and microbiology ecology but also in determining the
effectiveness of soil restoration methods affected by
anthropogenic influences. R. Ochoa-Hueso et al. (2021)
confirm the results of the study that soil-forming fac-
tors, such as soil composition, influence the nature
and formation of enzymes. Soil represents a complex
biological and physicochemical system, complicating
the study of microbiological processes occurring in
it. This highlights the need for collaboration among
specialists from different fields to more accurately de-
termine the impact of various factors on biochemical
processes in different soil types and climatic conditions
(Nazarkulova et al., 2019; Keller et al., 2021).

Advancements in the use of soil enzymes are cru-
cial for environmental protection and natural resource
management. Soil enzymes can catalyse the decompo-
sition of pollutants, such as chemicals and heavy metals,
into less toxic products. This can be highly valuable for
soil restoration and the cleanup of contaminated areas.
Soil enzymes can be used for real-time pollution level
monitoring and assessing the effectiveness of methods
for rehabilitating polluted soils. It also helps determine
the necessary measures for restoring soil resources
(Kokovi¢ et al., 2021; Wyszkowska et al., 2023). Numer-
ous studies by authors, particularly M.A. Severinenko
et al. (2023), Y. Tepe et al. (2022), also emphasise the
significant role of soil enzymes in processing tissues
contaminated with various chemical substances. Soil
enzymes exhibit high activity and the ability to catalyse
specific reactions necessary for breaking down both
natural and synthetic compounds into less hazardous
substances. Soil enzymes also perform diverse func-
tions, such as decomposing organic substances, miner-
alising nutrients, and detoxifying harmful compounds,
as also demonstrated in the conducted studies.

According to the data from N.Totubaeva et al.(2019),
the use of the soil enzyme urease as an indicator of an-
thropogenic soil pollution in industrial cities provides
crucial information about the state of the environment
and the impact of human activities on soil ecosystems.
The study shows that urease activity varies among dif-
ferent soil samples. This variation may be related to
different pollution factors, such as industrial emissions,
the presence of toxic substances, and changes in soil
conditions. The diverse dynamics of urease activity over
time indicate that anthropogenic influence and chem-
ical processes in the soil are not static but evolve over
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time. This can be linked to the continuous impact of
pollutants and changes in environmental conditions, as
confirmed in the study.

Considering the mentioned studies by the authors
and the results of this study, it can be asserted that
the use of soil enzymes as indicators of anthropogenic
soil pollution in industrial cities is an essential tool for
assessing the state of soil ecosystems and developing
measures for their restoration. This approach not only
helps identify issues related to soil pollution but also
contributes to improving the resilience of urban eco-
systems and ensuring a healthy environment for resi-
dents. Furthermore, it is crucial to continue research in
this field and develop more precise methods for assess-
ing the activity of soil enzymes and their relationship
with anthropogenic impacts to more effectively address
environmental issues associated with soil pollution.

CONCLUSIONS

The use of soil enzymes as indicators of anthropogen-
ic pollution in industrial cities is of great significance
for assessing the environmental condition and taking
measures to improve the quality of the environment
and human health. These indicators not only help
identify pollution but also provide information for the
development of sustainable development and environ-
mental protection strategies.

The study disclosed that the examination of cata-
lase activity shows significant diversity in the ability of
different soil samples to decompose hydrogen perox-
ide. Some samples exhibit high activity, while others
have low activity. This variation may be associated
with differences in oxidative stress and the ability to
biochemically break down hydrogen peroxide. Observa-
tions of the highest urease activity in soil samples after

2 hours, especially at the border of the tailings storage
protective barrier, indicate more intensive chemical re-
actions, particularly in areas located in close proxim-
ity to the pollution source. This may be related to bi-
otic and abiotic factors, including microorganisms and
changes in soil composition. The analysis of protease
activity in the soil ecosystem also shows diversity in the
ability of different soil samples to decompose protein
compounds. Samples with high protease activity may
more effectively break down proteins, while samples
with low activity may be less capable of doing so.

To achieve ecological sustainability of soil re-
sources, it is important to develop a management
strategy that includes monitoring and restoring priority
areas, considering local characteristics. This involves
ensuring high-quality monitoring of soil conditions,
maintaining biodiversity, adopting sustainable agricul-
tural methods, and combating soil erosion. Public edu-
cation on the importance of soil resources and funding
research play a crucial role in this process. In addition,
legislative consideration and collaboration with local
authorities, scientists, and the business community
help ensure effective management and monitoring of
soil resources, contributing to their sustainability and
preservation for future generations. Further studies can
focus on developing more efficient methods for moni-
toring soil enzymes, allowing for a more accurate and
timely determination of the degree of pollution and the
soil’s condition.
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AHoTauif. Y cyyacHi enoci, Konm CnocTepiraeTbcs LWBMAKE 3POCTAHHS MPOMMUCIOBUX CEKTOpIB Ta ypbaHisauiq,
aHani3 BMNAMBY JIOACBKOI AiNbHOCTI HA aKTUBHICTb FPyHTOBMX (epMeHTiB HabyBae 0COOGMMBOro 3HauyeHHs. Y
MeXax LbOro AoCnigKeHHs Byno BCTAHOBAEHO METY — MPOBECTM OLHKY BM/MBY aHTPOMOreHHOro 3abpyAHeHHs Ha
AKTUBHICTb GEPMEHTIB Yy IpyHTi. [Ins OOCATHEHHS NOCTaBNEeHOI MEeTU NPOBEAEHO OOCIAKEHHS PiBHS aKTUBHOCTI
depMeHTiB y I'pyHTi y MicTi Kapa-banTa Yyiicbkoi obnacti Kuprusbkoi Pecnybniku, Skuii BUMipoBaBCs 33 LONOMOro
HioxiMi4HMX aHani3iB Ta cneuianbHUX GepMeHTaTUBHMX TeCTiB. Pe3ynbTaTv AOCNiAXKEHb NOKa3aau 3Ha4YHe po3MaiTTS
AKTUMBHOCTI KaTanasu B pi3HUX IPYHTOBMX 3pa3Kax. [leski 3pa3ku BUABASAIOTb BUCOKY aKTUBHICTb, TOAT K iHLLUT HU3bKY.
LLi BiaMiHHOCTI MOXYTb BYTM MOB'A3aHi 3 OKMCIOBANbHUM CTPECOM Ta 3AATHICTIO FPYHTOBMX MiKPOOPraHi3MiB f0
pO3KNaAaHHA Nepokcuay BOAHI0. AHani3 ypeasn NoKasaB HaMBULLY aKTUBHICTb Y FPYHTOBMX 3pa3kax uepes 2
rOAMHKU, 0COBIMBO Ha MeXi 3aXMCHOro Hapepy XBOCTOCXOBMLLA, BKA3YOUM Ha iIHTEHCMBHI XiMiYHi peakuii, 0cobimBo
nobnusy oxepen 3abpynHeHHA. [JocnioXeHHs TakoX BUSBWUAWM Pi3HOMAHITHICTb aKTUBHOCTI MPOTEa3n B IPYHTOBIN
EKOCUCTEMI, fie 3pa3KM 3 BUCOKOK aKTMBHICTHO MOXYTb edeKTUBHille po3KIafaTh 6inku nopiBHSHO 3i 3paskamu
3 HW3bKOK aAKTUBHICTIO. [INS [OCATHEHHS €eKOJNIOriYHOi CTIMKOCTI IPYHTOBMX pecypciB HeobXifHO po3pobutu
CTpaTerito ynpasiHHS, BK/IOYAYM MOHITOPUHT Ta BIAHOBNEHHA MPIOPUTETHUX LINSAHOK 3 YPaxXyBaHHAM MicLeBUX
0C0o6/IMBOCTEN, NIATPUMYBATU BIOPI3HOMAHITTS, 32CTOCOBYBATH CTiMKi METOAM CiNlbCbKOrO roCnofapcTea 1a bopotucs
i3 FPYHTOBOIO epo3i€tn. BaXMBUMM KPOKAMM TaKOX € YTBOPEHHS CMiIbHOTU LWOAO0 BAXAUBOCTI FPYHTOBUX pecypcis,
(iHaHCYBaHHA [OCNILXKEHb, @ TAKOX CMiBMpaLs 3 MiCLLEBMMM OpraHamMu BaZM, HAYKOBLAMM Ta Bi3HeC-CMinbHOTOLO.
Pe3ynbTat focnigkeHHs MOXyTb OyTM BUKOPUCTaHUMM NpY po3pobLii cTpaTeri 3anobiraHH HeraTMBHMM HaCNiAKaM
3abpyAHEHHS IPYHTIB, CNPUSIHOYM NMOKPALLEHHIO EKOOTIYHOI CTIAKOCTi, 0COBIMBO A1 LePXKaBHUX CTPYKTYP 3 OXOPOHU
HaBKOJIMLUHbOIO CEpeaoBMLLA
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ecological sustainability coefficient based on the systematization of statistical reporting data, followed by comparative
geographical analysis and environmental mapping using ArcMap and ArcGIS Pro. The main results of the research
show that the coefficient of ecological stability of landscapes in the Prypiat River basin is in the range of 0.22-5.39
and assesses landscapes from the level of “unstable with pronounced instability” to “stable, with pronounced stability”
The distribution of land areas in the territorial communities located in the Tsyr sub-basin determines the landscape
characterization at the level of “stable, with pronounced stability”. Within the territorial communities of the Vyzhivka
sub-basin and the upper reaches of the Prypiat River, the landscapes are “conditionally stable” - “stable”. Within the
communities of the Turia sub-basin - from “unstable” to “stable, with pronounced stability”. Within the communities
of the Stokhid sub-basin - from “unstable” to “stable, with pronounced stability”. The territorial communities of the
middle part of the Styr sub-basin are represented by landscapes ranging from “unstable, with pronounced instability”
to “stable, with pronounced stability”. In general, more ecologically stable landscapes are located in the northern
part of Volyn Oblast, due to the large areas of forested land. Environmental instability of landscapes is typical for
the southern part of the region due to large areas of ploughed land. The practical value of the work lies in obtaining
regional variations in the assessment of ecological stability of landscapes, which is important to consider when
developing coordinated concepts between communities and environmental management bodies on a basin basis to

achieve sustainable development goals in socio-ecological systems

Keywords: river basin; sub-basin; land use; ecosystem services; management decisions

INTRODUCTION

The river basin with its constituent components (chan-
nel, floodplain, terraces, slopes) is a self-regulating sys-
tem that is able to function regardless of the impact of
external factors. The basin approach to water resources
management involves the creation of organized man-
agement entities that intervene in individual ecosys-
tem components and the landscape structure of the
basin. In particular, the redistribution of water and land
resources in terms of quantity and quality negatively
affects the sustainability of landscapes, which can lead
to errors in management decisions. As a result, there is
a need to determine the limits of permissible economic
use of river basin areas and assess their current state in
order to optimize water and land management for the
formation, use, and protection of the landscape.

Modern researchers agree that the ecological sus-
tainability of a river basin landscape refers to the ability
of this basin to maintain its natural functions, biodiver-
sity, ecosystem services, and ability to recover from an-
thropogenic impacts (Abalo et al., 2021; Ma et al., 2023).
K.G. Sreeja et al. (2015) find that most anthropogenic
factors within a river basin are caused by agriculture
through the reconfiguration of landscape elements.
In particular, agriculture requires significant space for
growing crops and grazing livestock. This leads to the
reduction of natural ecosystems such as forests, mead-
ows, and marshes and their replacement with arable
land and pastures. The misuse of land for agriculture
can lead to soil erosion, desalination, waterlogging and
other forms of degradation that alter soil structure and
lead to loss of fertility. E. Soulé et al. (2023) note that
the use of pesticides, herbicides, mineral fertilizers and
agricultural waste can lead to water pollution in river
channels, and changes in landscape structure due to
agriculture can lead to a decrease in the biodiversity of
many plant and animal species.
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An equally significant impact of agriculture on river
basins is the loss of natural ecosystem services of the
landscape. Agriculture can lead to the loss of natural
ecosystem services, such as air and water purification,
erosion prevention, soil fertility and other processes that
are important for ecosystem health. Some authors sug-
gest increasing the area of forests as an eco-compen-
sation for agricultural land use within river basins. For
example, using the example of the Grain-for-Green Pro-
gramme (GFGP) in China, B. Xu and J. Pan (2022) showed
that adjusting the structure and scale of forest and grass
plantations in the Jinghe River basin during 2000-2015
reduced sediment yield and removal by 36.2% and 60.7 %,
respectively, and increased carbon storage by 2.4%.

Y. Li et al. (2023) found that the spatial spillover
effects of urbanization exacerbate the spatial hetero-
geneity of biogeochemical, physical, ecological and hy-
drological processes in their basins. The studies provide
convincing evidence that catchment urbanization sig-
nificantly increases the potential for riverine CH, emis-
sions. Recent studies by J. Liu et al. (2021) also show that
urbanization and anthropogenic disturbance of natural
landscapes are increasing the amount of allochthonous
organic matter entering aquatic ecosystems.And domes-
tic and industrial wastewater inhibits the self-purifica-
tion capacity of rivers by introducing significant amounts
of nutrients, heavy metals, microplastics, medicines, etc.

Depending on the scale and intensity of landscape
transformation, these changes can have serious con-
sequences for the ecological sustainability of the river
basin. According to A. Tannesen, et al. (2023) argue that
avoiding such consequences depends on sustainable
land and resource management at the level of urban and
rural communities. The tools of such approaches include
accounting and mapping of different contexts of com-
munity territories to make spatial decisions in landscape




planning, outlining potential impacts on river basin eco-
system services, identifying cause-and-effect relation-
ships with socio-ecological benefits and local as well as
global development goals (Schmidt et al., 2022).

The scientific approaches analysed above show that
there is currently no single, universal methodology for
assessing the ecological sustainability of landscapes at
spatial and temporal scales. In each case, researchers use
different approaches, but what they have in common is
the analysis of complex interrelationships between en-
vironmental conditions and anthropogenic factors. Tak-
ing into account the interests of territorial communities
(TCs) in such cases, the distribution of natural elements
that support the sustainable functioning of the entire
ecosystem (meadows, forests, wetlands, etc) and ele-
ments that meet the socio-economic needs of commu-
nities (arable land, pastures, buildings, etc.) is assessed.
Ultimately, this allows for modelling scenarios of envi-
ronmental change in river basins to support the optimal
distribution of landscape elements and ensure a balance

Il Volyn Polissia
Il Volyn Upland
—— Boundaries of Administrative Districts

Boundaries of Territorial Communities
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between conservation and development throughout the
region. The aim of the study was to assess the environ-
mental sustainability of the landscapes of the Prypiat
River basin and its tributaries in the context of the ad-
ministrative boundaries of territorial communities of
Volyn Oblast, as one of the regions of Ukraine that is ac-
tively changing in the current conditions of the state’s
development in accordance with the Sustainable De-
velopment Strategy and support of its goals.

MATERIALS AND METHODS

The study area of the Prypiat River basin is located
in two parts of the south-western part of the Eastern
European Plain - Polissya and Podillya. The northern
part of the basin is located within the Volyn Polissya
physiographic region, and the southern part is located
within the Volyn Upland. According to the administra-
tive division, the study area belongs to the Volyn region,
which is divided into 4 rayons, comprising 54 territorial
communities (Passport of Volyn region. 2022) (Fig. 1).

. Liubeshivska/
f \ [
Kamin-Kashyrika

(Kamin-Kashyrskyi

Figure. 1. Physics-geographic characteristics and administrative units of the territory
of the Prypiat River basin within the Volyn region of Ukraine

Source: based on author’s research

The Prypiat River originates from its source near
the village of Budnyky in the Kovel district of Volyn
region. On the territory of the Kamen-Kashyrskyi and
Kovel districts, the river flows in a southeasterly direc-
tion. Not far from the village of Senchytsi in the Var-
ash district of Rivne region, the Prypiat River crosses
the state border of Ukraine with the Republic of Be-
larus. Within that territory, the river flows through the
Polissya Lowland, which is represented by the poorly
defined valley of the Pinsk bogs. The last 50 km of
the Prypiat riverbed are located within the Kyiv region
of Ukraine, in the lower reaches of the terrain. The
mouth of the Prypiat River is located near the town
of Chornobyl, where it flows into the Kyiv Reservoir on
the Dnipro Riverbed (Khilchevskyi et al., 2022).

The total length of the river is 775 km, of which
254 km is in Ukraine. The Prypiat River basin covers
114.3 thousand km?, of which 68.37 thousand km? is
in Ukraine. According to the hydrographic zoning of
Ukraine (2016), the Prypiat River is a separate sub-ba-
sin of the Dnipro River basin. A part of the Prypiat riv-
erbed in Volyn Oblast, with a total length of 72 km, has
been transformed into the main channel of the Upper
Prypiat drainage system, which is one of the largest in
Europe (Khilchevskyi et al., 2019).

The environmental sustainability of the landscape
of the study area was assessed based on the methodol-
ogy of E.Klementova and B. Geynige (1995), the essence
of which is to determine the coefficient of ecological

sustainability of landscapes k., by the distribution of
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areas occupied by different landscape elements, taking
into account their positive or negative impact on the
environment:

= Xit Faen
Kpsia = 21 l/Z}ZlFstbj’ (1

where F_, . is the area of agricultural plant species that
have a positive impact on the landscape (stable land-
scape elements): forests, green plantations, natural
meadows, areas of nature conservation status, hayfields
and arable land used for growing perennial grasses —
alfalfa, clover, grass mixtures, etc., ha; F_ . is the area
of land with low environmental sustainability, repre-
sented by landscape elements of unstable structure:
actively exploited arable land, areas with high density
of overgrowth, land with little grass cover, street and
road network, silted and overgrown water bodies, min-
ing sites and other lands subject to anthropogenic im-
pact, causing environmental tension that can negative-
ly affect landscape sustainability, ha.

The calculated values of k. , were used to provide a
qualitative description of the ecological stability (terri-
torial integrity) of the landscape on the scale “unstable,

with pronounced instability” - k. ,<0.51; “unstable” -

k.,=0.51-1.0; “conditionally stable” - k. ,=1.0-3.0;
‘stable” - k.., = 3.01-4.5; “stable, with pronounced sta-
bility” -k, ,>4.5.

The initial data for the calculations were statisti-
cal reports of the Department of Ecology and Natural

L o h ioe
o

Vyshniv L ged T
i

Resources and the Department of Agricultural De-
velopment of the Volyn Oblast State Administration,
which constituted a database for solving environmen-
tal problems (Stock Materials, n.d.), both in the Prypiat
River basin and in Volyn Oblast in particular, within the
framework of the implementation of the National Tar-
get Programme for the Development of Water Manage-
ment and Environmental Improvement of the Dnipro
River Basin for the Period up to 2021 and the Regional
Environmental Programme “Ecology 2016-2022" (Pass-
port of Volyn region, 2022) consolidated database of
relevant data and calculations was also used for spatial
analysis and environmental mapping of the distribu-
tion of different types of landscapes within the study
area, using geographic information software Maplnfo
and ArcGIS Pro.

RESULTS AND DISCUSSION

The mapping of the hydrographic network of the study
area shows that most of the territorial communities
of the Volyn Oblast are located within the upper
reaches of the Prypiat River basin. In particular, the
upper reaches of the basin in the Volyn Oblast include
sub-basins of the Prypiat River tributaries: the Tsyr,
Vyzhivka, Turia, Stokhid, Styr, and the Prypiat River
itself. The territorial communities located along the
north-western and western borders of the region, in
hydrographic terms, belong to the Western Bug River
basin (Fig. 2).

Hydrographic network of the Volyn region

[_Jdrainage basin Pripyat river
[_Jdrainage basin Western Bug

Legend:

&\ hydrographic network

O centers of territorial communities

— boundaries of territorial communities
— boundaries drainage basin

Figure 2. Hydrographic network of the upper reaches of the Prypiat River basin

Source: based on author’s research
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An analysis of the structure of land within the ter-
ritorial communities of the study area revealed that the
areas occupied by unstable landscape elements (an-
nually cultivated arable land, land with unstable grass
cover, under buildings and road networks, mining sites,

Agricultural land (arable land) of the Volyn region

% by territorial communities

M over 65
I 55-65
@ 35-45
[125-35
[115-25
[Jless 15
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etc.) are overwhelmingly located in the southern part
of the basin. A significant part of the area of most terri-
torial communities is occupied by agricultural land. At
the same time, there is an uneven distribution of arable
land between different parts of the region (Fig. 3).

Figure 3. Agricultural land (arable land) of the Volyn region in the section of the TC

Source: based on author’s research

Thus, the land allocated for arable land in the com-
munities of the northern part of the region does not
exceed 35%. In the central part of the region, there is an
increase in the area of arable land, which ranges from
35 to 65% in the spatial distribution. Territorial com-
munities located in the southern part of the study area
are characterized by the highest level of agricultural
land development. In particular, the ploughed area of
their territories exceeds 65%. It is worth noting that it
is here, within the Volyn Upland, that the tributaries of
the Prypiat River originate.

The areas under plant communities that have a
positive impact on the landscape (forests, green
spaces, natural meadows, nature reserve fund (NRF) ob-
jects, perennial grasses, etc.) are mostly located in the
northern part of the basin within the Polissya Lowland
where the mouths of tributaries are located — the Vy-
zhivka River, the Turia River, the Tsyr River, the Stokhid
River and the source of the Prypiat River itself. In par-
ticular, there is a clear tendency for forested landscapes
to gravitate towards the northern and central-eastern
parts of the Volyn Oblast (Fig. 4).
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Forests and wood areas of the Volyn region
% by territorial communities

M over 55
W 45-55
M 35-45
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Figure 4. Forests and wooded areas of the Volyn region in the section of the TC

Source: based on author’s research

In terms of spatial distribution, forests cover 45 to
55% or more of the area of territorial communities locat-
ed inthe northern and central-eastern parts of the region.
In particular, more than 55% of the area is covered by for-
ests within the Manevychi, Tsumanska, Prylisnenska and
Sochyshnenska territorial communities. The calculation
of the quantitative assessment of the ecological stability

of landscapes in the Prypiat River basin revealed that
the value of the k., coefficient within individual terri-
torial communities ranges from 0.22 to 5.39. That is, the
landscapes of the basin can be assessed from “unstable,
with pronounced instability” to “stable, with pronounced
stability” according to the administrative boundaries of
territorial communities (Table 1).

Table 1. The results of determining the ecological stability of the landscapes of the Prypiat River
basin within the Volyn region (in terms of administrative entities of the TC)

Territorial - Territorial Landscape
community Area, ha Kes. Landscape stability community Area, ha Keg1s stability
Berestechko 22198.40 0.54 Unstable Zaturtsi 36399.30 0.90 Unstable

Unstable with pronounced Conditionally
Boratyn 28194.00 0.34 instability Ovadne 35726.10 1.27 stable

. Unstable with pronounced Conditionally
Horohiv 49455.80 0.28 instability Velymche 11087.50 2.66 stable

Dorosyni 2349030  0.72 Unstable Veytsk 2115750 169 Conditionally

Kivertsi 4706100  2.83 Conditionally stable Goloby 2981570 1.3 Condittonally
Kolky 76449.15 2.99 Conditionally stable Golovne 32473.60 4.35 Stable

. Unstable with pronounced Conditionally
Kopachivka 17923.68 0.49 instability Dubechne 24643.70 2.1 stable

Lutsk 3845760  0.74 Unstable Dubove 2032290 182  onditonally
Maryanivka 22977.00 0.76 Unstable Zabolottia 20406.10 3.6 Stable

Olyka 2703020 101 Conditionally stable Zabrody 3342360 257 Conditionally
Pidhaitsi 28443.39 0.75 Unstable Kovel 26849.90 3.02 Stable

Scientific Horizons, 2023, Vol. 26, No. 12
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Table 1, Continued

Territorial - Territorial Landscape
community Area, ha Kes 4 Landscape stability community Area, ha Keg s stability
Rozhyshche 4610552  0.99 Unstable Kolodyazhne ~ 46630.10 219 Conditionally

Senkevychivka 2121370 022  Unstable with pronounced Lukiv 1627790 118 Conditionally
instability stable
Unstable with pronounced . Conditionally
Torchyn 26439.70 0.38 instability Lublinets 11460.00 1.34 stable
Tsuman 44708.00 4.46 Stable Povorsk 29721.40 3.49 Stable
Kamin-Kashirsk 142527.60  3.86 Stable Ratne 4806610 253 Conditonally
Lyubeshiv ~ 123949.00  5.39 Stable,with pronounced  go opovichi 1676700 1.43 Conditionally
stability stable
. Stable, with pronounced . Conditionally
Manevychi 11036315  5.16 bl Smidyn 2269710 172 citon
Prilisne 5269430 8.0 Stable, V‘S"tghbﬁirt"ym””ced Stara Vyzhivka 2843410 361 Stable
Soshychne ~ 39699.90  4.37 Stable Turiysk 8647830 148 Conditionally
Luboml 29659.80 2.18 Conditionally stable Shatsk 75074.92 411 Stable

Source: based on the author’s research

Thus, in the sub-basin of the Tsyr River, from the
source to the mouth, there are Kamen-Kashyrska and
Lyubeshivska TC. The territories of these communi-
ties are characterized by a landscape stability coeffi-
cient (k. ,) value in the range of 4.90-5.39. The cor-
responding qualitative characteristic of the ecological
sustainability of landscapes is defined as “stable, with
pronounced stability”

In the sub-basin of the Vyzhivka River and the upper
reaches of the Prypiat River, there are Lyuboml, Rivne,
Lukivka, Holovne, Smidyn, Dubeche, Starovyzhivka and
Ratniv TCs. Within their boundaries, k., varies from
1.18 to 4.35, which assesses the ecological sustainabil-
ity of landscapes from “conditionally stable” to “stable”.
In particular, the ecological condition of the landscapes
in the upper, lower reaches and near the mouth of the
Vyzhivka River is classified as ‘“conditionally stable”,
with k. , values not exceeding 2.35, and in the upper
reaches of the Prypiat River - as “stable”.

The Turia River sub-basin includes the Zaturtsivska,
Ovadnenska, Turia, Liublynetska, Kovelska, Kolodyazh-
chenska, Soshychnenska, Velymchenska, Starovyzhivs-
ka, and partially Smidynska and Kamen-Kashyrska TCs.
Their landscape stability coefficient (k. ,) varies from
0.90 to 4.90. Accordingly, the qualitative characteris-
tics of the ecological sustainability of the landscapes
of these TCs are defined by the levels from “unstable”
to “stable, with pronounced stability”. In particular, the
ecological state of landscapes in the upper reaches of
the Turia River is assessed by the value of k., 0.90 and
is classified as “unstable”. The landscapes in the mid-
dle reaches of the river are characterized by k., val-
ues ranging from 1.72 to 3.61, which classify them as
‘conditionally stable” and “stable” The landscapes of the

lower reaches and mouth of the Turia River have a k. ,

value of 3.86 and are classified as “stable”. The sub-ba-
sin of the Stokhid River includes Lyubeshivska, Pov-
orska, Velytska, Holobska, Dorosynivska and partially
Kamen-Kashyrska, Manevytska and Zaturtsivska TCs.
The stability coefficient of their landscapes (k. ,) var-
ies from 0.90 to 5.39, which corresponds to the levels
of qualitative characteristics from “unstable” to “stable,
with pronounced stability”. The ecological condition of
the landscapes in the upper and lower reaches of the
Stokhid River is assessed with k. , values ranging from
0.72 to 0.90, which classifies them as “unstable”. The
stability of the middle reaches of the river is assessed
with k. , values ranging from 1.69 to 3.86, which clas-
sifies their quality characteristics as ‘conditionally sta-
ble” to “stable”. The landscapes of the lower reaches
and the mouth of the Stokhid River are characterized
by k , values of 5.39, which classify their quality char-
acteristics as “stable, with pronounced stability”. Thus,
the Stokhid sub-basin contains 4 types out of 5 types of
ecological sustainability of landscapes.

The Styr River sub-basin is located in Volyn Oblast
only within the middle reaches, where Horodyshche,
Horokhiv, Maryaniv, Torchyn, Boratyn, Pidhaitsi, Lutsk,
Kivertsi, Kopachiv, Rozhyshche, Olytsia, Kolkiv, Prylisne
and Manevychi TCs are located. The coefficient of land-
scape stability (k. ,) in their territories varies from 0.28
to 5.16. Accordingly, the levels of qualitative charac-
teristics of environmental sustainability of landscapes
range from “unstable, with pronounced instability” to
“stable, with pronounced stability”. The assignment of
the boundaries of the territorial communities of the
Volyn Oblast to the sub-basins of the Prypiat River trib-
utaries allowed tracing certain features of the ecolog-
ical stability of landscapes and visualizing the data in
spatial location as of 2022 (Fig. 5).
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Ecological sustainability of landscapes of the Volyn region
by territorial communities
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Figure 5. Ecological sustainability of landscapes of the Volyn region in the section of TC (2022)

Source: based on the author’s research

For example, the southern part of Volyn Oblast is
represented by landscapes in an “unstable state, with
pronounced instability” Here are the TCs (Gorokhiv,
Maryaniv, Rozhyshche, Horodyshche, Boratyn) with the
largest percentage of agricultural land, namely arable
land, which is over 65%, and the smallest part of forests
and forested land — no more than 15-25%.In the middle
part of the region (Kolkivska, Horobska, Velytska, Turi-
yska, Ustyluzka, Liubomylska TCs), the ecological condi-
tion of the landscapes is gradually changing to ‘condi-
tionally stable” In the northern part of the region, the
ecological stability of the landscapes becomes “stable,
with pronounced stability”, which is ensured by small
areas of arable land (15-25%) and significant areas of
forests and forest-covered land (from 45% to over 55%),
as well as a sufficient number of protected areas, in par-
ticular in the Tsumanska, Manevytska, Prylisnenska and
Kolkivska TCs.

The results of the spatial distribution of stable and
unstable landscape elements in the upper reaches of
the Prypiat River basin obtained in the course of the
study allow generalizing that the basis of economic de-
velopment of the territory is agricultural and forestry
land use. This was facilitated by the natural conditions
of the Prypiat River basin, which resulted in a diverse
and unique landscape structure. This is also confirmed
by modern ecological and geographical works by
[. Myskovets & Ya. Molchak (2022), who shows that the
landscape diversity of the upper Prypiat River basin is
formed by zandra lowlands, sandy terraces, forest and

Scientific Horizons, 2023, Vol. 26, No. 12

meadow-marsh floodplains that have undergone sig-
nificant agrogenic transformation.

In the south and east of the Prypiat River basin,
agricultural use of natural resources prevails within
the territorial communities of Volyn Oblast. This is due
to the fragmented location of zandra lowlands in the
structure of landscape formations, which form a flat-
wavy land surface with a predominance of sod-podzolic
and sod soils. The dominance of the agricultural type
of natural resource use within the zandra lowlands is
noted in the research of C. Gao et al. (2020), who ex-
plains this by the presence of fertile soils on their sur-
face, which were formed in the post-glacial period on
sand and gravel deposits.

The large-scale drainage reclamation that took
place in the Volyn region during the second half of the
20" century led to the loss of the original appearance of
natural watercourses, such as the Vizhivka River, Turia
River, Tsyr River, Korostianka River, and Stokhid River.As
a result, the landscape structures of the area have also
changed, represented by lowland marshes, which occu-
py about 30% in the east and north of the study area of
the upper Prypiat River basin. This is also evidenced by
the studies of R. Koptyuk et al. (2023), who recorded the
reduction of riverbeds in the region as a result of their
transformation into main channels of drainage systems,
which, against the background of climate change and
a lowering of the groundwater table, has significantly
changed the moisture supply of the soil and negatively
affected its fertility. S. Tomscha et al. (2023) confirm the




importance of preserving natural wetland complexes,
which constitute an important ecological component
of the environment and contribute to landscape sta-
bility and ecosystem services, and are essential for the
conservation of water resources, carbon stocks, and the
preservation of plant and animal diversity. The signifi-
cant impacts of climate change on the baseline envi-
ronmental situation in river basins are also proved by
M. Ben-Daoud et al. (2021), H. Ma et al. (2023), who out-
line that climate change affects the river flow regime
by increasing or decreasing precipitation, which affects
the stability of ecosystems within river basins and sig-
nificantly complicates water management.

The results obtained indicate that the intensity
of agricultural use of natural resources, in particular
ploughed land, spatially ranges from 35 to 65% within
the upper reaches of the Prypiat River basin. A similar
situation is noted in the work of P. Volk et al. (2023),
who believe that in order to preserve soil ecosystem
services, including food services, within the Volyn re-
gion’s TCs, adaptive measures of agro-melioration,
agrotechnical and hydrotechnical directions should be
introduced to optimize the functioning of drainage sys-
tems and the possibility of balanced management of
moisture reserves on drained lands against the back-
ground of climate change. Keshtkar et al. (2023) also
note that in recent decades, agricultural intensification,
expanding urbanization, technological progress and
economic growth, combined with the effects of climate
change, have significantly altered the balance of rela-
tions between humans and nature and led to serious
consequences and risks for landscape ecosystem ser-
vices. The results of this study show that these issues
are particularly acute and must be addressed for Pav-
livka, Horokhiv, Maryanivka, Horodyshche and Torchyn
communities, as well as other communities in the cen-
tral and southern part of Volyn Oblast.

Within the Prypiat River valley and in the valleys of
its tributaries, forest and meadow-marsh floodplains on
alluvial deposits are quite common. These floodplains
usually have more fertile soil than the surrounding ar-
eas and a greater diversity of vegetation. Research by
J. Opperman et al. (2022) confirms the highest natural
diversity of tree, shrub and herbaceous plants within
such floodplains, which is explained by the intensive
accumulation of organic material that supports the
ecosystem services of the landscape. However, as a re-
sult of long-term urbanization and economic develop-
ment of floodplains in the Prypiat River basin, the sus-
tainability of landscapes is sometimes unstable, due to
a number of environmental problems. A. Volchak et al.
(2016) explain that the impact of artificially changing
the conditions of river flow formation over decades
has led to periodic floods and floods, and due to the
flooding of settlements and agricultural land, a large
amount of pollutants enters the rivers. A. Konoplev
et al. (2021) observed that flooding of territories causes
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secondary contamination of surface waters in the Pryp-
iat River basin with radionuclides that are still present
in the soil profile after the Chornobyl nuclear power
plant accident. Similar confirmations are provided by
observations of Y. Grokhovska and S. Konontsev (2022),
who prove that due to irrational use of natural resourc-
es within the Prypiat River catchment, regulation and
straightening of small river channels, soil erosion is
intensifying, siltation of channels occurs, water quality
and the vital activity of aquatic organisms are changing.

K.Wang et al. (2023) confirm that in recent decades,
agricultural intensification, expanding urbanization,
technological advances and economic growth, com-
bined with the effects of climate change, have signifi-
cantly altered the balance of relations between humans
and nature and led to serious consequences and risks
for landscape ecosystem services. Taking into account
the multitude of natural and anthropogenic factors in
the Prypiat River basin, the impossibility of applying
unified approaches to assessing the ecological sus-
tainability of landscapes, as observed in the scientific
literature, is confirmed. In addition, the presented expe-
rience shows that the completeness of the assessment
model largely depends on the availability of data and
their orderliness. Thus, in order to assess the environ-
mental sustainability of the Prypiat River basin land-
scape within the Volyn Oblast, data within individual
territorial communities were used, which are officially
reported for environmental purposes.

The mapping of the assessment results on the ad-
ministrative boundaries of the TC contributed to a clear
visualization of the current environmental sustainabil-
ity of the region in administrative and spatial terms.
This situation coincides with the data of J. Jozwik &
D.Dymek (2021), who argue that landscape sustainabil-
ity studies should be repeated periodically, as in the fu-
ture this will allow communities to identify in advance
natural structures that require preservation or resto-
ration based on environmental conditions. Proposals
X. Qiao et al. (2023) to optimize land use patterns in
river basins by taking into account landscape structure
are similar to the approaches used in this study. How-
ever, such assessments within river basins and sub-ba-
sins, which could facilitate management decisions on
practical projects to preserve or restore their ecological
status, are currently difficult in Ukraine due to the pecu-
liarities of statistical reporting. These gaps can be filled
by tracking the extent of anthropogenic landscape
changes within territorial administrative units, while
analysing the natural features of river catchment ar-
eas. Modern environmental mapping technologies can
provide the necessary regional-scale variations in the
environmental sustainability of landscapes, which will
facilitate the development of coordinated concepts be-
tween communities and public environmental manage-
ment bodies to achieve sustainable development goals
in socio-ecological systems.
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CONCLUSIONS
Based on the determinations of the coefficient of eco-
logical sustainability of landscapes (k) of the Prypiat
River basin in the context of territorial communities of
the Volyn Oblast, it was found that the landscapes of
the study area have a qualitative characteristic ranging
from “unstable with pronounced instability” to “stable,
with pronounced stability”. The ecological mapping
showed that in the Tsyr sub-basin, from the source to
the mouth, where Kamen-Kashyrska and Lyubeshivs-
ka TCs are located, the k., value is 4.90-5.39, which
assesses the landscapes as “stable, with pronounced
stability”. In the Vyzhivka River sub-basin and the up-
per Prypiat River (Rivne, Holovnenska, Shatska, Zabo-
lotnenska, Ratnivska TCs), k. , varies from 1.18 to 4.35,
which assesses the sustainability of the landscapes
as ‘conditionally stable” — “stable”. In the Turia River
sub-basin (Turia, Lyublyntsi, Kovel, Sochyshne, Velymche
TCs), k., ranges from 0.90 to 4.90, which means that
the ecological sustainability of the landscapes is as-
sessed as “‘unstable” to “stable, with pronounced stabil-
ity”. In the sub-basin of the Stokhid River (Prylisnenska,
Kamyn-Kashyrska, Lyubeshivska TCs) has a value of

’ kESLl

to 5.16, which assesses the ecological sustainability of
landscapes as “‘unstable, with pronounced instability” to
“stable, with pronounced stability”. In general, the land
areas of the TC administrative units in the Prypiat River
basin within Volyn Oblast are represented by unstable
landscape elements mainly in the southern part of the
basin, within the Volyn Upland, where the tributaries of
the Prypiat River originate. The areas under agricultural
crops and plant communities that have a positive im-
pact on the landscape are located mainly in the northern
part of the basin within the Polissya Lowland, where the
mouths of the tributaries (Vyzhivka, Turia, Tsyr, Stokhid)
and the source of the Prypiat River itself are located. The
variations in landscape stability obtained in the course
of ecological mapping have the prospect of continuing
such assessments to expand the spatial and temporal
dimension of research. This will help to align the inter-
ests of socio-economic development of communities
with the management decisions of state environmental
agencies to preserve the stability of landscapes in river
basins, maintain and restore their ecological condition.

0.90-5.39, which means that the ecological sustainabil- ACKNOWLEDGEMENTS
ity of the landscapes ranges from “unstable” to “stable, None.
with pronounced stability”. In the middle part of the
Styr sub-basin (Horodyshche, Lutsk, Torchyn, Horokhiy, CONFLICT OF INTEREST
Kivertsi, Kolkiv, Manevychi TCs), k., varies from 0.28  None.
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AHoTauif. AKTyanbHiCTb AOCNIIKEHDb NONSATAE B TOMY, WO B PO3pi3i rM06anbHOI KOHLENLii CTanoro po3BUTKY, O4HUM
i3 NpoBigHUX 3aBAaHb € NIATPUMAHHS CTIMKOCTI NPUPOAHMX EKOCUCTEM 4Yepe3 MOWyK ONTUMANbHUX CTpaTerin
PO3BUTKY COLLi0-EKOHOMIYHMX CUCTeM. MeTa [OoCNigKeHb — OLiHKA €KOMOriYHOT CTIMKOCTI NaHawadTiB 6aceiHy piuku
MpumaTb y MeXax TepuTopianbHUX rpomMas BonnMHCbKOT 061acTi B Cy4acHMX yMOBaX PO3BUTKY perioHy. Metoau, wo
BMKOPUCTOBYBANUCH ANS OOCATHEHHS METW, BK/OYANM PO3PaxyHOK KOediLieHTY eKONorivyHoi CTINKOCTi naHawabTty
Ha OCHOBi cMCTeMaTM3alii CTaTUCTUYHMX 3BITHUX AAHWUX, 3 HACTYNHWM MOpPiBHANbHO-reorpadiyHMM aHanizoMm i
NPOBELEHHSIM eKOMOriYHOro KaptorpadysaHHa 3acobom ArcMap T1a ArcGIS Pro. OcHOBHI pe3ynbTaTt LOCiAKEHb
CBiAYaTh, WO KOediLlieHT eKonoriyHoi cTabinbHoCTi naHawadTie y 6aceiHi p. MpunaTs 3HaxoauTbes y Mexax 0,22-
5,39 i ouiHI0€ NanAWadTH Bif PiBHA «HECTABINbHI 3 SCKPABO BUPAXKEHOK HECTabiNbHICTIO» A0 «CTabiNbHI, 3 9CKpaBO
BMPAXEHOK CTabiNnbHicTo». Po3nofin nniow, 3emMens y TepuTopia/ibHUX rpoMasax, aki 3Haxoaatbea y cybbaceiiHi p.
Linp, 3yMOBNOE XapaKTEPUCTMKY NAaHAWADTIB HA PiBHI «CTabinbHi, 3 ICKPAaBO BUPAXKEHOK CTAbINbHICTIO». Y Mexax
TepuTOpianbHUX rpoMag, cybbaceiHy p. BuxiBka Ta BepxiBa p. Mpun'aTb — «yMOBHO CTabinbHi» — «cTabinbHi». Y
Mexax rpomag cybbaceiiHy p. Typisi — Bif «HecTabinbHi» [0 «CTabifbHi, 3 ACKPABO BMPAXEHOW CTabinbHicTO®. Y
Mexax rpomag cybb6aceiiHy p. CToxin Bif «HecTabinbHi» A0 «CTabifbHi, 3 ACKPABO BUPAXEHOK CTabiNbHICTION.
TeputopianbHi rpomMagu cepeaHboi YacTuHW cybbaceliHy p. Ctup npencTaBneHi naHawadTamMm Bif «HecTabinbHi,
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3 ICKPABO BMPAKEHOK HECTABINbHICTIO» [0 «CTabinbHi, 3 CKPAaBO BUPAXKEHOK CTabinbHicTo®. Y winomy, Hinbw
€KO/0rivyHO-CTabiNbHi naHAWwadT™M po3MilleHi B MiBHIYHIA YacTMHI BonuHcbkoi obnacTi, Wo 3aBAAYYE BEUKUM
naoLWaM NicoBKpUTUX 3eMenb. EkonoriyHa HecTabinbHiCcTb naHawadTiB xapakTepHa A5 NiBAEHHOI YaCcTMHM 06nacTi
yepes 3HayHi NaoLi po3opaHnx 3emenb. MNpakTMYHa LiHHICTb po60TH MONSrae B OTPUMAHHI PerioHanbHUX Bapiauin
OLLiIHKM eKONOorivyHOoi cTabinbHOCTI NaHAWATIB, LLO BaXXMBO BPaXOBYBAaTU NPU pO3pobLLi Y3rogKeHnX KOHLENLin Mix
rpoMagamu Ta opraHaMu ynpaeiiHHS NPUPOAOKOPUCTYBAHHAM 33 6AceHOBMM NMPUHLMMOM, AN [OCATHEHHS Linen
CTaNoro po3BUTKY B COLLIOEKONOMYHUX CUCTEMAX

KniouoBi cnoBa: piukoBuit 6aceitH; cybbaceitH; 3eMneKopUCTYBaHHS; EKOCUCTEMHI NOCYIK; YNPaBAiHCbKI pilleHHs
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INTRODUCTION

The structure of agricultural businesses in Indonesia is
dominated by small-scale agriculture in rural areas. Ru-
ral change or transformation in rural areas is not only
from the agricultural side but needs to pay attention
to the aspirations of rural communities, which play an
important role in shaping their desires. Therefore, to
develop a rural economy, it must start from the com-
munity’s aspirations through production, distribution,
consumption, and investment activities. In the current
conditions, transformation is needed because most
small-scale (subsistence) agriculture can no longer meet
the community’s economic needs, especially food needs.
Understanding rural dynamics is one of the main keys
to formulating agricultural development policies and re-
gional economic development. In line with the ongoing
development process, the rural economy is experiencing
dynamic structural changes post-COVID-19. The impact
of Covid-19 has deepened the vulnerability of small pro-
ducers, including in the agricultural sector (FAO, 2020).

In agriculture, economic production is closely re-
lated to natural processes. Hence, the restrictive meas-
ures imposed during the COVID-19, in particular, nega-
tively impacted farmers’ productive employment, rural
household budgets, and the functioning of the rural
social environment. area, etc. The background of this re-
search is that cassava is a leading commodity in Wono-
giri Regency and in Central Java. The production of cas-
sava in Wonogiri Regency is 857,432 tons/year, but the
productivity is low compared to other regions. They al-
ways increase natural resources while maintaining sus-
tainability and the rural economy. The level of produc-
tivity can be seen from the use of inputs as a resource
in farming (Badan Pusat Statistik, 2022). Based on the
concept of resilience, M. Meuwissen et al. (2019) define
it as the ability of an agricultural to be able to adapt to
all impacts that occur, be able to study the conditions
that occur, and be able to transform to change the ag-
ricultural system. For some local farmers in research by
. Scoones et al. (2020), transformation is related to re-
sistance to development forces to achieve sustainability.

A research study in the first year of E. Rahayu et al.
(2021) found that cassava agribusiness impacts the
economy of Wonogiri Regency from the dynamic cassava
supply chain, which was able to increase revenue by
Rp.7,972,155.03/Ha compared to COVID-19, which was
only 4,909,935.52/Ha. Although there was an increase
in costs by 17.79%, there was an increase in revenue
by 62.36%, so it still gave a positive increase. The re-
sults of P. Mugabe et al. research (2022) also show that
COVID-19 has had an impact on agriculture, where as
many as 45% of farmers have experienced a decrease in
agricultural output, and among them, as many as 60%
have experienced a decrease of 25% while the rest
(40% of farmers) have experienced a decrease of 50%.

Cassava in Wonogiri Regency is used as a
supplier of raw materials for tapioca factories, with a
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proportion of more than 50% of the total raw materi-
als needed, and this has caused the demand for cas-
sava raw materials to continue to increase. Unlike the
previous decades, where cassava was only consumed
directly, direct consumption will continue to decrease,
and F. Rozi et al. (2023) said that it will be offset by
increased demand for cassava as an industrial raw
material for processed industries, as well as new and
renewable energy material. Cassava can be processed
into various kinds of derivative products, which are
produced in small-scale and large-scale industries,
both in terms of production and the technology used,
including in Wonogiri Regency. In Wonogiri Regency,
cassava is widely cultivated by the community and
used as raw material for the flour industry (Banowati
et al.,2020). In Wonogiri Regency, there have been two
units of tapioca flour industry, and it is estimated that
in the future, it will increase. Farmers prefer to sell
cassava to wholesalers and contract systems with fac-
tories or processing industries because the prices of-
fered by wholesalers are greater than those offered by
the market, increasing the competitiveness of cassava
at the farmer level.

Post-COVID-19, the economy of cassava is used
as a reference in changing the rural economy. Post-
COVID-19 conditions provide an opportunity to think
about all actions in making decisions regarding the
agricultural system that will be developed, including
decisions on how to use optimal inputs (Lioutas &
Charatsari, 2021). In cassava production conditions, it
has not been balanced with farmers’ knowledge of us-
ing the right production factors. Farmers do not under-
stand the principles of the relationship between inputs
and outputs, so farmers often use inputs that do not
follow recommendations. The use of inputs that are
not optimal results in the production produced is also
not optimal. Therefore, T. Luttiyana & Y. Hariyati (2019)
stated that knowing what factors can affect a farm to
be used as efficiently as possible is necessary.

There is a need for studies on economic activi-
ties, especially from cassava production and farming
in Wonogiri Regency based on cassava agribusiness,
where cassava is the dominant commodity that devel-
ops as a rapidly growing and productive economic sec-
tor. Cassava agribusiness activities, it is expected to be a
trigger in the rural economy that is balanced and devel-
op into the industry, both cassava product development
industries and non-cassava impacts on rural economic
development, namely the increase in income levels
and welfare of cassava agribusiness. Revenue from the
cassava agribusiness affects the economic dynamics in
rural areas in terms of food consumption and non-food
consumption (education, health, quality of labour, etc.).
Therefore, the purpose of this study was to determine
the efficiency and elasticity of cassava production in
the Wonogiri region.
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MATERIALS AND METHODS

This research survey was conducted from May to June
2022 in three districts with high cassava production,
namely Ngadirojo District, Tirtomoyo District, and Jat-
iroto District. The research method in this study is a
closed survey method. The survey was conducted of-
fline through direct interviews with cassava farmers
related to data on the use of cassava farming inputs
consisting of the use of cassava seeds, manure, SP36
fertilizer, urea fertilizer, pesticides, and labour use, with
the price of each input. As well as questions about out-
put in the form of production from cassava farming. In
the interview, farmers are willing to voluntarily become
respondents with prior permission and ensure the pro-
tection of respondents’ data by not misusing data ob-
tained from respondents.

The selection of districts and villages as research
samples (in Fig.1) was carried out by multi-stage strat-
ify random sampling. The population data of cassava
farmers in Wonogiri Regency is unknown, so the deter-
mination of the number of samples uses the formula of
P.Levy and S. Lemeshow (2013):

_ Z?1-a/2P(1-P)

n =T e, @

where n is the number of samples; Z is the z score at
95% level of confidence=1.96; P is the maximum esti-
mate =0.5;and d is alpha (0.10) or sampling error=10%.
Through the formula above, the number of samples to
be used is:

__ Z%1—a/2P(1-P)

=0

n= W; )

0.01

n

n = 96.04,

The risk of data loss is often faced by researchers,
one of which is because there is a chance that respond-
ents do not answer ranging from 5-25% of the total
respondents. If respondents do not answer a maximum
of 25% of the total sample (96 farmers), then the total
sample that does not respond is 24 farmers.For the total
sample to be optimal, the risk of unresponsive samples
is added to the total sample of the initial calculation,
thus the total sample used in this study amounted to
120 cassava farmers who were divided proportionally
into 3 sub-districts, namely each sub-district consisting
of 40 cassava farmers as research samples.

.

REGENCY

Basis of Selection: Wonogiri
Regency has the largest

Basis of Selection: It is a cassava
production center district; it has

contribution as a cassava supplier
in Central Java

3 SUBDISTRICTS 4 ---1

cassava production of the highest
order

I .'.
Basis of selection:

6 VILLAGES

It has a cassava harvest area,

the top two of all villages in each
sample sub-district

120 RESPONDENTS/
FARMERS

The number of respondents in each
village was selected proportionally

- - -

Figure 1. Research Sample Determination Scheme

Source: formed by authors

The data analysis method to determine the level of
efficiency uses the Data Envelopment Analysis (DEA).
The concept of efficiency used in this study refers to
efficiency proposed by TJ. Coelli et al. (2005), where ef-
ficiency is classified into technical, allocative, and eco-
nomic efficiency. The DEA model used in this study is
input-oriented because farmers can control input vari-
ables more easily than the output produced. Technical
efficiency relates to the managerial ability of farmers
in allocating production inputs. In calculating technical
efficiency, it is assumed that there are K inputs and M
outputs for each period N and at the i moment will be
represented by factors xi and yi. The input matrix, X,and
output matrix, Y, represent data for the entire period N.
The formulation of input orientation and assumption of
Variable Returns to Scale (VRS) can be formulated:
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A2 0,

where 6 is the technical efficiency score, yi is the vector
of the amount of cassava production. xi is the vector of
the input,Y is the output of the production in kilogram,
X is the input (the use of cassava seeds (X1), manure
(X2), SP36 fertilizer (X3), Phonska fertilizer (X4), urea
fertilizer (X5), pesticides (X6) and labour (X7)),and A is
the Nx1 vector of the weightier. An efficiency score of €1
with a value of 1 indicates an efficient Decision-Making
Unit (DMU). An efficiency score of 1 indicates a point
on the frontier where a farmer run by a cassava farmer




(DMU) is already efficient, while an efficiency score of
<1 indicates a point where a farmer run by a farmer has
not been efficient. Allocative efficiency measurement
can be done with input price information and cost min-
imization assumptions. Assuming VRS and cost minimi-
zation, the equation becomes as follows:

Min A, xi Pixi*
Subjectto-yi+YA 2 0;
0 xi-XA20; 4)
N1A=1;
A2 0,

where, Pi is the input price vector for the i time and
xi* is the cost minimization vector of the input quan-
tity for the i time, with the output rate yi. According
to Soekartawi (2003), economic efficiency (EE) is the
product between all price efficiency (allocative) of
all input factors or between technical efficiency (TE)
and allocative efficiency (AE). The economi efficiency
can be expressed as EE =TExAE, with criteria if EE=1,
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then the use of input is efficient,and if EE < 1,then the
use of input is inefficient. The data analysis method of
the production elasticity is multiple linear regression
analysis based on the Cobb-Douglas production func-
tion as follows:

Y =a X XXX B X B X B X P e, (5)

where Y is cassava production (kg), a is the constant
value. X, is the use of cassava seedlings (stems), while
X, is the use of manure (kg). X, is the fertilizer SP36 (kg),
X, is the fertilizer Phonska (kg), and X; is the urea fer-
tilizer (kg). X, is using pesticides for cassava farming
(Litres) and X7 is using labour(man-day). While B, B., B,
B,. B, B,,and B, are estimated parameters, which output
the elasticity of each input used, and e are error terms.

After the data is logarithm, it is possible to use mul-
tiple linear regression analysis to find the next equa-
tion. The results of the equation are then transformed
into a natural logarithm equation (Ln) so that the equa-
tion becomes:

LnY = Ln a + BLLnX, + B2LnX, + B3LnX, + B4LnX, + B5LnX, + B6LNX, + B7LnX +e (6)

The elasticity of output towards the input used can
be seen from the coefficient value of each input (Bi).

RESULTS AND DISCUSSION

Efficiency analysis is carried out to determine how cas-
sava farming management is managed efficiently. The
results of DEA Variable Return to Scale (VRS) in Table 1.

show that the average farmer has a technical efficiency
level of 0.646 or 64.6%, therefore there are 35.4% techni-
cally inefficient uses of input. The percentage of farmers
who are fully efficient (1,000) on the VRSTE assumption
is 29 farmers (24.2%), and the majority of farmers, name-
ly 34.2%, have an efficiency value in the range of 0.250-
0.499, which shows that they have a low-efficiency value.

Table 1. Distribution of Technical, Allocative, and Economic Efficiency of Cassava Farming

Range Technical Efficiency Allocative Efficiency Economic Efficiency
Freq % Freq % Freq %
0.250-0.499 41 34.2 57 475 96 80.0
0.500-0.749 34 28.3 50 417 21 175
0.750-0.999 16 133 12 10.0 2 1.7
1,000 29 24.2 1 0.8 1 0.8
Total 120 100 120 100 120 100
Mean 0.646 0.471 0.30
Min. Efficiency 0,118 0 0
Max. Efficiency 1 1 1

Source: compiled by authors using Data Envelopment Analysis (2023)

The results of DEA with an input-oriented model in
research show that farmers who are not yet efficient.
Technical efficiency levels range from 11.8% to 100%,
which implies an opportunity to improve technical ef-
ficiency. A. Akpaeti and N. Frank (2021), B. Sherzod et al.
(2018) research that farmers can increase the tech-
nical efficiency with the current production resources.
Increasing agricultural productivity ranks highly as a
path to poverty alleviation and reducing vulnerability
to poverty for changes towards improving the economy
of rural communities, which in T. Mallawaarachchi &

D. Rahut’s research (2023) can be approached with
technical changes in agricultural systems supported by
knowledge transfer.

Cassava farmers in Wonogiri Regency have an al-
locative efficiency rate of 0.471 or 47.1% (in Table 14),
which shows that farmers can reduce current average
production costs by 52.9% to achieve potential mini-
mum production costs. The allocative efficiency shows
that only 0.8% of farmers are fully allocative efficient,
while most farmers (47.5%) have low or inefficient ef-
ficiency. Allocative efficiency relates to the price level
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of each input issued by farmers. The majority of farm-
ers do not make purchases of seedlings. The need for
seedlings is obtained from stem cuttings from previous
cassava plants. The problem mainly occurs in the price
of NPK Phonska fertilizer and urea, which affects the
input costs incurred by farmers because there is a price
difference between subsidized and non-subsidized fer-
tilizers. Not all cassava farmers can access subsidized
fertilizers for cassava farming. The availability of sub-
sidized fertilizer does not follow when the fertilizer is
needed for cassava farming, so it requires farmers to
buy non-subsidized fertilizer so that farming continues
to run by meeting the nutrient needs of cassava plants.

There is a need for adequate support in the form of
agricultural subsistence, because, according to S. Singh
et al. (2020), the agricultural sector can contribute to the
recovery and strengthening of countries, stimulate rural
development, increase food security, and influence price
stabilization on global markets. E. Nchanji et al. (2021)
proposed subsidy provisions for agricultural inputs as
post-COVID-19 policy recommendations in their research.
Subsidies for agricultural inputs can affect the amount
of expenditure or costs incurred by farmers so that the
use of inputs can be carried out optimally without any
availability restrictions and price limits. The economic
efficiency rate of cassava farming is 30% and almost all
cassava farmers in Wonogiri Regency have not been ef-
ficient because only 0.8% of farmers have just achieved
economic efficiency with a value of 1,000. W. Kaye-Blake

(2022) states that resilience cannot develop without
supporting resources. Therefore, achieving resilience de-
pends on how resources can be used efficiently.

Good management of agricultural systems and nat-
ural resources can increase sustainability towards a sus-
tainable agricultural system (Pineiro et al, 2020). The
availability of natural resources is very meaningful for
the sustainability of production activities to the con-
sumption of rural communities. Natural resources as fac-
tors of production must be used efficiently to produce
optimal production output (Ajayi & Olutumise, 2018). A
good understanding of the relationship/interaction of
production activities and their efficiency drives changes
in rural economic dynamics that broadly impact the life
sector of farmers and the surrounding community. The
mechanism is expected to improve the farmer’s econo-
my and more dynamic rural economic dynamics after
COVID-19.In line with the ongoing development process
in Wonogiri Regency, the rural economy is undergoing dy-
namic structural changes after COVID-19. The pandemic
of COVID-19 has changed rural life, including agricultural
and food conditions (Mayuzumi, 2023), where the exist-
ence of COVID-19 as a whole affects agricultural output.

Cassava farming inputs include seeds, fertilizers, and
pesticides. Seeds are needed in farming so that cultiva-
tion can be carried out. Fertilizer aims to provide nutri-
ents to plants to meet the nutritional needs of plants.
Fertilizers used in cassava farming consist of manure,
SP36 fertilizer, Phonska fertilizer, and urea fertilizer.

Table 2. Average Cost of Production Facilities in Cassava Farming in Wonogiri Regency in 2022

Description Average Usage/MT Average Cost/MT (Rp)
Seed 393.38 stem 2,083.33
Fertilizer
a. Manure 271.92 kg 0
b. SP36 Fertilizer 773 kg 26,229.17
c. Phonska Fertilizer 27.83 kg 100,416.67
d. Urea Fertilizer 57.12 kg 161,933.33
Pesticides 0.02 litres 1,916.67
Total 292,579.17

Source: compiled by authors based on the survey data results

Based on the average use of cassava farming inputs,
an analysis of the elasticity of cassava production can
be carried out. In business activities, producing produc-
tion activities aims to maximize profits. This condition
is achieved by utilizing some inputs at the optimum
level. Two conditions are needed to achieve maximum
profit: necessary and sufficient. The necessary condition
is objective in that it is fulfilled when there is no longer
the possibility of achieving greater production using
the same inputs or when the elasticity of production
is between zero and one (0<ep<1). The level of produc-
tion elasticity of each input used can be seen from the
results of multiple linear regression analysis to analyse
the influence of inputs or production factors.

Scientific Horizons, 2023, Vol. 26, No. 12

Tests with multiple linear regression models
must meet the rules of classical assumptions to show
whether there is bias in the research data results
used in multiple linear regression tests. Classical
assumptions are assumptions that are met to meet
the criteria of BLUE (Best Linear Unbiased Estimator).
Classical assumption testing consists of Normality,
Multicollinearity, and Heteroscedasticity Tests. The
normality test is needed to test the dependent vari-
able and independent variables, whether the residu-
als are normally distributed or not. In this study, the
normality test was carried out by looking at the his-
togram and normal probability plot graphs. Based on
the results in Figure 2, it gives a pattern that does not




deviate left or right, and the data spread following
the direction of the histogram graph, thus meeting

the normality test. Based on the normal probability
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plot test results in Figure 3, the points or data are
near or following the diagonal line, so the residual
values are normally distributed.
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Figure 2. Histogram Graph
Source: regression output with Minitab based on survey data results
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Figure 3. Normal Probability Plot Graph
Source: regression output with Minitab based on survey data results

Multicollinearity is a condition with a linear rela-
tionship between two or more independent variables
(Chan et al,, 2022). The method used is seen from the
Variance Inflation Factors (VIF). The VIF limit is 10, so
multicollinearity does not occur if the VIF value €10
per independent variable. Based on Table 3, the VIF

value of each independent variable (seedlings, ma-
nure, SP36 fertilizer, Phonska fertilizer, urea fertiliz-
er, pesticides, and labour) is less than 10. It can be
concluded that each variable has been free from the
problem of multicollinearity or multicollinearity has
not occurred.

Table 3. VIF Value

Term VIF

Constant
LNX1 (Seed) 1.78
LNX2 (Manure) 1.93
LNX3 (SP36 Fertilizer) 1.33
LNX4 (Phonska Fertilizer) 1.18
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Table 3, Continued

Term VIF

LNX5 (Urea Fertilizer) 1.46
LNX6 (Pesticide) 1.20
LNX7 (Labour) 1.20

Source: compiled by authors using Minitab based on survey data results

The heteroscedasticity test is used to test whether
there is an imbalance of variance in a regression mod-
el. If the variance of one observation is different from
other observations, this indicates heteroscedasticity is
occurring. Based on the scatterplot diagram, it is known
that the pattern of dots does not form a specific pat-

tern. These points are distributed randomly and spread
above or below the number O on the Y-axis, so there is
no heteroscedasticity and the regression model can be
used to predict. The coefficient of determination (R2)
measures how far a model can explain the independent
or dependent variables (Table 4).

Table 4. Test Results of Coefficient of Determination (R?)

Model Summary

S R-sq

R-sq(adj) R-sq(pred)

0.485897 72.25%

70.51% 68.44%

Source: compiled by authors using Minitab based on survey data results

The coefficient of determination test shows that the
value of the coefficient of determination or R Squared
is 72.25%, which shows that the variation of independ-
ent variables (seeds, manure, SP36 fertilizer, Phonska
fertilizer, urea fertilizer, pesticides, and labour) used in
the model can explain 72.25% of the variation in the

dependent variable (cassava production). While 27.75%
was influenced by other variables not included in the
regression model. The F test is used to test whether the
independent variable) together affect the dependent
variable (cassava production). The results of the F test
can be seen in Table 5.

Table 5. F-test Result

Source DF Adj SS Adj MS F-Value P-Value
Regression 7 68,8312 9.8330 41,65 0,000
Error 112 26,4427 0.2361
Total 119 95,2739

Source: compiled by authors using Minitab based on survey data results

The probability value (P-Value) is 0.000, less than
a (x=0.05). The independent variables; seeds, manure,
SP36fertilizer,Phonskafertilizer,ureafertilizer,pesticides,
and labour, significantly affect the dependent variable,
namely cassava production in Wonogiri Regency. The sta-
tistical test t is used to determine how far the influence
of the free variables of seedlings, manure, SP36 fertilizer,
Phonska fertilizer, urea fertilizer, pesticides, and individ-
ual labour can explain the variation of the dependent
variable in the form of cassava production. The P-value
of seed input was obtained at 0.052 < x=0.1. Seed input

(X1) individually affects cassava production in Wonogiri
Regency (Y). Manure and Phonska fertilizer inputs affect
cassava production, with a P-Value of 0.000 < «=0.01 for
manure and a P-Value of 0.028 < a=0.05 for Phonska fer-
tilizer. Pesticide input has a P-Value of 0.000<a=0.01,
which shows that pesticides significantly affect cassava
production in Wonogiri Regency. The labour variable has
a P-value of 0.029 <a=0.05, meaning that labour input
significantly affects cassava production in the Wonogiri
Regency. Based on Table 6, the cassava production func-
tion in Wonogiri Regency can be written:

LnY=3.924+0.1533 LnX, +0.4305 LnX, +0.0496 LnX, +0.0527 LnX, +0.0273 LnX, + 1.004 LnX, +0.1749 LnX,

Table 6. t-Test Results from Factors Affecting Cassava Production

Term Coef SE Coef. T-Value P-Value
Constant 3,924 0,439 8,95 0,000
LnX1 (Seed) 0,153% 0,0782 1,96 0,052
LnX2 (Manure) 0,4305™ 0,0635 6,78 0,000
LnX3 (SP36 Fertilizer) 0,0496 0,0321 1,54 0,125
LnX4 (Phonska Fertilizer) 0,0527" 0,0236 2,23 0,028
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Table 6, Continued

Term Coef SE Coef. T-Value P-Value
LnX5 (Urea Fertilizer) 0.0273m 0.0251 1.09 0.279
LnX6 (Pesticides) 1.004™ 0.227 442 0.000
LnX7 (Labour) 0.1749" 0.0792 2.21 0.029

Note: * Significant at the level of 10%; ** Significant at the level of 5%; *** Significant at the level of 1%; ns: non-

significant

Source: compiled by authors using Minitab based on survey data results

Based on the cassava production function, the pro-
duction factor that has the greatest influence on cassa-
va production is pesticides (X6), with a regression coef-
ficient of 1.004. The value of the regression coefficient
of pesticide use shows that every addition of pesticides
by 1% will increase cassava production by 1.004%. The
production factor that has the least influence on cas-
sava production is urea fertilizer (X5), with a regression
coefficient of 0.0273. The value of the regression co-
efficient of urea fertilizer shows that every addition of
1% will increase cassava production, although it is not
significant because it only increases by 0.0273%.

Cassava seeds (X1) have a production elasticity
of 0.1533 and positively affect cassava production in
Wonogiri Regency. Adding seed production factors by
1% will increase cassava production by 0.1533%, with
other factors considered fixed (ceteris paribus). Manure
(X2) has a production elasticity of 0.4305, indicating
that increasing the use of manure production factors
by 1% will increase cassava production by 0.4305%,
with other factors considered fixed (ceteris paribus).
SP36 fertilizer (X3) has an elasticity value of 0.0496,
meaning that if there is an addition of SP36 fertilizer
production factors by 1%, it will increase cassava pro-
duction but not significantly because it only increases
by 0.0496% with other factors considered fixed (ceteris
paribus). Similarly, Phonska fertilizer (X4) has a positive
regression coefficient value with a production elas-
ticity of 0.0527. Increasing Phonska fertilizer produc-
tion factors by 1% will increase cassava production by
0.0527%, with other factors considered fixed (ceteris
paribus). The factor of labour production (X7) signifi-
cantly affects the confidence level of 95%. The value
of the elasticity of labour production factors is 0.1749,
which means that every increase in labour use by 1%
will increase cassava production by 0.1749%.

While the production factor, in the form of pesti-
cides, has a production elasticity value of 1.004. Pro-
duction elasticity in area | is greater than one (Ep>1),
meaning that adding pesticide production factors as
much as 1% will cause an increase in cassava produc-
tion, which is always greater than 1%. This area is said
to be increasing returns to scale area because each ad-
dition of production factors will increase the amount
of production, which increases more and more. In this
area, maximum profit has not been achieved because
production can still always be increased by adding in-
puts (factors of production). Thus, this area is irrational.
According to D.Debertin (2012), the production function

is divided into three areas, distinguished based on the
production elasticity of the production factors used.
Area | is a production area with a production elastic-
ity greater than one (Ep>1), area Il is a production area
with an elasticity between zero and one (0<Ep<1), and
area Il is a production area with a production elasticity
smaller than one (Ep<1).

The elasticity value, except for pesticides, has an
elasticity value greater than zero but smaller than 1
(0<Ep<1) (in production area Il). The results of research
by I. Ansah et al. (2023) also showed that labour, plant-
ing materials, and pesticides affect the level of cassava
production, with the difference that planting materials
and pesticides have a negative elasticity value, where-
as, in this study, the value was positive. The research of
S.E.Esheya (2022) showed positive elasticity results for
cassava cutting and labour. Still, fertilizer input has a
negative elasticity, indicating that the input allocation
and utilization are at an irrational production stage
(stage Ill) due to excessive use.

Every additional 1% of production factors can in-
crease production by between zero and 1%. At a certain
level, the use of input will provide maximum benefits.
This shows that the production elasticity value for each
input in the form of seeds, manure, SP36 fertilizer,Phon-
ska fertilizer, urea fertilizer,and labour is in the rational
area, meaning that its use has provided benefits and
advantages. The sum of the elasticity values for each
input can be used to see the condition of the agricul-
tural business scale. The results of this research show
that the elasticity amount is 1.8923, which means that
adding one percent of each production will increase
production by 1.89%.The total production elasticity val-
ue is greater than one, this is in line with the research
results of E. Widyastiara et al. (2023), so that cassava
farming is in a condition of increasing returns to scale.
Cassava farmers have not used inputs efficiently in con-
ditions of increasing returns to scale because in these
conditions maximum profits have not been achieved,
so inputs are underutilized by cassava farmers. Cassava
farmers can increase the optimal use of inputs as re-
sources (Gbigbi, 2021; Mwebaze et al., 2022).

Cassava is a commodity for rural development (FAO,
2018). Hence, the production process in cassava farm-
ing is the main activity of rural communities in meeting
their and their families’ living needs. Cassava farming
provides a significant multiplier effect by developing em-
ployment and business opportunities from cassava pro-
duction activities, resulting in changes in the dynamics
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of the rural economy based on cassava production ag-
ribusiness. The production elasticities of inputs and la-
bour were the greatest in the rural extension (Freitas
et al., 2021). Facilitating rural economic transforma-
tion can be focused on relative comparative advantage
across diverse conditions. The utilization of local advan-
tages owned by each region can be adjusted to the needs
of each community. According to A.Kolapo & E.Abimbola
(2020), increasing agricultural productivity through the
use of inputs and utilizing local resources can reduce
poverty through increasing farmer’s income. According
to E. lkuemonisan et al. (2020), interventions to increase
cassava production have resulted in increased output
and stimulated the rural economy.

Cassava farming in Wonogiri Regency is not yet ef-
ficient technically, allocative, and economically. There
is an opportunity to increase efficiency by optimizing
input use and limiting minimum costs to reach an ef-
ficient level. Based on the overall level of input used
in cassava farming, the elasticity of cassava production
is in a condition of increasing returns to scale, which
shows that the maximum level of profit can still be
achieved by farmers by adding input in a fixed pro-
portion. Utilizing local resources as input in farming
is an effort to use input efficiently, where maintaining
local advantages can be taken from existing natural
attributes. Natural conditions following the growth of
a plant, with the availability of agricultural production
factors, can encourage the economic development of an
area, especially rural areas. Rural dependence on natu-
ral conditions can be utilized by optimizing resources
in efficiency to increase productivity, as factors needed
in cassava farming.

CONCLUSIONS

This study analyses the efficiency and elasticity of cas-
sava farming in Wonogiri Regency. The Data Envelop-
ment Analysis (DEA) analysis results obtained an av-
erage technical efficiency level of 0.646 or 64.6%. The
results of DEA with an input-oriented model show that
farmers who are not yet efficient can increase the level
of efficiency value by using cassava farming inputs.
Cassava farmers in Wonogiri Regency have an alloca-
tive efficiency rate of 0.471 or 47.1%, which shows that
farmers can reduce current average production costs by
52.9% to achieve potential minimum production costs.
In terms of economic efficiency, cassava farmers have
not yet reached an efficient level. Allocative efficiency
relates to the price level of each input issued by farmers.
This shows that the most important role in increasing

the efficiency is the optimal allocation of input use with
consideration of the right price.

The results of production elasticity show that all
production factors in the form of seeds, manure, SP36
fertilizer, Phonska fertilizer, urea fertilizer, and labour
are of positive value. All factors of production except
pesticides are in the rational area. The production elas-
ticity value of each of these inputs is at the rational
stage, meaning that its use has provided benefits and
advantages in rural development efforts in post-covid
19 conditions. The capacity of a farm to achieve maxi-
mum production levels with a certain set of inputs re-
fers to efficiency results. Evaluation of the level of agri-
cultural efficiency allows decision-making for farmers.
The use of inputs as a resource in farming plays an im-
portant role in the level of production and productivity
of farming, so the farmer’s decision in determining the
level of input use is very important. The price factor for
each input influences the level of allocative efficiency
or cost efficiency, so farmers must try to use inputs as
optimally as possible at the minimum cost level to pro-
duce the maximum possible output or level of cassava
farming production.

The addition of production factors has a positive
effect on cassava production. However, if farmers do
not consider the right input decisions, it will result in
additional input, reducing production. Increasing the
production scale can be done by giving attention to
using inputs as resources. From the results, there is an
opportunity to improve the efficiency of cassava farm-
ing. Such conditions encourage increasing efficiency to
accelerate rural development to increase the distribu-
tion of economic activities and farmers’ income. This
research can still be developed for future research us-
ing other methods, such as Stochastic Frontier Analysis
(SFA), in analysing the efficiency of cassava farming.
Other variables as input in farming can be included in
the model to explore determinants of efficiency. Study
development can be done by analysing off-farm cas-
sava with a wider scope.
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AHoTauif. BupollyBaHHS MaHiOKM, 9K BaX/IMBOro TOBapy B CiflbCbKOMY rocnogapcTsi rpadcrsa Boworipi, €
HeobXiOHUM [ns CTPYKTYPHWMX 3MiH Y CiNbCbKili ekoHoMiui rpadctBa BoHoripi B ymoBax noct-COVID-19. Le
[OCNIOKEHHS MAE HA METi BU3HAYUTH piBeHb ePeKTUBHOCTI Ta NPOAHanNi3yBaT1 enacTMYHICTb BUPOLLYBAHHS MaHIOKM.
[na aHanisy ebeKTMBHOCTI BUPOLLYBAHHS MaHioku Byno BukopuctaHo meton Data Envelopment Analysis, a gns
aHani3y enacTM4yHoOCTi BUPOOHMLTBA — MHOXMHHUI NiHIAHWIA perpeciiHuii aHanis. Pesynbtatn Data Envelopment
Analysis 3 BMKOPUCTaHHAM MOAENi, OPIEHTOBAHOI Ha BXIiAHI pecypcu, MoKasykTb, WO depmMepu MakTb piBeHb
TexHiYHOi edekTnBHOCTI 64,6 %, edekTMBHOCTI po3noginy 47,1 % Ta ekoHoMiyHoi edekTnBHOCTI 30 %. Depmepy,
AKi He € ePEKTUBHMUMU, MOXKYTb MiABULLMTA CBOK e(DEKTUBHICTb, BUKOPUCTOBYHOUM (DAaKTOpM BUPOOHMLTBA MAHIOKM.
EnactmuHicTb BUpOOHMLTBA po3caau, rHow, fobpuea SP36, nobpusa MoHCbKa, Kapbamiay, nectuumais Ta poboyoi
CMAKM € NOo3UTMBHOKW. MacwTab 6i3Hec-pe3ynbTaTiB NOKa3ye, WO GepMepcbke rocnofapcTBo nepebyBae B CTaHi
3pocTarYoi Bigaadi Bif MacwTaby. JonaBaHHA GakTopiB BUPOOHMUTBA MAE MO3UTUBHWUI BNAMB Ha BUPOOHMLTBO
MaHioku. OfHak, SKWOo He BpaxoByBaTH (akTopu BUPOOHULUTBA, Lie Npu3Beae A0 A0LATKOBMX BMTPAT, WO 3HU3UTb
BpPOXaMHiCcTb. ONTMManbHe BMKOPUCTaHHA (aKTOpiB BMPOOHMUTBA MOXe 36ifbWMTM MacwTabu BUpPOOHMLTBA
MaHioKM Ta NiaBULLMTM edeKTUBHICTb. Lie nocnipkeHHs Moxe ByTU KOPUCHUM Ans pepMepiB AN NiABULLEHHS PiBHS
eeKTMBHOCTI 32 paxyHOK ePeKTMBHOIO BMKOPUCTaHHA dakTopiB BUpOOHMLTBA. BOHO MOoXe 6YyTW KOPUCHWUM Ans
ypsiay Npv po3pobui NnaHiB po3BUTKY CilbCbKMX TEPUTOPIN, WO BKJIOYAKOTb PO3BUTOK epMepcTBa Ta peanisalito
NONITUKM NiABULLEHHS eDeKTUBHOCTI

KniouoBi cnoBa: aktopy BUpOOHULTBA; €1aCTUYHICTb; CiNbCbKMIA po3BMTOK; Kob6-[yrnac; aHanis 06010HKM AaHUX
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analysis of the current state of development of organic production systems in different geographical regions
of Ukraine. The study was conducted using general scientific methods of cognition, the main ones being
the method of system analysis and the dialectical method. In the course of the study, the situation in the
field of organic farming in the regional context, reserves, and prospects of opportunities in this area were
investigated. An analysis of changes in the characteristics of the area and the number of certified organic
farming entities in the time period is formed. The expediency of developing organic agronomy in modern
economic conditions, as well as the possibility of ensuring the environmental safety of sustainable land use
by increasing the share of organic tillage in the overall farming system, is substantiated. The priority vectors
of development are highlighted, the regulatory and legal support of the industry is analysed. The specifics of
the process of managing enterprises with the use of modern monitoring and investment opportunities are
studied, on the basis of which the main measures to optimize the situation are developed, including economic
incentives for farmers, the formation of a land bank for organic farming, control of anthropogenic pressure
on the environment, compliance with safety requirements and adaptation of quality standards, as well as
the preservation of local ecosystems. The practical significance of the research results is manifested in the
possibility of using them in the development of sectoral programmes aimed at optimizing the functioning
of organic farming systems, increasing their economic efficiency, and forming the concept of transition from
conventional to organic farming in Ukraine

Keywords: integrated protection; sustainable nature management; biological processing; agricultural sector;

certification

INTRODUCTION

The unsatisfactory ecological condition of land-
scapes involved in agricultural activities, high rates of
ploughed up farmland, and depleted soil fertility have
a destructive impact on the quantitative and qualita-
tive indicators of agricultural production. Given the
current situation, there is a growing need to transition
from traditional forms of land use to organic, ecolog-
ically sustainable and environmentally friendly ones.
As of 2023, there is a global trend towards the devel-
opment of organic agronomy and conservation tillage
technologies. The situation in Ukraine, given the pri-
ority of sustainable development, is characterized by
a gradual transition to organic farming, but the scale
of the dynamics is not significant. It should be noted
that the difference in the geographical location of the
country’s agricultural regions determines the respec-
tive peculiarities of organic land use development,
and natural conditions are not always the determin-
ing factor in the process. In developed countries, there
are numerous programmes and projects to optimize
the condition of agricultural landscapes (Mudrak &
Mudrak, 2019). Such projects aim to take a holistic
approach to the problems of ecosystems affected by
agricultural use and to increase the productivity and
efficiency of the agricultural sector.

The issue of implementing organic farming systems
has been studied in the publications of many research-
ers.An analysis of the results of scientific developments
on the subject of the study allows concluding that most
scientists pay maximum attention to comparing the
traditional intensive farming system with the organic
one. For example, Y.S. Sosnytska et al. (2019) study
the algorithm of the principles of organic farming in
Ukraine, and S. Amons (2022) focuses on the algorithm

of biological plant protection in the system of rational
land use. Researchers A. Kharchenko & O. Onyshchenko
(2020), at the same time, study the technologies and
algorithms of organic land use in agriculture, and
V.I. Pichura et al. (2022) thoroughly investigate the as-
pects of economic efficiency in the field.

A number of scientific publications by Ukrainian re-
searchers study the criteria for the development and
evaluation of preventive and regeneration measures of
environmental, socio-economic and managerial nature
aimed at improving existing strategies for the devel-
opment of the organic farming system in different re-
gions of Ukraine.S.l. Demianenko (2022) focuses on the
difficulties of implementing biological land use sys-
tems in the transitional conditions of the transitional
economic period, in particular, on the need for legisla-
tive regulation of activities in the field. L.I. Moklyachuk
et al. (2020) focus on the peculiarities of the transition
from traditional to ecologically oriented organic farm-
ing systems in the context of global climate change,
the problems of such dynamics and ways to overcome
them. A. Mudrak & H. Mudrak (2019) see environmen-
tal monitoring of Ukrainian agricultural landscapes as
a basis for optimizing their condition and maximizing
their efficient use.

Despite the considerable attention to the research
issue by the scientific community, the issues of devel-
oping an algorithm for effectively stimulating the de-
velopment of organic farming systems in Ukraine in
the regional context, as well as their effective man-
agement using the capabilities of economic and le-
gal instruments, remain insufficiently researched and
require further scientific consideration. The purpose
of the study was to make a comparative analysis of
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organic farming systems in different geographical re-
gions of Ukraine, with the identification of priority op-
timization areas for the development of the industry
in the current conditions.

MATERIALS AND METHODS

In the course of the study,a number of general scientific
methods of cognition were applied. The theoretical and
methodological basis of the study is based on the dia-
lectical method, the systematic approach, and the gen-
erally accepted principles of conducting comprehensive
research. The systemic approach, in particular, made it
possible to study the object and subject of study as a
system in the entirety of interrelationships. The method
of abstraction was used to identify the main categorical
concepts. With its help, the concept of an integral pro-
cess of the management system in the field of organic
farming as a structural and consequential set of interre-
lations was formed. The abstract-logical and dialectical
methods of scientific knowledge, as well as the method
of scientific abstraction, were used in the study to
clarify the conceptual apparatus, formulate theoretical
generalizations and conclusions.

The general scientific methods of analysis and syn-
thesis were used in the course of work on the article
to identify the essence of the managerial and econom-
ic mechanism of the object under study, as well as to
determine the strategic vectors of development of or-
ganic farming in Ukraine. In addition, with the help of
analytical processing of information arrays, the pecu-
liarities of the relationships between the elements of
the phenomenon under study were recorded, the main
factors of functioning and priority significant elements
of the object under study were identified. The meth-
od of specification is used to record the effectiveness
and feasibility of a set of management measures for
regional land use systems, as well as to identify op-
timal conditions and solutions for the preservation
of agricultural landscapes and mitigation of environ-
mental risks in agricultural production complexes. The
comparative method was used in the study to identify
the specifics of the dynamics of organic farming sys-
tems based on indicators of quantitative and qualita-
tive changes. The general scientific method of induc-
tion was used for prognostic analytics of development

features. Deduction is used in the process of formulat-
ing proposals for optimizing the management system
in the field under study.

The formalization method was used to identify pri-
ority vectors for optimizing regional organic farming
systems on the basis of green sustainable development,
as well as to highlight the research findings that are
intended for active practical use in the land use man-
agement system in the agricultural sector. In addition,
the study used the method of ascending from the ab-
stract to the concrete, in the form of a sequential transi-
tion from general abstract informative data on organic
farming systems to the situation in different geograph-
ical regions of Ukraine and innovative opportunities of
biological agriculture. To assess the dynamics of mod-
ern organic farming practices in different geographical
regions of Ukraine, the article uses statistical data from
the Ministry of Agrarian Policy and Food of Ukraine,
namely, the structure of sown areas and the number of
business entities. The data on quantitative indicators
of organic farming were used through the Information
and Analytical Portal of the Agro-Industrial Complex of
Ukraine and the National Research Centre “Institute of
Agrarian Economics” (Organic production in..., 2022;
Ukraine ranks 20th..., 2022).

A systematic approach was used to identify the
features, advantages, and2410 effectiveness of certain
solutions and approaches in the organic farming sys-
tem. This approach is aimed at a comprehensive search
for solutions in the modern agro-industrial complex
with a focus on environmental safety, economic effi-
ciency and ensuring the principles of sustainable de-
velopment. Particular attention is paid to the need to
take into account possible obstacles in the practical
implementation of the organic farming strategy in the
economic realities of developing countries.

RESULTS

According to the operational monitoring carried out by
the Ministry of Agrarian Policy in cooperation with for-
eign certification bodies, as of 2023, the total area of
agricultural land involved in organic farming systems
was 263619 ha, which is less than 1% of the total area
of agricultural land in Ukraine. The total number of
business entities in the study area was 462 (Table 1).

Table 1. Organic map of Ukraine as of 2023

Total number of

Total area of certified agricultural

Area of agricultural land with organic

Region operators’ land, ha status, ha
Autonomg::;}l::publlc of 0 0 0
Vinnytsia 52 2753 2618
Volyn 20 5182 5153
Dnipro 24 18451 18362
Donetsk 0 0 0
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Table 1, Continued

Total number of

Total area of certified agricultural

Area of agricultural land with organic

Region operators’ land, ha status, ha
Zhytomyr 24 36796 36077
Zakarpattia 10 1600 1566
Zaporizhzhia 12 32072 24747
Ivano-Frankivsk 14 351 341
Kyiv 24 36796 36077
Kropyvnytskyi 5 11831 11828
Luhansk 1 0 0
Lviv 21 2378 2320
Mykolayiv 23 1598 441
Odesa 40 40831 38729
Poltava 33 24261 24166
Rivne 18 18177 17772
Sumy 17 50 50
Ternopil 8 2080 2080
Kharkiv 16 3808 3790
Kherson 14 29413 29250
Khmelnytskyi 18 10668 10661
Cherkasy 12 2635 49
Chernivtsi 3 190 0
Chernihiv 9 9115 9091

Note: * - including 380 agricultural producers certified to a standard equivalent to EU and NOP organic legislation (USA)

Source: compiled by the authors

Organic farming is one of the most promising
areas for the development of the agricultural sector in
Ukraine. Over the past few years, the number of farming
enterprises in Ukraine has grown significantly. This is
due to the increased demand for organic food and the
growing awareness of the benefits of organic products
among the population. Organic farming uses natural re-
sources and methods that are environmentally friendly
and preserve biodiversity. Unlike conventional industri-
al farming, organic farming does not actually use chem-
ical fertilizers and pesticides, and does not involve
genetically modified plants. This makes it possible to
produce high-quality and environmentally friendly food
that does not pollute the environment and is of great
importance for human health.

One of the advantages of organic farming in Ukraine
is its economic efficiency. Organic food has a high price
on the market, which allows farmers to earn high profits.
In addition, organic farming allows for the export of pro-
duction costs through the use of natural resources and
research with pests and natural plants. However, despite
the prospects of organic farming in Ukraine, there are
certain problems that may slow down its development.
One of them is the lack of qualified personnel. In addi-
tion, there is a lack of government support and low pub-
lic awareness of the benefits of organic farming. Exports
of organic products from Ukraine are characterized by a

focus on European countries, which accounted for about
80% of all Ukrainian organic exports in 2022 (Organic
productionin...,2022).In 2022,226.4 thousand tonnes of
organic agricultural products from Ukraine were import-
ed to European countries, and the trend in 2023 remains
positive.In general,in 2022, Ukraine sold organic exports
to more than 30 countries, including the USA, Germany,
Austria, the Netherlands, Poland, the UK, Switzerland,
Italy, Denmark, and Lithuania. At the same time, Ukraine’s
main organic exports are cereals, oilseeds and berries,
as well as sunflower oil, vegetables, and fruits (Ukraine
ranks 20th..., 2022). Overall, in 2022, Ukraine exported
13% more organic products to the European Union and
Switzerland than in 2021, and the results of 2023 are
expected to be no less impressive.

Official statistics show that as of 2002, 31 farms en-
gaged in the cultivation of organic products were reg-
istered in Ukraine, and in 2021 there were already 528
organic producers, with the maximum increase in quan-
titative indicators in the study area observed in 2015-
2019. At the same time, after this period, there was a
slight slowdown in the positive dynamics, as shown in
Figure 2.1t should be noted that 2022 brought its own
adjustments in the form of Russia’s full-scale invasion
of Ukraine, which inevitably affected all spheres of eco-
nomic life. As of 2023, there are 462 certified organic
farms in Ukraine (Fig. 1).
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Figure 1. The number of organic farming enterprises in Ukraine in the period 2002-2023

Source: compiled by the authors

In order to ensure a systematic approach to the
study of organic farming in Ukraine, it is necessary
to take into account its sectoral features and bench-
marks that form a model of effective biological land
use. Thus, organic farming in Ukraine is a complex pro-
duction complex, the effective management of which
requires taking into account the specifics of the sec-
toral functioning in terms of resource potential, as well
as ensuring its reproduction at the appropriate level.
Compliance with the principles of sustainable develop-
ment requires ensuring a closed production cycle at an
agricultural enterprise. In other words, organic farming
should be implemented under the influence of repro-
duction algorithms using the available production fac-
tors: organizational, economic, production, material and
technical, environmental and social.

In order to minimize crop losses, it is advisable to
introduce a stabilization period, which is the period of
time required to carry out a set of agrochemical and
reclamation measures aimed at eliminating the nega-
tive effects of previous land use and improving or sta-
bilizing the quality of soils in order to reduce economic
losses due to reduced crop yields during the transition
period. This approach requires additional time and
money, but it is a necessary step for growing organic
agricultural products on land affected by uncontrolled
anthropogenic activities and will minimize farm losses
during the transition period. It was estimated that up
to UAH 79 thousand per hectare of agricultural land
would be required to carry out work during the stabili-
zation period to improve the quality of soil. The amount
of such costs is usually decisive when making a deci-
sion to switch to organic production.

The majority of organic farming businesses are
located in Kyiv, Odesa, Kherson, Vinnytsia, Zakarpattia,
Poltava, Lviv, and Zhytomyr regions. Certified farms are
characterized by different sizes and scales of activity
(Organic production in..., 2022). Given the tendency to
increase the share of small organic farms, the priority of
their specialization in terms of growing fruit and berry
products, as well as the export orientation of producers,
especially in terms of legumes and berries, is growing.
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As of 2023, the largest area of land allocated for certi-
fied organic farming was recorded in Odesa (102 thou-
sand ha), Kherson (76 thousand ha), Dnipro (38 thou-
sand ha) and Zhytomyr (32 thousand ha) regions, and
the largest number of enterprises in this area was in
Odesa region.

Comparing the level of development of organic
farming in different geographical regions of Ukraine, it
is noted that the tendency of dependence of the ef-
ficiency of biological land use implementation on the
optimality of natural prerequisites is very conditional.
The factors of economic incentives for agricultural pro-
ducers, availability of regional investment programmes,
and the readiness of the agronomic sector to dynamic
changes in the management system have a signifi-
cant impact. Long-term intensive agriculture has led
to significant environmental problems. Agroecosys-
tems are inherently extremely energy-intensive, with
poor adaptive capacity and potentially high levels of
soil fertility depletion (Carter, 2020). The situation is
particularly difficult in irrigated vegetable production.
An alternative is organic land management, which in-
volves covering the soil with vegetation for as long as
possible (Beillouin et al., 2022). Innovative technologi-
cal techniques and algorithms that allow for a gradual
transition from an overly intensive farming system to
scientifically based biologisation will make it possible
to implement European standards of sustainable de-
velopment, which are understood by the international
community as alternative or regenerative farming in
the agricultural sector (Ramesh et al., 2019).

Organic crop production, however, cannot yet fully
become an alternative to conventional farming; both
areas should be developed synergistically. Until re-
cently, Ukraine has not paid attention to conducting
comprehensive research on the cultivation of individ-
ual crops using organic farming methods. However,
the Institute of Vegetable and Melon Growing of the
National Academy of Agrarian Sciences of Ukraine has
developed a system of organizational measures and
technological techniques that can form the basis of a
promising organic agricultural production system. The




main problem in biological farming is the proper re-
production of soil fertility. As of 2023, the ploughed-up
rate of agricultural landscapes in Ukraine is 80%, and in
some places it reaches 95%. Compared to similar indi-
cators in developed countries, this figure is only 25% in
the United States, 37% in Hungary, and 48% in France,
Germany, and Canada (Organic production in..., 2022;
Ukraine ranks 20th..., 2022). The optimal preventive
way to minimize the level of ploughed up agricultural
land is to create ecological buffer zones of 10%, which
will allow for the preservation of natural biodiversity.
Also, the use of special crop rotations is a necessary
technological method of organic crop cultivation. In
this case, on irrigated lands, crop rotations should be
based on plant species that provide preventive protec-
tion of soil fertility and intensification of nutrients.

Organic agriculture in Ukraine is characterized by
significant opportunities to increase production effi-
ciency. It should be noted, however, that its effective im-
plementation requires a number of managerial, finan-
cial and technological measures, including those at the
national level. These include providing agricultural pro-
ducers with access to up-to-date information on innova-
tive tillage technologies and organic quality standards,
ensuring certification of products of small agricultural
land users, attracting investment opportunities, devel-
oping partnerships, developing a communication strat-
egy to raise awareness of farmers, improving agricul-
tural organic policy, stimulating innovation and research
in the field of organic land use (Sosnytska et al., 2019;
Kharchenko & Onyshchenko, 2020). Organic agriculture
has a positive impact on the balance between the eco-
nomic efficiency of agricultural production and the envi-
ronmental sustainability of agroecosystems. In addition,
it contributes to the protection of biodiversity, the fight
against genetically modified organisms, and the main-
tenance of soil fertility through biological means. The
latter include minimizing mechanical tillage, applying
organic fertilizers, and individualizing agricultural tech-
nologies and processes (Mudrak & Mudrak, 2019). Pros-
pects for the development of organic farming include
sustainable development of rural areas, high levels of
crop productivity, increased interest in environmentally
friendly products, growing opportunities for exporting
organic products, simplification of certification and la-
belling procedures, and the growing role of govern-
ment incentives for organic land use.

Increasing the share of organic farming will help
to solve the problem of employment of the country’s
rural population, as well as quantitative and qualitative
indicators of agricultural productivity. The introduction
of a model of agricultural sector development based on
organic farming provides for the implementation of the
principles of sustainable landscape development and
identifies priority vectors for rural development in the
future. In view of the above, Ukraine’s current agri-en-
vironmental policy should pay considerable attention
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to the restoration of soil, preventive environmental
protection and the provision of environmentally friend-
ly products to the population. At the same time, the
agro-landscape management system should be an in-
tegral part of organic land use standards. Priority areas
for optimizing the industry include the development of
new technological capabilities to minimize the destruc-
tive impact on soils (e.g., no-till systems) and ensure
high economic efficiency of agricultural activities while
preventively ensuring a sustainable environment.

It should be noted that Ukraine should take a com-
prehensive approach to solving these problems. First
and foremost, it is about the further formation of eco-
logically balanced holistic terrestrial ecosystems on the
basis of organic farms, which are able to ensure the har-
monization of agricultural and natural lands. The NAAS
institutions conduct research under the programme
“Scientific basis for the development of organic agri-
cultural production and mechanisms of its functioning
in Ukraine”, which defines the main directions of scien-
tific support for the organic farming industry (Organic
production in...,2022; Ukraine ranks 20th..., 2022). Soil,
agrochemical, and soil ecological research is aimed at
effective assessment,zoning and regulation of the suit-
ability of soil conditions for organic farming, as well as
the development of methods for a comprehensive as-
sessment of the environmental condition of agricultur-
al land for their suitability for organic production and
the development of alternative ways to improve and
preserve soil fertility.

The development of organic production in Ukraine
is hampered by the imperfection of the legislative and
regulatory framework that would clearly define the
state policy in this area. Other reasons include the
predominance of exports, underdevelopment of the
domestic market for certified organic products, limited
product range (mainly grains and oilseeds), lack of con-
sumer awareness of the benefits of organic products,
lack of investment in organic production, and a poor
consumer basket of these products. Despite the prob-
lems outlined in the research area, organic land use in
Ukraine has significant potential that can be unlocked
during the post-war recovery period with strong inter-
national support and investment opportunities.

DISCUSSION

Most modern scientists consider organic farming sys-
tems to be a priority for the sustainable development of
the ecological network of agricultural areas, which pro-
vides the basis for the effective restoration and rational
use of agricultural production resources in the context
of reorientation of economic processes towards sustain-
able development. In particular, scientists T. Tscharntke
et al. (2021) have proved that the environmental as-
pects of agricultural development should be based pri-
marily on optimizing the state of the environment and
focusing on the renewability of agricultural landscapes.
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Scientists emphasize that the vectors of unlocking the
ecological and economic potential of agricultural com-
plexes are formed using the optimal design of organic
land use development. Such results of research are in
line with the findings of the current study.

Modern researcher M. Singh (2021) focuses on the
need to ensure that the anthropogenic load is pro-
portionate to the adaptive resources of agricultural
ecosystems, without violating the morphological and
functional parameters of the environment. It is difficult
to disagree with the author, and the current study re-
veals a similar interdependence of the resource base
and methods of its use for economic purposes. It has
been established that the tasks of soil cultivation in bi-
ological farming are based not only on the economic
aspect and ensuring the proper physical condition of
the soil cover, but also include environmental and bi-
ological indicators, namely: preservation of soil fertility,
protection against erosion, minimization of the impact
of toxic substances, ensuring proper conditions for seed
germination and root development, accumulation of
nutrients, and reliable control of pests and diseases.
The conclusions of the research by E. Duran-Lara et al.
(2020), who consider management support for organ-
ic farming as the main prerequisite for increasing crop
productivity, show that the biological land manage-
ment system has significantly expanded its implemen-
tation functions, becoming a hub for the implemen-
tation of sustainable development opportunities in
modern agriculture. Scientists emphasize that the pro-
cesses of transition from intensive to organic farming,
in the absence of appropriate preventive measures, are
often accompanied by a significant destabilizing trans-
formation of socio-economic processes. In this regard,
comparing the authors’ conclusions with the results of
the current study, it can be argued that the main func-
tion of the land use management system is to minimize
anthropogenic destructive pressure by regulating the
balance between the production and natural environ-
ment, as well as appropriate preparatory measures by
agricultural market participants.

Scientists F. Eyhorn et al. (2019) identify the main
reasons for the need to maximize soil protection and
conservation within agricultural landscapes, including
the disruption of the ecological balance between natu-
ral and anthropogenic lands, erosion, agrophysical and
agrochemical degradation of soil cover, and disruption
of soil nutrient, water and air regimes. Analysing the
experience of management systems in the field of or-
ganic farming, scientists have found that its function-
ing is usually implemented in accordance with local
needs and preferences. It should be noted that in the
case of Ukraine, it is important to formulate an individ-
ual strategy for the development of organic land use,
which will contribute to the growth of sustainability
and competitiveness of agroecosystems. M. Diacono
et al. (2019) emphasize the fact that intensive land use
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has an ecologically destabilizing and degrading effect
with varying degrees of intensity in different soil and
climatic zones. It is difficult to disagree with the au-
thor. In addition, scientists argue that the extremely
unfavourable conditions of modern agriculture are not
caused by overloading the agroecosystems with ex-
cessive doses of agrochemicals, but by violating the
basic ecological principle of agrochemical processes,
according to which the removal of nutrients from the
soil must be compensated for in a timely, complete and
high-quality manner. This trend is also evident in differ-
ent geographical regions of Ukraine. As an alternative,
it is worth considering a system of biological regen-
erative land management, which involves careful se-
lection of crops and varieties, crop rotation design, en-
vironmentally friendly fertilization, soil-protective and
resource-saving tillage, as well as agrotechnical and
biological methods of plant protection. The researchers
suggest the use of intermediate green manure crops,
which not only enrich the soil with organic matter, but
also optimize the phytosanitary situation in the soil
environment and protect against erosion processes. In
Ukraine, it is possible to recommend such green ma-
nure crops as oil radish, white mustard, and ryegrass.

The extensive root system of plants allows the soil
to remain loose and aerated, which creates better con-
ditions for growing agricultural products. This is con-
firmed in the research by M. Krauss et al. (2020). De-
graded landscapes with minimal or no vegetation cover
are vulnerable to precipitation and winds. In addition,
the presence of the root system of plants significantly
strengthens the soil cover, protecting it from landslides,
flooding, and floods. Scientists insist that organic farm-
ing, which involves covering the soil with vegetation
or its residues for a longer period of the year, is the
best way out of the crisis in agricultural landscapes.
These research findings are in line with the results of
the current work, positioning restorative land use as a
priority area for the modern agro-industrial complex. At
the same time, the primary segment of the biological
farming system is the ecological zoning of agricultural
landscapes and soil certification.

In the studies of A. Le Campion et al. (2020), the au-
thors note that the primary task of organic land use is
the formation of sustainable agroecosystems that can
mitigate negative climate change and help the land-
scape complex adapt to the dynamics of weather and
climate conditions. Scientists analyse the algorithmic
structure of a typical organic production scheme, argu-
ing for the need to expand technological capabilities
and the need to invest in organic farming. It should be
added that renewability is a key element of sustainable
landscapes, as it is thanks to them that soil and land-
scape ecosystems regenerate and can function effec-
tively without requiring significant investment.

Researchers A. Gamage et al. (2023) actualize the
synergy of organic principles of modern land use with




the principles of sustainable development. The scien-
tists argue that organic production balances the so-
cio-economic balance of business and society, while
having a positive impact on the natural resource poten-
tial of land use. In addition, they emphasize the urgent
problems of implementing the principles of sustaina-
ble agricultural management, including the difficulties
of financing and investment, as well as the availabil-
ity of qualified personnel. Comparing the conclusions
of scientists with the results of the current study, it is
worth adding that in the context of post-war recovery,
Ukraine has the prospect of attracting international co-
operation mechanisms and targeted investment oppor-
tunities, which expands the horizons of agro-environ-
mental solutions. Effective incentives at the national,
regional and local levels to increase the use of organic
farming projects through sustainable development
programmes are seen as a priority for optimizing the
situation in the industry (Clunies-Ross & Cox, 2023).
The expected long-term results of such a management
strategy include an improved social and environmental
microclimate, increased economic efficiency of projects,
and a healthier environment (Parizad & Bera, 2023).
Every business entity that aims to develop organic
farming should evaluate it as a set of interconnections
between processes (crop rotation, tillage system, plant
protection, fertilization), as the productivity of the agro-
ecosystem depends on the optimization of all parts of
the farming process in terms of synchronization.

In order to preserve agricultural landscapes, it is
important to make efforts to develop a sustainable sys-
tem of land management and governance. Analysing
and summarizing the above, the growth of the organic
farming function as part of a successful management
policy in the agricultural sector of modern Ukraine is
becoming a prognostic prospect, which will allow sig-
nificantly increasing its productivity and implementing
relevant solutions in accordance with the principles of
sustainable green development. In addition, the short-
age of organic products on the world market opens up
significant prospects for Ukrainian organic producers.

CONCLUSIONS

The study analysed the multifactorial nature of the ef-
fective functioning of agro-landscape complexes based
on the principles of sustainable development. It was
possible to study the current situation in the field of
organic farming in Ukraine in the regional context, as
well as the reserves and prospects for opportunities in
this area. The changes in the area and number of cer-
tified organic farming entities in the time period were
analysed. It is established that the development of bi-
ological regenerative land use systems is a significant
factor in improving economic performance in the field
of crop production, strengthening the priorities of agri-
cultural greening, and optimizing the state of the agro-
ecosystems in terms of restoration and recreation.
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The expediency of developing organic agronomy in
modern economic conditions, as well as the possibility
of guaranteeing the environmental safety of sustaina-
ble land use by increasing the share of organic soil cul-
tivation in the overall farming system, is substantiated.
The specifics of the process of enterprise management
with the use of modern monitoring and investment op-
portunities are investigated, and the main measures
to optimize the situation are proposed, including eco-
nomic incentives for farmers, formation of a land bank
for organic farming, monitoring of anthropogenic im-
pact on environmental parameters, introduction of ag-
ricultural product quality standards, and preservation
of local ecosystems. The author identifies priority vec-
tors of development, including stimulation of organic
agricultural production, financial and preferential sup-
port from the state, provision of subsidies, creation of
a fund of land for organic land use, and introduction of
modern technological capabilities.

It is determined that the implementation of these
goals should be carried out by optimizing the manage-
ment policy in the field of research. It has been estab-
lished that strategic planning, operational management
and development of effective regeneration and preven-
tive measures are the top priorities of agroecological
landscape complexes management. Such an approach
will allow for a prompt response to new challenges,
including the transformation of management activi-
ties, the growing importance of safety standards, and
destructive processes in natural landscape ecosystems.
The study focuses on the most important aspects of
the problems in the field of implementation of organic
farming systems. As a result of the study, inter-sectoral
gaps have been identified that require urgent elim-
ination through regulatory and legal regulation, the
establishment of strict measures of responsibility for
violations, and the involvement of international levers
to regulate the situation.

An effective approach to the management system
of modern agroecosystems involves a synergy of efforts
that can ensure an increase in their functionality, effi-
ciency, and ability to regenerate. As a result of the study,
the main directions of promising research on the topic
are highlighted. The need to ensure optimization of
information support on the possibilities of introduc-
ing an organic farming system in different geograph-
ical regions of Ukraine is actualized. The need to apply
international practical experience in order to optimize
the functioning of organic agriculture is substantiated.
Such measures will provide the prerequisites for solv-
ing current problems in the field of agricultural sector
functioning and identifying reserves to improve the ef-
ficiency of its activities.

The purpose of promising scientific work in this area
is to formulate strategic directions for optimizing the or-
ganic farming system in different geographical regions
of Ukraine, as well as to form and integrateinnovative
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monitoring capabilities as a basic resource for analysing  land use within the framework of European integration
and resolving the situation in the industry. At the same  and post-war regeneration of Ukraine.

time, it is necessary to attract international experience,

update existing and develop new methods of agricul- ACKNOWLEDGEMENTS

tural management based on the principles of regener-  None.

ation and sustainable land use. In addition, the priority

area for further research is the improvement of the CONFLICT OF INTEREST

institutional framework for the functioning of organic  None.
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AHotauia. Cepen nepegymoB edeKTMBHOCTI CilbCbKOrOCMOAAPCbKOr0 BUMPOOHMLTBA BaXKIMBA PO/b HaNEXWTb
BAOCKOHA/IEHUM CMCTEMAM 3eMNiepobCTBa, WO nepenbdavatoTb OWAAJMBUIA OpraHivyHMiA nigxia Ao BCiX eTaniB
BMpOOHMYOro npouecy. HeobxifHiCTb NMoeTanHOro nmepexofy CiNbCbKOroCnoAapCbKOro 3eMJIEKOPUCTYBAHHS Ha
HionoriyHi MeToaM 06pOBITKY IPYHTY € aKTyasbHOK 3 OrNsSAY Ha BMCOKMIA piBeHb AeCTPYKLii arponaHawadTis Ta
pO3BUTOK MOMWUTY HA OpraHivyHy Npoaykuito. MeTol CTaTTi € NOPiBHANbHA aHaNITUKA Cy4aCHOro CTaHy PO3BUTKY
CUCTEM OpraHiYHOro BMPOOHMUTBA B Pi3HMX reorpadiyHmx perioHax YkpaiHu. [locnigkeHHs npoBoAMIOCH 33
[,ONOMOrOt0 3arajibHOHayKOBUX METOfIB Mi3HAHHS, OCHOBHI 3 IKMX — METOA, CUCTEMHOrO aHanily Ta AianeKTUYHUiA
MeTopA. Y Xxo4i poboTH AoCNiAKEHO CMUTYaLito B chepi opraHiuHoro 3emMnepobCcTBa B perioHanbHOMY po3pi3si, pesepau
Ta NepcrneKkTMBM MOXAMBOCTEN Y AaHin chepi. ChopMOBaHO aHANITUKY 3MiHM Y XapaKTepPUCTUKAX NAOLL, Ta KilbKOCTi
cepTMdikoBaHMX Cy6’EKTIB rOCNOAAPHOBAHHSA B ray3i OpraHiuyHoro semnepobctea y 4acoBomy po3pisi. O6rpyHToBaHO
[OUINBHICTL PO3BMUTKY OpPraHiYHOi arpoHOMIT B Cy4aCHMX YMOBax rOCMOAAPHBAHHSA, A TaKOX MOXIUBICTb
rapaHTyBaHHS €KOJOriYHOi 6e3mneku CTanoro 3emMjeKOpUCTYBAaHHS LIASXOM 30iNbLIEHHS YAcTKM OpraHivyHoro
006p0obiTKy I'pyHTY B 3arasbHilt cucTeMi 3emnepobcTBa. BuaineHo npioputeTHi BEKTOPU PO3BUTKY, MPOaHani30BaHO
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HOpMaTMBHO-NpaBoBe 3abe3neyeHHs ranysi. JlocnifxeHo cneundiky npouecy ynpaBiiHHA MigNnpUEMCTBAMU 3
3ay4YeHHSM Cy4aCHUX MOX/IMBOCTEWM MOHITOPUHIY Ta iHBECTYBaHHS, HA OCHOBI YOro po3po6/1eHO OCHOBHI 3aX04M
3 onTMMI3aLii cuTyauii, cepen SKMX — eKOHOMIYHe CTUMYIOBAHHS arpapiie, GOpPMyBaHHS 3eMeNibHOro 6aHKy Ans
OPraHiyHOro 3eMnepobcTBa, KOHTPOb AHTPONOrEHHOMO TUCKY Ha HAaBKOJIMLIHE CepefoBuLLe, LOTPUMAHHS BUMOT
6e3nekn Ta aganTalia CTaHAAPTIB SKOCTi, @ TaKOX 30epexeHHs MicueBux ekocucTeM. [pakTUYHA 3HAYYLLiCTb
pe3ynbTaTiB LOCHIAKEHHS MPOABASETHCS B MOXI/IMBOCTI BUKOPUCTAHHS B XOA4i pOo3pobKM ranyseBux Mporpam,
WO MalTb HA MEeTi ONTMMIi3aLilo QYHKLiIOHYBAHHS CMCTEM OpraHiyHOro 3emnepobcTBa, 3pOCTaHHA MOKA3HUKIB
iX eKOHOMiYHOT edeKTUBHOCTI, @ TakoX (GOpPMYyBaHHA KOHLEMNLIii nepexony Bif TPaAMLIMHOIO A0 OpraHiyHoro
3eMnepobcTBa B YKpaiHi

KntouoBi cnoBa: iHTErpoBaHWii 3axXmCT; CTilKe NPUPOLOKOPUCTYBAHHS; BionoriyHMit 06pobiTOK; arpapHuUit CekTop;
cepTudikauis
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of increasing organic farming with benefits to the environment and population health. The study results can be
used for further development of the EU’s ambitions toward sustainable agriculture and nutrition

Keywords: sustainable development; zero hunger; Goal 2 indicators; organic farming; association

INTRODUCTION

The research relevance was determined by a systemic
transformational change that is related to the demand-
ing use of resources and environmental pollution in
agriculture and the food industry. Therefore, it is nec-
essary to study the efforts for sustainable economic de-
velopment, and the elimination of poverty and hunger
through relevant measures, which were largely unsuc-
cessful within individual state policies.

A similar study on this topic was carried out by
C.G. Gonzalez (2021), who analysed the mechanisms of
minimizing the differences between the rich and the
poor through development goals to minimize poverty.
J. Blesh et al. (2019) state that agriculture is the main
livelihood for 70% of the global low-income popula-
tion. They identified that agriculture is closely linked to
weather and climate, which is a dominant factor in the
variability of food production and associated levels of
hunger. In this context, B.W. Muriithi et al. (2018) empha-
size the necessity of the restoration of a holistic focus
with an emphasis on environmental, social,and econom-
ic aspects. As such, they considered the climate as an ob-
ject of further research with the development of a syn-
ergistic effect involving innovations in climate research
with an emphasis on food security. A. Baer-Nawrocka
and A. Sadowski (2019) analysed similar approaches in
their study, based on which they consider the economic
and technical availability of food. Furthermore, D.C. Bezu
(2018) confirms the previous results and extends his
study with a household survey and identifies factors (e.g.,
low level of non-agricultural activities, weather influ-
ence, land degradation, population tension) that threat-
en food security. Most countries with high populations
face food insecurity and at the same time have a high
birth rate and rapid population growth, which increases
the challenge of adequately meeting nutritional needs.

The need to provide timely and accurate informa-
tion on climate change and climate risk management in
connection with the use of innovative tools and meth-
odological procedures is also supported in the study of
H.Valin (2019). To effectively use these scientific proce-
dures, it is necessary, according to S. Kumar et al. (2023)
to include in climate concepts information related to
different periods for managing the strategy of optimal
sustainable development. In this context, J. Streimikis
and T. Balezentis (2020) in their study highlight the
strong partnerships between international, and nation-
al stakeholders and agricultural and research institu-
tions, as well as community organizations that play a
role in supporting the achievement of the Sustainable
Development Goals (SDGs). All these researchers are
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also supported by H. EL Bilali et al. (2019) who empha-
size the strong interconnection of concepts and para-
digms of food sustainability. Their study results support
the development of a sustainable food concept regard-
ing the availability of food, its accessibility and use.
According to the World Health Organization (2021),
all these efforts represent critical challenges that offer
diverse opportunities to promote food security. Based
on the knowledge gained, the study aimed to quantify
the development of indicators such as poverty eradica-
tion, achieving food security and improving sustainable
agriculture. At the same time, the authors of the contri-
bution focus on a more complex view regarding global
food optimality and related indicators in the social and
economic field of Sustainable Development (SD).

LITERATURE REVIEW

The 2030 Agenda is underpinned by 17 Sustainable
Development Goals, which were created to integrate
various efforts and issues into the framework of sus-
tainable development, including poverty reduction. The
new agenda characterizes sustainable development as
a holistic benefit of socioeconomic and environmental
improvement while adding important aspects, such as
economic inequality, justice, gender equality and cli-
mate change. Given this broader scope, the SD concept
recognizes the need for a comprehensive approach to
the transformation between separate goals and rep-
resents the essence of the entire 2030 Agenda, SDG
1, which should eliminate poverty. This goal is deter-
mined by other SDGs, especially SDG 2: Zero Hunger.
The United Nations (UN) emphasizes that “the elimina-
tion of poverty and hunger is inextricably linked to in-
creasing food production, agricultural productivity and
incomes, especially in rural areas, as it mainly concerns
small farmers and their families” (United Nations, 2023).

Food insecurity is defined by N.M. Lowe (2021) as
a low level of food access. The author confirmed that
moderate food insecurity is associated with irregular
and inappropriate eating and obtaining sufficient nutri-
tion, as well as insufficient food. At the same time, the
study also indicated slow implementation in the effort
to reduce poverty. Food insecurity fluctuations are also
often related to a reduction in food intake and related
malnutrition to starvation, according to M. Canfield et al.
(2021).Although, according to the authors, the UN strives
to reduce these negative impacts, monitoring the man-
agement of global food distribution is insufficient. How-
ever, as reported by X. Chen et al. (2023), they identified
increased food stability mainly in the countries of Asia




and Africa, which was mainly caused by the increasing
ratio of grain production. Despite increased food stability
and productivity, M. Anderson and M. Rivera-Ferre (2021)
state that the second SD goal has not been achieved,
therefore this environmental-social topic needs to be
addressed more deeply. F. Baguedano et al. (2021) stat-
ed that on a global scale, food security is considered a
production and consumption problem by measuring ba-
sic economic indicators. As such, a demand-driven con-
cept was used to assess food security in 76 countries
around the world. The results showed that the low and
middle-income population was not able to secure basic
food. Analyses of food safety were enriched by F. Song
et al. (2022) who identified a new indicator related to
the use of arable land area for assessing the global na-
ture of food security. F. Gotmark et al. (2018) report that
although most research analyses food security in terms
of land availability and access, it is also affected by coun-
tries’ population ageing. According to the authors, these
dimensions represent a comprehensive approach to food
availability. A study by A. Sarkar et al. (2021) also suggest-
ed that persistent hunger, which is an essential indicator
of food security, can normally be attributed mainly to
sensitive social arrangements, low salaries, environmen-
tal threats of a global nature, and unfavourable logistic
networks of countries.

MATERIALS AND METHODS

For analytical purposes, five variables were used the
determine the state and development of the EU coun-
tries regarding SDG 2. These metrics are part of the
European Union’s SDG plan and were downloaded from
the Eurostat database (Eurostat, n.d.). EU plan variables,
such as groundwater nitrates, were used to estimate
soil erosion by water, common bird index by type of
species was not included in the analysis (End hunger,
achieve food security and improved nutrition and pro-
mote sustainable agriculture, 2023). The main reason
for the omission of certain metrics is the lack of data
availability at the state levels. The analysis was done
in two periods to assess changes. The period selection
depended on the data availability and characteristics.
Based on the EU SDG indicator set (Eurostat, n.d.), the
following indicators were included: x, - obesity rate by
body mass index; x, - agricultural factor income per
annual work unit (change linked volumes); x, - govern-
ment support to agricultural research and development
(Euro per inhabitant); x, - area under organic farming
(% of total utilised agricultural area); x, — ammonia
emissions from agriculture (kilograms per hectare).

For analytical purposes, metrics from various peri-
ods were employed to track both development vectors.
The used data sets come from the statistics office of the
European Union and Eurostat (Eurostat, n.d.). The exact
assignment of periods depends on the data availabili-
ty and analysis goal. The indicator x, is only available
in two years, namely 2014 and 20109, for each of the
EU countries. For the variable x,, the starting season
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is 2010, i.e., representing period 1, while the second
period for the agricultural factor income per annual op-
erations unit was set to the year 2021 as the latest year
with available data for each of the EU member states.
The first period for the indicators x,, x, and x, is the av-
erage value of the mentioned variables for 2010-2016.
The second period for variables x, and x, represents the
average values for 2017 - 2021, while the average vari-
able x, was calculated for 2017 to 2022. The calculated
averages were used to eliminate certain random annual
fluctuations of the observed metrics. The average varia-
bles in the second period were calculated from 2017 to
2021 or from 2017 to 2022 depending on the dataset
availability. The two-period analysis was used to follow
the most important relative and absolute changes of
the SDG 2 indicators (Eurostat, 2023). Fixed-base metric
indexes were used to discover the cumulative change
of the variables over a broader period.

For the analysis of a metric, the univariate statisti-
cal approach was selected (Loveday, 2016), the metrics
were characterized by their average level, minimum,
maximum, range, standard deviation and/or coefficient
of variation (CV). The relative measure of variability, in
other words, the coefficient of variation, is suitable for
comparing the variability in different time spans or dif-
ferent indicators. The CV is part of the so-called sig-
ma convergence coefficients. M. Simionescu (2014) and
R.C. Das (2016) discovered that the regions and coun-
tries converge if the CV is declining. Closely related to
sigma convergence is the Beta convergence process,
which can be explained as a process in which poorer
regions and countries grow faster than the richer ones
and so the poorer regions catch on them. As R. Witte
and J. Witte (2017) stated, the linear correlation be-
tween a pair of variables can be defined using Pear-
son’s correlation coefficient. The analysed metrics were
downloaded from the Eurostat web page (Eurostat, n.d.)

RESULTS AND DISCUSSION

Obesity is a serious problem in developed countries
and is associated with the risk of noncommunicable,
chronic diseases like heart disease, certain cancers, hy-
pertension, type-2 diabetes, and stroke. As the obesity
rate is considered a destimulant indicator, a decline in
its values is rated positively (European Commission,
2022). The analysis of relative and absolute changes
in two different periods was conducted to detect the
direction of obesity changes. The obesity rate (Fig. 1)
for the EU-27 increased from 15.4% in 2014 to 16.5%
in 2019, which is a negative tendency. In 2014 the obe-
sity rate ranged from 9.4% to 26.0% while in 2019 it
ranged from 10.9% to 28.7%. In 2014 the lowest val-
ues were typical for Romania (9.4%), Italy (10.8%) and
the Netherlands (13.3%), while the highest rates were
achieved in Hungary (21.2%), Latvia (21.3%) and Malta
(26.0%). Before 2019, the position of the countries that
belonged to the best group and the worst group did not
change significantly.

Scientific Horizons, 2023, Vol. 26, No. 12

137



138

European Union on the way towards sustainability...

300 -
250 +
200 +
15.0
100 +
s I

O

Obesity rate, %

N —

FrESFEND
&

m 2014

o Oy

&

Q  —

& —
%, —
L e—

B

> O

<<\

0%

2019

Figure 1. Obesity rate in 2014 and 2019 (%)
Source: based on presentation of the data downloaded from the Eurostat database (n.d.)

An increase in obesity rate was noted in most of
the EU countries in the analysed period while a decline
was noted only in five EU countries, namely in Ireland,
Bulgaria, Spain, Greece, and France. From 2014 to 2019,
the highest absolute decline of the obesity rate by 3.5 per-
centage points (p.p.) was noted in Ireland and the highest
increase in Croatia by 4.3 percentage points. Alongside
the average obesity rate for the EU-27 increase, the rel-
ative variability measured by the coefficient of variation
also deteriorated (from 21.6% to 23.6%) and, therefore,
no sign of obesity rate convergence was present.

The agricultural factor income per annual opera-
tions unitin Euro, 2010, was low in the “new” EU member
states while high in the “older” member states (Fig. 2).
These results were expected as the less developed

countries in the EU are the countries that joined the EU
in 2004 or later. The most notable fact from the x, met-
ric analysis is a strong convergence process, indicated by
the real cumulative growth. The cumulative real growth
between 2010-2021 was higher than 100% in Hungary,
Slovakia, and Bulgaria (229.6%). The convergence of the
less developed countries is possible since the countries
with a low agricultural factor income per annual work
in 2010 faced a strong real growth of this indicator and,
therefore, these countries can be found in the upper left
corner of the presented Figure 2. On the other hand,
the countries with a high level of this indicator in 2010
reached a low real increase or a real decrease of the
analysed variable. These countries can be found in the
lower right corner of the presented Chart 4.

(]
BG
195.0
%
X
S 1450
o~
o
g ®
S Ly Y K
g 950 8
o LT
2 IE
o CZ. [ ]
T pL® °®
2 450 o  PT oCY
v HR EU2g o ofS
5 . o v |
E ° . SE FR
£ RO o - °
3 -5.0 EL [ ] [ ]
sl .
AT DE e
MT BE NL
° 3]
DK
-55.0 °
0 5000 10000 15000 20000 25000 30000 35000 40000 45000

Agricultural factor income per annual work unit, Euro, 2010

Figure 2. Agricultural factor income per annual work in the EU in 2010-2021
Note: EU countries country codes: BE-Belgium, BG-Bulgaria, CZ-Czech Republic, DK-Denmark, DE-Germany, EE-Estonia,
IE-Ireland, EL-Greece, ES-Spain, FR-France, HR-Croatia, IT-Italy, CY-Cyprus, LV-Latvia, LT-Lithuania, LU-Luxembourg, HU-
Hungary, MT-Malta, NL-the Netherlands, AT-Austria, PL-Poland, PT-Portugal, RO-Romania, SI-Slovenia, SK-Slovakia, Fl-

Finland, SE-Sweden

Source: based on presentation and calculations based on data downloaded from the Eurostat database (n.d.)
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The high negative value of the correlation coeffi-
cient points out a strong -convergence process, while
the decline of the coefficient of variation from 92% in
2010 to 56.7% in 2021 depicts a strong Sigma conver-
gence process. This development can be considered as
a positive notion. The government budget allocation
for Research and Development (R&D) for agriculture in
most of the EU countries is lower than the EU-27 aver-
age (Fig. 3).To avoid a comparison of data that could be
affected by certain annual fluctuations of the x, indica-
tor, the average values for time spans 2010-2016 and
2017-2022 were calculated. The average value of the
government support allocation for R&D for agriculture
ranged from 0.7% to 19.7% from 2010 to 2016 and
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from 0.6% to 20.1% from 2017-2022. The notably in-
sufficient government backing for agricultural research
and development in Luxembourg, Croatia, and Malta
during 2010-2016, and in Luxembourg and Romania
in the subsequent period, stands out, given that the in-
dicator x, in these nations fell below 1.2%. Among the
countries, with a higher than the EU-27 average gov-
ernmental budget allocation for R&D for agriculture,
the older and more developed EU member states can
be found. The new and less developed EU countries
offer lower support for R&D in general, which can also
reflected in their allocations for research and develop-
ment for the agricultural sector of the economy, which
was also low.

ES
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Figure 3. Government budget allocation for R&D for agriculture, Euro per inhabitant in 2010-2016 and 2017-2022
Source: based on presentation and calculations based on data downloaded from the Eurostat database (n.d.)

The only indicator among the EU SDG indicator
set used to measure the progress toward SDG 2 with
a targeted value for 2030 is the area under organic
farming.

The percentage of total utilised agricultural area
under organic farming should be as high as 25% in
2030.In 2021, only in one country, namely Austria, the
indicator x, overpassed this threshold (Fig. 4).
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Figure 4. The area under organic farming in 2021 and the
target for 2030 (percentage of total utilised
agricultural area)

Source: based on presentation based on data downloaded

from the Eurostat database (n.d.)

Organic production can help reduce public health
risks to the population and, surprisingly, organic farm-
ing areas in some countries are only 0.6% (Malta) or
1.7% (Bulgaria). In 2021, the distance to the targeted
value was lower than 10 p.p. in seven EU countries
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while it was higher than 15 p.p. in 14 countries. The
state of indicator x, presents a low interest of the coun-
tries to invest time and money to extend the area under
organic farming to an acceptable level also in a situ-
ation when it is clear, that organic production has an
important positive effect on the health and nutrition
of the population. The leader among the EU countries
in case of the indicator x,, Austria, should be a good
example that it is possible to increase the area under
organic farming to much higher percentages compared
to other EU members and so to offer organic food with
higher nutrition, to cut pollution due to organic farming
or to combat climate change. The positives of organic
farming are uncountable not only from the quality and
nutrition benefits but also from the environmental as-
pects of the production. But still, most of the EU coun-
tries did not catch the positives of organic farming and
so still the percentage of the total utilised agricultural
area under organic farming is incomprehensibly low.

The average ammonia emissions from agriculture
measured in kilogram per hectare ranged from 6.8 to
113.2 in the period 2010-2016 and from 7.0 to 112.0
in the period 2017-2021 (Fig. 5). Not only the range did
not change significantly during the analysed period but
also the coefficient of variation showed no significant
change as it declined from 21.9% to only 21.4% in the
analysed periods.
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Figure 5. Ammonia emissions from agriculture, kilograms per hectare in 2010-2016 and 2017-2021
Source: based on presentation and calculations based on data downloaded from the Eurostat database (n.d.)
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The highest ammonia emission from agriculture
was typical for Malta, the Netherlands and Belgium
with no change of their worst positions in 2010-
2016 and 2017-2021. Conversely, the exceptionally
low level of indicator x, in the more recent EU na-
tions, particularly Bulgaria, Latvia, and Estonia, merits
a positive rating, considering that agricultural am-
monia emissions were below 10 kilograms per hec-
tare. A most significant decline in relative terms was
achieved in Germany, where the indicator x, shrunk
by 12% (from 32.1 kg to 28.2 kg per hectare) in the
analysis of two periods. A high relative decline was
achieved in Cyprus (11.8%) and Finland (11.3%). The
atmospheric ammonia negatively affects the air qual-
ity, it significantly contributes to PM,, air pollution
and, thus, the ammonia generates substantial health
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damages, which can cause chronic respiratory illnesses,
lung damage, irritation of the eyes and nose, and pre-
mature mortality.

The correlation analysis discovered an interesting
linear relationship between the analysed indicators
(Table 1). Moderate, positive, and statistically signifi-
cant correlation between the agricultural factor income
per annual yield unit and the government support for
agricultural research and development in both ana-
lysed periods means, that in a country with a higher
government support for agricultural research and de-
velopment also a higher agricultural factor income is
expected and vice versa. An increase in the agricultural
factor income is therefore possible through an increase
in government support for research and development
in the agricultural sector of the economy.

Table 1. Pearson Correlation Coefficients

Pearson Correlation Coefficients, N=27
Prob > |r| under HO: Rho=0

Indicator x, 2014 x, 2010 x,.2010-2016 x, 2010-2016 x,.2010-2016
x, 2014 1.000 ‘%.2134 -%221 3 -%.%359 06.21599
%2010 _%-2134 1.000 Odft)710 %98297 06.30761

TR B G

x, 2010-2016 005 0027 0046 1000 0370
Indicator x,_2019 x, 2021 X, 2017-2022 X, 2017-2022 x,_2017-2022
R T R B R

X, 2017-2022 0.0%% 0054 0027 1000 0402

Notes: p values in italics, statistically significant (p<0.05) linear correlation in bold
Source: based on calculations based on data downloaded from the Eurostat database (n.d.)

The discovery of a moderately negative and statisti-
cally significant linear connection between agricultural
ammonia emissions and indicators of organic farming
areas is particularly intriguing. This finding is a valua-
ble notion, as in case of an increase in the area under
organic farming a decline of the ammonia emissions
from agriculture is expected. As such, with organic
farming not only the consumption of food with higher
quality is expected, but the next benefit for the popula-
tion would be a decline in the ammonia emissions from

agriculture. The population will benefit from organic
farming due to the shrinking of the negative emissions
from agriculture which will help to reduce some non-
communicable diseases.

Comparing the results and conclusion obtained in
this study with the results obtained by other scientists,
it is worth noting the convergence process of some
macroeconomic characteristics in the EU over time
(Simionescu, 2014; Das, 2016). The results are in line
with other researchers regarding ammonia emissions,
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pollution, and its negative impact on population health
(Ma et al., 2021; Wyer et al., 2022) and the fact, that
due to the increase of the area under organic farming
the ammonia emissions from agriculture is declining.
There is evidence that in upper-middle and high-in-
come countries, overweight and obesity (FAO, 2019) is a
huge social,economic and health challenge that should
be monitored very closely. According to the publication
of Eurostat (2023), non-systemic access to food, which
reflects poverty and social exclusion, also occurs at the
EU level. It was identified based on the increase in the
number of inhabitants who had limited access to food,
as well as the inappropriate geopolitical conditions of
food chains, which increases the coefficient of relative
as well as the absolute value of poverty. The study re-
sults highlight that, before the start of the COVID-19
pandemic, one in five European citizens was at risk of
poverty, while less than 7% of the European popula-
tion could not afford meat or fish products. As a result
of the impact of the pandemic, this percentage has in-
creased to almost 9% of the European population. The
COVID-19 pandemic has also adversely affected food
stability by disrupting long-term supply chains, further
exacerbating poverty, resulting in reduced purchasing
power and reduced demand for food waste (Clapp &
Moseley, 2020). FAO (2019) also stated that the world
is not on track to meet the SDGs. The rapid expansion
of industrial agriculture after World War |l caused a
global decline in both wild and domesticated animal
and plant species. ). von Braun et al. (2021) react to this
situation in their study with critical claims that gov-
ernments ignore those stakeholders who suffer most
from the failure to meet the broad goals of SD. At the
same time, they draw attention to low-quality and un-
reliable data in several countries of the world. D. Banik
(2019) shared a similar opinion and also emphasized
the importance of integration in the socio-economic
and environmental fields. Yet, this approach demands
more than just intersectoral coordination through in-
formation sharing; it necessitates interdisciplinary re-
search as well. Even though the SDGs are not binding
for countries, it is assumed that individual governments
will take responsibility for the processing of national
frameworks, which are supposed to help in achieving
the “global goals”.

The study brought an important and up-to-date
analysis of the state and development of the indicators
that are part of the EU SDG indicator set used by the EU
for monitoring to progress toward sustainable develop-
ment of the EU member states. The challenges require
more innovative approaches and strategies to agricul-
tural and food systems that address both the pandemic,
such as coronavirus, and climate challenges (Rasul &
Molden, 2020). Lessons from best practices suggest and
provide an opportunity to accelerate the changes to
even more sustainable and resilient food systems and
redound to climate change mitigation (McNeill, 2019).

Scientific Horizons, 2023, Vol. 26, No. 12

Measures to address the challenges of the COVID-19
pandemic can be linked to increased agricultural sus-
tainability and improved resilience of food systems by
investing in natural capital and embracing economic,
ecological, and social considerations in the production,
distribution, and consumption of food (HLPE, 2020).
While pointing out that health issues are a priority in
the short term, in the long term, government policies
and actions are required to prioritize agricultural sus-
tainability and constructing healthy food systems (Watts
et al., 2020). Policy decisions should focus on meeting
urgent public health and food requirements, ensuring
long-term resilience and sustainability in agriculture,
as well as considering the impacts of climate change.

CONCLUSIONS

The development of the indicators that are used by the
EU authorities to follow the successes or failures to-
ward the SDG 2 was positive with only one exemption.
The obesity rate, as a significant health determinator,
increased in most of the EU countries, on average for
the EU-27 it increased from 15.4% in 2014 to 16.5%
in 2019. The indicator of annual agricultural factor in-
come per worker exhibited a noteworthy positive shift,
notably increasing in real terms within countries that
initially had low productivity at the start of the ana-
lysed period. This shift notably contributed to the con-
vergence of this indicator. In Bulgaria, the real agricul-
tural factor income jumped by 229.6% between 2010
and 2021. The Government support for agricultural
R&D is unfortunately low in the “new” less developed
EU countries. The EU should increase the support of or-
ganic farming as this indicator has a target value for
2030 at 25%. In 2021 only Austria achieved this mile-
stone, while the EU average achieved 10%. The ammo-
nia emission from agriculture did not change signifi-
cantly over the analysed period. The highest ammonia
emissions from agriculture in 2021 were achieved in
Malta (120.4 kilograms per hectare) while the lowest
was in Latvia (6.8 kg per hectare). A noteworthy corre-
lation was discovered between the ammonia emissions
from agriculture and areas under organic farming. This
correlation was negative and significant, which means
that in a country with a higher proportion of area under
organic farming, a lower ammonia emission is expected
and vice versa. This is an important message for the
EU countries that should more intensively support the
formation of areas under organic farming. The benefit
of such support will result in the decline of ammonia
emissions from agriculture and the production of food
with higher quality. Both positives will result in a bet-
ter environment, better nutrition, and improvement of
the public health of the population. Further research
should concentrate on challenges of sustainability all
over the world: countries face challenges on how to
transform agriculture and food systems to be more re-
silient and climate-smart to severe global turns.
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€BponencbkKum Colo3 Ha LWIAXy A0 CTaNnoro po3BUTKY y chepi NnpoaoBosibYOi
6e3neKun, noninweHHsa Xxap4yyBaHHSA Ta CTaJIOro CilbCbKOro rocrnogapcrea
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AHoTauia. CTanuit po3BUTOK € KJILOYOBUM rN0BaNbHUM NUTAHHAM i BianoBiaae iHTepecam ntoguHu. Cepep 17 Linew
CTaNnoro po3BUTKY, Liib 2 € BaX/IMBOK 3 TOUYKM 30pYy MOAONAHHS rON04Y, LOCATHEHHS MPOLOBO/bYOI 6e3neku Ta
MOKPALLEHHS CTaNoro CifibCbKOro rocnopapctea. MeTow AocnifxeHHs 6yno aHani3 CrtaHy, po3BMUTKY, 3BA3KY Ta
KOHBepreHLuji iHAMKATOPIB, SKi CTOCYHOTbCA MOHITOPUHTY nporpecy KpaiH €Bponericbkoro Cowsy Ha Wwnsxy Ao
pocarHeHHs Uini «HynboBui ronogy». [ng aHaniTMYHMX Uinein BUKOPUCTOBYBABCS OOHOBWMMIPHUI CTAaTUCTUYHUIA
niaxiz, KopensauiiHWi aHani3 nokasas NiHIMHWIA 3B>930K MiX 3MiHHUMM, KoediLieHTM curMa Ta 6eTa KOHBepreHuii
6yNnM BUMKOPUCTaHI AN1g BM3HAYEHHSI NMporpecy KOHBepreHuii, a iHAEKCHI NOKa3HWMKM A03BOMWMAN MPOCTEXMTU 33
3MiHaMM NOKa3HMKIB Yy 4Yaci. byno BMABNEHO 36AMXKEHHS MOKA3HMKIB LOXOAY Ha PaKTOp CiNlbCbKOrocnoAapCcbKoro
BMPOOHULITBA B PO3PaxXyHKY Ha PiUHi 3ycunns, Wo € NO3UTUBHUM CUIHANIOM AN5 MPOLLECY HA3A0raHSYOro PO3BUTKY
kpaiH €C. Bu3HayeHO NMO3UTMBHY Ta 3HauyLLly KOpensauilo MiX AepXKaBHOK NiATPUMKOK AO0CiAXKEHb i po3poboK y
CiNbCbKOMY roCnoAapcTBi Ta CiflbCbKOrocnoAapCbKMM (AaKTOPHUM LOX0A0M, TOMY 36i/bLUEHHS AEPXKABHOT NiATPUMKM
Ha JOCNIOAXKEHHS | pO3p0bKM Yy CiNbCbKOMY rOCNOAAPCTBI MOXE MPU3BECTU A0 3POCTAHHA CiibCbKOrOCNoAapPCbKOro
poxoay. AHani3 BMSIBMB HEraTMBHY, 3HAUYLLy KOpEensuild MiX BUKMOAMM aMiaky B CifibCbKOMY rocnogapcrsi Ta
NOLLE OPraHiYHOro 3eMepobCTBa, WO NiATBEPXKYE iAeto 30iNblueHHS OpraHiyHoro 3eM1epo6bCTBa 3 KOPUCTIO ANs
[OBKINNS Ta 340p0B> HaceNeHHs. Pe3ynbTati 0OCNIgKEHHS MOXYTb 6YTU BUKOPUCTaHi A1 NOAANbLUOMO PO3BUTKY
ambiuin €C Woa0 CTaNoro CiNbCbKOro rocnoAapcTBa Ta XapyyBaHHS
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Scientific Horizons, 2023, Vol. 26, No. 12

145


https://orcid.org/0000-0002-1128-2280
https://orcid.org/0000-0002-1200-0441
https://orcid.org/0000-0002-6815-5629

SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(12), 146-157

UDC631:331.522
DOI: 10.48077/scihor12.2023.146

Ukrainian agricultural labour potential management modelling
in the context of European integration

Svitlana Vasylchak’
Doctor of Economics, Professor
State University of Economics and Technology
50005, 16 Medychna Str., Kryvyi Rih, Ukraine
https://orcid.org/0000-0001-9757-1683
Tetiana Shterma
PhD in Economics, Associate Professor
Bukovinian University
58000, 2A Ch. Darwin Str., Chernivtsi, Ukraine
https://orcid.org/0000-0002-7623-3738
Serhiy Soloviy
PhD in Economics, Assistant
Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies of Lviv
79010, 50 Pekarska Str., Lviv, Ukraine
https://orcid.org/0000-0002-2975-4661
Olga Vivcharuk
PhD in Economics, Associate Professor
Ivan Franko National University of Lviv
79000, 1 Universytetska Str., Lviv, Ukraine
https://orcid.org/0000-0001-9640-9414
levgen Kondel
Graduate Student
Bukovinian University
58000, 2A Ch. Darwin Str., Chernivtsi, Ukraine
https://orcid.org/0009-0005-5079-9177

Article’s History: Abstract. Research related to the labour potential in agriculture is relevant as the
Received: 17.08.2023 agricultural sector is one of the key sectors of the economy of Ukraine, and the
Revised: 26.10.2023 integration of the country into the EU opens up new opportunities and requires the
Accepted: 27.11.2023 appropriate adaptation of management approaches to achieve competitiveness and

sustainable development in the field of agricultural activity. The study aims to analyse,
develop, and improve already existing strategic approaches to the management of
the labour potential of Ukraine in agriculture, addressing the processes of integration

Suggested Citation:
Vasylchak, S., Shterma, T., Soloviy, S., Vivcharuk, O., & Kondel, le. (2023). Ukrainian agricultural labour potential
management modelling in the context of European integration. Scientific Horizons, 26(12),146-157.doi: 10.48077/
scihor12.2023.146.

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

*Corresponding author



https://orcid.org/0000-0001-9757-1683
https://orcid.org/0000-0002-7623-3738
https://orcid.org/0000-0002-2975-4661
https://orcid.org/0000-0001-9640-9414
https://orcid.org/0009-0005-5079-9177

Vasylchak et al.

into the European Union. Analytical, statistical, functional, system analysis, deduction, synthesis, and comparison
methods were used in the study. The state of labour potential in agriculture was analysed, assessing the qualitative
and quantitative composition of employees, their skills and education. The influence of European integration
on the agricultural sector, in particular its requirements and opportunities for development, was studied, and a
model of management and development of labour potential for the effective functioning of agrarian business was
developed. The application of the strategy at the agricultural enterprise AgroGeneration was modelled. Working
conditions and social protection of workers were studied, prioritizing the formation and development of personnel
potential in the agricultural sector. The study determined that the management of labour potential in agriculture
involves the use of a comprehensive strategy that would include industry specifics, European standards, innovative
approaches, and best practices of other countries. The practical significance of the study lies in the development
of specific practical recommendations and strategies for management bodies, agricultural enterprises, as well as
agricultural workers to optimize the use of labour potential

Keywords: labour productivity; management optimization; competitiveness; working conditions; social protection

INTRODUCTION

Labour potential management is an important compo-
nent of modern management and strategic develop-
ment in various economic sectors. This issue is espe-
cially relevant in the context of agriculture, which is
not only a key industry for many countries but also an
important factor in ensuring food security and the sus-
tainable development of the nation. Agriculture plays
an integral role in the global economic landscape,
providing not only food but also a significant number
of jobs. However, effective management of labour po-
tential in agriculture is a crucial task, as it allows to
optimise the use of human resources, increase labour
productivity, ensure decent working conditions, and
contribute to the sustainable development of the agri-
cultural sector. On the other hand, Ukraine’s integration
into the European Union opens up new horizons and re-
quires the country to comply with European standards
in all sectors of the economy, including agriculture. This
makes the problem of effective management of labour
potential in agriculture even more important and jus-
tified in terms of achieving successful integration and
competitiveness in the international arena.

According to S.O. Dotsyuk (2021), a need to up-
date the staffing and improve the skills of agricultural
workers exists. This is necessary to meet European
standards, increase productivity and maintain the com-
petitiveness of the agricultural sector. This may include
training programmes for farmers and farm workers, as
well as the creation of favourable conditions for contin-
uous learning and development of employees. Accord-
ing to V.I. Dudkevych (2021), Ukraine’s integration into
the European Union can be successful if labour condi-
tions are improved, resources are used more efficiently,
and the competitiveness of the agricultural sector is
enhanced. For example, this could include the devel-
opment of innovative agricultural methods that meet
European standards, as well as measures to improve
the quality and efficiency of farmers’ work.

O.F. Yevsiukov et al. (2023) demonstrated the
need to develop a system of training and professional

development of agricultural personnel. Optimising hu-
man resources through training and adaptation to new
standards is a key element of a successful integration
process. However, a need exists to develop programmes
and initiatives to improve the skills of agricultural pro-
fessionals, as well as to improve the quality of educa-
tional institutions that train personnel for the agricul-
tural sector.

V. Voronina (2022) confirmed that optimisation of
labour potential management will help to create fa-
vourable conditions for adaptation to European stand-
ards and increase the competitiveness of the agricultural
sector of Ukraine. This requires reforming the human
resource management system in agriculture.V. Onegina
(2023) emphasises that systematisation and optimisa-
tion of working conditions contribute to the attraction
and retention of highly skilled professionals, which is
key to the competitiveness of the agricultural sector
in the international context. The study results can be
used to develop policies aimed at improving working
conditions and creating an attractive environment for
agricultural professionals.

In general, the need to upgrade and improve the
skills of agricultural personnel to meet European
standards and increase labour efficiency is needed. In-
tegration into the EU requires effective management of
labour potential and ensuring the competitiveness of
the agricultural sector. The study aims to develop strat-
egies for effective management of the labour potential
in Ukrainian agriculture, considering the need to com-
ply with European standards and ensure sustainable
development of the agricultural sector.

MATERIALS AND METHODS

The study was based on official documents and reports
of the State Statistics Service of Ukraine, as well as ma-
terials from the Official Website of the European Union,
which describes such programmes as CAP Overview
(2023),Horizon (2020) and European Green Deal (2020).
The research on the situation with labour potential
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in Ukraine was carried out using methods that reveal
the content of the object. The analytical method was
used to examine certain aspects of the labour poten-
tial management system to study their characteristics,
interrelationships, and impact on the overall result. The
staff composition and qualification level of agricultural
workers were analysed to identify the need for further
training and education.

The statistical method was used to study data on
the level of employment in the agricultural sector and
to analyse labour productivity and wages. The functional
method was used to study the role of each element of
the labour potential management system. By studying
the functions of the HR department in the agricultural
sector, it is possible to note how it contributes to the
formation and optimisation of human resources. The
system analysis helped to consider labour potential
management as a complex system where each part is
interconnected with the others. The impact of various
factors (social, economic, political) on management and
its results was considered.

The use of the deduction method allowed us to ex-
plore the general principles and concepts of labour po-
tential management that are relevant in the European
context. The synthesis method helped to combine or
combine different elements, concepts, and aspects to
create a new holistic view. In the context of workforce
management, it helped to create an understanding of
innovative strategies that combine the best aspects of
existing approaches and other sources. The compara-
tive approach was used to compare approaches to la-
bour force management in agriculture in Ukraine and
the EU. This allowed us to understand the strengths
and weaknesses of each approach to identify the best
strategies for achieving different strategic goals.

The study was conducted with the disclosure of sev-
eral aspects, including theoretical and practical compo-
nents. The theoretical aspect includes the analysis of
various theories and models of human resources and
labour potential management that can be applied in
the context of agriculture. The study also examined
global and European labour management standards
related to ensuring labour quality in agriculture. An-
other aspect includes the use of modelling techniques
to help create simulation models and conduct scenario
analysis to identify optimal strategies for managing la-
bour potential in Ukrainian agriculture in the context of
European integration.

Based on the results obtained, specific recommen-
dations will be developed to improve the efficiency of
the sector and address the challenges that will con-
tribute to the development of agriculture in Ukraine.
In general, these actions are aimed at determining the
feasibility of increasing the labour potential for the
successful development of the agricultural sector and
the country as a whole.

Scientific Horizons, 2023, Vol. 26, No. 12

RESULTS

Human capital is an essential factor in the sustainable
development of organisations and countries. This con-
cept encompasses the set of capabilities and reserves of
employees and organisations to achieve high levels of
productivity and successful performance. The first aspect
of labour potential that requires more detailed consid-
eration is human resources. This component covers all
working-age individuals who are part of a particular or-
ganisation or the population of the country as a whole.
The impact of these resources on the productivity and
performance of an organisation or industry is obvious.
Having a competent and motivated workforce contrib-
utes significantly to an organisation’s performance and
productivity. It is necessary to research and understand
how this aspect of the workforce can be optimised to
achieve the best results (Sedyastuti et al., 2021).

Health and performance are extremely important
components of labour potential. The physical and psy-
chological health of employees has a crucial impact
on their productivity and ability to perform their du-
ties effectively. Organisations should take a proactive
interest in maintaining the health of their workforce,
as this contributes to the stability and effectiveness of
their employees. Measures aimed at maintaining and
improving employee health can include medical pro-
grammes, fitness initiatives, psychological support, and
the creation of a favourable working environment that
contributes to the overall well-being of employees
and, as a result, leads to increased productivity and the
achievement of organisational goals (Kabeer, 2021).

Education and qualifications play a key role in shap-
ing labour potential. The level of education and profes-
sional skills of employees directly affect their produc-
tivity and ability to adapt to new tasks and technologies.
Motivation is also a significant factor, as it determines
the extent to which employees are willing to devote
attention and effort to achieving common goals. An ef-
fective system of incentives and motivation can signifi-
cantly increase employee performance and improve job
satisfaction.To achieve this effect, organisations should
consider a variety of motivational methods, including
financial incentives, professional development oppor-
tunities, recognition of achievements and social status.
The incentive system should be transparent and fair so
that employees feel that their efforts are valued and
rewarded according to their contribution (Bawa, 2017).

Socio-economic conditions also affect labour po-
tential by creating a favourable or unfavourable envi-
ronment for work. Economic conditions, employment
rates and social guarantees have a significant impact on
labour potential. Professional development is another
important component of labour potential. Training and
skills development contribute to improving skills and
adapting to modern requirements (Marginson, 2019).
Understanding and optimally managing these com-
ponents is crucial for the success and sustainable




development of organisations and countries. Managing
human capital is an important element of a develop-
ment strategy aimed at achieving high efficiency and
competitiveness.

Labour potential management is a process of tar-
geted influence on the human resources of a business
structure, in which it is necessary to focus on establish-
ing a match between the organisation’s goals and the
capabilities of employees. One of the elements of man-
agement activities is human resources management,
which is based on a generalised view of the employee’s

Vasylchak et al.

place in the organisation. The main goal of labour poten-
tial management is to ensure an optimal balance of pro-
cesses of renewal and preservation of the quantitative
and qualitative composition of personnel following the
needs of the organisation itself, the requirements of the
current legislation and the state of the labour market.
The human resource management model is presented
in the form of a diagram that demonstrates the relation-
ship between the strategic directions of the enterprise’s
development and the methods of human resource man-
agement to achieve optimal business results (Fig. 1).

Strategy for managing
labour potential

Company’s economic
development strategy

Human resources

Management mechanisms
and tools

management

Effectiveness assessment
indicators for tour staff
management

Organisational structure of
human resources
management

Figure 1. Human resource management model

Source: compiled by the authors

This model consists of several key elements. Firstly,
it is based on the organisation’s economic develop-
ment strategy, which defines the company’s goals and
strategic directions. The next component is the human
resource management strategy, which defines how the
company plans to manage its workforce to achieve its
strategic goals. The third aspect is the specific tools
used to implement the HR strategy, such as incentive
systems, staff development programmes. Next, there is
the organisational structure of human resources man-
agement, which describes how HR management is
organised. Finally, some indicators determine the ef-
fectiveness of human resource management through
metrics that measure productivity, employee satisfac-
tion and other aspects of human resource manage-
ment. This model helps an organisation to optimise
its human resources to achieve its strategic goals and
improve its business.

Theoretical models of labour potential manage-
ment highlight the main components of human re-
sources management in institutions and companies.
The purpose of these models is to optimise the use of

employees, increase their productivity and ensure the
sustainable development of organisations. The compe-
tency-based management model pays attention to the
development of employees’ abilities and their adaptive
potential to ensure that they are well-prepared to per-
form tasks and adapt quickly to changes. This model
recognises that each employee has unique abilities
and potential that can be developed. The organisation
provides opportunities for education, training, and skill
development to help employees become more com-
petent and effective in their positions. Assessment of
staff competencies helps to identify existing strengths
and areas for further development. Based on the results
of this assessment, strategic staff development plans
are developed, which include learning and training
plans and projects to develop new skills and abilities
(Miranda et al., 2017).

The transformational management model aims to
change the organisational environment and corporate
culture to create a stimulating environment for em-
ployees where they can develop their abilities and ful-
fil their potential. It aims to foster creativity, develop
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leadership skills, and support employee initiatives. It
emphasises the importance of education, training, and
career development opportunities to help employees
develop their skills and abilities. The transformational
model also encourages employees to realise their po-
tential and contribute to the organisation by giving
them a sense of ownership in achieving common goals
(Thomson Il et al., 2016). The systemic model of human
resource management considers employees and the or-
ganisation as interconnected elements of a system. It
involves studying and analysing the needs, goals, and
internal processes both at the level of the individual em-
ployee and at the level of the organisation as a whole.
The main idea is to ensure harmony between individual
and organisational goals. This may include developing
individual career plans and providing opportunities for
professional development (Kim et al., 2020).

The capability management model emphasises
the importance of developing employees’ skills and
capabilities. Organisations that use this model pro-
vide employees with access to learning programmes,
training, and resources so that they can improve their
professional skills. The main goal is to ensure that em-
ployees are best prepared to perform their duties and

can quickly adapt to changes in the work environment
(Hock-Doepgen et al.,2021).The motivation management
model focuses on creating a motivational atmosphere in
an organisation. It involves using a variety of methods
to encourage employees to achieve high performance.
This may include bonus systems, rewards for achiev-
ing certain goals, and fostering creativity and leader-
ship development. The goal is to make employees feel
motivated and satisfied with their performance, which
leads to higher levels of performance (Buchner, 2007).
These theoretical models are the basis for the develop-
ment of practical strategies and methods for managing
labour potential in modern organisations. It is impor-
tant to keep in mind that companies can use elements
of different models depending on their characteristics
and strategies to achieve success and sustainable de-
velopment.

Agriculture in Ukraine is a key sector of the country’s
economy, providing food production, job creation and
gross domestic product. The analysis of the labour po-
tential of agriculture involves an assessment of impor-
tant aspects related to the labour force and its efficiency
in this sector of the economy. Table 1 analyses the main
indicators of labour potential in agricultural activities.

Table 1. Indicators of Ukraine’s labour potential in agriculture

2018

Deviation (-/+), 2022

2019 2020 2021 2022

Up to 2018
Labour productivity in enterprises engaged in agricultural activities
Agriculture, thousand UAH. Including: 867.7 928.6 857.2 881.4 821.2 -46.5
Crop production 900.1 954.4 853.7 908.8 789.2 -110.8
Husbandry 730.4 815.2 872.8 940.1 880.2 149.8
Labour productivity index at enterprises engaged in agricultural activities
Agriculture, %. Including: 114.9 107.0 923 102.8 93.2 -21.7
Crop production 115.8 106.0 89.4 106.5 86.8 -29
Husbandry 109.9 111.6 107.1 107.7 93.6 -16.3
Number of employees at agricultural enterprises 564874 553245 523782 525128 453111 -111763
Average me°r:1‘;?é3;/2:m:1”g;‘r’fj‘flf3r‘;f full-time 7166 8738 9711 11680 11720 4554
Share of the average monthly nominal salary
of full-time employees to the average for the 85.2 84.4 83.7 83.3 87.6 2.4
economy, %
Average monthly nominal salary at the US dollar 258.9 373.9 346.8 4278 3211 62.2

exchange rate, USD

Source: compiled by the authors

In 2022, the war had a serious impact on Ukraine’s
labour potential, upsetting the balance and causing
instability in the labour sector and socio-economic
development. The table shows that labour productiv-
ity and the number of employees in agriculture have
fallen sharply. The war also caused changes in the edu-
cation and training system. Education has become less
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accessible for some people. The social and economic
conditions in the country as a result of the war have af-
fected the motivation of employees, and their readiness
to face challenges and achieve goals. Security and the
restoration of stability are key aspects of restoring la-
bour potential and effective human resource manage-
ment in Ukraine (Kotsur, 2022).




In line with the dollar exchange rate, the average
monthly nominal wage of full-time employees in agri-
culture has significantly decreased compared to 2021,
which hurts the operations of Ukrainian agricultural
enterprises. Currently, there are motivationally weak
aspects of the agricultural remuneration system, such
as the uncertain role of the minimum wage and de-
lays in the payment of wages to employees. It can be
argued that in Ukraine, the level of remuneration is al-
most independent of the labour effort of employees,
but is shaped by external factors (Dovgal, 2020). These
external factors include inflation in the country, the
economic situation, government regulation, and others.

European integration has a significant impact on
Ukrainian agriculture, covering economic, technologi-
cal, social, and infrastructural aspects of this strategi-
cally important sector. First, European integration opens
the door to new markets for agricultural products. The
European Union, as one of the largest consumers of
agricultural products, is becoming a powerful market
for farmers. This stimulates the development and mod-
ernisation of agricultural production, as well as adap-
tation to European quality and safety standards (Pe'er
et al., 2020). Second, European integration contributes
to the transformation of agriculture through the intro-
duction of modern technologies and methods. Ukrainian
farmers use European experience in implementing ad-
vanced agricultural technologies that improve prod-
uct quality and increase yields. This contributes to the
growth of agricultural efficiency and competitiveness
in global markets. Third, engagement in the European
integration process has an important social impact on
the rural population, as it becomes more active in em-
ployment and sees improved working conditions. This
opens up opportunities for more sustainable and se-
cure working conditions in the agricultural sector. Fur-
ther accession to the European space contributes to
the strengthening of social and economic standards
in agriculture (Melchior & Newig, 2021). Ukraine’s in-
tegration into the EU is a complex but important pro-
cess. Fully reaping the benefits of European integration
in Ukraine’s agriculture requires concerted efforts by
the government, business, and civil society to jointly
achieve sustainable and efficient development of this
important sector.

The best practices of the European Union countries
in the field of labour force management in the agricul-
tural sector are important for increasing the efficiency
and competitiveness of agriculture. The basic principles
and methods they use can serve as a source of learn-
ing and inspiration for different countries. An important
aspect is the training and development of workers. In
many EU countries, there are special programmes that
facilitate the training of farmers. For example, the Eras-
mus for Young Entrepreneurs programme allows young
farmers to learn and gain experience working with ex-
perienced farmers in other EU countries. This allows
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them not only to enrich their knowledge but also to
implement new ideas and methods in their practice (Ju-
rici¢, 2020). The second aspect is the system of social
guarantees and incentives for employees. EU countries
provide adequate working conditions and some incen-
tives for those who choose agriculture as a career. For
example, France has a programme to support young
farmers, which provides financial assistance and advice
for beginners (Faysse et al., 2019). The third important
aspect is the focus on sustainable development. EU
countries are actively implementing practices aimed at
reducing the environmental impact of agriculture. For
example, the Netherlands uses innovative technologies
to optimise the use of water and fertilisers, which con-
tributes to environmental protection (Runhaar, 2017).

Several EU programmes have been highlighted to
provide insights into best practices in the field of labour
force management in the agricultural sector. The EU’s
Common Agricultural Policy (CAP) sets out the frame-
work and instruments for agricultural development in
the EU. One of the key components of the CAP is to
support the development of rural areas and create em-
ployment opportunities in agriculture. This part of the
programme includes various programmes, funds and
initiatives aimed at creating sustainable labour man-
agement. One of the key objectives of these measures
is to increase the efficiency of labour use in the agricul-
tural sector, including skills development and support
for employment in rural areas (CAP Overview, 2023).
The Horizon 2020 programme is an EU initiative aimed
at supporting research and innovation in agriculture
and related sectors. Various projects are being devel-
oped under this programme to improve productivity
and human resource management in the agricultural
sector. The programme supports research and develop-
ment of new technologies that help optimise the use of
workers and resources in agriculture. European Green
Deal (2020) is designed to achieve sustainable devel-
opment and reduce the negative impact of agriculture
on the environment. It includes measures to improve
resource efficiency and introduce green technologies in
the agricultural sector. One of the aspects is to improve
labour management in agriculture, including optimis-
ing the use of workers and developing skills that meet
the requirements of sustainable agriculture. Thus, the
best practices of the European Union in managing the
labour force in the agricultural sector reflect impor-
tant aspects of training, social protection, and sustain-
able development. These practices can serve as good
models for Ukraine as it seeks to increase the efficiency
of its agriculture and manage its labour force optimally.

The strategy for optimising labour force manage-
ment in Ukrainian agriculture should be comprehen-
sive and focused on improving the productivity, effi-
ciency, and competitiveness of the sector. Several key
steps and strategic directions have been identified to
achieve this goal (Fig. 2).
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Figure 2. Strategy for optimising labour potential management in Ukrainian agriculture

Source: compiled by the authors

To simulate the application of the strategy to a real
agricultural enterprise in Ukraine, the case of AgroGen-
eration, an agricultural firm specialising in the cul-
tivation of vegetables, grains, and oilseeds should be
considered. Needs analysis and assessment: AgroGen-
eration can analyse the labour market and internal
needs of the company to identify vacancies and staffing
requirements and consider the strategic goals of the
business when planning staffing needs. Training and
professional development: AgroGeneration employees
can learn modern agricultural production methods
through participation in training, seminars,and courses.
For example, the company’s agronomists can be trained
in the use of modern pesticides and fertilisers to ensure
high-quality crops. Incentives and motivation: AgroGen-
eration can use a bonus system for agronomists and
employees who achieve high yields or high-quality
products; provide incentives to achieve production im-
provement and cost optimisation targets. Use of mod-
ern technologies and mechanisation: The company can
invest in new and comfortable tractors, combines and
modern farm machinery to increase productivity. Em-
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ployees can be provided with access to modern tools
and software to perform tasks efficiently. Creating com-
fortable working conditions: Providing the necessary
protection from pests and harmful environmental in-
fluences for agronomists and workers. Providing con-
venient working conditions for vegetable processing,
including modern equipment for sorting and packag-
ing. Developing social partnerships: Cooperation with
local communities to ensure the sustainable develop-
ment and growth of agricultural projects. Involvement
of local people in production and processing processes,
and job creation.

Creating a more attractive image of the industry:
AgroGeneration can participate in local agricultural
shows and exhibitions to present its products and at-
tract new customers. It is actively involved in education-
al projects to teach young rural residents the basics of
agriculture. This strategy model will help the company
to achieve positive results in growing grain and vegeta-
bles, increase productivity and create favourable condi-
tions for employees and the community. Figure 3 shows
AgroGeneration’s labour potential management model.
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Figure 3. A model for managing the labour potential of AgroGeneration

Source: compiled by the authors

Considering the specific steps to optimise labour
potential management in Ukrainian agriculture, it is
possible to identify certain modern recommendations
based on the example of successful practices in Euro-
pean countries for each point:

1. Needs analysis and assessment: development of
an online platform for Ukrainian agriculture where farm-
ers can regularly enter data on the number of employees,
their qualifications and training needs; regional analysis
to identify the specific needs of different regions of
Ukraine; introduction of artificial intelligence to analyse
this data and recommend an optimal learning plan.

2.Training and professional development: develop-
ment of training programmes aimed at teaching mod-
ern agricultural technologies and the efficient use of
machinery and equipment; creation of a virtual acade-
my where farmers can learn online through interactive
courses and simulations for practical skills; introduc-
tion of an instant feedback system for employees dur-
ing training.

3. Stimulation and motivation: use of the “block-
chain system” to automate and publicly record farmers’
production achievements; introduction of virtual bo-
nuses as a reward for achieving certain results that can
be exchanged for goods or services in agriculture.

4. Modern technologies and mechanisation: im-
plementation of demonstration field stations where
farmers can check and test new technologies before
implementing them; employment of drones and sen-
sors to monitor crops and land indicators in real-time.

5. Comfortable working conditions: introduction
of a “supermarket” of workplace safety and security
equipment at agricultural facilities; engagement of

ergonomics specialists to arrange workplaces and pro-
vide comfortable working conditions.

6. Social partnership development: creation of a
council for social partnership, including representatives
of agriculture, trade unions and government; launch of
online forums and webinars to discuss topical agricul-
tural issues and create a network of social partners.

7. More attractive image of the industry: develop-
ment of interactive multimedia materials and videos
showing the attractive aspects of working in agricul-
ture and opportunities for career development; organ-
isation of internships for young people on farms with
the opportunity to gain practical experience and train-
ing in modern conditions.

These steps aim to optimise the management of
labour potential in agriculture, increase productivity
and attract new personnel to the sector. Optimisation
of labour potential management in agriculture re-
quires the development of a comprehensive strategy
that considers sectoral specifics, European standards,
innovative approaches, and best practices from other
countries. It is important to remember that this process
requires constant monitoring, analysis, and adaptation
to changes in economic, social, and political condi-
tions. The introduction of changes in labour potential
management should help to increase agricultural pro-
ductivity, improve the living standards of workers, and
strengthen the competitiveness of the sector at the
international level. European integration should be a
step towards sustainable development and prosperity
of Ukrainian agriculture. The process of optimising the
management of labour potential requires joint efforts
of the state, business, and the public, which will help
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improve working conditions and the quality of life of
the rural population.

DISCUSSION

The analysis shows a drop in productivity and a re-
duction in the number of employees, accompanied by
a deterioration in working and living conditions. The
military conflict has had a serious impact on the educa-
tion and training system in Ukraine, as many education-
al institutions have been forced to switch to distance
learning. This situation has resulted in limited access to
education for a significant number of people, especially
those living in conflict areas. Despite these challenges,
there are opportunities to restore and improve Ukraine’s
labour potential. However, this requires systemic meas-
ures in areas such as education reform, reintegration of
refugees into the labour force, and providing them with
opportunities for professional development. Concerted
action by the government, non-governmental organi-
sations and international partners is needed to create
the basis for restoring and developing Ukraine’s labour
potential in the context of European integration and
post-conflict rehabilitation.

Authors E. Kurniawan et al. (2021) assessed the im-
pact of economic and political aspects on labour po-
tential in agriculture. One of the main findings of these
authors was the significant impact of the external en-
vironment on labour productivity and workers’ percep-
tions of working conditions. The authors deeply empha-
sised that changes in economic and political conditions
have a significant impact on how employees perceive
their work and its performance. At the same time, they
argue that it is important to improve the level of social
protection for workers in agriculture. They see this as
an opportunity to improve working conditions and pro-
mote a motivating environment that would stimulate
efficiency and productivity. Compared to the results de-
scribed in this paper, there is a similarity in the approach
to analysing the impact of the external environment on
labour potential that is relevant for the agricultural sec-
tor in Ukraine. Indeed, the economic and political envi-
ronment affects employees’ perceptions of working con-
ditions and their motivation, especially in the current
Ukrainian context. However, unlike a few years ago, the
current situation in Ukraine’s agricultural sector requires
not only improved social protection of employees but
also active incentive programmes and favourable con-
ditions for the development of employees’ professional
skills. This will ensure more efficient management of la-
bour potential and increase the competitiveness of the
agricultural sector in the current environment.

C. Bopp et al. (2019) focused on the remuneration
system and the effectiveness of incentive programmes
in agriculture. They found instability in these areas,
which they attributed to external factors such as eco-
nomic changes and political fluctuations. The authors
suggest that systemic changes in the remuneration
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system and incentive programmes are needed to im-
prove the labour potential in agriculture. Their approach
emphasises the importance of adapting to external
changes and constantly updating the methods of moti-
vating workers in agriculture. The authors’ findings show
a common trend in emphasising the importance of sys-
temic changes in the remuneration system and incentive
programmes. Effective remuneration and motivational
measures are crucial for attracting and retaining highly
skilled personnel in Ukrainian agriculture. They contrib-
ute to the competitiveness of the sector and ensure its
stability and development in the current environment.

A.A. Davidescu et al. (2020) assessed the impact of
training and development on labour potential in agri-
culture. They emphasised that the successful function-
ing of the industry is highly dependent on the level of
education and skills of workers. A high level of qual-
ifications contributes to higher labour productivity,
improved production quality and the introduction of
innovations in agriculture. The authors describe the im-
portance of educational programmes and specialised
training to improve the competence of workers. These
programmes are aimed at developing specific skills and
knowledge required to meet the challenges of the ag-
ricultural sector. They also help employees to adapt to
the latest agricultural technologies and modern work-
ing methods, which gives them a competitive advan-
tage in the market. Compared to the studies described
in this paper, it is confirmed that investing in the train-
ing and development of personnel is an important step
in improving the labour potential of modern Ukrainian
agriculture. Professionally trained workers contribute
to the efficiency and competitiveness of the sector, as
well as to its sustainable development in the context of
European integration.

Researchers S. Rotz et al. (2019) emphasise the im-
portance of social partnership for increasing labour po-
tential in agriculture. This is an important aspect that
affects the efficiency and productivity of workers in this
sector. The authors point out that cooperation between
non-governmental organisations and enterprises is key
in this context. Social partnerships between different
parties - employees, employers, and authorities — aim
to make joint efforts to address social,economic,and la-
bour issues. It helps to balance interests, improve work-
ing conditions, provide social protection, and motivate
employees. Creating a favourable working environment
can include developing safety and health programmes,
defining a fair remuneration system, and introduc-
ing incentive mechanisms for employees. It should be
noted that partnerships should address key issues, such
as improving working conditions, ensuring adequate
remuneration, providing opportunities for professional
growth and development, and ensuring social protec-
tion. For example, in Ukraine, cooperation between the
government, agriculture and trade unions can help im-
prove legislation and create a social protection system




that considers the specifics of agriculture and the inter-
ests of workers.

Authors T. Fonseca et al. (2019) analysed the prob-
lems that arise in the process of optimising labour
capital. They identified several key aspects that are im-
portant for optimising labour potential. The high de-
pendence of sectors on economic conditions, such as
price conditions, availability of financing and market
conditions, requires careful analysis and adaptation
of labour management strategies. Social aspects, such
as employee satisfaction, the creation of a favourable
working environment and increasing motivation, are
also important. It is proposed to introduce systemic
changes and innovations in management to optimise
the use of labour capital. Labour optimisation remains
a critical issue in Ukraine’s agricultural sector, which
requires a comprehensive approach that encompasses
economic, social and governance aspects. This inte-
grated approach is important for ensuring efficient use
of resources and achieving sustainable development
of the sector. It is also noted that managerial aspects,
including strategic planning and employee motivation,
are recognised as key factors for optimising labour po-
tential, according to the study results.

In general, various aspects such as economic and
political conditions, remuneration, training and de-
velopment, and social partnerships affect employee
productivity and motivation. The authors identify the
importance of adapting to external changes, such as
economic changes and political fluctuations. Improv-
ing working conditions, providing social protection,and
creating a motivating environment play a critical role
in attracting and retaining qualified staff.

CONCLUSIONS

This study analyses labour potential as an important
factor in the sustainable development of organisations
and countries. Labour potential includes the capabil-
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considered. The theoretical models of labour potential
management, which reflect important aspects of effec-
tive human resource management in organisations, are
studied. Different models, such as competence, transfor-
mational, systemic, talent management and motivation,
are outlined, which are the basis for developing prac-
tical strategies and methods of labour potential man-
agement in modern organisations. The labour potential
of Ukrainian agriculture is analysed. The productivity of
employees in agriculture in the period from 2018 to
2022 is determined and the consequences of the war
on labour potential are identified. The important im-
pact of European integration on Ukraine’s agricultural
sector, which includes economic, technological, social,
and infrastructural aspects, is highlighted. Several EU
best practices in the field of labour potential manage-
ment in the agricultural sector are highlighted, namely
the Common Agricultural Policy, the Horizon 2020 pro-
gramme, and the European Green Deal. The possibility
of increasing sales of Ukrainian agricultural products
in the European market is analysed, as well as the
impact of integration on agricultural development,
including the use of modern technologies and the im-
provement of socio-economic standards for the rural
population. A strategy for optimising labour potential
management in the Ukrainian agricultural economy
was developed to improve the sector’s productivity,
efficiency, and competitiveness.

Further research could include studying and ana-
lysing the best practices of the European Union in
managing labour potential in agriculture and their
possible implementation in the Ukrainian context. The
training programs for farmers and agricultural profes-
sionals should be analysed to improve their skills and
knowledge, as well as analysing the benefits and op-
portunities of using environmentally friendly technol-
ogies in agriculture.
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Anotauis. [locnigxeHHs, nos3aHe 3 TPYAOBMM MOTEHLiIaNOM B CilbCbKOMY rOCNOAAPCTBI, € A4OCUTb aKTYaNIbHUM,
OCKiNbKW arpapHuii CEKTOP € OOHIE0 3 KHYOBMX rany3ei eKOHOMiKM YKpaiHu, a iHTerpauia kpaiHn no €C
BiAKPVUBAE HOBIi MOXNMBOCTI Ta BMMArae BiANOBIAHOI ajanTauii ynNpaBAiHCbKMX MIAXOAIB AN OOCATHEHHS
KOHKYPEHTOCMPOMOXHOCTi Ta CTaNoro po3BuTKY Yy chepi arpapHoi AisnbHOCTI. MeTa focnioXeHHs NONArae B aHanisi,
po3pobLi Ta BAOCKOHANEHHI BXe HasiBHMX CTpaTeriyHMX NiAXoAiB A0 YNpaBiHHA TPYAOBMM MoOTeHUianoM YKpaiHu
y CiNbCbKOMY roCnoAapCTBi 3 ypaxyBaHHAM MpoLecis iHTerpauii no €sponericbkoro Cotosy. Cepen BUKOPUCTAHUX
MeToAiB OyN0 3aCTOCOBAHO aHaNITUYHUI MeTO4, CTAaTUCTUYHUI MeToA, PYHKLIOHANbHUI MeTo4, MeTo CUCTEMHOTO
aHanisy, MeToa, AenyKLii, MeToa, CMHTE3Y Ta METOA, NOPIBHAHHSA. B npoueci gocnifxeHHs 6yno npoaHani3oBaHoO CTaH
TPYZOBOroO NOTEHLiany y CinbCbKOMY FOCNOAAPCTBI, OLIHUBLLM SKICHWI Ta KiNbKiCHWUIA CKNaA NpaLiBHUKIB, iX HABUYKMK
Ta ocBiTy. [locniaxeHo BNAMB €BPOIHTErpaLii Ha arpapHUin CeKTop, 30KpeMa ii BUMOrM Ta MOX/IMBOCTI ANS PO3BUTKY,
a TaKoX po3pobneHo Mofenb ynpasfiHHSA Ta PO3BWUTKY TPYAOBOrO MoTeHuiany ans edbekTMBHOrO QYHKLiOHYBaHHS
arpapHoro 6i3Hecy. byno 3Mo4enbOBaHO 3aCTOCYBAHHA CTpaTerii Ha CiNnbCbKOroCno4apCbkoMy MiANpUEMCTBI
‘AgroGeneration”. [locnifkeHo yMOBM Mpaui Ta cOUiafbHMIA 3aXMCT NPaLiBHMKIB, @ TaKoX 30CEpedkeHa yBara
Ha (OpPMYBaHHI Ta PO3BUTKY KagpoBOro NOTEHLiany B arpapHOMYy CeKTopi. Y xofi gocnigxeHHs 6yno [OCArHYTO
TaKoro pesynbraTy, WO YNpaBAiHHA TPYAOBMM MOTEHLANOM Yy CilbCbKOMY rOCNOAapCcTBi nepeabdayvae BUKOPUCTAHHSA
KOMMNNEKCHOI cTpaTerii, sika 6 BpaxoByBana ranysesi 0co6AMBOCTI, EBPOMNENCbKi CTaHAAPTH, IHHOBALiHI Niaxoam Ta
KpaLli MPaKTUKM iHWKX KpaiH. [pakTUYHe 3HAYeHHS JOCNIIKEHHS MONAraE B po3pobLi KOHKPETHUX NMPaKTUUYHUX
pekoMeHJauin Ta CTpaTerii Ans OpraHiB ynpaBAiHHS, arpapHMX MNiANPUMEMCTB, @ TaKOX MNPaLIBHMKIB CiNbCbKOro
rocnogapcTea 3 METOK ONTUMI3aL,ii BUKOPUCTAHHS TPYAOBOro NoTeHuiany

KniouoBi cnoBa: npoayKTMBHICTb Mpali; ONTUMI3aLis YNpaBfiHHSA; KOHKYPEHTOCMPOMOXHICTb; YMOBM npaui;
couianbHUM 3axmCT
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factors driving agricultural production. To achieve the goal, a systematic analysis of innovative processes in the
agro-industrial complex was employed as the primary research method. Additionally, various analytical techniques
such as synthesis, systematization, generalization, and comparison were utilized, including structural-functional and
historical-legal approaches.The research presents innovative development pathways observed in advanced countries,
including Kazakhstan, focusing on areas such as horticulture, animal husbandry, agricultural product processing,
market development, agricultural cooperation, infrastructure development, scientific and personnel support, land
resource management, digitalization of the agro-industrial complex, and government support. The study also
addresses the shortcomings in the implementation of innovations within Kazakhstan’s agro-industrial complex.
Specifically, it provides detailed insights into methods for enhancing the efficiency of the agro-industrial sector,
with particular emphasis on the digitalization of agricultural processes, precision farming systems, and smart farms.
The research can be useful for professionals in various fields of the agro-industrial sector, policymakers involved in

agricultural affairs, as well as businesspeople and investors interested in agricultural ventures

Keywords: agribusiness; agriculture; advanced countries; precision farming systems; smart farm; digitalisation

INTRODUCTION

The significance of employing innovative approaches
in organizing the agro-industrial complex (AIC) cannot
be overstated, as they contribute to enhancing labour
productivity, production efficiency, and the overall ef-
fectiveness of the agricultural sector. These innovations
encompass a wide range of advancements, including
new technologies, equipment, crop varieties, animal
breeds, fertilizers, and plant and animal protection
products. They also involve novel methods of animal
prevention and treatment, as well as innovative ap-
proaches to organizing, financing, and crediting agri-
cultural production, and modern strategies for training,
retraining, and developing skilled personnel.

The experience of Uzbekistan, as explored by
[. Smanova and U. Sangirova (2018), proves particularly
valuable due to the similarity in natural conditions be-
tween Uzbekistan and the subject country. Uzbekistan’s
successful implementation of reforms within a rela-
tively short span of time resulted in significant pro-
gress in ensuring food security for its population and
even establishing food exports. This highlights the
importance of innovative infrastructure development,
improved production and labour organization, and
the establishment of robust institutional frameworks.
The anticipated outcomes include advancements in
scientific research, environmental preservation, infor-
mation and communication capabilities, technological
advancements, and the development of both industrial
and social infrastructure. These efforts are essential for
harnessing and preserving the natural resources of the
agricultural sector (Myrzabek et al., 2022).

In their paper S. Smagulova et al. (2022) analyses
the management efficiency of the energy industry and
the agro-industrial complex in Kazakhstan based on
the introduction of digitalization to stimulate economic
growth. The study highlights the energy-intensive and
costly nature of Kazakhstan’s economy, the deteriora-
tion of electrical equipment and agricultural machin-
ery, and the seasonal shortage of fuel and lubricants. It
also emphasizes the need for qualified engineering and

agro-technical personnel, the critical importance of the
availability of investment in the agro-industrial com-
plex, and the low degree of use of scientific, innovative,
and digital approaches in the energy and agro-indus-
trial sectors.

In a separate study conducted by O.V. Kruglyak et al.
(2020), the focus is specifically on a narrow area of in-
novation related to genetic engineering, using dairy
cattle breeding in Ukraine as an example. This research
delves into innovations in breeding practices aimed at
increasing dairy productivity. The study suggests that
the foundation for the development of the dairy cattle
industry in Ukraine should be the adoption of new spe-
cialized dairy breeds with genetic potential comparable
to the best European counterparts. These breeds should
surpass them in terms of reproduction and health, ulti-
mately leading to economic profitability.

The research conducted by G. Madiyev et al. (2018)
highlights the significance of providing financial sup-
port to small farms, which collectively contribute the
majority of agricultural products to the market. To fos-
ter effective agricultural development and encourage
the adoption of innovations, changes in macroeco-
nomic regulations are necessary. This entails increasing
government expenditure on agricultural development
and revising the tax system in conjunction with its
fiscal function.

Inaseparate studybyZ.Sadykova & G.Rakhimzhanov
(2020),the focus is on the need to reform the implemen-
tation of state functions, with strategic ones remaining
under the purview of the state apparatus. This is due
to the limited capacity of the state apparatus to inde-
pendently make responsible decisions in an unstable
institutional environment. Key qualitative indicators of
this environment include bureaucratic hurdles, inade-
quate legal support for lending and risk insurance, low
levels of business and professional qualifications,and a
relatively stringent tax system. Additionally, this issue
assumes importance in terms of attracting increased
investments to the agricultural industry.
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In light of these considerations, it is imperative that
the government focuses on several key policy areas to
drive innovative reforms (Organisation for Economic
Co-operation and Development, 2013). Firstly, there
should be a sustained commitment to improving the
nation’s road and railway infrastructure, ensuring effi-
cient transportation networks. Streamlining procedures
for construction permits is also crucial to promote busi-
ness development and construction projects. Moreo-
ver, facilitating access to financing for enterprises in
the food industry will bolster economic growth and
job creation. Encouraging profit repatriation and pro-
viding enhanced incentives for investments in food
processing cooperatives and technologies will further
stimulate this vital sector. Lastly, the establishment of
higher quality standards for food industry enterprises
will enhance product safety and consumer confidence,
ultimately contributing to economic progress.

Significant emphasis is placed on the digitaliza-
tion of the agro-industrial complex, precision farming
systems, smart farms, smart greenhouses, and other
cutting-edge technologies. An illustrative example is
the data laboratory that utilizes artificial intelligence
to provide novel data sources, enabling timely assess-
ments of food losses and land degradation levels. The
Hand in Hand initiative has established a geospatial
data platform containing a wealth of statistics from the
Food and Agriculture Organization of the United Na-
tions (FAO) (2020) and its partners. This platform offers
numerous applications, including the acquisition of val-
uable information for monitoring agricultural systems
at risk due to human impacts on land and water re-
sources, as well as for analysing weather-related trends.

The analysis also considered Decree of the Govern-
ment of the Republic of Kazakhstan No.960 (2021). While
this Concept offers a comprehensive examination of the
innovative organization of the agro-industrial complex
both globally and in Kazakhstan, it lacks detailed cover-
age of the pathways to digitalize agriculture. The study
draws conclusions regarding the shortcomings within
Kazakhstan’s agricultural system. However, the agricul-
tural industry in Kazakhstan harbours substantial un-
explored potential and domestic competitive strengths
in contrast to other nations. By implementing efficient
agricultural policies, it can attain enduring growth and
generate noteworthy economic benefits, ultimately en-
hancing the welfare of its population.

The study aimed to gather insights into the main
trends in global agriculture, compare them with cor-
responding trends in Kazakhstan, and determine the
strategies through which Kazakhstan can enhance the
performance indicators of its agro-industrial complex.

MATERIALS AND METHODS

The primary approach employed in this study involved
conducting a systematic analysis of innovative processes
within the agro-industrial complex. Various methods

Scientific Horizons, 2023, Vol. 26, No. 12

such as analysis, synthesis, systematization, generali-
zation, and comparison were utilized, including struc-
tural-functional and historical-legal approaches. In
order to underpin the analysis, statistical information
sourced from the Ministry of Agriculture of Kazakhstan
(n.d.), along with research studies investigating inno-
vation dynamics and the integration of scientific and
technological advancements, were assimilated.

System analysis formed the foundation of this study.
It involved a series of actions aimed at establishing the
structural relationships among variables or elements
within the system under investigation. The analytical
framework relied upon a combination of general sci-
entific, experimental, natural, statistical, and math-
ematical methods. A diverse range of agribusiness
domains were examined using system analysis, encom-
passing various innovative approaches, each associated
with a distinct aspect of agro-industrial activity. The
analysis encompassed both numerous advanced coun-
tries worldwide and Kazakhstan specifically.

The method of synthesis involves studying an ob-
ject as a whole, considering its interconnected parts. In
scientific research, synthesis works in conjunction with
analysis, as it enables the integration of dissected com-
ponents of a subject (object or phenomenon), establish-
ing their connections, and understanding the subject in
its entirety. Through synthesis, common trends were
identified within each area under investigation. System-
atization, on the other hand, is the process of consoli-
dating diverse knowledge about objects (phenomena)
into a unified scientific system, recognizing their inter-
connectedness. It reflects the unity of the world and is
rooted in exploring the essential connections that bind
these objects (phenomena) together. Generalization
serves as a method of scientific cognition, allowing for
the determination of shared features and properties
among a specific category of objects. It involves moving
from the particular to the general, from less compre-
hensive to more comprehensive perspectives.

Through the analysis of statistical data, the study
revealed the quantifiable benefits associated with
specific innovative methods. Various sources were ex-
amined to provide a comprehensive understanding
of agricultural innovations from diverse perspectives.
These sources encompassed a range of topics, includ-
ing the compatibility protocol ISOBUS, which facilitates
the use of attachments from different manufacturers,
and the TRACES system, an online platform by the
European Commission for sanitary and phytosanitary
certification. The method of comparison, a scientific
approach to investigating and comprehending reality,
was employed to establish both commonalities and
distinctions among processes, phenomena, and objects.
By using the comparison method, the study juxtaposed
the implementation of innovations in Kazakhstan with
their utilization in advanced countries worldwide. This
approach allowed for the identification of areas where




Kazakhstan should strive to align itself with global ad-
vancements in agriculture.

RESULTS

Examination of global practices in utilizing innovative ap-
proaches in the agricultural industry. Developed coun-
tries have embraced innovative approaches in crop
production to mitigate the adverse effects of global cli-
mate change and promote sustainable agricultural de-
velopment. These methods include resource-efficient
practices and organic technologies aimed at enhancing
ecological well-being and environmental preserva-
tion. Strategies such as diversification, precision farm-
ing, and the digitalization of technological processes
have gained prominence. Molecular biology and ge-
netic engineering are utilized to optimize the selection
and production of new plant varieties. By leveraging
these advanced techniques, breeders can accelerate
the breeding process, leading to the regular develop-
ment of high-yielding crop varieties that exhibit stress
resistance and disease resilience. Swiss breeders, for
instance, have successfully combined classical breed-
ing methods with molecular approaches, enabling early
identification of resistance genes in plants and short-
ening the selective breeding cycle (Roth et al., 2023).

Another significant aspect is the improvement of
weather forecasting accuracy, achieved through the es-
tablishment of an extensive network of weather sta-
tions and the creation of a comprehensive database
of long-term meteorological observations. In many
countries, phytosanitary controls and permit issuance
are carried out through a fee-based system, which ef-
fectively mitigates the risks of corruption. The revenue
generated from these fees contributes to the national
budget and supports the remuneration of inspectors,
as well as the enhancement of inspection facilities and
equipment. To facilitate trade, the European Union (EU)
has introduced the TRACES system, an online platform
developed by the European Commission. This platform
serves as a unified traceability system for obtaining
sanitary and phytosanitary certifications required for
the import and export of animals, animal-derived prod-
ucts, non-animal food and feed, and plants within the
EU and for external trade.

The TRACES system, which is currently utilized in
90 countries with over 55,000 users, plays a crucial
role in simplifying the issuance of sanitary and phy-
tosanitary certificates and official documents for the
import, export, and movement of live animals and an-
imal products within the European Union (EU). In ad-
vanced countries, the inclusion of a significant portion
of forage crops in crop rotation is key to the successful
development of animal husbandry. For instance, in the
United States of America (USA), forage crops occupy
65% of the cultivated area, and the production of feed
grain surpasses that of food grain by a factor of four
(Fuglie et al., 2021). Innovative methods are also being
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employed to enhance the genetic potential of livestock.
Biotechnology, genomic and DNA analysis, and acceler-
ated reproduction techniques are applied within ani-
mal breeding, leading to the consolidation of the entire
livestock population. Extensive breeding efforts have
resulted in dairy cows in developed cattle-breeding
nations achieving milk productivity levels of 8.0-10.0
thousand kg or more over a lactation period exceeding
305 days (Lee et al., 2020).

Since May 2021, the Eurasian Economic Union
(EAEU) countries have been unifying their selection
and breeding work through a relevant agreement. The
European Union (EU) and the USA prioritize environ-
mental sustainability and green growth principles in
their livestock policy. Advanced nations emphasize the
accelerated modernization of machinery and technol-
ogies in the processing sector, thereby ensuring high
efficiency in meeting the population’s food needs. Pro-
ducers and processors in the EU benefit from low-inter-
est loans and favourable repayment terms, while the
USA encourages companies to invest in scientific ad-
vancements based on new technologies that enhance
labour productivity.

Developed countries have implemented various
strategies to boost agricultural product sales, such
as the utilization of cooperatives, which account for
70% of agricultural product sales in Europe (Candemir
et al.,,2021).In Canada and the USA, the figure stands at
60. Cooperatives are instrumental in enabling the effi-
cient transportation of large quantities of products and
ensuring their timely delivery by establishing robust
trade and logistics infrastructure throughout the entire
supply chain. Prominent instances of well-functioning
distribution networks include the Rungis wholesale
market in Paris, France, the Mercasa wholesale market
network in Spain, and the Bronisze wholesale market
in Warsaw, Poland. Developed countries have widely
adopted international standards and regulations such
as Sanitary and Phytosanitary Measures (SPS), Hazard
Analysis Critical Control Point system (HACCP), and
Good Laboratory Practice (GLP). These standards en-
hance consumer confidence in the safety and quality of
agricultural products. In the face of globalization, cli-
mate change, and intensive agriculture, the resilience
of agricultural production systems has diminished,
making them more susceptible to harmful organisms,
diseases, and hazardous substances. To address these
threats and mitigate their adverse impact on agricul-
tural and food product trade, SPS measures have been
consistently emphasized by the FAO (2020). Coopera-
tives serve as a foundational component of agriculture
in most countries worldwide. The European Union (EU)
boasts a substantial network of around 22,000 coop-
erative enterprises (Roth et al., 2023), while across the
OECD (2013) nations, cooperatives have carved out dis-
tinctive niches encompassing sales, processing, and the
provisioning of production facilities.
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Wholesale purchasing cooperatives in the United
States play a significant role in procuring seeds, chem-
icals, fuel, animal preparations, and facilitating various
activities such as compound feed production, quality
control of feed ingredients, logistics, equipment repairs,
and spare parts delivery. In terms of fiscal incentives, US
farmers who sell their products to cooperatives were
granted tax breaks in 2017, with the possibility of tax
exemption under specific conditions. The proportion
of high-tech products and science expenditures in the
gross domestic product (GDP) serves as a crucial indica-
tor of a country’s economy. On average, advanced coun-
tries allocate around 3% of their total GDP to knowl-
edge-intensive products and science expenditures. It is
noteworthy that in Kazakhstan, per capita expenditures
amount to 10.27 US dollars, which is 87 times lower
than in the USA (Amirbekova et al., 2022).

In advanced countries, 70-85% of GDP is attributed
to innovations, new technologies, upgraded products,
and equipment that embody new knowledge and solu-
tions. However, in Kazakhstan, this proportion is ap-
proximately 1% (Fuglie et al., 2021). The management
of innovation activity takes place at both territorial (re-
gional) and industrial levels. Territorial priorities are as-
sociated with innovation clusters and the establishment
of university-industry collaborations. Industry priorities

align with the goals set by government programs for
the specific sector. The interconnectedness of territorial
and sectoral management of innovation in the agro-in-
dustrial complex helps identify areas of concern and
develop tools for modernizing agricultural enterprises
(Galeano-Barrera et al., 2022). The efficient functioning
of the agro-industrial complex heavily relies on the ef-
fective governmental control and management of land
resources. Many countries have legislation in place that
prohibits the division of agricultural land into small
plots, thus preventing fragmentation. Other countries
aim to prevent excessive accumulation of agricultural
land and impose requirements for landowners to reside
near their land and possess the necessary expertise. Ad-
ditionally, regulations exist to limit the maximum size
of land plots. In Denmark, for instance, such a restric-
tion applies to plots larger than 150 hectares (Hjalager
etal.,2022).

Digitalization in agriculture refers to the adoption
and integration of digital technologies and data-driv-
en solutions to enhance various aspects of agricultural
practices, management, and decision-making. It en-
compasses a wide range of technologies and applica-
tions aimed at increasing productivity, efficiency, and
sustainability in farming. Digitalization in agricultural
holdings typically involves three stages (Table 1).

Table 1. Digitalization process and implementation of precision farming systems

Stage Precise farming systems

Description

Accounting systems
integration

This involves seamlessly incorporating financial and budgetary data into

precision farming operations

Electronic records
management

Electronic records management in precision farming allows for the efficient
storage, retrieval, and analysis of critical data related to crop yields, soil quality,

equipment maintenance

Stage 1: Initial
Dashboards

Dashboards provide a visual representation of KPIs and real-time data related

to precision farming activities

Key Performance Indicators
(KPI) database

A KPI database in precision farming stores and organizes essential metrics and
benchmarks related to crop productivity, resource utilization, and operational

efficiency

Global Positioning System
(GPS)/GNSS

Enables precise tracking of machine operators and accurate field processing.
Real-time data collection and accurate location information streamline farm
tasks such as planning, mapping, soil sampling, tractor management

Utilized for microelement calculations, weather forecast tracking, field

Mobile devices

mapping, and GPS navigation, enhancing decision-making and on-field

efficiency

Stage 2:

Innovation Robotics

Robotics technology is employed for tasks such as crop planting, crop
monitoring, and weed control, automating labour-intensive processes and

improving accuracy

Irrigation systems

Facilitate remote monitoring and control of irrigation, leading to water
conservation, time efficiency, fuel savings, and reduced vehicle wear and tear

Internet of Things (loT)

Involves connecting field sensors and satellite monitoring to transmit data to a
centralized source, enabling data-driven insights and decision-making

It refers to the essential education and skill development programs aimed

Stage 3:

Training IT specialist training

at equipping agricultural professionals with the knowledge and expertise
required to effectively manage and leverage digital technologies and data-

driven solutions in farming practices

Source: compiled by the authors based on S. Rolandi et al. (2021), O. Ermetin et al. (2022), K. Bondal (2021)
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Smart farming, also known as precision agricul-
ture or digital farming, indeed involves the applica-
tion of cutting-edge information and communication
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technologies (ICT) in agricultural practices. It aims to
optimize various aspects of farming operations by us-
ing data, sensors, automation, and connectivity (Fig. 1).

Drone technology for tasks like fertilizer delivery

Modern greenhouses with additional lighting and climate control

Software systems for managing agricultural enterprises by processing
data from satellites, weather stations and specialised sensors

Precision farming systems to assess soil conditions and optimise yields

Automated work cycles driven by artificial intelligence to control various

processes

Figure 1. The key components of smart farming
Source: compiled by the authors based on M. Dhanaraju et al. (2022)

In New Zealand, drones have been multiply applied
in agriculture, including field mapping, monitoring crop
growth, and aiding shepherds in herding livestock.
These drones utilize recorded dog barking and loud-
speakers to facilitate the gathering of herds.JBM North
America has developed a solution that enables the
monitoring of animal conditions within herds, including
their location, well-being, and nutritional levels, there-
by enhancing herd management. Smart farming prac-
tices allow for more efficient utilization of pastures, for-
ests, and fields, preventing soil depletion and the need
for deforestation to create new grazing lands. Notably,
the Integrated Crop Livestock Forestry Systems (ICLFS)
program, implemented in Brazil, where approximately
23% of the world’s cattle is raised, has proven effective
in restoring degraded farmland (Glatzle et al., 2021).
Swiss researchers have highlighted the environmental
benefits of smart farms, as they enable precise applica-
tion of fertilizers and pesticides, mitigating the nega-
tive impact of agriculture.

Globally, state regulation plays a crucial role in
the agro-industrial complex, particularly through eco-
nomic measures aimed at supporting producers. These
measures commonly involve price maintenance, cost
compensation, subsidies for production structures, and
the implementation of various programs. The specific
application of these measures depends on each coun-
try’s unique natural and climatic conditions. For in-
stance, the United States subsidizes the profitability of
agricultural production, while in Europe, subsidies are
provided per hectare of agricultural land. In the Cairn
countries, which are located in the subtropical zone,
agricultural subsidies are non-existent (Hopewell &
Margulis, 2023). The Cairn Group includes Argentina,
Australia, Bolivia, Brazil, Canada, Chile, Colombia, Costa
Rica, Guatemala, Indonesia, Malaysia, New Zealand,

Pakistan, Paraguay, Peru, Philippines, South Africa,
Thailand, Uruguay, and Vietnam.

Analysis of the application of innovative methods in
the agricultural sector of Kazakhstan. The adoption of
agricultural innovations in Kazakhstan has been slow,
particularly in crop production. Challenges include the
dominance of monoculture, slow progress in expand-
ing irrigated lands and implementing moisture-saving
technologies, and limited use of mineral and organic
fertilizers. The technological capabilities of the industry
are lagging behind advanced countries, leading to yield
fluctuations and inadequate processing and marketing
of agricultural products. The budget constraints have
resulted in insufficient support for veterinary organiza-
tions, shortage of veterinary specialists, and inadequate
environmental monitoring. The renewal rate of agricul-
tural machinery is below optimal levels, affecting me-
dium and small farms’access to technical resources and
energy. The government has implemented measures to
support cooperatives, such as investment subsidies and
simplified registration processes, along with improved
oversight through the establishment of a state register
and statistical service.

Cooperatives in Kazakhstan have limited effective-
ness, with a significant number being inactive or ficti-
tious for fraudulent subsidy purposes. However, there
are still successful cooperatives that offer advantages
such as bulk purchasing and streamlined crop sales.
The adoption of digital technologies in the agricultural
sector is relatively low, resulting in inefficient resource
allocation. Pilot farms and livestock enterprises that
have implemented digital technologies have experi-
enced cost reductions, increased yields, and improved
livestock outcomes. However, obstacles such as limited
and unreliable rural connectivity, lack of digital literacy
among employees, shortage of trained specialists, and
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absence of a unified digital agricultural ecosystem hin-
der the widespread adoption of digital innovations in
the industry. The Ministry of Agriculture of Kazakhstan
(n.d.) has delineated a three-tiered approach to the
integration of digital technologies within the agricul-
tural sector. At the fundamental level, traditional farms
leverage basic electronic field maps and soil analysis.
Advancing to the next stage, farms embrace a higher
degree of automation, incorporating technologies like
fuel consumption sensors, GPS trackers, meteorolog-
ical stations, electronic weed mapping, and business
process management software. The pinnacle of this
digital transformation is the Digital Farm, where an
exceptionally automated agro-industrial system op-
erates with minimal human intervention, making ex-
tensive use of advanced digital tools and technologies
(Mukhammedov et al., 2021).

In Kazakhstan, there are already more than 20 dig-
ital farms and approximately 170 advanced farms in
operation. The Ministry of Agriculture (n.d.) has plans
to establish at least 20 additional digital farms and
four thousand advanced farms by 2023, completing the
digitalization of the agricultural industry. The goal is to
achieve 100% automation of processes and public ser-
vices. Currently, the majority of farms in the country are
still at the fundamental level, but the process of agri-
cultural digitalization is underway. According to official
data, almost all sown areas in Kazakhstan have been
digitized, covering a total area of 24 million hectares.
Pastures are also being analysed through digital means.
New technologies in animal husbandry enable livestock
monitoring and automated care. The use of GPS track-
ers allows for the tracking of herd movements and
facilitates locating stray animals using smartphones.
Saparkhan Omarov, the Minister of Agriculture of
Kazakhstan, highlighted at the Astana Economic Forum
that precision farming has led to a 2.5-fold increase in
grain yield while reducing farmers’ costs by over 20%.

A smart greenhouse represents an advanced indoor
farming system that integrates information and com-
munication technologies with agricultural practices.
By utilizing ICT, smart farms are equipped to automati-
cally monitor and analyse factors such as temperature,
humidity, and sunlight, allowing farmers to cultivate
crops without being reliant on unpredictable weather
conditions (Kim, 2021). In Kazakhstan, where dry pas-
tures and deserts are predominant, the implementation
of smart greenhouses becomes particularly relevant.
These greenhouses can be remotely controlled through
smartphones, leading to reduced labour costs and in-
creased production efficiency. Compared to conventional
greenhouses, a smart greenhouse with a one-hectare
area has the capacity to yield 400-450 tonnes of veg-
etables and berries annually, surpassing the 300-tonne
production of a traditional greenhouse. This project not
only contributes to the advancement of technology but
also provides educational opportunities for students
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and university staff to engage in research, seminars,
and training sessions for rural entrepreneurs.

DISCUSSION

Drawing upon extensive research literature, various
aspects of innovation within the agro-industrial sector
have been examined. Many studies have concentrated
on specific areas aimed at enhancing agricultural effi-
ciency, such as genetic engineering, digitalization, and
the development of cooperatives. This paper provides
comprehensive coverage of these diverse areas. In their
study G. Madiyev et al. (2018) highlight that while ag-
ribusiness represents a leading sector in Kazakhstan’s
economy, the industry currently faces challenges such
as underutilization of resources, outdated equipment
and technologies, limited competitiveness, and a prev-
alence of small-scale management and private subsid-
iary farms within the agricultural production structure.
The study also identifies deficiencies in the agricul-
tural market, infrastructure,and economic relationships
among related enterprises. O.V. Kruglyak et al. (2020)
emphasized the economic significance of cattle breeds
and the importance of meticulous intensive selection
work for achieving favourable economic outcomes in
dairy cattle breeding.

Among Central Asian countries, Uzbekistan is a
good example of the effective implementation of
the principles of the digital transformation concept.
Kh.Z. Rajamurodov et al. (2022) discusses the digital-
ization processes in Uzbekistan’s agriculture, empha-
sizing the need for digital solutions and transforma-
tion due to economic improvements, resource-efficient
technologies, and environmental compliance. The au-
thors highlights the role of digital platform ecosystems
in this transformation, defining their significance. A
study demonstrates a farm’s implementation of a digi-
tal platform, resulting in increased profits and reduced
costs. The study concludes that while digital platforms
may not entirely eliminate intermediaries, they are ef-
fective in wholesale and retail food markets, projecting
substantial additional profits for various agribusiness
sectors. The creation of a national digital platform is
proposed, with potential economic benefits and indi-
rect advantages such as improved product quality and
environmentally friendly practices.

V. Kvartiuk and M. Petrick (2021) examines the im-
pact of Kazakhstan’s 2003-2005 agricultural land re-
form on land rental and credit market participation,
aiming to determine whether the reform facilitated ef-
ficient land allocation and access to credit for agricul-
tural producers. However, the reform resulted in signif-
icant land concentration, failed to stimulate land sales,
and reorganized the land-rental market in favor of the
state as the primary landlord. It did not achieve the goal
of providing access to land for skilled producers or im-
prove land use as collateral. The reform had limited
success in achieving its objectives, and further, more




substantial steps are needed to enhance Kazakhstan’s
agricultural land markets. According to the authors,
Kazakhstan’s current reliance on cheap rental land and
inadequate progress in liberalizing land relations pose
economic sustainability challenges, necessitating more
comprehensive reforms to bridge the gap between pro-
ductivity and land accumulation.

The issues of the organization of the electric power
industry and the agro-industrial complex in Kazakhstan
considered by S. Smagulova et al. (2023). The study em-
ploys econometric modeling to examine the impact of
electricity production and digital farms on agricultural
growth, presenting medium-term forecasts for the agri-
cultural sector with digitalization. The work identifies
challenges such as outdated equipment, lack of fund-
ing, and non-transparent tariffs in the energy sector,
along with issues related to fuel supply and energy
shortages. To address these challenges, the authors
suggest modernizing existing power stations, pro-
moting renewable energy, improving fuel distribution,
enhancing digitalization, and reorienting the oil and
gas industry toward high-value products. These meas-
ures are expected to contribute to economic growth,
environmental preservation, and national security for
sustainable development in Kazakhstan’s digital energy
and agro-industrial sectors.

In turn, M. Toguzova et al. (2023) studied the de-
velopment and implementation of modern geoinfor-
mation technologies in agricultural production. This
study conducted in the Eastern region of Kazakhstan
analyzed the use of digital technologies in farms and
identified key factors hindering their implementation
and prospects for further development. The study found
that larger farms have a higher degree of digitalization
development compared to smaller enterprises, mainly
due to financial opportunities and objective reasons
related to the lack of need for digital technologies at
a low level of production. The authors concluded that
the level of identifying patterns for more accurate and
effective forecasting will increase the yields and prof-
itability of agriculture in the region, increasing produc-
tivity, reducing material costs, and more efficient allo-
cation of funds and preservation of the environment.

In his study, A. Nurgozhayev (2021) discusses the
digitalization of the agriculture sector in Kazakhstan
and aims to determine the associated risks. The au-
thor found that five regions have low risk, while the
Kostanay region has a high-risk rate in five risk catego-
ries, and the Almaty region has no plan for risk mitiga-
tion, monitoring, or management in case of digitaliza-
tion-related risks. Risks were calculated for each region
separately, and regions with low, moderate, and high
risks were identified. The author also notes that farm-
ers are more aware of other types of uncertainties than
the risks associated with the digitalization of the agri-
culture sector, and regional designation authorities are
knowledgeable and can assist in mitigating risks.

Kuralbayeva et al.

These studies emphasize the need for compre-
hensive reforms to address issues such as resource
underutilization, outdated technologies, land reform
inefficiencies, and energy sector challenges. Digitali-
zation emerges as a promising avenue for increasing
efficiency and sustainability, with success stories in
Uzbekistan showcasing the potential of digital plat-
forms to enhance profitability. Furthermore, geoin-
formation technologies offer pathways to boost agri-
cultural productivity and reduce costs. However, it is
crucial to recognize and manage the associated risks
of digitalization. Overall, these findings offer valuable
guidance for stakeholders and policymakers seeking to
foster growth and resilience in the agro-industrial sec-
tor of Central Asian economies.

CONCLUSIONS

The agro-industrial sector in Kazakhstan requires sys-
tematic efforts towards innovation and improvement.
This entails widespread adoption of precision farming
systems, smart farms, and smart greenhouses, as well
as land diversification and tax optimization. It is crucial
to establish effective systems for land and water utili-
zation. The consolidation of small farms into coopera-
tives would streamline the procurement of necessary
goods and services, as well as the marketing of agricul-
tural products. Government support, accessible financ-
ing, and comprehensive training programs are needed
to enhance the digital skills and knowledge of agricul-
tural workers, thereby strengthening the human capital
in the sector. The integration of digital technologies
helps minimize corruption by reducing the influence of
human factors on decision-making processes.

Significant innovations in agribusiness would in-
volve simplifying licensing procedures, transitioning
them to electronic platforms, and fully automating busi-
ness processes. Encouraging farms to embrace digitaliza-
tion through state subsidies and establishing clear and
transparent criteria would greatly enhance efficiency.
This includes investment subsidies, expanded financing
options, lending instruments, and loan insurance. Fur-
thermore, comprehensive breeding work is necessary to
improve the productivity of agricultural goods. Innova-
tions in phytosanitary and veterinary control contribute
to product quality and enhance their appeal in domestic
and international markets. Adequate attention should
be given to new scientific developments. As outlined in
the Concept for the development of the agro-industrial
complex of the Republic of Kazakhstan for 2021-2030,
funding for agricultural science should reach a minimum
of 1% of the GDP of the agro-industrial sector.
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€KOHOMIYHMX PaKTOPiB, WO CTUMYJ/IIOKTb CiIbCbKOroCnoAapCcbke BUPOOHUUTBO. [N AOCATHEHHS NOCTaBAEHOI MEeTH
OCHOBHMM METOAO0M A0C/iAXeHHS OyB CUCTEMHMIA aHani3 iIHHOBALIMHUX NPOLECiB B arpONPOMMUC/IOBOMY KOMIIEKCI.
KpimM TOro, BUKOPUCTOBYBANMUCS Pi3Hi aHaNiTUYHI NPUIMOMK, TaKi SK CUHTE3, CMCTEMATM3ALIA, y3aranbHEHHa Ta
NMOPIBHAHHS, @ TaKOX CTPYKTYPHO-(YHKLIOHaNbHWUIA Ta iCTOPUKO-NPaBOBMI NiAX0AN. Y OOCNIMKEHHI NpeacTaBieHi
{HHOBALMHI WNSXU PO3BUTKY, LLLO CMOCTEPIraloTbCs B NepeaoBuX KpaiHax, BKAYaUuM KasaxcTaH, 3 akLEeHTOM Ha
Taknx cdepax, 9K CaAiBHUMUTBO, TBAPUHHMULTBO, Nepepobka CifbCbKOroCnoAapCbKoi NPOAYKLii, pO3BUTOK PUHKY,
CinbCbKorocnoAapcbka Koonepawisi, po3BUTOK iHPPACTPYKTypu, HayKoBe Ta KadpoBe 3abe3neyeHHs, ynpasaiHHS
3eMeflbHUMU pecypcaMu, AimKuTanisaLis arponpoMMCIOBOro KOMMEKCY Ta AepXaBHa NiATpUMKA. Y AOCHIOXKEHHI
TaKOX PO3MNSAATbCS HEA0MIKM Y BNPOBAAXKEHHI IHHOBALLIM B arponpoMMCNOBOMY KoMMneKkci KasaxcTaHy. 3okpema,
B HbOMY A€TasibHO PO3rNSAAANCA METOAM MiABULLEHHS ePEeKTUMBHOCTI arponpoOMMUCIOBOr0 CEKTOpPY, 3 0COBANBUM
AKLEHTOM Ha AifKMTanisauilo CinbCbKOrocnoaapcbkKMx MpoLLEeciB, CUCTEMU TOYHOTO 3eMJiepobCTBa Ta KPO3YMHI»
depmu. JocniaxkeHHs Moxe ByTW KOPUCHUM Ans daxiBLIB pi3HMX rany3ei arponpoMmUCIIOBOro CEKTOPY, NMONITUKIB, SIKi
3aMMatoTbCs MUTAHHSAMM CiNlbCbKOrO rOCNOAAPCTBa, @ TaKoX Oi3HECMEeHIB Ta iHBECTOPIB, SKi LiKaBNSATbCS arpapHUMu
nianpueMCcTeamu

KniouoBi cnoBa: arpo6isHec; Cinbcbke rocnofapCTBO; PO3BMHEHI KpaiHW; CMCTEMU TOYHOrO 3emnepobcTBa; cMapT-
depmu; pigxuTtanisauia
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of Ukraine under martial law, to investigate the state and state regulation of the market and fuel from petroleum
products, and to forecast their price in the future. The following methods were used in the article: dialectical,
abstract and logical, statistical, correlation and regression, tabular and graphical, analysis of series of dynamics and
structural changes, comparison, strategic planning and forecasting. Based on the results of the research carried out
using statistical methods, the article analyses the consumption of petrol and diesel fuel by agricultural enterprises
and calculates their cost per hectare of harvested area. It was found that the decrease in fuel consumption in 2022
was due to the fact that % of the sown areas were not sown due to the war. The share of fuel used for the needs of
the agricultural sector was also investigated. The correlation and regression analysis revealed a close relationship
between the exchange rate and the price of diesel fuel in Ukraine, and a negative relationship between the world
oil price and the price of diesel fuel. Due to the established dependence, a model for calculating the price of diesel
fuel based on world oil prices and the exchange rate is developed, and the price is calculated. It is substantiated
that the main economic method of state regulation of the fuel market is the establishment of an excise tax. It
is concluded that the reduction in the consumption of fuel and energy resources in the agricultural sector of
Ukraine has led to a decrease in the energy intensity of agricultural products. The results of the research are of
practical importance, which will allow identifying destabilizing factors in the oil and oil products market, as well as
formulating the State’s policy that will promote the use of energy resources, in particular liquid fuel, in agriculture
under martial law

Keywords: agricultural enterprises; energy intensity; energy security; martial law; oil products; import; logistics

INTRODUCTION

Since February 2022, the role of the Ukrainian agricul-
tural sector in the food supply has been particularly
significant in the world. The main factors behind its
limitations were the reduction in crop areas due to the
occupation and in the war zone, disruption of the logis-
tics of both agricultural products and logistics of the
industry,including energy supply. Given that agriculture
mainly uses liquid fuels made from petroleum products
and Ukraine’s high dependence on imports of this type
of energy, this issue requires special attention and con-
trol to ensure its immediate resolution. The presence
of numerous participants in the Ukrainian fuel market
and the integration of Ukraine’s economy into the glob-
al economy have a decisive impact on changes in oil
fuel prices. Fluctuations in oil prices, the exchange rate
and Russia’s military aggression against Ukraine con-
tributed to the imbalance in the Ukrainian petroleum
products market.

The price situation on the Ukrainian fuel market is
complicated by the cooperative actions of traders. This
is reflected in the asymmetry of prices, when a large
jump in the value of an external factor causes a rapid
rise in the price of petroleum products and a slow de-
cline in the period of its weakening. All of this has a
significant impact on the development of the national
economy, given that oil prices are the main determi-
nants of the overall price level, making the study rele-
vant and timely.

The problem of using fuel and energy resources
in the agricultural sector of Ukraine was studied by
0. Zakharchuk et al. (2021). The vector of his research
was aimed at providing agriculture with light oil prod-
ucts, their use in various technological processes, and
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the possibility of saving energy resources in the process
of applying innovative agricultural technologies. Con-
sumption in agricultural enterprises was also studied
by O. Zakharchuk and O. Vyshnevetska (2020). In addi-
tion to fuel consumption by the agricultural sector, they
paid special attention to energy efficiency and energy
security, price parity for agricultural products and oil
products. They paid much attention to the study of the
oil products market, the production infrastructure of
the oil refining industry, and government regulation of
these issues. S. Strapchuk studied the production and
consumption of bioenergy resources. Strapchuk (2021).
The author found that biodiesel production requires
large land areas, so it is worth considering whether it is
advisable to reduce the area under food crops in favour
of energy crops. It has been found that biofuel produc-
tion is not widespread enough, so most of the harvest-
ed rapeseed and soybeans are exported.

The efficiency of energy use in agriculture was
substantiated by N.V. Pryshlyak (2021). External and
internal economic and non-economic factors influ-
encing the pricing of petroleum products in Ukraine
were studied by V. Melnychuk & A. Melnychuk (2019).
Aspects of legal regulation of trade in petroleum prod-
ucts in Ukraine were studied by V.S. Levchenko (2020).
The state and prospects of development of the fuel
market of Ukraine were studied by V. Kapustyan &
. Siretska (2018). They concluded that one of the main
destabilizing factors in its development was signifi-
cant import dependence with an unstable exchange
rate. In their research, they argue that the Ukrainian
oil refining industry is not able to fully respond to the
changing socio-economic situation in Ukraine, and the




effectiveness of market reforms in the industry is low.
In addition, they believe that the privatization of oil
refineries has not given an impetus to the develop-
ment of these enterprises, privatization agreements
have not been fulfilled and, as a result, even minimal
investment commitments for technical re-equipment
of the industry, which is highly monopolized, have not
been fulfilled.

The fuel and energy problems of agriculture under
martial law have not been thoroughly studied. Firstly,
this concerns the mechanisms for overcoming the fuel
crisis that arose in the first year of the war, the loss of
a significant percentage of imported fuel, the destruc-
tion of oil refineries and oil depots, and the enormous
increase in fuel prices, all of which had a significant
impact on Ukraine’s food security and the development
of the entire economy. That is why the purpose of the
study was to assess the trends in quantitative and qual-
itative changes in fuel and energy resources used in
agriculture, energy intensity and energy supply of ag-
ricultural production, the state, and state regulation of
the oil fuel market, and the calculation of its price for
2023-2024.

MATERIALS AND METHODS

The research methodology is based on the dialectical
method of scientific cognition (in the study of processes
and phenomena that occur with the provision of en-
ergy resources to agriculture in Ukraine under martial
law); abstract and logical (in substantiating theoretical
provisions for reducing energy intensity in agriculture);
statistical (to quantify the situation on the fuel market
in absolute and relative terms); correlation and regres-
sion (to build a model for calculating the price of diesel
fuel in Ukraine, taking into account the

The main economic method of state regulation of
the fuel market is to set the excise tax rate. It was the
method of structural shifts that was used to analyse the
excise tax rates on fuel in Ukraine for the period 2011-
2023. This period was not chosen by chance, as it was
the time when Ukraine’s energy import dependence
was beginning to increase and the production of fuels
and lubricants of Ukrainian origin was significantly
reduced. At the same time, the Tax Code of Ukraine
(n.d.), which is the main state price regulator of fuel in
Ukraine, was introduced. To build a model for calculat-
ing the price of diesel fuel depending on the world oil
price and the exchange rate, the correlation and regres-
sion analysis and forecasting methods were used. The
initial information was an array of monthly data from
the Ministry of Finance of Ukraine on world oil prices,
diesel prices and the exchange rate from January 2014
to December 2022 (Prices and markets, n.d.).

The information base of the study included ref-
erence and information publications, the regulatory
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framework of state economic regulation of the develop-
ment of the agricultural sector of the economy (Official
web portal of the Parliament of Ukraine), statistical and
analytical data of the Ministry of Agrarian Policy and
Food of Ukraine, the Ministry of Energy of Ukraine, the
Ministry of Finance of Ukraine, the State Statistics Ser-
vice of Ukraine, the State Customs Service of Ukraine,
and scientific electronic sources.

RESULTS AND DISCUSSION

The importance of Ukraine’s fuel and energy complex
is determined by its role in the functioning of social
and economic infrastructure. Its dependence on natural
reserves of energy resources, imports, capital intensity
and significant share in the cost of production of all
sectors of the economy require special attention. By the
early 2000s, there were oil refineries in seven regions of
Ukraine. Their total capacity was 52 million tonnes per
year. This was enough to cover the national economy’s
demand for domestically produced petrol and diesel
fuel. The scale of the oil refining infrastructure is also
evidenced by the 4,625 km long oil pipeline system
with a capacity of 30-35 million tonnes per year. The
design capacity of the Ukrainian oil transportation sys-
tem is 100 million tonnes per year, and the capacity of
the tank farm is 4 million m3 (Zakharchuk et al., 2021).

Ukraine’s loss of subjectivity in the field of oil prod-
ucts supply is indicated by a 75% reduction in energy
infrastructure by 23 February 2022.In 2022, new trans-
port routes were developed and the fuel supply system
was changed. Ukraine’s fuel market has been complete-
ly rebuilt. An extensive fuel supply system has been cre-
ated. Logistics has changed radically, which has led to
an increase in costs. During the war period, the volume
of fuel transported by petrol tankers increased from 0.5
to 50%. Fuel importers also changed. 95% of petrol and
75% of diesel are imported from Romania, Lithuania,
Slovakia, Greece, Bulgaria, and Poland (State Customs
Service of Ukraine, 2023).

In 2011-2023, the total consumption of petrol and
diesel fuel by sectors of the national economy was 1.7-
4.6 million tonnes and 4.7-6.3 million tonnes, respec-
tively. The largest share of consumed fuel resources is
accounted for by agriculture, the military sector, trans-
port, and industry. The share of agricultural enterprises
in the total consumption of diesel fuel is over 29%, and
petrol — 7%. The corresponding figures for industry are
15-20% and 6%, and for transport, 2.5-4% and 19-20%.
The relative stability in the consumption of fuel and
energy resources by sectors of the national economy
was disrupted after the full-scale invasion on 24 Febru-
ary 2022. The share of the military sector in total diesel
fuel consumption in 2022 increased to 37.6%, which
was more than half as much in pre-war 2021 (15.8%)
(Fig. 1) (State Statistics Service of Ukraine, n.d.).
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Figure 1. Share of major fuel consumers in 2021 and 2022

Source: (Market of oil products in Ukraine ..., 2023)

While agriculture and transport were the largest consumers of pe-
troleum products before the beginning of 2022, the structure changed
in favour of the military sector with the outbreak of war. In 2022, the
share of fuel consumption by the military sector was 2.4 times higher
than that of the agricultural sector. However, the agricultural sector

remains the main consumer of fuel in the national economy. The total
consumption of diesel fuel in agriculture in 2023 was 972 thousand
tonnes (calculated value), which is 33% less than in pre-war 2021. The
situation is the same with petrol (Table 1).
Table 1. Fuel consumption by agricultural enterprises,
thousand tons

Year
T 5 ]
Type of fuel 3 9 ] S ® S 2 i NE R
o =) o o =) o =) o2 oS o E
~N ~N ~N ~ ~N ~N ~N ~N 5 N9 ~N ‘3
= S KA
Motor petrol 1493 1328 1303 125 106 1113 844 96.0 (%) 64.8
Diesel 14126 12556 13193 1345 1445 16043 13142 14594 (194670709) 972.0
Petrol for 1 ha of 6.6
o 79 71 6.9 6.5 5.5 57 43 438 &5 43
Diesel fuels for 1 ha 100
st ks 750 671 702 698 746 818 66.6 72.3 &35 68.0

Note: *2022 in the numerator until February 24, 2022, in the denominator after February 24, 2022
Source: 2014-2020 - State Statistics Service of Ukraine. (n.d.). 2021-2023 authors’ calculations. 2021-2022 - authors’

calculations

The decrease in consumption of petroleum products in Ukrainian agriculture since independence was due to
a 13% reduction in sown areas, a change in the structure of sown areas in favour of less energy-intensive crops,

a fourfold reduction in the agricultural machinery fleet,
the introduction of energy-saving technologies and a
reduction in livestock. In 2022-2023, fuel consumption
was affected by the war. Due to the large, occupied ter-
ritories or those in the combat zone and the mining of
the already liberated territories, not all agricultural land
was cultivated. Since about a quarter of the sown areas
were not sown in 2022, diesel consumption decreased
to 900 thousand tonnes and petrol consumption to
60 thousand tonnes. In addition, in 2022, out of 764.3
thousand units, 109.6 thousand units of agricultural ma-
chinery (14.3%) were destroyed and 50.7 thousand units
(6.6%) were damaged, with total losses of USD 4.7 bil-
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lion - USD 4.3 billion and USD 0.4 billion, respectively
(Report on direct damage..., 2023). The liberation of
territories and their partial demining in 2023 had con-
sequences for agriculture. Crop areas were expanded,
but they did not have a significant impact on the level
of fuel and energy consumption. In 2023, compared to
2022, it increased (according to estimates) by only 8%.
At the same time, the company used combined
tillage units that simultaneously perform several
technological operations, alternative fuels, increased the
share of low-energy crops in the structure of sown are-
as,and introduced advanced energy and resource-saving
technologies. Agricultural and transport operations con-




sumed 85% and 15% of diesel fuel, respectively. Petrol
was used mainly for transport (56%) and 44% for agri-
cultural operations. Reduced energy consumption in ag-
riculture has led to an 8-fold reduction in the energy in-
tensity of agricultural products - 5.2 kg of standard fuel

Kg. mind. fuel
45.0 416
40.0 A
35.0 -
30.0
25.0
20.0 -
15.0
10.0 -

5.0 A
0.0 -

2005
2006
2007

Ukraine. (n.d.)

11.6 10311410 3704

2008
2009
2010
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in 2022 compared to 41.6 kg in 1995 (Fig. 2).

Figure 2. Energy intensity of gross agricultural products,
i.e. of fuel per 1,000 hryvnias of gross production
Note: 20217, 2022% is an estimated value

~ . 0

y =-1,2449x + 36,397
R2=0.8328

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Between 1995 and 2023, fuel consumption per 1,000 hectares of agricultural land decreased by 3.4 times and
in 2022 amounted to 50 tonnes of equivalent fuel. At the same time, the cost of oil fuel per hectare of harvested

area increased. This was driven by rising fuel prices, the
introduction of intensive technologies, which involve
increasing the density of mechanized operations and
increasing crop yields.

Figure 3. Energy security of the land area, i.e. of fuel per 1,000 hectares of
agricultural land

Source: calculated from data of the State Statistics Service of

Ukraine (n.d.)
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——o— Consumption of DF per 1 ha of sowing, kg DAY

-------- Linear (Consumption of DF per 1 ha of sowing, kg
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The national economy is characterized by inter-sectoral price imbalances. Prices for oil products are growing
faster than for agricultural products (State Statistics Service of Ukraine, n.d.). To purchase them, agricultur-

al enterprises need to sell more agricultural products
annually (Table 2). In 1995, 1 tonne of diesel fuel cost
2.7 tonnes of grain,and in 2022 it cost 9.8 tonnes (>3.7
times). Compared to 2021, this figure has doubled. A
similar trend is observed for all types of agricultural

products.
Table 2. Equivalence of the exchange of agricultural prod-
ucts and oil fuel, i.e.
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Year
N o .
LN o LN o e} ™~ ©0 o o — ~ Nong <Y
oy o o o -~ < i i o o o~ N o o~ N
o o o o o o o o o o o ol E ~No E
for 1 ton of petrol
Grain 2.7 31 6.3 5.9 5.4 6.6 5.8 7.7 4.8 4.5 9.8 37 2.2
Sunflower 0.9 2.6 2.7 2.2 2.2 2.7 2.7 372 2.1 1.7 3 3.3 1.8
Sugar beets 5.5 11.2 148 139 219 30.3 335 39.6 2635 244 328 6.0 1.34
Beef 0.4 0.7 0.4 0.7 0.9 0.8 0.8 1 0.7 0.8 1.1 2.8 14
Milk 1.7 2.5 2.3 2.3 34 3.5 34 3.6 2.6 2.8 4 24 14
for 1 ton of diesel fuel
Grain 2.3 3 6.7 5.9 4.4 7.7 7.4 74 49 4.5 9.8 4.3 2.4
Sunflower 0.8 2.6 2.8 2.2 1.8 3.2 34 3.6 2.1 1.7 3.3 4.1 19
Sugar beets 4.8 11 157 139 177 351 426 379 269 243  36.2 7.5 15
Beef 0.4 0.6 0.5 0.7 0.7 0.9 1 1 0.7 0.8 1.2 3 15
Milk 15 2.5 2.5 2.3 2.8 4 4.4 3.5 2.6 2.7 4.4 29 1.6

Source: calculated based on the data (State Statistics Service of Ukraine, n. d,)

According to the State Customs Service of Ukraine (n.d.), in 2022, imports of petroleum products to Ukraine

in monetary terms amounted to USD 8.8 billion. This
is 56% higher than in 2021. In physical terms, imports
amounted to 7.3 million tonnes,which is 17% less than
in the previous year. According to the research, the re-
tail price of diesel fuel depends on the global oil price
and the exchange rate by 79.3%, while other factors
account for 20.7%. However, in 2022, other factors also
determined the dynamics of prices in the fuel market,
especially the rise in the cost of transportation logis-
tics. Starting in February 2022, the rise in fuel prices
was driven by higher logistics costs and, consequently,
higher dealer costs, in addition to the increase in oil

prices and changes in the national currency exchange
rate. To slow down price growth and stabilize prices, the
tax burden was reduced by cutting the value added tax
from 20% to 7% and cancelling the excise duty. This
has yielded results, and the dynamics of price growth
has slowed down (Fig. 4). Improved logistics and suf-
ficient imports in the second half of 2022 and early
2023 stabilized prices. And the refund of excise tax
and VAT from 1 July 2023 led to an increase in prices.
Figure 4. Dynamics of world prices for oil, petrol, diesel
fuel, and the exchange rate of the US dollar to UAH
Source: compiled according to information from the
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Every year, in mid-February, before the start of spring field work, fuel prices begin to rise seasonally. During
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this period, retail prices for fuels and lubricants used in
agriculture (low-octane petrol and diesel) will increase.
Since February 2022, fuel prices have risen sharply,
from 29.4 UAH/l in January to 49.5 UAH/L in June for
petrol and 29.4 and 56.4 UAH/L for diesel, following
the start of the Russian invasion and preparations for
spring field work. On average, petrol prices increased
by 70% and diesel prices by 92%. The rise in prices for
petroleum products was also driven by the lack of di-
versity in supply routes, with only European supply re-
maining. For the first time since October 2014, the price
of Brent Crude Oil on the global market reached USD
115 per barrel. USD per barrel (Ministry of Finance of
Ukraine, n.d.).

Despite forecasts of further growth in the price
of oil products, from mid-July 2022, the price began
to decline and by the end of August it had fallen by
5% (Prices and markets, n.d.). For example, in the same
period in Poland, the price of petrol was 5.8-6.4 zlotys
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(45-49 UAH) per litre compared to 6.6-6.8 zlotys (48-50
UAH) per litre in May of the same year (Ceny Paliw w
calej Polsce..., 2022). In other words, the price dynam-
ics on the Ukrainian petroleum products market were
changing in sync with the European one.

The main economic method of regulating the fuel
market is the excise tax. Until 2014, excise rates on die-
sel fuel were determined by the sulphur content. Start-
ing from 2014, the number of excise rates was reduced
to two, and a single rate was introduced from 2017 to
2023. In 2016, the excise tax rates on petroleum fuel
were transferred from EUR per 1000 kg to EUR per
1000 litres without increasing taxation, i.e. the excise
tax rate was adjusted by the conversion factor of kilo-
grams to litres (Tax Code of Ukraine, n.d.). In 2017-2022,
the excise tax rates on petroleum products remained
unchanged (Fig. 5).

Figure 5. Size excise tax on petroleum products in

Ukraine, 2011-2023
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On 15 March 2022, the Law on Additional Tax Incentives to Support Businesses in Time of War (Draft Law

on Amendments to Section ..., 2022) was adopted and
came into force on 17 March, aimed at, among other
things, curbing prices for petroleum products. The law
abolished the excise tax on fuel and reduced the VAT
rate from 20 per cent to 7 per cent. In August 2022,
the Cabinet of Ministers approved draft amendments
to the Tax Code of Ukraine (Draft Law on Amendments
to Section..., 2022) to partially refund the excise tax on
petroleum products that was in effect before the war.
The excise tax on fuel was set at EUR 100/1,000 litres,
which is almost double the pre-war excise tax rate for

petrol and one and a half times higher for diesel fuel.
This is significantly lower than the minimum level in the
European Union - 359 euros/1000 litres, as stipulated by
Directive 2003/96/EC (Tax Code of Ukraine, n.d.).
Forexample,taxrates in EU countries are as follows:
for diesel fuel, the UK - 647 euros/1000 litres, Italy -
617, Belgium - 600, Ireland - 515, the Netherlands -
512, Malta - 472, Germany - 470, Slovenia - 430, the
Czech Republic - 418, Slovakia - 398; for Euro-Super
95 petrol: the Netherlands - 808 euros/1000 litres, It-
aly - 728, France - 691, Finland - 684, Germany - 655,
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the United Kingdom - 647, Sweden - 639, Estonia -
563, Latvia - 520, Spain - 473 (Fuel taxes in the EU,
2023). Since May 2021, average retail prices for petro-
leum products have been regulated by the Ministry of
Economy of Ukraine and reviewed every ten days. These
measures somewhat restrained fuel price increases.
The Resolution of the Cabinet of Ministers of Ukraine
No. 594 (2022) suspended the quarantine regulation
that set the maximum trade markups to the average
price of petroleum products sold at petrol stations. The
decision to suspend was made with the expectation
that prices would not exceed UAH 52 per litre of petrol
and UAH 58 per litre of diesel fuel. With the outbreak
of hostilities on the territory of Ukraine on 24 Febru-
ary 2022, the country’s supply of petroleum products
became a matter of national importance. The situation
was most challenging for agriculture, which is in con-
stant need of diesel fuel to run agricultural machinery.
Therefore, traders’ competition for the right to supply
fuel to agricultural producers became another factor
in strengthening competitiveness. This restrained the
increase in retail prices (Draft Law on Amendments to
Section..., 2022; Resolution of the Cabinet of Ministers
of Ukraine No. 594, 2022, Tax Code of Ukraine, n.d.).

From 1 July 2023, VAT was refunded in Ukraine
(from 7 to 20%), while the excise tax was increased
from EUR 100 per 1000 litres to EUR 213 for petrol
and EUR 139.4 for diesel fuel (Law of Ukraine No. 9174,
2023). This decision was made due to: the volume of
petroleum products consumption, which will bring ad-
ditional monthly revenues to the state budget of about
UAH 8 billion; a decline in oil prices: from $140/bar-
rel in March 2022 to $75/barrel in early 2023 (Ministry
of Finance of Ukraine, n.d.); and the foreign exchange
costs of petroleum products during martial law are the
highest after weapons. This will reduce the outflow of
foreign currency, while an increase in the tax burden
and, consequently, higher prices will cause a decline in
oil fuel consumption.

The need to increase the efficiency of agricultural
production in the face of a permanent rise in the price

of oil products makes the issue of the energy intensity
of agricultural products a pressing one. The low solvency
of farmers, insufficient technical and technological sup-
port,and uneven fuel price increases are the reasons for
negative processes in agriculture. Therefore, the problem
of sufficient energy supply to meet their needs remains
acute. During 2014-2023, the dynamics of prices for
petroleum products and global oil prices changed syn-
chronously in certain periods. While the global trend of
declining oil prices was the opposite, the dynamics of
prices for petroleum products in Ukraine had the oppo-
site trend. This is primarily due to the upward trend in
the exchange rate. Given the results of the analysis, it can
be argued that the macroeconomic stability of the coun-
try is an objective condition for the effective functioning
and development of the national fuel market.

The article uses multiple correlation and regres-
sion analysis to identify the impact of individual factors
and their combination on the price of petroleum prod-
ucts and to establish price trends for the future. Based
on the results of the regression analysis, a model for
calculating the price of diesel fuel depending on world
oil prices (X1) and the exchange rate (X2) is built:

Y=-9.9018+0.1192X1+1.0989X2. (1)

The calculated regression coefficients show the
level of influence of individual factors independent of
each other on the resultant indicator. In particular, the
value of b1=0.1192 shows that an increase in the world
oil price by USD 1 per 1 barrel. USD per 1 barrel leads to
a 12 kopecks increase in the price of 1 litre of diesel fuel
at a constant dollar exchange rate (the second factor).
The value of b2=1.10989 shows that an increase in the
exchange rate of 1 USD by 1 UAH will lead to an increase
in the price of diesel fuel by 1.1 UAH per 1 litre, with the
world oil price unchanged (the first factor). Substituting
the projected values of oil prices and the exchange rate
into the equation, the projected prices for diesel fuel in
Ukraine in 2023-2024 were obtained (Table 3).

Table 3. Forecasted prices for diesel fuel in Ukraine in
2023-2024

The price is 1 USD, hryvnias

Price of 1 barrel of Brent oil, USD

36.56 38.50 40.00
78.0 49.57 51.70 53.35
90.0 51.00 53.13 54.78
105.0 52.79 54.92 56.57

Source: own calculations

According to the model, in 2023-2024 the price of diesel fuel in Ukraine will increase due to the main factors.

The built regression model for calculating the price of
diesel fuel in Ukraine depending on the price of oil and
the currency is the basis for identifying the directions of
development of the oil products market and forecast-
ing their prices in the short term.
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Overall, the fuel and energy market is quite dynam-
ic. The situation on it changes under the influence of in-
ternal and external factors. The growth in fuel prices is
influenced by the war in Ukraine, which resulted in the
suspension of fuel production by oil refineries, the in-




stability of the national currency and price fluctuations
in the global crude oil market. The increase in the cost
of petroleum products, in turn, affected the agricultural
sector. Limited fuel supplies in the first half of 2022 due
to constant shelling and, against the backdrop of this
situation, a rapid rise in fuel prices, led to a reduction in
the number of technological operations carried out in
the production of agricultural products. Improved logis-
tics and sufficient imports in the second half of 2022
and early 2023 stabilized prices and brought agricul-
tural production back to normal.

The issue of the agricultural sector’s supply of pe-
troleum products, given the industry’s great social sig-
nificance, is of interest to both Ukrainian and foreign
scholars. For example, W.Zhang et al. (2023) investigate
the dependence of prices in retail petroleum product
markets on world oil prices. In their study, they used a
nonlinear time series analysis approach that takes into
account the unique features of petroleum product mar-
kets and found asymmetric price adjustments depend-
ing on price shocks in the global oil market. This ap-
proach confirms the understanding of long-term price
relations, short-term dynamic adjustments and mech-
anisms of price reaction to sharp changes in crude oil
prices in the context of fuel markets.

The same conclusion was reached in their research
by another group of scientists who studied the impact
of market regulation on price fluctuations in the oil
products market in the long term (He & Lin, 2023). They
also studied the dependence of petrol and diesel prices
on the price of oil. Their findings show that the asym-
metric response of petrol and diesel prices to crude oil
prices is basically the same. Only the long-run asymme-
try was confirmed, while the short-run asymmetry was
not tested. The long-run equilibrium price is slowly rising
against the backdrop of oil price fluctuations, most likely
due to the increasing market power of oil companies.
This means that market power is approaching monopoly.

The relationship between fuel consumption and
agricultural productivity has been studied by J. Hu et al.
(2023). The researchers also study the impact of other
factors such as the state of industries, population struc-
ture, and energy structure. The relationship between
agricultural economics and energy management has
also been studied from the perspective of impact-based
policy. X. Wen et al. (2018) used univariate modelling to
determine the impact of the petroleum product pricing
reform on industry development. Their research indi-
cates that upward price adjustments have a greater im-
pact on market volatility than downward adjustments.

The dependence of taxation on fuel consump-
tion in the national economy and by the population
was studied by A.L. Proque et al. (2022). The results of
their research indicate that tax policy directly affects
production costs in industries that use vehicles more
intensively or consume fuel directly in the production
process, making changes in household income and con-
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sumption more significant. This leads to a change in
the budgetary constraints of the poorer segments of
the population through the income and substitution ef-
fect - a reduction in other consumption items. Meeting
the growing demand for fuel and energy resources in
the context of their shortage was studied by B. Lin &
M. Raza (2021). Using a translogarithmic production
function, they determined the elasticity of substitution
of energy inputs (petroleum products, electricity) with
non-energy inputs (labour and capital). They deter-
mined the limit to which energy inputs can be inter-
changeable without losing economic efficiency.

The fuel consumption of technical means used in
agriculture and its savings at different stages of the pro-
duction process were also studied by P. He et al. (2019).
They proposed a mathematical model that can describe
a model for scheduling agricultural machinery with a
minimum fuel consumption to optimize fuel consump-
tion in non-working activities (travelling between fields
and within fields). And they proved the possibility of sav-
ing up to 19.5% of fuel on internal logistics. Their re-
search provides a general framework for reducing fuel
consumption of heterogeneous agricultural machinery
by taking into account non-working distances in intra-
and inter-field logistics and making these agricultural
vehicles more economical and environmentally friendly.

The long-and short-run relationships between fos-
sil fuel prices, including oil and petroleum products,
and agricultural commodity prices were investigated by
S-M. Yoon (2022). The results of his research show a
significant short-term bidirectional causality between
oil, bioethanol, and grain prices. There is an asymmetric
and non-linear relationship between these variables.
There are also policy implications in this regard, such
as energy price stability, reducing energy dependence
on fossil fuels, promoting agricultural development,
environmental sustainability, energy conversion and
reducing greenhouse gas emissions.

Energy consumption is a matter of global concern,
namely due to the limited availability of energy sources
and the consequences in the form of gas emissions. In
the agricultural sector, this issue is of additional con-
cern, given that it is an economic activity that is sen-
sitive to the cost of inputs. The aim of the study by
V.J.P.D. Martinho (2016) is to analyse the energy use ef-
ficiency of European Union countries at the farm level
in terms of agricultural output and agricultural area
used. The researcher argues that increasing labour pro-
ductivity in agriculture can reduce the need for energy
and other inputs.

Given the high price of crude oil, the biofuel market
is growing. In such circumstances, it is also important
to introduce energy-saving technologies when using
agricultural machinery. M. Mattetti et al. (2022) studied
the issues of saving fuel resources in the operation of
agricultural machinery, in particular tractors. They in-
vestigated technical innovations that can save fuel and,

Scientific Horizons, 2023, Vol. 26, No. 12

177



178

State and prospects of fuel supply for agriculture in Ukraine

as a result, reduce emissions of pollutant gases such as
carbon monoxide (CO), nitrogen oxide (NOX), particu-
late matter (PM) and hydrocarbons (HC), gases emitted
with the greenhouse effect, such as CO,,.

Studying the prospects for increasing the energy
autonomy of the agro-industrial complex of Ukraine,
G. Kaletnik (2019), using the experience of highly de-
veloped countries in alternative energy sources, proved
that diversification of energy sources helps to reduce the
level of energy dependence of the agro-industrial com-
plex and is one of the factors of increasing the com-
petitiveness of agricultural products in the market by
reducing production costs.

Studying the scientific works of scientists from dif-
ferent countries who have studied fuel consumption
and its market, it is impossible not to agree with their
main ideas and conclusions: prices for petroleum prod-
ucts directly depend on the world oil price and gov-
ernment regulation of the petroleum products market,
and the number of technological operations performed
in the production of agricultural products affects the
efficiency of agricultural production and is a key factor
in increasing its competitiveness. Therefore, given the
limited availability of petroleum-based fuels, it is im-
portant for Ukraine to develop biofuel production and
diversify its supply of foreign oil fuels.

CONCLUSIONS

The study showed that over the past decade, the con-
sumption of fuel and energy resources by the agricul-
tural sector of Ukraine has significantly decreased. The
consumption of diesel fuel decreased by 40% and
petrol by 2.5 times. Since petrol is mainly used in
agricultural production for transporting products, the
significant reduction in consumption is explained by
the involvement of third-party organizations in trans-
portation. The decrease in diesel consumption had a
number of positive and negative reasons. The negative
factors include the rise in the price of fuel and energy
resources, which entails a reduction in the number of
technological operations performed and, accordingly,
a decrease in the efficiency of agricultural production.
On the positive side, the introduction of innovative
technologies that allow saving fuel by using combined
tillage machines, energy-saving tillage technologies

and precision farming. This, in turn, helped to reduce
the energy intensity of agricultural land and increase
the energy efficiency of agricultural production.

The structure of fuel consumption by industry has
also changed. Prior to Russia’s full-scale invasion of
Ukraine in February 2022, the agricultural sector had
been the main consumer of petroleum products for a
long time. Its share in total consumption was about 30%.
The war changed the structure in favour of the military
sector. Its share increased to 37% of total consumption in
the country, more than double the pre-war period.

The war and the resulting crisis in Ukraine’s econ-
omy led to an increase in fuel and energy prices in the
first half of 2022 by 70% for petrol and over 90% for
diesel. At the same time, disruptions in the logistics of
agricultural products due to constant shelling led to a
decline in their value and further exacerbated the prob-
lem of price disparity. Even the government’s policy of
restraining fuel prices by reducing taxation and can-
celling the excise duty in 2022 had only a temporary
effect. Over the past year, the increase was 1.5-2 times,
depending on the type of agricultural product.

Calculations showed a very close relationship be-
tween the price of fuel, the global oil price, and the
exchange rate of the national currency against the US
dollar. The established dependence made it possible
to forecast changes in fuel prices in the short term for
2023-2024, depending on changes in these indicators.
An increase in each of them will inevitably lead to
an increase in the cost of petroleum products on the
Ukrainian market. Therefore, in the current environ-
ment, it is important to restore and develop Ukraine’s
own production of both oil products and biofuels to re-
duce the overdependence of the national economy and
the agricultural sector in particular on external factors
that affect the fuel market, which will require further
research on this topic.
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AHoTauif. B yMoBax BOEHHOrO CTaHy B YKpaiHi, Konv HadgTonepepobHa NPOMMUCNOBICTb 3yNUHMAACA, @ OiNbLUiCTb
NOTICTUYHMX NAHLOTIB 3pYMHOBAHO, MUTAHHS 3abe3neyeHoCTi CilbCbKOroCnoAapCbkoro BMpOOHULTBA — rapaHTa
npoaoBonbyoro 3abesneyeHHs YKpaiHWM i CBiTy, MaJMBHO-EHEPreTMYHMMM pecypcaMu HabyBae 0cobanBoi
aKTyanbHoCTi. MeTa CTaTTi — AOCNIAUTU CNOXMBAHHSA HAadbTONPOAYKTIB B arpapHOMy CekTopi YkpaiHu B ymMoBax
BOEHHOIO CTaHy, AOCNIAMTM CTaH Ta AEPXKABHE PEryfoBaHHS PUHKY Ta NasbHOMO 3 HAMTOMPOAYKTIB 3NMPOrHO3yBaTH
iX UiHYy Ha nepcnekTuBy. Y cTaTTi 6yn0 BWMKOPUCTAHO HACTYMHi MeTOAM: HiaNeKTUYHMI, abCTPaKTHO-NOMIYHUNA,
CTAaTUCTUYHUI, KOPEensiLinHO-perpecinHuin, TabamyHnin i rpadiyHui, aHanisy pagie AMHAMIKM Ta CTPYKTYPHUX
3pyLUeHb, MOPIBHAHHS, CTPATEriYHOro NAaHyBaHHS Ta NPOrHO3yBaHHA. 338 pe3ynbTaTaMu AOCNIOXKEHb, 34IMCHEHUX 3
BMKOPUCTAHHAM CTaTUCTUUYHWUX METOAIB, MPOaHaNi30BaHO CMOXMBAHHS CiIbCbKOrOCNOAAPCbKMMU NiANPUEMCTBAMMU
6eH3MHY Ta AM3eNbHOr0 NasMBa, @ TAaKOX PO3PaxOBaHO iX BapTiCTb Ha rektap 3ibpaHoi nnowii. BctaHoBneHo, wwo
3MEHLUEeHHS 06CAriB BUKOPUCTAHHS NanbHoro y 2022 p. noBM3aHe 3 TMM, Wo Y4 NocCiBHMX nol, He Byno 3acisiHo y
3B93KY 3 BiliHO. byno TakoX [OCNIAXKEHO, SKa YacTKa NabHOro BUKOPUCTOBYETLCS A5 NOTped arpapHOro cekropy
E€KOHOMIKW. 3a pe3ynsTaTaMu KOPEensiLiMHO-perpecimHOro aHanisy BUSIBIEHO TICHMI 3BAI30K MiX BalOTHUM KYpCOM
i LUiHOW Ha gu3nanuBa B YKPAiHi Ta HEraTMBHMIM — MiX CBITOBOK Ha HadTy i LIHOKW Ha AM3enbHe ManbHe. 3aBASKM
BCTAHOBJIEHII 3aN1€XKHOCTI po3p0o6s1IeHO MOAENb PO3PaXYHKY LiiHW Ha AU3NaNMBO, BUXOASUM 3 CBITOBUX HAPTOBMX LLiH Ha
BAJ/ILOTHOrO KypCy Ta MPOBEAEHO pO3paxyHOK LiHW. OBrpyHTOBAHO, WO OCHOBHMM EKOHOMIYHUM METOAOM AepXKaBHOMO
peryntoBaHHS PUHKY NanbHOrO € BCTAHOBAEHHS aKLM3HOMO NoAaTKy. 3pobieH0 BUCHOBOK, LLLO CKOPOYEHHS CMOXXMBAHHS
NaNNBHO-EHEPreTUYHMX PECYpCiB Y arpapHOMyY CeKTopi YKpaiHW Npu3Beno A0 3MEHLUEHHS eHeproMicTKOCTi arpapHoi
npoaykuii. Pesynetatv gocnigpkeHb MatoTb NPAKTUYHE 3HAYEHHS, IKEe L03BO/UTb BUSBUTU AeCTabiNi3youi YUHHUMKM Ha
PVHKY HadTK | HaTONPOAYKTIB, a TAKOX CHOPMYBATH NONITUKY AEPXKABU, KA CNPUATUME BUKOPUCTAHHIO EHEPrETUYHNUX
pecypciB, 30Kpema pifKoro naamea,y CiflbCbkOMY rocnofapCcTBi B YMOBaX BOEHHOIO CTaHy

KniouoBi cnoBa: CinbcbKorocnogapcbKi NiANPUEMCTBA; €HEProMicTKiCTb; eHepro3abesneyeHicTb; BOEHHWI CTaH;
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A clinical case of a mixed testicular tumour with cryptorchidism...

work is to determine the pathohistological structure of neoplasia of the left, cryptorchid, and morphology
of the contralateral testes in a Yorkshire Terrier male with unilateral cryptorchidism. General clinical,
ultrasonographic, radiological and histological methods were used in the examination of the animal. The
article presents data on a mixed tumour of the intraperitoneal left testis of a 6-year-old Yorkshire Terrier, which
is an atypical clinical case. It was found that the characteristic ultrasonographic features of the cryptorchid
left testis tumour were numerous isoechoic foci of different diameters (from 4 to 26 mm), hyperechoic septa,
and tuberous contours with a hyperechoic capsule. At laparotomy, the altered testis had an uneven surface
saturated with blood vessels. The section showed milky-white neoplastic areas separated by fibrous bands
that did not correspond to the normal structure of the organ. Histological examination of the parenchyma
revealed areas of similar rounded cells in the form of a group of shapeless masses separated by a fibrous
barrier.Neoplastic tubules had a developed fibrovascular stroma with an eosinophilic necrotic area. The protein
membrane also had numerous fibrous formations. The layers of multifaceted cells were located perpendicular
to the basal lamina, often with central necrosis, and the testicular mass contained multifocal haemorrhages.
Such signs are characteristic of the lesion of Sertoli cells and interstitial Leydig cells, which indicated a mixed
type of tumour of the left extraperitoneal testis of the Yorkshire Terrier. The contralateral right testis was
unchanged and corresponded to the natural morphological and histological structure. The prostate was normal
on macroscopic and histological examination, which has not been previously reported. Six-month follow-up of
the dog showed no signs of metastatic process. The practical significance of the work is to obtain new scientific
knowledge about the development of mixed tumours of the testis in cryptorchid males and the prospects for
the treatment of diseased animals

Keywords: neoplasia of the testis; extraperitoneal testis; Sertoli cell tumour; interstitial Leydig cells; fibrovascular

stroma

INTRODUCTION

Neoplasms of the canine gonads are playing an in-
creasingly important role in small animal veterinary
medicine due to the improvement of clinical diagnosis
and treatment regimens. Cryptorchidism is a common
abnormality of male reproductive development. With
anincrease in temperature (namely,body temperature),
the germ cells of the testis are depleted, inflammatory
reactions develop that negatively affect somatic cells
(Sertoli, Leydig), and can provoke neoplasia. The strat-
egy for treating males with cryptorchidism should be
based on an understanding of the characteristics of
neoplastic processes in the testes. Depending on the
histological characteristics of the altered cryptorchid
testis, the feasibility of using either surgical treat-
ment alone or supplementing surgical intervention
with chemotherapy is determined. The morphological
characteristics of the tumour determine the choice of
chemotherapeutic drugs, the scheme of their use, the
list of methods for diagnosing distant metastatic pro-
cesses in the body, as well as the prognosis for life, so
the topic of research is relevant.

H. Aupperle-Lellbach et al. (2022) note that an
important part of diagnosing patients with neopla-
sia is the histopathological examination of neoplasia,
taking into account changes in the behaviour of the
sick animal. According to the World Health Organiza-
tion (n.d.), testicular tumours are quite common and
are classified into interstitial cell tumours (Leydig cell
tumours), seminomas and sustentacular cell tumours
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(Sertoli tumours). Other neoplastic tumours are less
common and are divided into mixed germ cell, stro-
mal, and spermatic cord tumours. In dogs, testicular
tumours are the most commonly reported genital tu-
mours (16.8%), of which 56.3% are cryptorchid and
44.7% are scrotal (WHO, n.d.). Based on the results
of studies of the prevalence, clinical manifestation,
macroscopic and histological aspects of testicular ne-
oplasms in males, Nascimento et al. (2020) noted the
development of gonadal neoplasia in animals over 8
years of age.

The Fédération Internationale Cynologique In-
ternationale has officially recognized about 350 dog
breeds as being pronetodiseases,including neoplasmes.
A group of researchers (Baioni et al.,, 2017) noted that
in the development of tumours in dogs of the German
Shepherd, English Setter, Italian Hound, Maremma
Shepherd breeds, the proportion of affected animals
depends on the popularity of the breed in different
time periods of human life. The work of C. Gradil &
R. McCarthy (2023) shows that one of the risk factors
for testicular neoplasia in males is cryptorchidism,
which causes a 26-fold increase in the risk of Sertoli
cell tumours and a 15-fold increase in seminoma. Dog
breeds with more frequent occurrence of cryptorchid-
ism than others include Chihuahua, Zwergschnauzer,
Pomeranian Spitz, German Shepherd, Siberian Husky,
Poodle, and Yorkshire Terrier. It has not been possi-
ble to establish the exact cause of cryptorchidism in




animals, but it is believed that this pathology is as-
sociated with a defect in the auto-recessive sex trait,
which is often recorded in these breeds of dogs. The
diagnosis of cryptorchidism (intra-abdominal or ingui-
nal) is difficult, as such testes cannot be palpated, so it
is advisable to use radiographic and ultrasonographic
studies, which also help in the diagnosis of testicular
neoplasia (Othman et al.,, 2022).

N.l.Mykhalenko & D.V.Voitsekhovych (2017) found
that interstitial cell tumours (Leydig cell tumour),
seminomas and Sertoli cells are the most commonly
reported tumours in dogs. Most of the publications on
these testicular neoplasms are case reports of dogs of
different breeds. There are only a few cohort studies
that report on a population-based tumour registry in
dogs (Kudo et al., 2019; Manuali et al., 2020), but they
do not describe the clinical characteristics of testic-
ular neoplasia. E. Chiti et al. (2022) report the need
for curative orchiectomy for bilateral mixed testicular
tumour, which has a positive result.

The analysis of the literature shows that cryp-
torchidism is a risk factor for testicular neoplasms in
males; testicular tumours in males are common; his-
tological examination of testicular tumours in cryp-
torchid males is important for establishing the diag-
nosis; orchiectomy gives positive treatment results;
clinical and histological characteristics of cryptorchid
testes with neoplasia are described sporadically and
are not described in the national scientific literature.
Thus, the study of a case of a mixed testicular tumour
with cryptorchidism in a dog is useful for establish-
ing the prevalence of testicular neoplasia in animals,
characterizing the factors associated with the occur-
rence of this tumour, and describing original histolog-
ical features that may be diagnostic in understanding
their pathogenesis. This study aimed to histologically
investigate and describe a clinical case of a testicu-
lar neoplasm removed from the abdominal cavity of a
left-sided Yorkshire Terrier, which was first documented
in the literature.

MATERIALS AND METHODS

The study was conducted at the Veterinary Medicine
Clinic in Poltava in 2022-2023.The owners of a 6-year-
old male Cryptorchid Yorkshire Terrier complained of
decreased appetite and anxiety, especially at night. The
dog is vaccinated against plague, parvovirus, leptospi-
rosis, infectious hepatitis, parainfluenza, rabies. The dog
is treated twice a year (in early spring and autumn) for
ectoparasites. The animal consumed high quality food
in accordance with all feeding standards. Water was
freely available.

The dog was examined according to the following
scheme: collection of anamnestic data, examination of
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habitus, palpation, auscultation, thermometry, ultra-
sonographic examination of the abdominal cavity. Ul-
trasonographic examinations were performed with an
ultrasound machine Sono Scape A6 (China), sectoral
transducer (frequency 6.0 MHz). After the ultrasono-
graphic detection of the neoplasm, an examination
radiography of the animal was performed to exclude
metastatic tumours. After that, a decision was made
to surgically remove the tumour. The laparotomy was
performed along the white line of the abdominal wall,
according to the generally accepted method. The right
testicle was removed in an open way, with ligation of
the spermatic cord.

After extirpation of the testicular neoplasm, histo-
logical examinations were performed on the selected
organs, which were numbered and fixed with a 10%
aqueous solution of neutral formalin. The organ tissue
pieces were washed under running water, dehydrated
with aqueous solutions of ethyl alcohol in increasing
concentration, and then embedded in paraffin. The par-
affin blocks were cut on a sled microtome (type MPS-2,
China) to obtain a histological section (7-10 ym thick),
stained with Karatzi’s iron haematoxylin and eosin. The
obtained histological sections were examined under
a light microscope MICROmed XS-5520 (objective x4,
x10, x40; eyepiece x10, x20). A 3 Mpix MICROmed dig-
ital camera (China) was used to take digital photos of
the histological material.

The histological characteristics were assessed ac-
cording to the World Health Organization (WHO) histo-
logical classification of genital tract tumours in domes-
tic animals. All studies were conducted in accordance
with modern requirements, standards, and methods
(requirements of DSTU ISO/IEC 17025:2006 (2006)),
Law of Ukraine No. 27 (2006), Order of the Ministry of
Education and Science, Youth and Sports of Ukraine No.
249 (2012), European convention for the protection of
vertebrate animals used for research and other scien-
tific purposes (1986).

RESULTS AND DISCUSSION

After evaluating the results of the anamnestic data, the
animal was diagnosed with sleep disorders. Abdominal
wall palpation revealed a dense mass in the abdom-
inal cavity. Ultrasonographic examination revealed an
11x13 cm mass of heterogeneous echogenic structure.
The structure of the neoplasm was represented by nu-
merous isoechoic foci, ranging in diameter from 4 to
26 mm, with hyperechoic septa of various thicknesses,
uneven contours (Fig. 1). The lesion was well vascular-
ized and corresponded to a degenerated parenchymal
organ, its contours were tuberous and had a hyperecho-
genic capsule. In general, it is impossible to determine
the type of neoplasm by ultrasonography.
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Figure 1. Ultrasound examination of a dense mass
in the abdominal cavity

Based on anamnestic data, a diagnostic and ther-
apeutic laparotomy was performed. An abdominal ex-
amination showed that the neoplasm was a modified
left testis, which was removed. The right testis was
unchanged and corresponded to the anatomical char-
acteristics of clinically healthy dogs, with its own vag-
inal membrane formed by serous tissue, extending to
the epididymis and mesentery. The connective tissue
capsule of the testis was dense, closely fused with the
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serous membrane, and from the head end of the organ
it was immersed in its thickness and formed the me-
diastinum of the testis. Numerous partitions extended
from the mediastinum, dividing the testis into separate
chambers. The right testis was small, 22x16 mm in size,
round-ellipsoidal in shape.

Histological examination of the contralateral testis
showed that the protein membrane was a dense col-
lagenous tissue with elastic fibres and formed parti-
tions that divided the testis into lobes. The basis of the
lobules was loose connective tissue permeated with
tortuous seminiferous tubules, which represented the
parenchyma. The wall of the seminiferous tubules was
formed by its own membrane, which had basal, myoid
and fibrous layers. Thus, the histological structure of
the contralateral testis was normal.

Macroscopically, the retroperitoneal cryptorchid
testis was characterized by the presence of an uneven,
hyperaemic surface with dilated vessels (Fig. 2A). Loss
of normal architecture was observed on the surface of
the testis section. Multifocal cavitational haemorrhages
were recorded over the entire area of the incision and on
the surface of the testis (Fig. 2B). The prostate gland and
mediastinal lymph nodes were severely enlarged. Homo-
geneous white parenchymal masses separated by dense
connective tissue septa were found on the section.

Figure 2. Macroscopic changes of the testis during unilateral cryptorchidism
Note: A - Semin (cryptorch) with the development of a seminoma: 1 - neoplasm; 2 - venous stasis; 3 - epididymal
appendage; 4 - right testicle, without pathology (removed by castration). B — macroscopic changes in the testicle (sagittal
section) with unilateral cryptorchidism: 1 - neoplasm; 2 - testicle parenchyma; 3 - accessory edge of the testicle; 4 -

multifocal cavitation haemorrhages

Pathologically, the retroperitoneal cryptorchid
testis was diagnosed as a mixed sertolioma (a tu-
mour of Sertoli and Leydig cells of non-germ cell ae-
tiology). Histological examination of the neoplasms
revealed areas of parenchyma with similar rounded
cells (Fig. 3A) with clear contours, light cytoplasm and
large nuclei that formed conglomerates of shapeless
masses (Fig. 3G). Such groups of cells were separated by
fibrous partitions (Fig. 3B). In some areas, the growth
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of germ cell epithelium was observed, which filled
the cavity with the convoluted seminiferous tubules
(Fig. 3B, 3C), which led to the damage to Sertoli cells,
and thus made further gametogenesis impossible.
Similar research results have been reported by other
researchers, in particular, the authors pointed to the
coexistence of a Sertoli cell tumour and proliferation
of interstitial Leydig cells in a male that was not a
cryptorchid (Chiti et al.,, 2022).




Kanivets et al.

Figure 3. Histological changes of the testis in male seminoma
Notes: Haematoxylin and eosin staining. Magnification Ax64, Bx64, Cx160, Dx640. A: 1 - growth of germinogenic
epithelium; 2 - capillary blood filling; 3 - walls of tortuous seminiferous tubules; 4 - lumen of tortuous seminiferous
tubules; B: 1 - growth of germinogenic epithelium; 2 — connective tissue elements forming testicular septa; 3 - leukocyte
infiltration; 4 - tortuous seminiferous tubules; C: 1 - growth of germinogenic epithelium; 2 - capillary blood filling; 3 -
connective tissue elements forming testicular septa; D: 1 - germinogenic epithelium in the lumen of the seminiferous
tubule behind seminomas; 2 - fibrous partitions;

It was found that the protein membrane of the ret-
roperitoneal cryptic testis was thickened, with numerous
fibrous formations. Densely packed neoplastic tubules
of irregular size were separated, with a well-developed
fibrovascular stroma. The convoluted seminiferous tu-
bules consisted of many layers of moderately pleomor-
phic spindle-shaped cells or multifaceted cells arranged
perpendicular to the basement membrane, with or with-
out central necrosis. These tumour cells had a rounded
or elongated nucleus and/or dense eosinophilic or vacu-
olated cytoplasmic lesions with an indistinct cell border
and pattern. Some large neoplastic tubules contained an
eosinophilic central necrotic area. Many small immature
tubules penetrated the thickened protein membrane.
Severe multifocal haemorrhages and necrotic foci were
also observed in the testicular mass. Morphologically,
the tumour cells resembled Sertoli cells in the testis.

Unilateral cryptorchidism provokes the develop-
ment of testicular parenchymal atrophy, causing dys-
trophy, necrosis, and neoplasia, which subsequently

grows into metastatic tumours (Crescio et al, 2022).
According to the study of the clinical condition of the
dog, after removal of the neoplastic cryptorchid tes-
tis, no metastases were detected within six months of
development. The data obtained on the clinical signs
of this pathology only partially correspond to sim-
ilar cases of cryptorchidism, in particular, in bilateral
cryptorchidism in an 11-year-old poodle, clinical signs
were characterized by bilateral symmetrical alopecia
swelling of the prepuce, gynaecomastia, seborrhoeic
dermatitis with scales (DeForge, 2020), in a 4-year-
old Lhasa Apso Cryptorchid — hyporexia and tremors
(tremors), blood tests in case of cryptorchid neoplasia
in dogs were characterized by anaemia and thrombocy-
topenia. There have also been reports of lameness and
tenderness on scrotal palpation (Padaliya et al., 2023).
Considering the results of studies by other authors, it
can be noted that the dog reported in this article had
only sleep disturbance as clinical symptoms. Palpation
revealed the presence of a tumour in the hypogastrium,
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but the animal did not demonstrate pain. The appetite
was slightly reduced.

Most veterinarians are of the opinion that the clin-
ical signs of cryptorchid testicular neoplasia are not
specific, so a combination of imaging methods is used
for the final diagnosis — abdominal ultrasound, colour
Doppler, and plain radiography (Tannouz et al., 2019).
To confirm the diagnosis, an ultrasound examination
of the abdominal cavity was used, which revealed the
formation of a heterogeneous echogenic structure
with a hyperechoic capsule of uneven contours. Similar
changes in the studies of dogs with testicular tumours,
including cryptorchid tumours, were noted by Italian
researchers R. Orlandi et al. (2022), including complex
structural formations surrounded by a hyperechoic cap-
sule. Along with testicular neoplasia, an enlargement
of the prostate gland is reported, its parenchyma be-
comes heterogeneous and alternates with polycystic
formations (Sun et al,, 2017), which was not observed
in the case described in this article. The prostate gland
ultrasonographically, macroscopically and histologically
did not differ from that of clinically healthy animals.
Probably, the condition of the prostate was maintained
by the endocrine function of the non-cryptic testis. Ob-
viously, in bilateral cryptorchidism, the hormonal status
changes more clearly than in unilateral cryptorchidism.

One of the imaging methods for neoplasia is radi-
ography, which can detect metastases to bone tissue,
parenchymal and other organs. Radiological diagnos-
tics in separate studies by M. Russo et al. (2021) demon-
strated bone proliferation and lysis of the humerus, le-
sions of the left tenth rib and lumen of both proximal
humerus metaphysis. At the same time, the described
cases of radiography do not indicate a clear localization
of the testis into the hypogastrium, which is associated
with a variety of breed characteristics and pathophys-
iological conditions. According to other researchers, in
particular E.Park et al. (2017), in the case of a combined
tumour (Sertoli cells and interstitial Leydig cells), no
metastasis was detected on plain radiography. This in-
dicates the feasibility of surgical treatment. In order to
assess the degree of the pathological process, it is pro-
posed to determine the concentration of testosterone
and estradiol in the blood, the level of which increases
in the case of cryptorchidism.

Intraperitoneal testes (cryptorchid) have a high risk
of developing neoplasia compared to intrascrotal testes.
Changes in the cryptorchid testis are macroscopically
characterized by dense parenchyma and the presence
of rounded lesions in the periphery. Leydig cell hyper-
plasia is more common in older dogs, while Sertoli cell
tumours, seminomas and leidigomas are reported in the
testes with approximately equal frequency, but a signif-
icant percentage of neoplasia in retroperitoneal cryptic
testes is diagnosed as seminoma. Histopathologically,
there is abundant eosinophilic cytoplasm with round
(oval) nuclei and punctate nucleoli (Pecile et al., 2021).
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In the case of malignant seminoma, metastases pene-
trate the lymph nodes and bones, with possible foci in
the scrotum, vaginal membrane, and, after a while, the
skin and perioesophageal structures.

In order to treat metastatic seminoma in dogs, mul-
timodal therapy consisting of surgery and chemother-
apy is used (Kisani et al., 2017).In the case described in
this article, both the retroperitoneal cryptorchid testis
and the contralateral unaltered testis were surgically
removed from the dog. Since the tests performed on
the animal did not reveal a metastatic process, chemo-
therapy was not used. Further monitoring of the dog’s
condition, as already reported, showed the appropriate-
ness of this decision. According to V.G.S. Tannouz et al.
(2019), unilateral cryptorchidism has a right-sided lo-
calization, which is due to the fact that the right testis
is formed more cranially than the left,and therefore the
path to the scrotum is longer. An unusual case of unilat-
eral cryptorchidism of the left testis with neoplasia was
recorded in the dog under study, which has not been
reported in the literature.

CONCLUSIONS

Clinical examination of a 6-year-old male Yorkshire Ter-
rier revealed a dense 11x13 cm mass in the abdomen.
Ultrasound examination of the mass was characterized
as a neoplasia with numerous isoechoic foci with hy-
perechoic trabeculae of various shapes and contours,
with advanced vascularization. Given the history of uni-
lateral cryptorchidism, the tumour was considered as a
neoplasia of the extraperitoneal testis. Given the po-
tential malignancy of the neoplastic process described
in the literature, an additional plain radiography was
performed, which did not reveal metastases in the tho-
racic cavity and skeleton. The extraperitoneal testis was
surgically removed, as well as the contralateral testis.
Histological examinations showed that the pa-
renchyma consisted of conglomerates of shapeless
masses formed mainly by uniform round cells, light
cytoplasm and large nuclei. In addition, there was an
overgrowth of germ cell epithelium, filling the cavity
with the seminiferous tubules. Thus, structurally, the
tumour is a combination of Sertoli cells and interstitial
Leydig cells. At the same time, the contralateral tes-
tis had a natural histological structure. The prostate
gland looked normal macroscopically and histologi-
cally, which was not previously described. Postopera-
tive six-month follow-up showed no evidence of meta-
static disease. This study emphasizes the importance of
early diagnosis and treatment of neoplastic tumours in
animals, especially those with certain risk factors such
as cryptorchidism, and shows that histological analysis
is an important tool in determining the structure of
the tumour and choosing further treatment tactics.
Additional monitoring and statistical data may help to
develop a better understanding of the frequency and
nature of neoplastic processes in cryptorchid males, as




well as their impact on the health of these animals in
the future. The results of the study also highlight the
importance of an interdisciplinary approach to medical
diagnosis and treatment of animals, including the use
of ultrasound, histology and other methods to obtain a
complete clinical image of the tumour. The data also in-
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The prospect of further research is the accumula-
tion of our own statistical data on the frequency of neo-
plasia in cryptorchid males, their histological structure
and the impact on metabolic processes in the body of
these animals.

dicate the possibility of developing more individualized ACKNOWLEDGEMENTS
treatment methods, taking into account the histological  None.
characteristics of each specific case of neoplasia in an
animal. This approach can improve treatment outcomes CONFLICT OF INTEREST
and increase the chances of recovery. None.
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AHoTauis. licTonoriyHe [OCNILXKEHHS MyXAMH TECTUKYN Yy KOoOeniB-KpMnTOpXiB [03BOMSIE BM3HAUMTM XapakTep
Heonnasii, N(pPOrHo3 po3BUTKY BiAaNEHMUX HACNIAKIB Y BUMNSAI MeTacTas, BU3HAYUTU ONTUMANbHUIA METOS, NiKYBaHHS
TBAPUHM, O BU3HAYAE aKTYaNbHiCTb AOCNIIKEHb Y Ui chepi. MeTolo poboTM € BM3HAYEHHSI MATOriCTONOMYHOI
6ynoBu Heonnasii NiBOro, KpUTOpXiyHOro, Ta Mopdonorii KOHTpAaTepanbHOro CiMAHWMKIB y Kobens nopoam
MNOPKLUMPCbKUIA TEPEP 33 OLHOCTOPOHHLOIO KPUMTOPXi3My. Y 0BCTEXEHHI TBAPUHU BUKOPUCTAHO 3arasbHOKMiHIYHI,
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YAbTPACOHOrpadiyvHi, peHTreHoNOoriYHi Ta riCTONOrYHI METOAM AOCNiIAXKEHHS. Y CTaTTi HaBeAEHO AaHi LWOAO 3MillaHOi
NYyX/IMHWU BHYTPIiLLHbOOYEPEBMHHOMO NiBOr0 CiMSIHMKA MOPKLUMPCLKOrO Tepepa BiKOM 6 pOKIB, WO € HETUNOBUM
KNiHIYHUM  BMNAAKOM. BCTaHOBNEHO, WO XapaKTEPHUMMU YNbTPACOHOrpadiyHUMKU O3HaKaMM HOBOYTBOPEHHS
KPUNTOPXOBOrO NiBOr0 CiMAHMKA OynM YMCNeHHi i30exoreHHi ocepedku pi3HOro Aiametpy (Big 4 oo 26 Mm),
rinepexoreHHi Nneperopoaku, ropbuCTi KOHTYpM 3 rinepexoreHHo Kancynot. 3a 1anapoToMii 3MiHEHWUIA CIMSHUK MaB
HepiBHY NPOCOYEHY KPOBOHAMOBHEHWMM CyAMHAMM NOBEPXHI0. Ha po3pi3i peecTpyBann MONOYHO-6iNi HEONNACTUYHI
LiNSHKK, po3aineHi BONOKHUCTUMM CMyraMu, SKi He BiAnoBifanu HopManbHii OyaoBi opraHy. 3a ricTonoriyHoro
LOCNIKEHHS B NapeHXiMi peecTpyBanu AiNSHKM OQHOTUIMHUX OKPYIAUX KNITUH Y BUMNSAI rpynu 6e3dopMHoi Macy,
Wwo 6ynu po3aineHi GibposHMM BapepoM. HeonnacTuuHi kaHanbli Manu po3BMHeHY (ibpPOBaCKyNsipHY CTPOMY, 3
€03MHO(DINbHOK HEKPOTUYHO AinsaHKo. binkoBa 060M10HKa TakoX Mana uucneHHi GibposHi yTBopeHHs. Wapwu
6araTorpaHHMX KNiTMH pO3TalIOBYBAaNUChb NEPRNeHAMKYNSpHO A0 6a3anbHOi NNACTMHKKM, YacTo 3 LEeHTPasbHUM
HEeKpO30M,TeCTUKYNIIPHA Maca MicTUNA MyNbTUMOKANbHI KPOBOBUAMBW. TaKi 03HaKM XapaKTePHi AN YPaXKEHHS KNITUH
CepToni Ta iHTepCTULIaNbHUX KNITWH Jleiaira, Wwo BKa3yBano Ha 3MillaHWi TUM NyXJIMHK NiBOrO N033a04epeBUHHOMO
CiIMSHMKa MopKWwMpcbkoro Tepepa. KoHTpnatepanbHuii nNpasuii CiMaHWK 6yB 6e3 3MiH i BiANOBiLAB MPUPOLHIW
MopdorictonoriyHin 6ynosi. [pocTata 3@ MaKpOCKOMIYHOrO Ta MCTONOMYHOMO JOCNIAXKEHHS BiANOBIAANA HOPMI, LU0
paHilwe He nosigomnsnock. LWectumicsaye cnoctepexeHHs 3a cobakok HAsBHICTb 03HAK MeTacTaTMYHOro npouecy
He BuaBKNO. [pakTnyHe 3HaYeHHS pOBOTU NONAra€E Yy OTPUMAHHI HOBMUX HAayKOBMX 3HAHb LLOAO PO3BUTKY 3MilLAaHUX
NYXAWH CIMAHKKA Y KODeniB-KpUMNTOPXiB Ta NEPCMNEKTUB NiKyBaHHS XBOPUX TBAPUH

KntouoBi cnoBa: Heonnasis CiMaHMKa; N03ao4epeBUHHUI CIMSHUK; NYXIMHA KNiTMH CepToni; iHTepCTULIaNbHi KNITUHM
TNeipira; dibpoBackynspHa cTpoma
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