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dairy heifers during the economic year under loose housing conditions of industrial dairy complex. The study used
a modified differential diagnosis of the morphometric and functional state of the ovaries at a fixed time of the
sexual cycle - from 7 to 9 days after ovulation of the dominant follicle (Day O of the cycle). To compare the results of
transrectal examination of heifers in different seasons of the year, the technique of visualisation of palpation data in
vivo was used. 175 heads of heifers of mating age were examined, among which on the 7-9th day of the sexual cycle,
55.42% were found to have a palpable corpus luteum in the ovary according to the stage of development, 26.96% had
premature lysis of the corpus luteum, 8.57% had morphological and functional formations on the surface of the ovary,
and 9.14% had symptoms of degenerative gonadal pathologies. Subsequently, animals with degenerative changes in
the ovaries (follicular kytosis) did not take part in the study. The remaining heifers had ovaries with symptoms of in-
depth hypotrophic changes in the tissues (30.00%) or signs of premature lysis of the corpus luteum (33.33%). During
the economic year, a pronounced dynamics in the growth or decrease of hypotrophic phenomena in ovarian tissues
was noted; the best indicators of morphometry and functional activity of heifers were observed in the warm season,
which indicated a considerable effect of fresh air and solar insolation on the sexual function of heifers of mating
age. It was found that the level of fertility of heifers during the year (an average of 40.02%) indicated the presence
of errors in the technology of growing replacement stock in an industrial enterprise. The findings can be useful for
optimising the schemes of hormonal synchronisation of the sexual cycle of replacement heifers and for the correct
selection of hormonal therapy in case of symptoms of decreased sexual activity

Keywords: heifers; sexual cycle; corpus luteum; morphological and functional state; polymorphism; hypogonadism

INTRODUCTION

Decrease in fertility levels of dairy cows is an urgent
problem in modern dairy farming. The infertility of
the dairy herd substantially affects the profitability of
dairy production, which is noted in numerous stud-
ies by Ukrainian and Western European authors. Thus,
according to Ukrainian researchers, the prevalence of
infertility in the dairy herd can reach 45-49%, and in
5-76% of cases, pathology of reproductive organs is
the reason of sexual function disorders. According to
0.0.Borshch et al. (2020), 53% of gynecological diseases
were diagnosed with the persistence of corpus lute-
um, 42% - with ovarian hypofunction, and 5% - with
cystic lesions of the gonads. A sufficiently long period
of heifers until they reach physiological (economic)
maturity is a biological feature of cattle as a type of
productive animal. During this period, in industrial con-
ditions young animals’ organism is exposed to heter-
ogeneous harmful factors, which can negatively affect
the development and further functioning of gonads
(Bors et al., 2018; Bors & Bors, 2020).

It is well-known that the ovaries of heifers are char-
acterised by essential polymorphism, which is associ-
ated with a significant physiological conditions (preg-
nancy, childbirth and the postpartum period). According
to 0.0. Borshch et al. (2020), A. Channo et al. (2022), the
size of the ovaries in the follicular stage of the sexual
cycle ranges from 2.0x1.5x1.5 cm to 4.0x3.0x3.0 cm. Fur-
thermore, researchers point to high variability in heifer
ovarian weight, which depends on the presence of the
corpus luteum and the stage of its development or re-
gression. Thus, according to L.H. Yevtukh et al. (2022),
in the presence of the corpus luteum the ovary weight
averaged 4.95-7.25 g, and in the absence of the corpus
luteum - 4.78-4.98 g. According to transrectal palpa-
tion, these organs are oval in shape, with a firm elastic
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consistency (Szelényi et al., 2019). The findings obtained
by R. Alvarez et al. (2023) suggest that the physiological
and clinical state of the gonads during the phases of the
physiological sexual cycle or gonadopathy of various eti-
ology is understudied. The author states that this distorts
the picture of the morphometry and linear dimensions of
the cow’s ovaries. The data varies considerably and de-
pends on both the research methods (in vivo or postmor-
tem) and the development of follicles and corpora lutea.

In cases of gonadopathy, F.X. Donadeu et al. (2020)
found considerable deviations from normal morphol-
ogy due to pathological formations, including follicu-
lar and luteal cysts, polycystic disease, etc. According
to O.A. Baban et al. (2021), a decrease in the size of
the ovaries of cows may be associated with hypotro-
phy, i.e., a decrease in the size of the cells of the tis-
sues of the cerebral and cortical layers or hypoplasia.
B.M. Jaskowski (2019) explains this phenomenon by a
decrease in the number of cells due to functional for-
mations of different phases of the cycle, namely folli-
cular or luteal. According to A.M. Getahun et al. (2021),
there are no criteria for the differential diagnosis of
these pathological phenomena in gonadal morphology
at the macro level, which is determined by significant
differences in the diagnosis of hypotrophic changes in
the ovaries of cows, in particular, heifers of breeding age.

S.Y. Peng et al. (2020) provide signs of ovarian hypo-
function that are used as diagnostic criteria for this pa-
thology. This makes contradictory recommendations for
the prognosis of pathological conditions of the gonads
and methods of prevention and therapy of gynecological
diseases.According to V.Rottgen et al. (2020), ovarian hy-
pofunction is common among 10-68% of infertile cows
and is characterised by anaphrodisia, normal ovarian
size, reduce in vesicular follicles or their absence.




The polymorphism of gonads of heifers of mating
age has been understudied, despite the functional in-
fluence of these genital organs on the productive char-
acteristics of dairy cows during the reproductive use
of females. That is why the purpose of this study was
to determine the prevalence of hypotrophic ovarian
changes on the 7-9th day of the sexual cycle of heifers
of mating age during the year in different seasons.

Roman et al.

MATERIALS AND METHODS

The study was conducted in 2021-2022 years. Animals
were kept in loose housing conditions in an industri-
al-type dairy complex, which was part of agricultural
holdings in the south of Ukraine (Odesa region), on a
stock of Ukrainian red dairy heifers (n=175), which were
examined before being put into groups for artificial in-
semination when the achievement of zootechnical pa-
rameters of breed standards

Research materials

>
Research methods »|  Structural and comparative, Clinical
statistical
Visual, clinical, and N Differential
reflexological g palpation
Research structure |—>| Chronological |—>| Seasons of the year
Cyclic (according to the
Additional biotechnological phases of the sexual cycle)
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Fertility control on
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[ Generalisation of indicators, biometric data processing, discussion of results ]

Figure 1. General methodological scheme of examination of the in vivo ovaries of heifers of mating age
Notes: fixed day of the study of the in vivo ovarian morphology for all examined heifers; Al is artificial insemination

Source: developed by the author

The conditions of maintenance of heifers met
the requirements of current standards and were fed a
mixed complete diet twice a day per the zootechnical
standards for the content of the main ingredients. The
animals were kept in zero grazing conditions. The an-
imals were kept without pasture. A special fixing ma-
chine was used during the biotechnological procedures
and transrectal examination, and no pain or damage
was caused to any animal, following the applicable re-
quirements. The different number of animals in the re-
search and production experiment is explained by the
regrouping of animals, their transfer to other divisions
of the enterprise, and breeding sales to the public dur-
ing the business year.

Only clinically healthy mature heifers with a live
weight of 355-370 kg took part in the study. All cattle
on the farm were covered by veterinary support and an
immunisation programme against infectious diseases,
which was pursuant to current veterinary guidelines.
After transrectal examination, heifers without clinical
contraindications and symptoms of gynecological dis-
eases were transferred to the reproduction group, where
on Day O of the sexual cycle artificial insemination was

performed according to the recto-cervical method with
deconserved semen of foreign-bred red and white Hol-
stein bulls in accordance with the breeding plan of the
farm. 35 days after Al all heifers that did not show signs
of sexual arousal during this time pregnancy was diag-
nosed by ultrasound scanning (using the KXV1 Kaxin de-
vice, made in China). The inseminated animals were ac-
counted using the farm’s computer database (Dairy Plan).

The innovation of the study consisted of several
stages: 1 - using a fixed term for palpation of the ova-
ries of heifers of mating age in the luteal phase of
the sexual cycle, when morphologically there are of a
functionally active corpus luteum; 2 - the use of vis-
ualisation of palpatory data with a differential modi-
fied method of transrectal diagnosis of the ovaries
of heifers (Sidashova et al., 2020). Furthermore, the
scientific basis for using the modified palpation tech-
nique was the anatomical features of heifer gonad
development, namely, their essential polymorphism
(Sidashova, 2019). Therefore, as a marker indicator of
the severity of hypotrophic changes in ovarian tissues,
the in vivo study considered not only linear sizes, but
also the dynamics of corpus luteum formation, i.e., the
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assessment of ovarian luteogenesis function at a fixed
time of the luteal stage of the sexual cycle. During the
study, the following indicators of palpation diagnostics
were used (the abbreviations used hereinafter in the
text, for all tables and diagrams):

- absence of morphological and functional forma-
tions on the surface of both ovaries, hypogonadism, se-
vere hypotrophic changes in ovarian tissues (absence of
CL - corpus luteum);

- presence of a functional corpus luteum on the sur-
face of one of the ovaries with linear dimensions close
to the species norms (CL);

- presence of a functional corpus luteum on the sur-
face of one of the ovaries with linear sizes approaching
the highest limit of the species norm and character-
ising high physiological quality of luteogenesis (CL+);

- presence of a non-functional corpus luteum on
one of the ovaries, which has characteristic tactile signs
of atresia and luteal cell disintegration, i.e., premature
lysis of corpus luteum (CL lysis).

An example of the use of the method of visualis-
ation of palpation data for assessing the physiological
and morphological state of the ovaries of heifers is pre-
sented in Figures 2-4.
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Figure 2. Application of palpation data visualisation technique to assess the morphological
and functional state of heifer ovaries
Notes: real-time ovarian models demonstrate the method of measuring linear gonadal size with comparison of data by
the size of the researcher’s finger in vivo, with an assessment of the depth of tissue hypotrophy symptoms

Source: developed by the author
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Figure 3. Ovarian morphometry of heifers
Notes: demonstration of palpatory assessment of ovarian
morphometry in heifers using the method of visualisation
of in vivo rectal diagnostic data
Source: developed by the author of this study
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Figure 4. A model of heifer ovaries with morphometry
close to the species norm
Notes: the ovaries are in transition to the active follicular
phase (palpable lysed corpus luteum of the previous cycle and
several antral immature follicles, less than 1 cm in diameter)
Source: developed by the author of this study
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Apart from the chronological structuring by sea-
sons (winter, summer, and transitional) of keeping heif-
ers of mating age on the farm, the lateral structuring of
gonads as paired organs was also applied. The left-and
right-sided location of morphological and functional
ovarian formations was considered, which significantly
increased the accuracy of comparison of palpation pa-
rameters of each cows.

All experiments were conducted following the
modern methodological approaches, requirements
and standards that follow DSTU ISO/IEC 17025:2005
(2006). Animal husbandry and all manipulations were
performed according to the provisions of the Procedure
for conducting tests and experiments on animals by
scientific institutions (Law of Ukraine No. 249, 2012),
and of the European Convention for the protection of
vertebrates used for experimental and other scientific
purposes (1986).

RESULTS AND DISCUSSION

The use of sequential procedures for differential pal-
pation for each cows, considering the specific features
of tactile perception of data, with the additional in-
troduction of a technique for visualising rectal exam-
ination indicators using ovarian models in real time,
helped to obtain a chronological seasonal profile of
the morphology of the existing gonadal pathology
of the livestock examined in vivo. The results of dif-
ferential palpation diagnostics on Days 7-9 of the




ovarian sexual cycle of 175 heifers of mating age dur-
ing different seasons of the 2021-2022 business year

Cold season, %

Transitional season, %

Warm season, %

Average for a year, %
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showed the following morphological and pathological
profile (Fig. 5).
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Figure 5. Morphofunctional/morphopathological profile of data on diagnostics of the ovaries of heifers on Days 7-9 of
the sexual cycle in different seasons of 2021-2022,n=175

Source: developed by the author

The in vivo study of heifer ovaries showed that only
55.42% of females on Days 7-9 after ovulation of the
dominant follicle had a functional luteal formation (cor-
pus luteum), the morphometry of which corresponded
to the species norm (Fig. 6). 44.58% of heifers’ sexual
cycles in 7-9 days ended in gonadopathies with various
symptoms: cystic degeneration of follicles - 9.14%; ly-
sed corpus luteum with typical signs of atresia - 26.96%;
absence of functional formations on the ovarian surface
with signs of severe organ hypotrophy - 8.57% (Fig. 7).

25.02.2013

Figure 6. Profile of morphometric and morphofunctional pa-
rameters of the palpable diagnostics of heifers’ ovaries at a
fixed time of the luteal phase of the sexual cycle (Days 7-9)
Notes: 1) absence of CL, several antral follicles, normal ovar-
ian size; 2) CL of the right ovary of satisfactory quality, hypo-
gonadism of the left ovary; 3) severe hypogonadism of both
ovaries, absence of morphological and functional formations

Figure 7. Ovaries of a 15-month-old heifer with signs of
hypotrophic changes in the cortical and follicular layers
Source: developed by the author

Specifically, a substantial seasonal dynamic in the
development of various functional or pathological con-
ditions of heifer ovaries was established. Hypotrophic
symptoms were observed most often in the transition-
al seasons of the year (spring-cold autumn), namely,
in 66.67% (absence of CL) and 51.08% (premature CL
lysis) of cases. A significant number of cases of hypolu-
teogenesis of ovarian tissues are noteworthy, in which,
due to hypotrophic changes, premature atresia of the
corpus luteum occurs by Days 7-9 of the cycle, which
was already functioning in the first days of formation.
The data of gonadopathies with degenerative tissue
damage (single cysts or polycystic disease) were ex-
cluded from further analysis, and only the species norm
and hypotrophic ovarian changes were considered, as
presented in Table 1 (n=159).

Table 1. Profile of the morphological state of heifer ovarian luteogenesis on Days 7-9 of the sexual cycle
according to differential palpation diagnostics, n=159

Seasons, surveys Total/average
Indicators Winter Transitional Warm
Heads % (Mxm)
Heads % Heads % heads %
Number of animals 42 26.42 61 38.36 56 35.22 159 100.00
CL 30 30.63 27 27.84 40 41.24 97 33.34%+4.05

Scientific Horizons, 2023, Vol. 27, No. 1
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Table 1. Continued

Seasons, surveys Total/average
Indicators Winter Transitional Warm
Heads % (Mm)
Heads % Heads % heads %
CL lysis 10 21.28 24 51.06 13 27.66 47 33.33+9.05
Absence of CL 2 3.33 10 66.67 3 20.00 15 30.00+18.95

Notes: * and ™ - explanations in the text (hereinafter - for all tables and diagrams)

Source: developed by the author

Observations during the year showed that in August
the clinical condition of the ovaries of heifers were di-
vided approximately equally, namely functional corpus
luteum of the ovary on Days 7-9 day of the sexual cycle
(33.34%) and those showing hypotrophic changes in
ovarian tissues at the same time, specifically with pro-
nounced signs of hypotrophy and lack of corpus luteum
formation (30.00%) and with symptoms of premature
lysis of the corpus luteum due to changes in the blood
supply of the ovaries (33.33%) (P>0.05). The absence of
essentional correlations between the data indicates a
considerable number of paratypical factors that affect

Cold season, %
Transitional season, %
Warm season, %

Average for a year, %

the process of ovarian luteogenesis of heifers of mating
age in industrial production.

Specifically, significant differences in the number
of heifers with severe ovarian hypotrophy in summer
and transitional seasons indicate a substantial impact
of climatic conditions, namely the temperature factor,
on the sexual function of heifers (the number of cases
of absence of the corpus luteum in winter is 20 times
less than in spring and autumn months). Graphically,
the dynamics of ovarian hypotrophic changes in dif-
ferent seasons of the year is presented in the diagram

(Fig. 8).
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Figure 8. Dynamics of hypotrophic changes in luteal formations of heifers’ ovaries on Days 7-9
of the sexual cycle (2021-2022), n=159

Source: developed by the author

The substantial impact of seasonal factors on the
ovarian luteogenesis of heifers of mating age prompted
a more detailed consideration of the morphology of cor-
pus luteum, which had clear functional characteristics.

The dynamics of the physiological process of luteogen-
esis in heifers of mating age in different seasons of the
year, characterised by high-quality corpus luteum, is
presented in Table 2.

Table 2. Results of differential palpation assessment of the quality of functional ovarian corpus luteum
on Days 7-9 of the reproductive cycle in heifers of mating age, n=74

Presence of CL

All functional CLs, % (M£m)

Indicators incl. CL incl. CL+
heads % heads % heads %
Number of animals 49 100.00 25 100.00 74 100.00
Periods: Winter 12 24.49 13 4.00 13 17.57
Transitional 16 21.21 21 20.00 21 28.38
Summer 21 42.86 40 76.00 40 54.05

Source: developed by the author
According to the study, the highest number of

high-quality corpora lutea, i.e., the least singns of hy-
poluteogenesis due to hypotrophic changes in the

Scientific Horizons, 2023, Vol. 27, No. 1

follicular and cortical tissues of the ovaries, was ob-
served in the summer (76.00% of all detected func-
tional active corpora lutea). The winter period showed




the worst results in terms of the quality of corpora lu-
tea on Days 7-9 of development in heifers of mating
age: only 4.00% of quality quality yellow bodies were
found, which indicated a violation of haemodynamics
in the gonads, a decreased vitality of cells and hormo-

Roman et al.

nal activity of ovaries. Figure 9 presents the ovary of a
clinically healthy 15-month-old heifer with a well-de-
veloped corpus luteum on Day 9 after ovulation. In pal-
pation diagnostics, these corpora lutea have character-
istic morphometric and tactile features.

Figure 9. Heifer ovary with a well-developed corpus luteum of the sexual cycle
Notes: a small physiological cavity is visible inside the temporary gland in the dissection

Source: developed by the author of this study

During the study, the ovaries of heifers were observed
as a paired organ, and the hypotrophic phenomena in

100
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the gonads was determined according to lateral localisa-
tion. The data obtained are presented in Figure 10.

76.27

23.73

CL+ left-sided CL right-sided

M Average for the group for the year, %

Figure 10. Dynamics of lateral localisation of functional corpora lutea on Days 7-9 of development in heifers
in different seasons of 2021-2022, n=98

Source: developed by the author

The analysis of the fertility rate of heifers of mating
age in the farm, presented in Table 3, suggests that on

average for the year the total fertility of heifers was
40.02% of all inseminations (P>0.05).

Table 3. Effectiveness of artificial insemination of heifers of mating age during the business year, n=558

Al* of heifers performed, total
Season

Became pregnant (M*m)

incl. from the 2" and

incl. of the 1%t Al, %

heads heads % more Als, %
Winter 60 20 33.33 39.00 31.11
Transitional 111 51 45.55 41.14 48.03
Warm 387 151 31.02 39.91 29.98
Total for the year 558 222 36.63*4.51" 40.02+0.62** 36.37%5.84"

Note: * - ** - 0=1.074; CV=2.684, td=0.743; P>0.05
Source: developed by the author

The absence of essentional connections between
the indicators suggests a considerable impact of eco-
nomic factors on the effectiveness of reproduction,
while there is a tendency to increase the fertility of
heifers of mating age in seasons with more comfort-
able temperatures for cattle, namely in spring and

autumn, when the overall level of pregnancy increased
to 45.55%, and by repeated inseminations - to 48.03%.
The applied methodological approach to the differ-
ential palpation of the morphological and functional
in vivo structures of the ovaries of heifers of mating
age increases the predictability of biotechnological

Scientific Horizons, 2023, Vol. 27, No. 1
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procedures for the reproduction of dairy cattle and the
selection of adequate schemes for the prevention and
treatment of hypotrophy of the gonads of cows.

The observed phenomenon of heterogeneity of
the morphological structure of the corpora lutea of the
heifer’s ovaries by differential palpation in vivo, has be-
come an opportunity to explain the pathogenesis of hy-
potrophic changes in tissues due to sclerotisation of the
walls of blood vessels, both arterial and venous, which
was histologically confirmed by O.A. Baban et al. (2021).
Microanatomical examination of the ovaries of heifers
with symptoms of anaphrodisia revealed a characteris-
tic decrease in the density of follicular cells in the pri-
mary follicles around the oocytes and the formation of
gaps between them.The appearance of such formations
was explained by a decrease in the secretory activity
of follicular cells. According to L.H. Yevtukh et al. (2022),
the phenomena of follicular cell detachment and de-
struction with their collagenisation are associated with
the processes of follicular atresia against the back-
ground of venous hyperaemia and fatty infiltration.
S. Dhara and M. Sharma (2020) observed comparable
changes in 30-66% of follicles with signs of atresia.

H.P. Hryshchuk et al. (2023) noted that the patho-
genesis of the formation of basophilic inclusions in the
form of droplets near the layer of vesicular follicles is
still unclear. E. Dirandeh and J. Ghaffari (2018) found
that the cow ovarian medulla in hypofunction was rep-
resented by connective tissue elements and permeat-
ed with a great number of blood vessels of different
diameters. Collagen fibre formation was observed in
these vessels, which could lead to a decrease and loss
of their elasticity, and therefore the function of nor-
mal haemodynamics and nutrition of ovarian tissues.
J.Ma et al. (2022) conducted pathomorphological stud-
ies of the ovaries of cows with hypofunction, with a his-
tory of infertility and anaphrodisia. The authors found a
range of deviations from the normal morphology of the
luteal phase of the cycle, namely: no functionally active
corpus luteum, atretic corpus luteum with follicular cell
remnants, a decrease in the number of follicular cells
and their layers in vesicular follicles, and the formation
of collagen fibres in blood vessels.

The present study experimentally proved the ex-
pansion of the scope of palpation diagnostics of the
morphological and functional state of the ovaries by
applying the transrectal data visualisation technique
and using a fixed day of the sexual cycle as the pal-
pation period. This approach made it possible to an-
atomically substantiate palpable indicators and their
connection with the specific features of gonadal mor-
phometry invivo. In F.S.Lima et al.(2019), the shape and
consistency of the gonads were normal in heifers with
ovarian hypofunction. Real-time research contradicts
these findings. It is probable that the difference in the
appearance and structure of organs in vivo compared
to pathological specimens should be taken considered.

Scientific Horizons, 2023, Vol. 27, No. 1

A range of microanatomical studies have reported
observations of premature or delayed atresia of vesicular
follicles on Days 12 and 15 of the estimated sexual cycle
in vivo. The experiments performed on a fixed day of the
spontaneous sexual cycle interpreted these findings, due
to numerous cases of premature corpus luteum atresia
by Days 7-9, which can be explained by the development
of hypotrophic changes in ovarian tissues. V. Rottgen
et al. (2020) suggest that there are several mechanisms
for the development of pathological phenomena in the
ovaries of heifers in the early stages of development of
preimplantation zygotes, namely: neurohumoral disor-
ders, especially the synthesis of progesterone and lute-
otropic hormone; latent endometrial inflammatory pro-
cesses and possible, yet accounted reasons.

The observed folding of the follicular layer, de-
tected on histological preparations of ovarian tissues
from heifers with gonadal hypofunction, is explained
by the fact that the inner follicular cells lose their abil-
ity to secrete, while the basal cells secrete in the in-
tervals between them. In such follicles, the theca layer
is thinned due to a decrease in the density of theca
cells. F.S. Lima et al. (2019) also observed detachment
of follicular cells and their free location in the follicular
fluid, destruction of oocytes and follicular cells with the
formation of pyknotic nuclei. Such processes indicate a
loss of functional capacity of the organ. Using a mod-
ifled method of palpation diagnostics, the studies re-
vealed clinical conditions of significant gonadal tissue
hypotrophy in heifers in vivo, which provides a higher
prognostic result in production conditions.

N.P. Mazur et al. (2020) believe that the differen-
tial diagnosis of ovarian hypotrophy and hypoplasia is
possible only by investigating pathological changes.
According to their histological data the blood vessels
were localised mainly in the area of the ovarian gate
and around the vesicular follicles. Groups of blood ves-
sels in ovarian hypoplasia, compared to hypofunction,
were very weakly expressed, and collagen fibres were
found in the vessel walls. The formation of collagen fi-
bres in blood vessels can lead to a decrease in their
elasticity, function, and nutrition of ovarian tissue. Such
claims require additional research with comparisons of
data using different methods.

In a range of studies, R. Alvarez et al. (2023) re-
vealed patterns of functional asymmetry in the ovaries
of heifers and cows, which was confirmed by the analy-
sis of data using lateral fixation of palpable indicators.
According to the researches of N. Mimoune et al. (2021)
based on histological studies of the ovaries of cows
with a permanent infertility due to anaphrodisia, it was
found that 2-60% of lactating cows had a history of dis-
orders in maintenance, keeping and feeding of heifers.
Thus, by expanding the diagnostic capabilities of pal-
pation examination of the ovaries, the possibility of the
use of prophylactic and therapeutic schemes for stim-
ulation and synchronisation of the sexual function of




heifers under commercial heifer rearing was increased.
A.Channo et al.(2022) confirm the data on the increase
in gynecological diseases, specifically, gonadopathies
in both lactating cows and heifers during the cold tran-
sitional seasons of the year.

The researches show the way to optimise the con-
ditions of keeping heifers of mating age, under which
the most desirable morphometric parameters of the
gonads during luteogenesis are observed, which deter-
mine the hormonal regulation of the formation of the
muscular and mucous tissues of the uterus, resulting in
increased survival of early embryos and pregnancy rate.

CONCLUSIONS

Approximation of technological conditions for keeping
of heifers of mating age to the naturally occurring bi-
ological requirements for the formation of animals in
the environment will contribute to the development
of high-quality gonads in terms of morphometric pa-
rameters, which will function according to the stages
of the sexual cycle. This opens an additional biological
resource for increasing the fertility rate of mating heif-
ers, calf yields, and the planned rotation of primiparous
cows into the dairy herd. These issues of industrial milk
production are still highly relevant and need to be the
right approach.

Studies using the modified palpation technique
provided an additional resource for explication the
morphometric and functional parameters of the gonads
according to the lateral localisation of the luteal stage
of the sexual cycle. The study confirmed the patterns of
functional asymmetry of the ovaries of mating heifers
as paired organs. The prevalence of hypotrophic phe-
nomena in heifers of mating age is much more pro-
nounced to the left, namely: 64.0% in the transitional
seasons, 76.27% in the warm season.

Based on a year-long palpation examination of
heifers of mating age (n=175), it was found that on av-
erage 30.00% of ovaries had severe symptoms of hypo-
trophic changes in the absence of any morphological
and functional structures on Days 7-9 of the sexual
cycle; 33.33% - the presence of corpus luteum with
signs of premature lysis due to hypotrophy; 33.34% -

Roman et al.

ovaries had a functionally active corpus luteum with
linear sizes within the species norms (P>0.05). Sig-
nificant seasonal dynamics of ovarian hypotrophy in
heifers of mating age on Days 7-9 of the reproductive
cycle was revealed: the highest rate of hypogonadism
with the absence of morphofunctional corpus luteum
was observed in transitional (spring, autumn) seasons -
66.67%, the lowest - in winter — 3.33%. It was experi-
mentally established that signs of hypogonadism with
symptoms of hypoluteogenesis and premature corpus
lysis were found in transitional seasons (51.06),and the
highest level of functional corpus luteum was observed
in the summer season (41.24%), and specifically, the
highest number of morphologically high-quality corpus
luteum - 76.00%.

The effectiveness of artificial insemination of heif-
ers of mating age of the experimental herd averaged
40.02% for the business year with minor seasonal fluc-
tuations, which indicated a substantial effect of eco-
nomic paratypical factors on the fertility of the heifers
of mating age (P>0.05). The use of a modified technique
of differential palpation with a fixed examination peri-
od increases the predictability of diagnosis and selec-
tion of effective schemes for the prevention and treat-
ment of hypotrophic ovarian pathologies and requires
further research. The results confirm to the presence
of a biological resource of generative and hormonal
function in heifers of mating age of dairy breeds, which
require detailed investigation to use the results to opti-
mise hormonal and medicinal schemes for stimulation
and synchronisation of the sexual cycle of the heifers
of mating age under industrial housing technologies.
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AHoTauis. locnipkeHHs GisionoriyHoro abo NaToNoriyHoro craHy S€EYHMKIB KOPIB Ta TE/IULb B PEXXMMI peanbHOro Yacy
in vivo € Ha CbOrOAHI AKTYyaNbHUMU 3 MPUYMHM TOrO, WO CamMe MOPPOPYHKLIOHANBHUI CTaH FOHaA, CaMULb BENUKOT
poratoi xypobu 6e3snocepenHbo BMAMBAE Ha e(EKTUBHICTb 3aCTOCOBAHMX Ha MpakTuui BioTeXHiYHMX mpouesyp:
3anfigHeHHs, CTUMYNALLIK Ta CUHXPOHI3aLito cTaTeBOi GyHKLii. MeToo po6oTu Byn0 BU3HAUYEHHS KiNlbKiCHO-SKiCHUX
NMOKa3HMKIB MOPDODYHKLIIOHANbHOMO CTaHy SIEYHMKIB TENMLb YKPAiHCbKOi YepBOHOI MOMIOYHOI NopoaM 3a nepebiry
rocrnoAapcbkoro poky 3a 6e3npuBa3HOro yTpMMaHHS B YMOBaX MPOMMCIOBOrO MOJIOYHOrO KoMmnnekcy. Bnpooosx
LocnimxeHHs 6yno BUKOpUCTaHO MoandiKoBaHy AMMeEpPEHLLHY AiarHOCTMKY MOP(OMETPUYHOTO i DYHKLIOHABHOIO
CTaHY I€YHMKIB Y QiKCOBAHMIM TEPMIH CTAaTEBOrO LMKAY — 3 7-ro No 9-i AeHb nicng oBynsuii AoMiHyto4oro donikyny
(0-# peHb umkny). [lns NOpiBHAHHA pe3ynbTaTiB TPAHCPEKTASIbHOTO OOCTEXEHHS TeNUUb Y Pi3Hi CE30HU pOKY
6yno BMKOPUCTAHO METOAMKY Bi3yanizauii nanbnatopHuWx AaHux in vivo. byno obctexxeHo 175 ronie Tenuub
napyBanbHOro BiKy, cepen aKMX Ha 7-9-i AeHb cTtateBoro umkay y 55,42 % BCTaHOBNAEHO NanbnaTOPHO XXOBTE
TiNO S€EYHIKY BiANOBIAHO CTaAiil po3BUTKY, Y 26,96 % — nepegvyacHUi Ni3nC XOBTOro Tina, y 8,57 % — BicyTHiCTb
MOphODYHKLIOHANbHUX YTBOPEHb Ha MOBEPXHi S€YHMKY, Y 9,14 % - cMMNTOMM OereHepaTMBHMX MATONOTIM
roHag. B noganbwomy TBapuHU 3 AeHepaTUBHUMM 3MiHAMM SEYHMKIB (DONiKynsipHa KiCTO3HiCTb) He Bpanu yyacTb
y [OCNIMKEHHI. [HWI Tenuui Manu S€YHiKM 3 cumMnToMamm MUBOKMX rinoTpodiyHMX 3MiH B TKaHuHax (30,00 %)
abo 03HaKM nepenyacHoro nisucy xosToro Tina (33,33 %). Bnpoaosx rocnofapCcbKoro poky BiAMiYeHa BUMPaxeHa
[MHaMIKa Y HApOCTaHHI abo 3HWMXeHI riNoTPOdIYHNX ABULL B TKAHWMHAX AEYHMKIB; HAMKPALLI NOKAa3HUKM MOpdOMETPii
i QyHKLIOHANbHOI aKTUBHOCTI TeNWLb Mann y TEMNIA CE30H, WO CBIAYMNO0 33 3HAYHUM BNAMB Ha CTaTeBY QYHKLiHO
TeNuLUb NapyBanbHOro BiKy CBIXKOro NOBITPS i COHAYHOT iHCONALii. Byno BCTaHOBNEHO, WO piBEHb 3anaiAHEHOCTI TeNULb
BMNpoaoBX poky (B cepenHboMy 40,02 %) CBiAUYMB 3@ HASABHICTb MOXMOBOK y TEXHONOTIT BUPOLLYBAHHS PEMOHTHOIO
Noronie’s B yMoBax NpoMMcIoBoro nignpuemcrea. OTpMMaHi pe3ynbtaTi MOXyTb OyTv KOPUCHI ANs onTuMi3aLii cxem
rOPMOHANbHOI CUHXPOHI3aLii CTaTEBOrO LMKy PEMOHTHUX TEIMLb Ta KOPEKTHOrO A,000PY ropMOHanbHOi Tepanii 3a
CUMMNTOMIB 3HMXXEHHS CTAaTEBOI aKTUBHOCTI

KniouoBi cnoBa: peMOHTHI Tenuui; CTaTeBMM UMKA; XKOBTE Tino;, MopdOdYHKUIOHANbHUI CTaH; noniMopdism;
rinoroHagusm
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the amount of 12 animals, which were followed for several years. When collecting the anamnesis, in addition to
clinical signs, the breed, age and concomitant diseases of the dogs were recorded. During surgical removal of
atheroma, histological preparations were prepared to clarify the diagnosis and study histomorphological changes
in the tissues. Atheroma of the skin in dogs was most often registered in old animals, which were more than 9 years
old at the time of diagnosis. At the same time, such pathology was most often localized in dogs in the area of the
head and neck. Among the breeds, the Boxer turned out to be the most susceptible to the formation of sebaceous
gland cysts. Also, the incidence among females was 75% of all cases of registered diseases. Histological studies
revealed the prevalence of cases with the formation of multiple cysts - 67%, when a number of smaller formations
are found near one huge atheroma, while cases of purulent inflammation were only 16%. Surgical removal of the
atheroma was an effective method of treatment, while no cases of re-development of cysts were observed during
the long postoperative follow-up. The obtained results make it possible to expand knowledge on the clinical
manifestation, diagnosis and treatment of non-neoplastic skin diseases in domestic animals

Keywords: surgical and biopsy material; sebaceous gland cyst; morphological diagnosis; non-neoplastic skin

pathology; operative treatment

INTRODUCTION
Skin diseases in domestic animals are quite common in
world practice and the Kyrgyz Republic and arise due
to numerous aetiological factors. Therewith, one of the
main pathological skin problems in dogs is various onco-
logical and tumor-like diseases that develop in all layers
of the skin.In Kyrgyzstan,according to S.Ishenbaeva et al.
(2023), pathological changes in the skin of epithelial
and mesenchymal nature are most often established in
domestic animals, lymphoreticular formations were less
common, and melanomas were in last place in terms of
prevalence. The same authors note that in the morpho-
logical diagnosis of skin diseases, benign neoplasms pre-
vailed - 52%, malignant tumors were detected in 30% of
cases, and atheromas and other tumor-like formations -
18%. In other domestic animals, and cats, in particular, in
studies conducted by E.Wouters et al. (2022), the number
of skin diseases of non-tumor aetiology was observed
slightly less frequently than in dogs.

Among the skin formations, atheroma is also wide-
spread in dogs. Most researchers indicate that atheroma
is a neoplasm of a cystic nature, which is formed as a
result of blockage of the sebaceous gland duct. Patho-
logical changes of oncological and non-tumor nature in
the skin can develop regardless of the area of the body
and, according to J. Munday et al. (2022), externally ap-
pear the same, in the form of rounded elevations above
the skin. Therefore, for the differential diagnosis of such
formations of a non-tumor nature, it is necessary to con-
duct histomorphological differentiation. According to
clinical signs, cysts have slow growth and contain fluid
inside that has accumulated as a result of blockage
of the duct. B. Hassan et al. (2022) indicate that seba-
ceous gland cysts are quite common in dogs and do not
cause much discomfort to animals. Initially, according to
M. Sbaraglia et al. (2021), cystic formations are not an on-
cological pathology, but unlike the opinion of the previ-
ous author,they are extremely rare in the body of animals.

In appearance, this type of pathology is difficult
to distinguish from other benign skin tumors in dogs,

which, according to J. Mckenzie et al. (2023), belong to
basal cell formations and is also quite often diagnosed in
cats and dogs. One of these pathologies may be an ade-
noma of the sebaceous gland - a benign tumor, which, as
a result of not timely treatment, may carry certain risks
to animal health due to the possibility of further trans-
formation into a malignant neoplasm. Since, externally,
at the initial stage, the cyst and adenoma are practically
indistinguishable, it is difficult to determine the process
of developing in the body and timely provide the nec-
essary assistance to the animal, and only the histolog-
ical method allows determining with high information
the nature of the course of the atypical process in the
epithelial cells of the skin. In addition, the contradictory
results of studies on the prevalence of cystic skin pathol-
ogy among dogs, given in the analysed literature, are in-
sufficient criteria for forecasting. Therefore, the analysis
of a number of cases of pathological skin morbidity in
dogs in Kyrgyzstan is an urgent study to accumulate in-
formation and expand the knowledge base on the prev-
alence of cystic pathology in dogs of different breeds.

The purpose of this study was to conduct statistical
and morphological examinations of the development
and course of the pathological process in the skin of
dogs in histologically confirmed cases of atheroma in
animals.

LITERATURE REVIEW

Skin diseases in pets are common diseases in veteri-
nary practice. One of them is an atheroma or cyst of the
sebaceous gland, which develops due to mechanical
blockage of the excretory duct. According to S. Paterson
(2009), there are atheromas ranging in size from a pea
to a chicken egg. These formations are usually painless,
have a rounded shape and elastic consistency. Most of-
ten, atheroma is preceded by traumatic skin damage.
Also one of the reasons for the formation of athero-
mas, according to J. Swanson et al. (2019), is a decrease
in the expression of Keratin 79 and Gata6 factors that
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regulate the expansion of the follicular duct. In most
cases, according to D. Wiener (2021), cysts in dogs af-
fect several layers of skin at once, including sebaceous
glands. In this regard, there are single and multiple skin
cysts. In most cases, according to A. Neff and H. Horch
(2023), these are benign, expansively growing structures
that are relatively common in the jaw region, less often,
they are localised in the soft tissues of the face and neck.
Similar areas of sebaceous gland lesions on the scalp are
described by S.N. Ishenbaeva et al. (2012) and J. Jyothi
et al. (2023), and also in the abdomen and chest. A fre-
quent localisation of sebaceous gland atheroma was the
soft tissues of the face, and in studies by A. Shakirova
et al. (2020). Cysts lined with epithelium are called true
cysts, and those that do not contain epithelium - pseu-
docysts. The growth of atheromas is relatively slow, in-
flammation occurs during infection, and suppuration is
often observed (Chele & Madalina, 2023).

The study by M. Patel et al. (2019) indicates that
the pathology of the sebaceous glands accounted for
4.04% of cases of all skin diseases in dogs, while out of
23 cases, three adenocarcinomas and one hyperplasia
(atheroma) were diagnosed in 19 cases. In other studies,
V.Kukolj et al. (2021) indicate that pathological changes
in the sebaceous glands had a slightly different propor-
tion. Thus, out of 2432 skin biopsies in dogs, a cyst was
detected in 35% of cases, and an adenoma - only in
4.4%. Similar results are reported by S. Ishenbaeva et al.
(2023) in studies in which cat atheroma was diagnosed
in 30% of cases of all skin diseases.

The breed dependence of cystic skin diseases in
dogs is indicated by S. Hobi et al. (2023), B. Lancellotti
et al. (2020). Most studies indicate that atheroma
and other skin neoplasms are observed in dogs of all
breeds, but the Labrador retriever was identified to be
the most susceptible breed, followed by the Pomera-
nian and mongrel dogs. In addition, a high incidence
of skin diseases of the head was observed in pugs and
bulldogs. No less than the breed predisposition, the age
of animals is also a factor in the morbidity of dogs. In
the studies by H. Aupperle-Lellbach et al. (2022), the
highest incidence was recorded at the age of 9 to 12
years, and it was 39.1%. D. Devathasan et al. (2022) and
Yu. Dubinchuk (2022) also indicate an increase in the
incidence of animals with ageing.

There are also no clear recommendations for the
treatment of atheroma. Thus, in the study of J. Chitty
(2022), it is indicated that the cyst of the sebaceous
gland does not cause discomfort in animals and they
need to be treated only in case of suppuration as a re-
sult of their infection.

MATERIALS AND METHODS

The studies were conducted on pathological material
obtained from domestic dogs with signs of formations
in the skin, whose owners turned to the veterinary
clinics “Samson” and “Doctor Zoo” in Bishkek. For this
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purpose, dogs were selected, regardless of breed and
age, with clinical manifestations in the form of tumors
or tumor-like changes in the skin. For such animals, a
complete anamnesis was collected, if possible, with a
detailed recording of the course of the clinical process,
morphological and histological examinations, and the
results of medical procedures. In total, for the period
from 2020 to 2022, 12 dogs took part in monitoring
studies, which at one time were given the primary di-
agnosis of skin atheroma, and subsequently, it was con-
firmed by histological results.

The procedure for conducting research and collect-
ing information was as follows: initially, an examination
of the pathological formation was conducted with de-
tailed consideration of such parameters as shape, size,
colour, the presence of a coat on the surface of the neo-
plasm, and the place of its localisation. Through palpa-
tion, the consistency, mobility,and soreness of the forma-
tion were determined. In the future, detailed information
about the age, breed, living conditions, and other factors
was collected about the animals that fell into the tar-
get group. During the observation of the development
of the pathological process, changes were recorded by
photographing them during the entire controlled period.
During surgical treatment, histomorphological exami-
nation was performed to clarify the final diagnosis and
microphotography for documentary confirmation. If the
first part of the study on the examination and observa-
tion of animals was conducted in the clinic, at the place
of the patient’s treatment, then the histological prepa-
ration was made, and its analysis was performed in the
histology laboratory of the Department of Veterinary and
Sanitary Examination, Histology and Pathology of Kyrgyz
National Agrarian University named after K.I. Skryabin.

In veterinary clinics, during the surgical removal
of tumors and tumor-like formations, 11 samples of
pathological material were taken from dogs, and one
biopsy was performed for the manufacture of histo-
logical preparations. Biopsy and surgical material de-
livered from clinics was fixed in a 10% aqueous solu-
tion of neutral formalin. Dehydration of tissue samples
with atheromas from dogs was performed at room
temperature under normal conditions. After fixing the
pathological material to prepare histological sections,
it was poured into paraffin according to the generally
accepted method (Vareniuk & Dserzhynsky, 2019). For
this purpose, a set of histological equipment from the
German company Thermo Scientific was used, namely
an automatic device for histological tissue processing
Microm STP 120 and Microm EC 350 for the prepara-
tion of paraffin blocks. Skin sections from the blocks
were conducted on a rotary microtome Microm HM
340 E (Thermo Scientific, Germany) with a thickness
of 4-6 microns. Washing and staining of the prepared
pathological material from paraffin was conducted
using an automatic Microm HMS 70 station (Thermo
Scientific, Germany). Histological sections were stained




with hematoxylin and eosin. Microscopic studies were
conducted using an Olympus BX51 light microscope
(Japan). A mandatory method of documenting the results
obtained was microphotography using a digital photo-
system for processing video images of DSM-510 with
pre-installed ScopePhoto computer software that en-
sures the objectivity of morphological analysis. In addi-
tion, records indicating the surgical or biopsy method of
taking pathological material, which were also recorded
in the laboratory journal, were amenable to mandatory
documentation. The results obtained were amenable to
analytical and mathematical processing using descrip-
tive statistics methods, while the distribution of animals
was conducted depending on their breed, age, and sex.

RESULTS

Pathological problems occurring in the skin of pets
are primarily detected by their owners, and therefore,
such diseases have the highest frequency of diagnosis
in veterinary clinics in comparison with other cases of
neoplasms in the body. Surface placement and charac-
teristic clinical signs contribute not only to the early
diagnosis of skin problems in animals but also allow for
their effective treatment at an early stage, which guar-
antees a fairly high therapeutic effect. Among the pa-
thology of the skin, there are both oncological problems
in the form of benign and malignant formations and
diseases of a non-tumor nature - cysts, atheromas, and
other inflammatory processes. In most cases, at the ini-
tial stage, almost all skin diseases occur with the same
symptoms - the formation of a small swelling, mobile,
painless, with a low intensity of growth. Such similar
symptoms reduce the effectiveness of differential diag-
nosis of neoplasms to clinical signs. Therefore, in most
veterinary clinics, when characteristic symptoms are
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detected, surgical removal of such tumors is performed
to protect animals from possible further metastasis in
the event of the development of a malignant neoplasm.
There is also no possibility of differentiation of patho-
logical skin problems depending on the place of forma-
tion of swellings. This is due to the fact that the skin in
all areas has the same morphological structure,and any
of the above pathological processes can develop in it.
During the preparation of the study, cases of atheroma
development were examined to conduct a comprehen-
sive analysis of the clinical signs of the course of the
pathological process in the bodies of dogs, morpholog-
ical changes in tissues, and the consequences of sur-
gical intervention for therapeutic purposes. Based on
such circumstances, all cases of skin atheroma in dogs
whose owners applied to veterinary clinics in Bishkek
to analyse the possible manifestation of clinical symp-
toms in such pathology were selected to identify his-
tological changes occurring in the skin. A total of 12
dogs of different breeds and ages with a preliminary
diagnosis of atheroma were examined. All cases were
documented and are given for the purpose of using the
information for subsequent research.

The first case in the study was a mongrel dog
named Bublik. It is a male, about two years old, with
a black coat colour. At the time of diagnosis, it had a
height at the withers of 38 cm and a weight of 12 kg.
The pathological process was localised on the left side
in the neck area. Therewith, a single swelling of 2-3 cm
in size, mobile and painless, was felt. According to the
dog’s owner, the tumor was discovered about a year be-
fore going to the clinic, and the growth is insubstantial,
about one centimetre per year. After surgical removal of
the formation, histological preparations were prepared,
the image of which is shown in Figure 1.

Figure 1. Histological changes in atheroma of the skin in dogs: a) magnification x40; b) magnification x100
Note: 1 - skin; 2 - atheroma; 3 - the wall of the atheroma; 4 - the cavity of the atheroma with the contents. Staining

with hematoxylin-eosin

When analysing histological preparations, a diag-
nosis was made - multiple atheroma of the skin. After
surgery, the animal’s condition is good, no further re-
lapses were observed. The second case, German boxer
breed dog, named Rex, male, 8.3 years, brown colour,

weight 26 kg, and height 54 cm. The neoplasm was lo-
cated on the right front paw between the 1st and 2nd
phalanges of the fingers. The cyst is 1.5-2 cm in size,
painless. It was discovered a few weeks ago no growth
was noticed during this period. The histological picture
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during microscopic examination corresponded to an
atherosclerotic lesion (Fig. 2). After surgical removal of
the atheroma, repeated neoplasms were not observed.

Third case. German boxer breed dog named -
Rizza, female, 7.4 years. The tumor was located on the
skin of the lumbar region, 1.5-2 cm in size, mobility

is limited, painless (Fig. 2). It was discovered about a
month ago, during the observation period, the growth
is not substantial, the increase is only a few millime-
tres. The general condition of the dog is good. The di-
agnosis after histological examination is atheroma of
the skin.

Figure 2. Histological changes in skin atheroma in dogs: a) 2nd case; b) 3rd case
Note: 1 - connective tissue that surrounds the atheroma; 2 - the wall of the atheroma; 3 - the contents of the atheroma.

Staining with hematoxylin-eosin, x100 magnification

Fourth case. Dog named Linda, breed - German
Shepherd, female, 8.1 years. Numerous tumors through-
out the body of small and medium sizes have been
formed over the past three years. The swelling is limit-
ed, almost all are mobile and not painful. The primary
diagnosis of atheroma of the skin. After suppuration,
two atheromas were surgically removed, the first was
in the withers and the second - in the sacrum. No new
swellings were established at the site of the removed

formations, and no accelerated growth was observed in
the remaining atheromas. The dog is active after sur-
gery, no noticeable deviations in behaviour and general
condition were established. Histological examination
of the pathological material not only confirmed the
primary diagnosis but also allowed detecting small
atheromas in the skin that were not detected during a
clinical examination (Fig. 3). The final diagnosis, based
on microscopy, is multiple atheroma of the skin.

Figure 3. Histological change in atheroma
Note: 1 - connective tissue that surrounds the atheroma; 2 - atheromas. Staining with hematoxylin-eosin, x40
magnification

Fifth case. Breed - boxer, age - 13 years, colour -
fawn, name - Sasha, female. Two tumors were found in
the dog. The first one was located in the temple area,
dense, rounded shape, measuring 6x4 cm. The tumor is
hard and painful on palpation; the local temperature is
higher than the surrounding tissues. The growth period is
1.5-2 months. The second neoplasm, about 1 ¢cm in size,
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was identified in the mammary gland and was painful on
palpation. After removing the tumor in the temple area, a
tumor formed on the ear three months later, and in Feb-
ruary 2022, the dog died of cancer. Microscopic examina-
tion of the pathological material from the removed tumor
from the temporal region of the head identified multiple
atheromas of the skin with signs of inflammation (Fig. 4).
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a) | b)

0

Figure 4. Fifth case: a) clinical manifestation of atheroma before surgery; b) after removal of atheroma;
¢) histological manifestation of atheroma in pathological material
Note: the arrows indicate the atheroma and the area of the skin after its removal. Staining with hematoxylin-eosin, x40

magnification

Sixth case. Breed - Pekingese, name - Sherry, age -
2.3 years, colour - red. The dog is not sterilised. A neo-
plasm of 1-2 cm in size was located on the skin of the
forearm. The tumor is mobile, pale pink, painless. The

shape is rounded. The consistency is dense. The growth
period is unknown; it was discovered four days before
going to the clinic.After removal and histological exam-
ination, an atheroma of the skin was diagnosed (Fig. 5).

Figure 5. Microscopic changes in atheroma of the skin
Note: the arrow indicates the atheroma cavity, hematoxylin-eosin staining, x100 magnification

Seventh case. Mongrel dog named Sarah - female,
about 9 years. On examination, two tumors were identi-
fied on the skin. The first is in the area of the left iliac re-
gion of the abdomen, rounded shape, dense consistency,
painless, mobile, size 4x2.5cm. The growth was observed

for about a year. The second one is on the left shoulder,
with a rounded shape, dense consistency, and 1.5-2 cm
in size. Both tumors were removed. During histological
examination, the following diagnoses were made - skin
atheroma and low-grade adenocarcinoma (Fig. 6).

Figure 6. 7th case: a) clinical changes in atheroma; b) histological change in atheroma
Note: the arrow indicates the atheroma cavity, hematoxylin-eosin staining, x100 magnification

Eights case. The dog of the breed is a dachshund,
named Sarah. Female. Age - 13.2 years. Therewith,
three tumors in the mammary gland were established

in the animal during examination at the clinic. Their
growth was monitored for three years. Tumors of differ-
ent sizes, from 2.5 to 6 cm.
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They were slightly visibly different. As a result
of the accelerated growth of one of the tumors, sur-
gical intervention was performed. The results of the

histological examination were followed by the follow-
ing diagnoses - atheroma, lipoma and low-grade ade-
nocarcinoma (Fig. 7).

Figure 7. Eighth case: a) macroscopic change in atheroma; b) histological change in atheroma

Note: hematoxylin-eosin staining, x100 magnification

Ninth case. A German Shepherd dog, named Magla,
aged 2 years and 3 months. The coat is black-and-white.
A tumor in the neck, 0.5 cm in size. Discovered about
a month ago. Neoplasm of oblong shape, grey colour,
soft consistency. Due to the small size of the tumor, a

skin biopsy was performed. 2.5 months after the ma-
nipulation, the tumor disappeared, no re-growth was
detected. The general condition of the animal after the
biopsy is excellent. Histological diagnosis - skin ather-
oma with suppuration (Fig. 8).

a)

b)

Figure 8. Ninth case: a) clinical manifestation of atheroma; b) histological change in atheroma

Note: hematoxylin-eosin staining, x40 magnification

Tenth case. An adult dog of the pit bull breed
named Missiya, aged 4.5 years. The coat is red with
white spots. A tumor on the scalp between the ears.
The tumor is dark in colour, bumpy consistency, oval
in shape, 3x2 cm in size. The growth of the neoplasm

was observed for four years. After surgical removal
and histology of the pathological material, a diagnosis
was made - atheroma of the skin (Fig. 9). After surgery,
the animal’s condition was excellent, and no relapses
were observed.

b)

Figure 9. Tenth case: a) post-operative wound in atheroma; b) histological change in atheroma

Note: hematoxylin-eosin staining, x100 magnification
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Eleventh case. A dachshund dog, named Matilda.,
aged 12 years and 3 months. The coat is red. The ex-
amination identified a single neoplasm on the skin of
the lateral wall of the abdomen measuring 3x3 cm.The
tumor is of a dense consistency, rounded shape, with a
slight pain when palpating. During surgical interven-
tion, a cavity filled with pus was found, which corre-
sponded to an infected cyst. Subsequently, the histolog-
ical diagnosis confirmed the presence of atheroma with
suppuration (Fig. 10).

Figure 10. Histological change in purulent atheroma
Note: hematoxylin-eosin staining, x100 magnification

Twelfth case. A German Shepherd dog named Graf,
aged 5 years and 7 months, male. The coat is black-and-
white. Examination of the tumor identified the pres-
ence of purulent exudate on the surface of the neck
skin. The swelling is rounded, 2.5%1.5 cm in size, dense
consistency. Before removal, the tumor was observed
for about 1.5 months. After the shell rupture and pus
discharge, a preliminary diagnosis of a furuncle was
made. Histological examination identified multiple ath-
eromas (Fig. 11).

Figure 11. Histological change in atheroma
Note:the arrow indicates the atheroma cavity,hematoxylin-
eosin staining, *100 magnification

Analysing even the few results of the study of the
occurrence of atheromas in dogs, an increase in cases
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of the development of the pathological process in old
dogs is clearly traced. Histological examination showed
the formation of multiple atheromas, of which only one
grows to a larger size. Surgical intervention with the
surgical removal of such skin formations has a favour-
able prognosis and in most cases ends with a complete
recovery of the animals.

DISCUSSION

Due to the surface location of pathological processes in
the skin, neoplasms of any type are primarily detected
by pet owners and, in this regard, occupy one of the pre-
vailing places among oncological diseases in the statis-
tics of veterinary clinics. Considering the almost iden-
tical clinical picture of the manifestations of various
pathological processes of the skin, especially in the ini-
tial phases, confirmed in the studies of researchers such
as J. Willcox et al. (2019) and M.A. Hasiri et al. (2019),
and the absence of characteristic sites of formation of
different types of tumors and formations of a non-tu-
mor nature on the body of animals - S.Kim et al. (2022),
makes the histological method the only way of differen-
tial diagnosis of skin diseases. As a consequence of the
relatively low pathological effect of atheromas on the
animal’s health, which is associated with the non-on-
cological nature of the disease, the greatest immediate
danger to the body is the possible suppuration of the
cyst contents. The big threat to the animal from this
disease is that they can mask the development of other,
more dangerous oncological diseases and thereby pose
certain risks to the life of animals.

In the conducted examinations, pathological for-
mations of a non-tumor nature were diagnosed in dif-
ferent places of the animal body, but the formation of
atheromas was most often observed in the head and
neck area. Such localisation of sebaceous gland cysts
in dogs accounted for 42% of the few cases used in the
study. Atheromas were also identified in the abdomi-
nal wall of the abdomen and extremities - 20% each.
In addition, isolated cases were diagnosed in the back
and mammary gland zones. In one case, a generalised
form of atheromatosis of the skin was diagnosed, when
cysts of different sizes were detected throughout the
body in one animal, some of them had signs of purulent
inflammation. The study by J. Parmar et al. (2019) also
confirms the main localisation of disorders in the seba-
ceous glands in dogs in the head area, and in this paper,
the emphasis is placed on the predominant manifes-
tation of the disease in old animals. Analysis of the re-
sults of the examinations conducted within the frame-
work of this study also identified a substantial increase
in the manifestation of atheroma in older animals. In
such dogs, atheromas were observed in combination
with other tumors, including malignant ones, in addi-
tion, atheromas in older dogs were of a larger size. This
was not due to a longer period of their growth during
the life of the animal, but, possibly, was the result of a
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decrease in the body’s defences in old age. The intensity
of atheroma growth in young animals, even in a small
population, was substantially lower than in older dogs.
Similar results were obtained in the studies of E.Racine
(2022), in which the main number of animals with
symptoms of atheroma were over the age of 8 years.
The influence of sex on the development of sebaceous
gland cysts within the research group showed a sub-
stantially higher probability of developing atheroma
in female dogs. Thus, in the sample of dogs that suc-
cumbed to treatment in the network of veterinary clin-
ics in Bishkek, 75% of the animals were females. Similar
studies, conducted on cats in Kyrgyzstan, showed sim-
ilar results. Cat diseases were diagnosed in 79.3% of
cases, whereas in cats, only in 20.7%.

A small sample of animals included in the study
did not allow determining the reliable influence of the
breed on the frequency of cystic processes in the skin
of dogs, although a small number of mongrel dogs may
indicate that purebred dogs get sick much more often.
Another side of this factor may be the fact that due at-
tention is not paid to the health of mongrel dogs, which
manifested itself in a small number of such animals.
Among ten purebred dogs, three animals belonged
to the boxer breed, which may indicate a substantial
susceptibility to cystic diseases in this breed. This as-
sumption is confirmed by the results obtained in the
study by D. Wiener (2021), where boxers belong to the
number of breeds with the maximum manifestation of
this type of pathology. However, the main symptoms
allow differentiating atheroma from other skin forma-
tions in animals can only be detected by microscopy of
histological preparations obtained during biopsy or as
a result of surgical removal of the neoplasm. In all di-
agnosed cases of atheroma in dogs, histomorphological
changes occurring in the skin indicated the presence
of one large and, in some cases, several small cavities
filled with a cell-free mass. The cyst was formed due to
an increase in the cavity of the sebaceous gland. Histo-
logical preparations show a wall lined with epithelial
cells. The contents of the cyst do not contain cellular
structures, and when stained with hematoxylin-eosin, it
is stained with less intensity than the surrounding tis-
sues. Similar characteristics of the histomorphological
structure of atheroma are suggested in the methodo-
logical manual by F. Cian and P. Monti (2019). On all
histological preparations from sick animals, one large
cavity with dense contents is always established. But in
most cases, in particular, up to 67% smaller atheromas
were observed near the large one. Such placement of
secondary atheromas may indicate a systemic skin dis-
ease in domestic animals and not be a random process
that develops as a result of a simple blockage of the
ducts of the sebaceous gland, as explained in previous
studies. The probability of a simultaneous process in
a number of sebaceous glands is quite low. It has not
yet been possible to find a physiological explanation
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or characteristic pathological factors that could lead to
the development of such a process in literary sources,
so this area may be of interest for further research.

In the absence of treatment, according to most re-
searchers, the final stage in the development of ather-
oma is its infection with the development of purulent
inflammation, and the histological preparation will
have inherent changes characteristic of such a process
(Jyothi et al., 2023). Namely, nuclear cell structures ap-
peared in the cyst cavity, represented by phagocytes
and neutrophils, which are visualised due to the differ-
ential colouration of nuclear material from cytoplasmic
structures and cystic contents. A substantial part of the
cystic wall epithelium on a microscopic preparation is
subject to desquamation or necrosis. Single or multiple
fibrinous filaments are visible in the cyst cavity. Partial
destruction of the atheroma wall with signs of purulent
inflammation was observed on histological preparations
obtained from pathological material from only two dogs.
Infection and purulent inflammation in the animals of
the research group were identified to be a rather rare
phenomenon, which manifested itself only in 16% of
cases, and this despite the fact that in some animals,
the observation period for the development of atheroma
was several years. This indicates that such a finale in the
development of atheroma is a rather rare phenomenon,
which may be associated with mechanical injury to the
cyst wall and the entry of microorganisms there, whereas
most atheromas retain growth for a long time.

Treatment of sebaceous gland cysts in dogs and
other pets consists in surgical truncation of such a for-
mation. Of the 12 controlled animals, 11 underwent
surgical removal of this pathology. As a result of the
manipulations performed, the condition of the animals
did not differ from the condition before the surgical
intervention. Observation of operated animals for a
long period showed the absence of relapses of cyst for-
mation, even due to mechanical injuries, which were
surgical manipulations, which once again confirms the
inaccuracy of assumptions about the traumatic nature
of the cause of atheroma. Therefore, further studies on
the causes of the development of cystic skin pathology
in pets,and factors contributing to its occurrence are an
urgent subject and will be continued in future studies.

CONCLUSIONS

Based on the materials of the analysis of veterinary
records on the dynamics of development and clinical
manifestation of pathological processes in the skin of
dogs of a non-tumor nature and histological examina-
tions of pathological material obtained during surgical
removal of such atheromas, the following conclusions
and suggestions can be made for future research. De-
spite the small sample of controlled animals, the ma-
jority of sick animals belonged to the group of old dogs,
which at the time of the study were 9 or more years
old. In addition, females were more susceptible to skin




diseases, the proportion of which was 75% of all an-
imals. Among the presented dog breeds, boxers were
more often identified to have atheromas than repre-
sentatives of other breeds. The main place of localisa-
tion of cystic pathology in dogs was the area of the
head and neck in up to 42% of all cases, atheromas in
the extremities and abdominal wall were less often de-
tected. In histological examination of pathological ma-
terial obtained by truncation of areas with cystic skin
lesions, cases of multiple atheromas prevailed. When
a number of small ones were established next to the
main, larger cyst. In percentage terms, such cases were
more than 66%, which indicates the systemic develop-
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in particular, in these studies, only 16% of cysts are in-
fected, which manifests itself in purulent inflammation
with the formation of abscesses. The use of the surgical
method of atheroma treatment allowed getting rid of
the disease without cases of relapse. The results ob-
tained in the framework of these studies do not coin-
cide with a number of conclusions of other authors, in
particular, regarding the main traumatic cause of ather-
oma formation and predominant suppuration of cysts.
Therefore, these studies are planned to continue with
the involvement of a large number of animals in a con-
trolled group.
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AHoTauis. [1aTonoriyHi npouecu B WKipi LOMALIHIX TBAPUH € OAHMM 3 HABINbLL NOLIMPEHUX 3aXBOPHOBAHb AOMALLHIX
TBapuH gk y Kuprusbkiii Pecny6niui, Tak i B ycboMy CBITi. Y 3B%3Ky 3i cknagHow AudepeHLianbHOK AiarHOCTUKOK
OHKOJIOTIYHMX XBOPOD Ta 3aXBOPHOBAHb HEMYX/IMHHOIO XapaKTepy y TBAPUH AULLE 33 KNiHIYHUMMM 03HaKaMu, METO
Liei poboTM cTano NpoBEAEHHS CTAaTUCTMUYHOrO Ta FiCTOMOPMONONiYHOro aHanisy BMNAAKiB PO3BUTKY aTepoMM
y cobak. Iig yac npoBeneHHS [OCNIAKEHb BUKOPUCTOBYBANM KAIHIYHWIA, TICTONOrMYHUMIA Ta CTAaTUCTUYHI MeTOoAaM.
[ocnipkeHHs NpoBOAMAMCA HA MiAKOHTPOJbHIM rpyni AOMaLLHiIX cobak y KinbkKocTi 12 TBAapWH, CNOCTEPEXEHHS
3a SIKMMM TPUBANO MPOTArOM KinbKoX pokiB. Mpu 360pi aHaMHe3y dikcyBanu, KpiM KAiHIYHMX O3HaK, Nopoay, Bik
Ta CYynyTHi 3axBOPKBaHHA Yy cobak. [py NpoBefeHHi XipypriyHOro BWAANEHHS aTEPOM TOTYBajAM TiCTONOTiYHI
npenapati AN YyTOYHEHHS AiarHO3y Ta BMBYEHHS MOPMOriCTONONYHMX 3MiH y TKaHWHaX. ATepoMa LKipK y cobak
HaluacTile peecTpyBanacs y CTapux TBApUH, IKUM HAa MOMEHT BCTAHOB/IEHHS AiarHo3y 6yno 6inbwe 9 pokis. Mpu
LibOMY HaiyvacTile Taka NaTonoria nokanizyBanacs y cobak y ainsHui ronosu ta wui. Cepen nopif 6okcep BUSBUBCA
HaMbinblWw CNPUAHATAMBMM OO YTBOPEHHS KiCT Ca/bHMX 3an03. TakoX 3axXBOPHOBAHICTb ceped CaMOK CTaHOBMAA
75 % Bipg ycix BUNaakiB 3apeecTpoBaHux xBopob. [CTONOriYHI [OCNIOKEHHS BUSBUAM NPEBANOBAHHS BUMALKIB 3
YTBOPEHHSAM MHOXMHHUX KicT — 67 %, konu Bing ofHi€i BennyesHoi aTepoMu BUABNSETLCA Psf APiOHILNX YyTBOPEHD,
npu LbOMY BUNAAKM PO3BUTKY THIAHOIO 3ananeHHs cTaHoBuAM nuwe 16 %. EGekTMBHMM MeToAoM NikyBaHHS Byno
onepaTMBHE BWAANEHHS aTEpOMM, MPU LibOMY BUMNALKiB MOBTOPHOrO PO3BMTKY KiCT HE CMOCTEPiranocs npoTsrom
TPpMBanoro nocronepauinHoro cnocrepexeHHs. OTpUMaHi pesynbTaTv A03BONAIOTb PO3LUMPUTU 3HAHHS 3 KNIHIYHOTO
NposiBY, AiarHOCTUKM Ta NliKyBaHHS 3aXBOPHOBAHb LWKipW HEMYXJMHHOI NPUPOAM Y AOMALLHIX TBAPUH

KniouoBi cnoBa: xipypriuHuii Ta 6ionciinHMiM MaTepian; Kicta canbHoi 3a1031; MOpdOOrivyHa AiarHOCTMKA; HEMYXJIMHHA
naTonoris WKipu; onepaTMBHE NiKyBaHHA
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Abstract. Antibacterial preparations are used to prevent bacterial diseases in
poultry when raising broilers but given the negative factor of their residual
accumulation in meat and the acquisition of resistance by pathogens, it became
necessary to find alternative means. The purpose of this study was to determine
the effectiveness of various concentrations of Bacillus coagulans on the growth
and development of broiler chickens. Methods employed: microbiological;
physiological to determine the state of health and safety of chickens; zootechnical,;
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pathological; statistical. The chickens in the experiment had a higher live weight at Day 35: in Group 1 - by
11%,in Group 2 - by 15.4%,and in Group 3 - by 18.4%, as opposed to the control. The average daily body weight
gain of chickens in groups with B. coagulans was higher, in Group 1-by 10.8%, in Group 2-by 15%, and in
Group 3 -by 18.3%. The preservation rate in all experimental groups, regardless of the probiotic concentration,
was 100%, while in the control group - 80%. There was an increase in live weight in the following groups:
Group 1-by 11%, Group 2 - by 15.5%, Group 3 - by 19%. Feed conversion was lower in Group 1 by 5.3%,
in Group 2 - by 3.4%, and in Group 3 - by 2%, compared to the control. At the end of the study, the level of
Lactobacillus sp.in the intestines of chickens in Group 1 was 33.78% higher, in Group 2 - by 50%, in Group 3 - by
78.37%; a decrease in the content of Enterobacteriaceae sp. in Group 1-by 51.48%, in Group 2 - by 65.11%, in
Group 3-by 90.67%; Staphylococcus sp.in Group 1 -by 15.04%, in Group 2 - by 35.44%, in Group 3-by 51.47%
(p€0.05), in contrast to the control. The average bursal weight in Group 1 was 4.82% higher, in Group 2 -30%
higher, in Group 3 -37.53% higher, and the bursal index was 15%, 25%, and 30% higher, respectively, compared
to the control

Keywords: antibiotic resistance; B. coagulans; intestinal microflora; feed conversion; immunocompetent organs;

live weight; preservation

INTRODUCTION

Broiler farming on an industrial scale creates a great
concentration of livestock in a small area. During the
cold season, poultry are kept indoors, which creates fa-
vourable conditions for infectious diseases to develop.
Producers need to prevent the occurrence and spread
of bacterial infections among chickens. The ban on the
use of antimicrobials as growth promoters and pre-
ventive measures for bacterial infections has led to a
search for alternative means of preventing them. The
relevance of subject under study lies in the use of the
probiotic strain B. coagulans ALM-86 to prevent bacte-
rial diseases in broiler chickens.

G.R. Gibson et al. (2017) found that live probiotic
strains of microorganisms in therapeutic doses improve
the productive qualities of animals. The studies indicate
that the doses of probiotic strains should be clearly de-
fined and confirmed by toxicological studies regarding
the safety of the specified strain of microorganism for
animals. Therefore, the use of each probiotic must be
clearly substantiated and its positive effect on animals
must be proven. Furthermore, not only animal health is a
vital indicator for the farm, but also production indicators
such as live weight gain and feed conversion. Modern
broiler crosses have a fast growth rate and accelerated
metabolism, and therefore the results of using probiotic
products can be clear in a shorter period of time.

A. Grant et al. (2018) found that probiotic strains of
Bacillus have gained popularity for use in broiler breed-
ing to provide safe and high-quality products. The ad-
vantages of these microorganisms are the synthesis of
biocides, the formation of the microbiome, positive im-
munological and morphological changes in the gastro-
intestinal tract of chickens. However, different strains of
Bacillus have cultural differences, and the mechanism of
influence on poultry performance is not clearly defined.

J.M. Ngunjiri et al. (2019) found a direct correlation
between beneficial and pathogenic microflora in the gut
and lungs at all production stages of chicken rearing.

Scientists believe that advances in this research could
lead to the development of an effective method based
on intervention in the microbiome to improve produc-
tivity and control disease in poultry. Multidrug-resistant
bacterial pathogens, which become resistant due to the
use of antibiotics, are one of the most arduous chal-
lenges in poultry production. TJ. Johnson et al. (2018)
investigated over two thousand samples from different
broiler farms. The basic bacterial microflora, Lactobacil-
lus, was identified by sequencing the 16S rRNA gene.
The researchers believe that it is necessary to continue
experiments towards maintaining the isolated microbi-
ota using probiotic strains of microorganisms.

Y. Wu et al. (2018) found that the use of Bacil-
lus coagulans in poultry affected by necrotising en-
teritis reduced the level of C. perfringens. The use of
the broiler probiotic had a positive effect on produc-
tive performance and increased alkaline phosphatase
activity. The experiment was limited to the use of a
single pathogenic microorganism, Clostridium per-
fringens, and therefpre there is a need to expand the
range of possible antimicrobial activity of B. coagulans.
K. Sasaki et al. (2020) concluded that B. coagulans re-
stores the beneficial microflora in the human gut and
reduces the number of Enterobacteriaceae in the colon.
However, the effect of B. coagulans on the small intesti-
nal microbiome and possible morphological changes is
uncertain. C. Liu et al. (2022) indicated that B. coagulans
in the poultry diet had a positive effect on the metabo-
lism of protein and other metabolites. No studies have
been conducted on the effect of probiotics on the im-
munocompetent organs of poultry.

The findings of W. Zheng et al. (2023) suggest that
B. coagulans has prominent qualities as a probiotic. The
researchers propose to use it for livestock production as
a substitute for growth promoters and feed antibiotics.
Furthermore, B. coagulans showed low levels of acute
and chronic toxicity. There is a need to conduct research
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in this area to determine the effectiveness of the intro-
duction of B. coagulans in livestock. That is why the pur-
pose of this study was to determine the effectiveness of
B. coagulans ALM 86 in preventing bacterial diseases and
the productive performance of broiler chickens.

MATERIALS AND METHODS

The study was conducted in the vivarium of the Fac-
ulty of Veterinary Medicine of Sumy National Agrarian

University in October 23. Broiler chickens (Cobb-500
cross) were selected as the object of study, of which
4 experimental groups and one control group of 25
birds each were formed. From the first to 36 days,
the birds were kept on the floor on deep litter and
fed with compound feed according to the standard
indicators. Poultry in the experimental groups were
supplemented with the probiotic Bacillus coagulans
ALM-86 in various concentrations (Table 1).

Table 1. Research design

Groups

Concentration of Bacillus coagulans ALM-86

Experimental No. 1

1x10%, CFU/g

Experimental No. 2

1x107,CFU/g

Experimental No. 3

1x10°, CFU/g

Control

water

Notes: CFU is a colony forming unit

Source: compiled by the authors of this study based on personal findings

Study of the properties of Bacillus coagulans. The
adhesive properties of Bacillus coagulans ALM-86
were determined according to the Brilis method
(Brilis et al., 1986) using the mean adhesion index
(MAI), erythrocyte participation rate (EPR), and erythro-
cyte adhesion index (EAI).

Study of physiological parameters of chickens. The
weight of the chickens was determined by weighing
them on the second, third, fourth, and fifth week of the
experiment. Feed conversion and chicken survival were
also measured.

Research on the microbiome in chickens. The com-
position of the bacterial microflora of the intestine of
chickens was determined after slaughter of five birds
from each group at the age of 2 and 5 weeks. Average
samples weighing 1 g were taken from the contents of
the small intestine (duodenum), transferred to a phos-
phate-buffered solution of 9 cm?, diluted from 10? to
10 and inoculated onto MPA (meat-peptone agar),
Endo, Sabouraud, and vegetable media. They were incu-
bated in a thermostat with an exposure time of 24-48
hours at 37°C, followed by counting the faecal CFU.

Determination of the effect of probiotic on the immu-
nocompetent organs of broiler chickens. At the age of 5
weeks after slaughter, five poultry heads were exam-
ined for the mass of immunocompetent organs (bursa,
thymus). The bursal index was also determined using
the following formula:

Bl=m /M x 1000, 1)

where Bl is the bursal index, m is the mass of the immu-
nocompetent organ, M is the mass of the chicken.
Statistical analysis. Statistical calculations of the
data obtained were carried out using the Fisher-Stu-
dent method (Fisher & Mosteller, 1948) when compar-
ing the digital data of the control and experimental
groups. The study considered the statistical significance
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of indicators (p<0.05) over 95%. Animal studies were
conducted according to the methodology of DSTU EN
ISO/IEC 17025:2019 (2021), the requirements and rules
of bioethics and humane treatment of vertebrates
2010/63/EU (Hartung, 2010). The animals were kept,
and all manipulations were conducted following the
provisions of the Procedure for conducting tests and
experiments on animals by scientific institutions (Law
of Ukraine No. 249,2012) and the European Convention
(1986).

RESULTS AND DISCUSSION

Results of the study of Bacillus coagulans and its proper-
ties. At the first stage, the culture of Bacillus coagulans
ALM-86 was prepared by growing it on vegetable medi-
um, preparing smears and examining it under a micro-
scope (Fig.1).

Figure 1. Light microscopy of B. coagulans ALM-86
(magnification x4000)
Source: compiled by the authors

The degree of adhesion to rooster erythrocytes was
also determined to establish the virulence of the strain

(Fig. 2).
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When investigating the adhesiveness index of
B. coagulans ALM-86 erythrocytes, it was found that
it was 2.35+0.12. This is the average indicator ac-
cording to the Brilis method (Fig. 2), the adhesion
index - 1.80%0.05, and the adhesion coefficient -

P

Figure 2. The result of adhesion of B. coagulans ALM-86 on rooster erythrocytes (x1000)
Source: compiled by the authors

85.34%£1.12.

Results of determining the productive performance of
chickens. At the beginning of the experiment, the body
weight of broiler chickens, their preservation and feed
conversion were found (Table 2).

Table 2. Physiological and productive parameters of broiler chickens using Bacillus coagulans ALM-86, n=25

Experimental groups of chickens

3 Experimental

Indicators 1 Experimental 2 Experimental
B. coagulans 1x10°, B. coagulans 1x107, B. coagulans 1x10°, control
CFU/g CFU/g CFU/g
Body Wel‘)%';tlpzr 1 head 50.20+ 0.61 50.120.37 49.80£0.24 49.910.36
Day 7, 178.21%£1.50 180.21%£1.15 179.12%£1.34 176.30%1.22
% to control 101.10 102.30 101.70 100.00
Day 14,9 474.64%2.25 498.68+1.41 496.35+1.28 490.04%1.45
% to control 97.90 101.60 101.20 100.00
Day 21,g 997.10%£1.57 1,014.30+3.69 1,020.5%£2.99* 941.10+2.18
% to control 105.90 107.70 108.40 100.00
Day 28, 1,631.92+28.78 1,679.30+37.51 1,751.20+42.67* 1,605.31+39.70
% to control 101.60 104.60 109.20 100.00
Day 35,9 2,472.41+8.83* 2,569.30+17.53* 2,642.92+25.34* 2,226.92+30.30
% to control 111.00 115.40 118.40 100.0
Average daily live weight gain, g 72.07%0.66* 74.84%0.54* 76.93%0.60" 65.05%0.23
% to control 110.80 115.00 118.30 100.00
Poultry mortality (heads) 0 0 0 5
preservation, % 100.00 100.00 100.00 80.10
Live weight 60.55+0.65* 62.98+0.86" 64.92+0.72* 54.50%0.63
gain, kg 111.00 115.50 119.00 100.00
Feed consumption. k 128.20£0.65 130.82£0.45 132.61%£0.86 135.42%0.33
ption. kg 94.68 96.60 97.90 100.00
Feed consumption per 1 kg of 211 207 204 248
live weight gain, kg 85.10 83.50 82.20 100.00

% to control

Notes: *P<0.05 - relative to the control
Source: compiled by the authors of this study based on the data obtained

The results show that different concentrations of
the probiotic had distinct effects on weight gain and
feed conversion during broiler chicken rearing. The
body weight of day-old chickens in the experimen-
tal and control groups was the same. At one to two
weeks of age, chickens had analogous body weights

in all groups. Body weight increased (p<0.05) in the
groups of chickens on Day 21 of the experiment: in
Group 1 - by 5.9%, in Group 2 - by 7.7%, in Group
3 - by 8.4%, in contrast to the control. On Day 28 of
the study, a significant increase in weight was ob-
tained in the broiler groups: in Group 1 - by 1.6%,
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in Group 2 - by 4.6%, and in Group 3 - by 9.2%. The
use of Bacillus coagulansALM-86 has a positive effect
on the productive qualities of poultry. At the end of
the experiment on Day 35, the weight of chickens in
Group 1 increased significantly by 11%, in Group 2 - by
15.4%, and in Group 3 - by 18.4%. Furthermore, the
average daily weight gain of broilers in the groups
where the poultry took the probiotic was significantly
higher: in Group 1 - by 10.8%, in Group 2 - by 15.0%,
and in Group 3 - by 18.3%, in contrast to the control.

Therewith, the preservation rate in all experimental
groups, where different concentrations of the probi-
otic were used as an additive, was 100%. In the control
group of 25 chickens, 5 chickens died from a bacterial
infection. Chickens in the control group showed a de-
crease in weight on Day 35. It was found that the main
cause of death of the chickens was catarrhal inflamma-
tion of the small intestine (Fig. 3). During the bacteri-
ological examination of the pathological material, the
causative agent of escherichiosis was isolated.

Figure 3. Catarrhal inflammation of the small intestine in chickens of the control group
Source: compiled by the authors of this study based on the data obtained

As a result of the experiment, there was an increase
in body weight gain by group: in Group 1 - by 11%, in
Group 2 - by 15.5%, and in Group 3 - by 19.0%. Feed
consumption for the entire study period was 5.3% less
in Group 1, 3.4% less in Group 2,and 2% less in Group 3,
which is also a plus to economic profit compared to
broiler chicken rearing without probiotics. This fact is
also confirmed by the indicator of feed consumption
per 1 kg of live weight gain, which was 14.9% lower in
Group 1, 16.5% lower in Group 2, and 17.8% lower in
Group 3 than in the control group.

Results of determining the composition of gastrointes-
tinal microflora in chickens. The health and productivity
of poultry depend on the state of the intestinal bacte-
riocenosis. The next significant variation is in the con-
tent of microorganisms in the small intestine of broiler
chickens of different groups at the beginning of poultry
rearing. During this period, the bacterial content in the
intestines of chickens in Groups 1 and 2 was approxi-
mately 1.5-2.0 times higher than in the control group.

Table 3 presents quantitative changes in the intes-
tinal microflora of chickens at 2 and 5 weeks of age.

By Week 2 of the study, the colonisation of the ben-
eficial intestinal microflora with Lactobacillus sp. in-
creased in Group 1 by 1.48%, in Group 2 - by 31.94%,
and Group 3 - by 64.78%. By Week 5 of the study in
broiler chickens, the amount of Lactobacillus sp. in the
intestinal contents was 33.78% higher in Group 1,
50.0% higher in Group 2,and 78.37% higher in Group 3
than in the control. Furthermore, a potential increase in
Lactobacillus sp.in chickens of the experimental groups
should be noted compared to Week 2 of the study. The
family Enterobacteriaceae sp. includes bacteria that in-
clude well-known pathogens such as Escherichia coli.
Therefore, the decrease in the level of pathogenic
bacteria in the intestine of chickens was a sign of the
competitiveness of Bacillus coagulans ALM-86 as a pro-
biotic. By Week 2 of the study, a significant decrease in
the content of Enterobacteriaceae sp. bacteria was found
in Group 1 by 34.5.9%, in Group 2 - by 37.27%, and in
Group 3 - by 53.16%. By Week 5 of the experiment, the
number of Enterobacteriaceae sp. in the duodenum in
Group 1 decreased by 51.48%, in Group 2 - by 65.11%,
in Group 3 - by 90.67% compared to the control.

Table 3. Composition of the microflora of the small intestine (duodenum) of chickens on Weeks 2 and 5 of rearing, n=5

G Lactobacillus sp. Enterobacteriaceae sp. Staphylococcus sp. Associated microflora
roups
P Week 2 Week 5 Week 2 Week 5 Week 2 Week 2 Week 2 Week 5
1st
Experimental  (10.27¥0.28) (19.83*0.32)" (13.02#0.34)" (14.73%0.24)" (8.64*0.42)* (6.04*0.30) (13.18%0.42)" (14.91*0.41)"
B. coagulans x10* x107 x10* %107 x10* x107 x10° x108

1x10°, CFU/q
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Table 3. Continued

¢ Lactobacillus sp. Enterobacteriaceae sp. Staphylococcus sp. Associated microflora
roups
P Week 2 Week 5 Week 2 Week 5 Week 2 Week 2 Week 2 Week 5
2nd
Experimental  (13.4%0.35)* (22.25%0.39)* (12.47%0.28)* (10.59%0.36)* (6.28%0.32)" (4.59%0.43)" (13.90*0.40)* (12.77%0.52)*
B. coagulans x10* x107 x10* x107 x10* x107 x10° x108
1x107, CFU/g
3rd 3.45£0.29
Experimental  (16.64£0.29)" (26.41%0.35) (9.310.357  (2.83:0.18) (4.85¢0.29) o ) (12.98+0.58)* (11.99+0.50)"
B. coagulans x10* x107 x10* x107 x10* <107 x10° x108
1x10° CFU/g
control (10.08+0.26) (14.87+0.28) (19.88*0.25) (30.36*0.55) (14.56*0.24) (7.11*0.38) 16.71%*0.37  16.23%0.36
x10* x107 x10* x107 x10* x107 x10° x108

Notes: *P<0.05 - relative to the control

Source: compiled by the authors of this study based on the data obtained

By Week 2 of the test, the growth of Staphylococ-
cus sp.was inhibited in Group 1 by 40.65%, in Group 2 -
by 56.86%, in Group 3 - by 66.68%, compared to the
control. In Group 1, the level of Staphylococcus sp. at
the end of the tests was significantly lower than in
the control group by 15.04%, in Group 2 - by 35.44%,
and in Group 3 - by 51.47%. The associated micro-
flora included unidentified microorganisms that af-
fect the overall level of bacteria in the duodenum of
broiler chickens. The content of associated microflora
on Week 2 of the experiment was lower in Group 1
by 21.12%, in Group 2 - by 16.81%, and in Group 3 -
by 22.32% compared to the control. At Week 5 of the
study, the level of associated microflora in Group 1

was 8.13% lower, in Group 2 - 21.31% lower, and in
Group 3 - 26.12% lower.

The results of determining the effect of probiotic on
the immunocompetent organs of chickens. To establish
the possible toxic effects on the chickens’ body and im-
mune system, necropsies and studies of immunocom-
petent organs were performed (Table 4). The average
thymus weight of broiler chickens in the groups was
almost identical, and therefore the thymus index was
not calculated. The conducted studies found that the
average weight of the bursa in Group 1 and the control
group was lower than in the other groups. The average
weight of the organ in Group 1 was 4.82% higher, in
Group 2 - by 30.0%, and in Group 3 - by 37.53%.

Table 4. Weight of immunocompetent organs of chickens at the age of 5 weeks, n=5

Groups Average thymus weight, g Average weight of the bursa, g Bursal index
5 coi;tulf;r?serliﬂ%?,tacllzu /o 7.81%0.20 3.9120.27 2.3040.12
5 cog;tufa"rf’se;iﬂ%r{%u p 8.31:0.34 4854041 2.50£0.21
5 Coiztuf;rf’se;‘f“l%r;f"&u /o 8.15+0.28 5.13+0.45" 2.60+0.12

control 8.03£0.45 373021 2.10:0.14

Notes: *P<0.05 - relative to the control

Source: compiled by the authors of this study based on the data obtained

According to the results, the bursal index was 15%
higher in Group 1,in Group 2 - 25% higher,and in Group
3 - 30% higher compared to the control group. The ex-
periment suggests that chickens in the experimental
groups where Bacillus coagulans ALM-86 was used as
a dietary supplement had greater body weight, safety,
and immune status compared to the control group.

The determination of the properties of B. coag-
ulans ALM-86 showed that the strain has an average
adhesion index, which indicates the avirulence of the
bacterium to the organism. O. Shkromada et al. (2022)
proved the positive effect of the Bacillus probiotic on
the gastrointestinal tract microflora and milk pro-
duction in cows. According to the results of body
weight determination, an increase in broiler chicken
weight was found in the experiment on Days 21-35

of rearing, where the probiotic was used. The best
results were obtained in Group 3, where B. coagulans
was fed at a dilution of 1x10° CFU/g. The findings of
Y. Zhou et al. (2020) also reported an improvement
in the performance of broiler chickens upon using
B.coagulans. R.Jager et al.(2018) and Z. Liu et al. (2022)
confirm that B. coagulans promotes protein metabo-
lism in animals.

During the research, it was found that the safety
of chickens in all experimental groups, where different
concentrations of the probiotic were used as an ad-
ditive, was 100%. In the control group, chickens died
due to intoxication caused by a bacterial infection.
C. Liu et al. (2022) proved that one of the bacterial
pathogens for poultry is S. pullorum, which leads to
a high mortality rate caused by acute enteritis. Thus,
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B. coagulans inhibits the growth and reproduction of
opportunistic microflora in the intestine, which is con-
firmed by the study of the composition of the duodenal
microbiome in chickens of two and five weeks of age.
The test results are confirmed by K. Amoah et al. (2019)
and S.S. Xing et al. (2019), who found that B. coagulans
reduced intestine damage and restored the microbiome.

The number of beneficial microflora Lactobacil-
lus sp. was significantly greater in chickens of the ex-
perimental groups, while Enterobacteriaceae sp. and
Staphylococcus sp. were lower. S. Xie et al. (2022) and
W. Zhen et al. (2018) confirmed that B. coagulans helps
to form the intestinal microbiome, increase the body’s
resistance, and contribute to protection against patho-
gens such as S. enteritidis in chickens. Thus, B. coagulans
can be added to the poultry diet as a growth stimu-
lant and biocide, especially for young poultry, due to
the inhibition of pathogenic microflora. Furthermore,
studies have established the presence of a stimulat-
ing effect of B. coagulans ALM-86 on immunocompe-
tent organs - the bursa, which gives grounds for its use
as an immunomodulator. TV. Bomko et al. (2017) and
Z.Wang et al. (2022) found that in mice with streptomy-
cin-induced colitis, the introduction of B. coagulans led
to the cessation of diarrhoea, normalisation of gastroin-
testinal motility, and complete restoration of immunity
merely using the probiotic.

In addition, due to the improved feed digestibility
in chickens of the experimental groups, there was a de-
crease in feed conversion, which reflects the economic
feasibility of using B. coagulans as an additive to broiler
chickens. The high intensity of growth and metabolic pro-
cesses in broiler chickens makes it necessary to search
for safe growth and immunity stimulants. As an alter-
native, the B. coagulans ALM-86 probiotic for industrial
use proved to be a desirable choice in the study.

CONCLUSIONS

Studies have shown that chickens treated with probiot-
ics had a higher body weight on Day 21:in Group 1 - by

5.9%, in Group 2 - by 7.7%, in Group 3 - by 8.4%; on
Day 28:in Group 1 - by 1.6%, in Group 2 - by 4.6%, in
Group 3 - by 9.2%; on Day 35:in Group 1 - by 11%, in
Group 2 - by 15.4%, in Group 3 - by 18.4%, compared
to the control. When using B. coagulans in chickens, the
average daily body weight gain was higher in Group 1 by
10.8%, in Group 2 - by 15.0%, and in Group 3 - by 18.3%,
with an increase in body weight gain by 11%, 15%, and
19%, respectively, compared to the control. The survival
rate of the chickens in the experiment was 100%, as op-
posed to 80% in the control group. Feed consumption
per 1 kg of live weight gain was 14.9% lower in Group 1,
16.5% lower in Group 2,and 17.8% lower in Group 3; feed
conversion was 5.3%, 3.4%, and 2% lower, respectively.

At Week 2 of the study, the content of Lactobacillus sp.
in the intestines of poultry in Group 1 was 1.48% higher,
in Group 2 - 31.94%, and Group 3 - 64.78%; at Week 5
of the study: Group 1 - 33.78%, Group 2 - 50.0%, Group
3 - 78.37%. At Week 2 of the study, a decrease in the
content of Enterobacteriaceae sp.was found in Group 1 by
34.5.9%,in Group 2 - by 37.27%, in Group 3 - by 53.16%;
at Week 5: in Group 1 - by 51.48%, in Group 2- by
65.11%, in Group 3 - by 90.67%, significantly compared
to the control. By Week 2, the study found an inhibition
of Staphylococcus sp. growth in the groups as follows: in
Group 1 -by40.65%,in Group 2 - by 56.86%,in Group 3 -
by 66.68%; by Week 5, in Groupl - by 15.04%, in Group
2 - by 35.44%, and in Group 3 - by 51.47%. The study of
the effect of B. coagulans on immunocompetent organs
showed that the average bursa weight in Group 1 was
4.82% higher, in Group 2 - 30.0% higher, in Group 3 -
37.53% higher. Further prospects of the research are to
investigate the effect of B. coagulans ALM-86 on the in-
testinal morphology of broiler chickens.
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AHortauis. [pu BupoLllyBaHHS HpoinepiB 3 MeTol NpodinakTuky HakTepianbHUX XBOPOO NTULL 3aCTOCOBYKOTb
aHTMbaKTepianbHi NpenapaTtu, ane, BpaxoBYKUYM HEFATUBHMIA (DAKTOP HAKOMMYEHHS iX 3aAMLWKOBOI KiNIbKOCTI Y MACI,
Ta HabyTTs 36yAHMKaMM 3apa3HUX XBOPOD pe3nUCTEHTHOCTI BUHWMKNA HEOOXIiAHICTb NOWYKY ansTepHaTMBHMX 3acobiB.
MeToto gocnipkeHHs 6yno BM3HaunTU edeKTUBHICTb Pi3HMX KOHUEeHTpauin Bacillus coagulans Ha picT Ta po3BUTOK
KypuyaT-6poiinepis. BukopucraHi metoam: MikpobionoriyHuii; isionoriyHMin Ons BM3HAYEHHS CTaHy 340pOBA Ta
30epeXXeHOCTi KypyaT; 300TeXHIYHWIA; NaTONOr0aHATOMIYHWIA; CTaTUCTUYHMIA. KypyaTa B eKCnepuMeHTi Manu 6inbluy
XMBY Macy Ha 35 poby: B rpyni N2 1 Ha 11 %, B rpyni N2 2 — Ha 15,4 %, B rpyni N2 3 - Ha 18,4 %, Ha BigMiHY
Big KoHTponto. CepenHbof060BUIM NpUPICT MacK Tina Kypyat y rpynax 3 B. coagulans 6yB Buie, B rpyni N2 1 Ha
10,8 %, B rpyni N2 2 — Ha 15 % 1a B rpyni N2 3 - Ha 18,3 %. 36epexeHicTb Yy BCiX JOCNIAHMX IPynax He 3a1eXHO Bif
KOHLeHTpauii npobioTuky, cknana 100 %, B kKoHTponbHin — 80 %. BinbyBanoch 36inblIeHHS XMBOI BarM B rpynax:
rpyni N2 1 - Ha 11 %, rpyni N2 2 - Ha 15,5 %, rpyni N2 3 — Ha 19 %. KoHBepcia kopMy byna Hmkua y rpyni N2 1 Ha
5,3 %,y rpyni N2 2 - Ha 3,4 %,y rpyni N2 3 — Ha 2 %, Ha BiAMIiHY Bif KOHTpont0. [10 3aBepLUeHHI0 AOCNIAXEHHS PiBEHb
Lactobacillus sp.y kuweuHuky kypyaTt rpyni N2 1 rpynu 6yB BuLie Ha 33,78 %, rpyni N2 2 — Ha 50 %, rpyni N2 3 - Ha
78,37 %; 3HuxeHHs emicmy Enterobacteriaceae sp.y rpyni N2 1 Ha 51,48 %, rpyni N2 2 — Ha 65,11 %,y rpyni N2 3 -
Ha 90,67 %; Staphylococcus sp.y rpyni N2 1 rpyni Ha 15,04 %, B rpyni N2 2 - Ha 35,44 %, 8 rpyni N2 3 - Ha 51,47 %
(p<0,05), Ha BigMiHy Bif KoHTponto. CepenHsa Maca bypcu B rpyni N2 1 6yna 6inblua Ha 4,82 %, 8 rpyni N2 2 - Ha 30 %,
B rpyni N2 3 - Ha 37,53 %, BionoBiaHo 6ypcanbHuii iHaekc Ha 15 %, 25 %, Ta 30 %, NOpiBHAHO 3 KOHTPONEM

KniouoBi cnoBa: aHTMOiOTMKOpE3WUCTEHTHICTb; B. coagulans; Mikpodnopa KWLEYHMKA; KOHBEpCis KOpMY;
iMYHOKOMMETEHTHI OpraHu; XmMBa Maca; 36epexeHicTb
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and “Akboken” in the Republic of Kazakhstan. The nursery stock was formed by the internment of new-born saigas
removed from the natural population. Control over the growth and development of saigas was carried out by
periodic weighing and determining the average daily weight gain. Dimensional characteristics of young animals
were determined by selecting the measurements of the sexes of the body. The state of health of the animals in
the premises was monitored by determining biochemical and haematological indicators - the content of protein,
glucose, cholesterol. Approbation of the developed scheme of feeding new-born saigas in nurseries turned out
to be quite effective, which was confirmed by high average daily weight gains at the level of 167-180 g up to 4
months of age and a 6-fold increase in live weight during this period. At the same time, the preservation of the
animal population in nurseries was at the level of 97.3%. Accounting for all the necessary parameters to create
optimal conditions for saigas in the nursery allowed increasing the population of saigas from 150 to 230 units
already in the first year, considering that at the time of the formation of the herd it consisted of new-born animals.
A comprehensive approach to solving the problem of preserving the local population of saigas in Kazakhstan
allowed developing an effective system of measures tested in nurseries for the preservation and breeding of
animals of the Betpakdala and Ural populations. The developed methods of preserving the endangered Tatar saiga
population in nurseries, in addition to the reputational image of Kazakhstan as a country that solved the problem
with the autochthonous species of fauna, contain recommendations for the development of a population of wild
animals with minimal stress and adaptation consequences

Keywords: internment; feeding scheme; preservation of biodiversity; biochemical indicators; body measurements

INTRODUCTION

Humanity, as a social structure, has only recently come
to understand that the preservation of plant and an-
imal diversity on the planet is the main guarantor of
the existence of all aspects of organic life on Earth.
However, industrialisation and the active use of nat-
ural resources by humans reduce the habitat of most
species of autochthonous representatives of flora
and fauna around the world, including the Republic
of Kazakhstan. One of the main factors of the decline
in the population of Red Book species in the West
Kazakhstan region is significant man-made changes
in the natural landscape, and, accordingly, in the com-
position of vegetation that grew in these territories.
This provoked both a change in the migration routes
of wild animals and a decline in their populations due
to a decrease in their range.

No less dangerous factor in preserving the di-
versity of animals in Kazakhstan is criminogenic
phenomena, in particular, poaching in a number of
regions and settlements in the range of animal popu-
lations, which are already on the verge of extinction.
Therefore, special attention is paid to the conserva-
tion of biodiversity as one of the key areas of protec-
tion against the extinction of rare and endangered
species of plants and animals in Kazakhstan. There
are the draft laws adopted by the government on the
protection of biodiversity, in particular Law of the
Republic of Kazakhstan No. 160-I “On Environmental
Protection” (1997), Law of the Republic of Kazakhstan
No. 175-Ill “On Specially Protected Natural Areas”
(2006), Law of the Republic of Kazakhstan No. 70-VII
“On Ratification of the Protocol on the Conservation
of Biological Diversity to the Framework Convention
for the Protection of the Marine Environment of the
Caspian Sea” (2021), and other regulations.
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Special attention should be paid to autochthonous
species, for which the Kazakh steppes are the main
habitat, while preserving biodiversity. One of these
species, which is included in a number of international
conventions and lists of environmental organisations,
is the saiga. Saiga tatarica is a species of animal from
the family of pronghorn antelopes that inhabit the
steppe and semi-desert expanses of Eurasia, they have
biological characteristics that help them adapt to the
harsh conditions of the Eurasian steppes. Of commer-
cial interest are saiga antlers and derivatives, which
are especially appreciated in the culture and medicine
of Southeast Asian countries. All countries of the sai-
ga breeding range banned any commercial export of
these products more than ten years ago. But despite
this ban, the number of offers for the sale of saiga ant-
lers at auctions in countries is quite high, which does
not exclude a high percentage of poaching in saiga
breeding sites. As of 2023, the Kazakh saiga population
makes up the bulk (95%) of the total global population
of this species. Therefore, the development of methods
and approaches aimed at preserving the Kazakh saiga
population is an urgent area of research. The message
of A. Serikbayeva et al. (2023) indicate that the Inter-
national Union for Conservation of Nature (UICN) has
identified saigas as an endangered species. One of the
most effective approaches to the conservation of en-
dangered species is the creation of sanctuaries, nurs-
eries, and other reserves for their breeding.

This approach, according to M. Nurushev et al.
(2022), allowed to increase the number of national
parks from 1 to 11; create 4 natural reserves; achieve
the inclusion of 140 species of fauna to protected
animals, of which 22 were listed in the Red Book of
the Republic of Kazakhstan. In the West Kazakhstan




region, the main distribution area of saigas, accord-
ing to K. Kenesarina (2019), in recent years there has
been an active development of the gas and oil industry,
which has led to changes in the landscape and bio-
logical diversity of the local territory. The construction
of pipelines, roads, railways, and other infrastructure
has reduced the population of local mammals, includ-
ing Red Book animals. In addition, the year 2003 was
critical for the saiga population, when the number of
animals of this species did not exceed 21.3 thousand
units. The main reasons for this change in numbers,
according to K. Mukantayev et al. (2022), was poaching.
From other reasons, A. Serikbayeva et al. (2023) note
the loss of habitats through human industrial activity,
snowy winters, lack of food, diseases, and competition
with farm animals. But epizootics turned out to be the
most dangerous for the saiga population. Diseases of
pasteurellosis, teileriosis, ruminant plague, pasture
mites, and other parasitic diseases led to a decrease in
the number of animals by 200 thousand units per year
according to S. Fereidouni et al. (2019).

In connection with the obligations assumed by the
Republic of Kazakhstan within the framework of the rati-
fied International Convention on Biological Diversity and
the Memorandum of understanding concerning con-
servation, restoration and sustainable use of the saiga
antelope (Saiga tatarica) (2021), the conservation of the
animal population of this species is important for the
image of the country. Due to the significant incidence
of saiga antelopes and poaching, the breeding of these
animals in captivity is considered as one of the alter-
native methods of preserving this species. Therefore,
the purpose of this study was to work out the organ-
isational conditions for the creation of nurseries for
breeding saigas in captivity, and the development of
veterinary and sanitary measures in nurseries to pre-
vent the death of animals.

LITERATURE REVIEW

Kazakhstan is home to the Betpakdala, Ustyurt,and Ural
groups of saigas, which belong to the Tatar (Eurasian)
subspecies (Saiga tatarica), and the Mongolian sub-
species (Saiga tatarica mongolica), which, according to
A. Serikbayeva et al. (2023), is distributed in Mongo-
lia. G. Turlybekova et al. (2017) indicates that 95% of
the population of the Tatar subspecies of saiga is lo-
cated in Kazakhstan, while in the Betpakdala and Ural
groups there was a 45% increase in livestock, while the
Ustyurt population practically disappeared. According
to M. Shpigelman (2023), the number of saigas in West-
ern Kazakhstan was estimated at 1.13 million units.

E. Milner-Gulland et al. (2020) observed a decrease
in the number of offspring (from 1.27%0.25 calves to
0.92%0.39) due to female infertility. Therefore, the only
method of preserving the population and maintaining
its genetic diversity remains the creation of sanctuar-
ies where optimal conditions for breeding saiga are
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maintained. K. Kushaliev and Zh. Usenov (2022) high-
light the importance of veterinary and preventive meas-
ures when keeping saigas in captivity, V. Havrylenko
et al.(2022) focus on the regulatory function of humans
when working with the population in the reserve, and
L.Dimeyeva et al.(2022) are convinced that maintaining
high-quality pastures in nature reserves can stimulate
the growth of the number of animals.J. Grachev (2022)
concludes that when creating sanctuaries for saiga, as a
migratory animal, it is necessary to create conditions for
desert, semi-desert, and steppe zones. Because these
areas are important for wintering, calving, and summer
feeding. But the main factor in the increase in the num-
ber of saigas in sanctuaries is the systematic prevention
of poaching, as indicated by D.Blank and Y. Li (2021). Ac-
cording to O.Baitanaev et al. (2014), the main reason for
the reduction of the saiga population by 97.9% (from 1
million to 21.3 thousand units) from 1990 to 2003 was
related to poaching.

In nature reserves, due to the high crowding of
animals, special attention is paid to veterinary safety
issues. In particular, pasteurellosis, since, according
to O. Baitanaev et al. (2014), a significant part of the
saiga population died from this disease in the 1980s.
S.Fereidouni et al.(2019) estimate the number of saigas
killed by foot and mouth disease (FMD) and pasteurel-
losis over a 60-year observation period in Kazakhstan
to be 100,000 and 805,700 saigas, respectively. In
study by U. Taubaev et al. (2022) indicates that almost
all adult animals are pasteurellosis carriers. Among
other infectious diseases, a significant incidence was
observed in the Mongolian population from ruminant
plague (Pruvot et al., 2020). Parasitic diseases are also
frequently reported among saiga. A. Abdybekova et al.
(2021) found 55 species of endoparasites and about
10 species of ectoparasites of saigas in Kazakhstan.
The spread of invasive diseases is also reported by
A. Abdybekova et al. (2023), M. Khanyari et al. (2022).
K. Kushaliyev et al. (2023) indicate a significant mortal-
ity of saigas from parasitic diseases up to 15-17% from
cenurosis and 7-9% from moniziosis. Saigas also acted
as a source of invasion in pastures for farm animals,
which makes sanctuaries not only a method of stabilis-
ing the saiga population, but also preventing morbidity
among animals.

MATERIALS AND METHODS

The creation of nurseries for breeding and preserving
the gene pool of the Tatar subspecies of saiga (Ural
and Betpakdala populations) was carried out in West
Kazakhstan and Ulytau regions of the Republic of
Kazakhstan as part of the programme for breeding and
domestication of saigas. Organisational approaches to
the maintenance and feeding of new-born saigas were
based on the results of scientific research by the staff
of the Zhangir Khan University and practical develop-
ments of employees of LLP “ASAR Live” (Fig. 1).
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Source: authors’s photo

The approbation of the developed organisational
approaches for the adaptation of animals in captivity
and veterinary measures to preserve the health of sai-
gas was carried out in the established nurseries “ASAR
Live” in Zhanaarka district, Ulytau region and ‘Akboken”
in the West Kazakhstan region for the breeding of sai-
gas. Before the construction of the nurseries, epizootic
monitoring of their territory was carried out to identify
pathogens of infectious diseases: anthrax, blackleg, bru-
cellosis, rabies. In the spring of 2022, 150 caught sai-
gas were placed in the “ASAR Live” nursery for breeding
saigas of the Betpakdala population, according to the
permission received for the use of animals for scien-
tific purposes. The nursery was organised jointly with
the "ASAR” farm, located in the habitat of the Betpakdala
saiga population and occupies an area of 370 ha (Fig. 2).

Figure 2. ASAR Live” nursery
Source: authors’s photo

In 2023, the second ‘Akboken” nursery was opened in
the West Kazakhstan region for saigas of the Ural pop-
ulation. It is equipped 20 km from Uralsk, in the area of

Figure 1. Removal of new-born saiga fawns from the natural environment

operation of the Ural agricultural experimental station
and is located on an area of 56 ha. 200 new-born young
animals were interned from the natural environment for
breeding and keeping in the “Akboken” nursery (Fig. 3).

Figure 3. Akboken” nursery
Source: authors’s photo

In order to reduce the impact of stress on saigas dur-
ing their internment, it was decided to move only new-
born animals to nurseries. The levels and feeding tech-
nology were developed by the university staff. All saiga
young stock, regardless of sex, were kept in groups of 20
fawns and tamed to bottle feeding. In the early days of
life, calves were fed a formula based on Nestogen baby
food and cow’s milk with fish oil added. From the sec-
ond month, the young stock was gradually accustomed
to eating grain (barley). Control over the growth and de-
velopment of saigas was carried out by periodic weigh-
ing and taking measurements: at birth, at one and four
months of age. At birth, weighing was performed at the
site of saiga antelope capture using a hand scale with
an electronic sensor (Fig.4a), subsequent measurements
were made using an electronic floor scale (Fig. 4b).

Figure 4. Weighing of saiga calves: a) at capture; b) at the age of one month
Source: authors’s photo
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Health monitoring was carried out by determin-
ing the biochemical parameters of the blood system,
while blood for haematological studies was taken from
the jugular vein in the morning before feeding. The
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indicators were determined using automatic analys-
ers Chem Well 2910 and Mindray BC-2800 Vet in the
conditions of the veterinary clinic of the Zhangir Khan
University (Fig. 5).

Figure 5. Blood collection from saigas for haematological and biochemical analyses

Source: authors’s photo

During rearing, periodic check-ups were also car-
ried out to detect diseases of various aetiologies in
saigas. But the main focus was on infectious and inva-
sive diseases.

Diagnostic and coprological studies were carried
out on the premises of the Institute of Veterinary Med-
icine and Animal Husbandry at the Zhangir Khan Uni-
versity.

RESULTS

Monitoring studies. One of the areas of work on the con-
servation of the saiga population is regular monitor-
ing studies. The dynamics of the number of saigas in
different populations over the past 3 years has been
consistently positive. According to the materials of the
Kazakhstan Association for the Conservation of Biodi-
versity, by far the largest saiga population in the coun-
try is the Ural (Table 1).

Table 1. Number of saigas in Kazakhstan in 2016-2023

Population size, units

Year
Ustyurt Ustyurt Betpakdala Total

2016 70,200 1,900 36,200 108,300
2017 98,200 2,700 51,700 152,600
2018 135,000 3,700 76,400 215,100
2019 217,000 5,900 111,500 334,400
2020 Quarantine (no monitoring studies have been conducted)

2021 545,000 12,000 290,000 842,000
2022 801,000 28,000 489,000 1,318,000
2023 1,130,000 39,700 745,300 1,915,000

Source: developed by the authors

The Ural and Betpakdala populations have been
steadily growing in recent years. The increase in the
current year amounted to more than 45.0% compared
to 2022. The high growth was facilitated by favoura-
ble food and weather conditions of the past two years
and fairly effective protection, which has improved
markedly over this period. But the main reason for the
increase in the number of saigas is their multiplicity
(twins and sometimes triplets). On average, there are
1.5 calves per mother. Such a high multiplicity made
it possible, without prejudice to both the population
and without violating the maternal instinct during sub-
sequent calving, to wean calves from the twin for the

increase of numbers of heads in newly formed nurser-
ies. This approach has been successfully tested in the
creation of nursery stock for two saiga populations -
Betpakdala and Ural.

Organisational arrangements. In the nurseries ‘ASAR
Live”and “Akboken”, the technology of feeding calves was
developed and tested on a large number of new-born
saigas. Since the normal growth and development of
saiga calves depends on compliance with feeding norms
and intervals, energy balance, and veterinary standards
of animal maintenance and condition. Table 2 shows the
scheme of feeding new-born calves by the author’s team
and used in the above-mentioned nurseries.

Scientific Horizons, 2023, Vol. 27, No. 1
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Table 2. Feeding scheme for saiga young stock

Volume of milk or milk
Age, days

Number of feedings

Volume of milk or milk Number of feedings
Age, days

formula, L per day formula, L per day
1-3 0.05-0.1 (Nestogen) 5 61-90 0.4 (CMR) 3
4-10 0.1-0.15 (Nestogen) 4 91-105 0.45 (CMR) 3
11-40 0.25 (whole cow milk) 4 106-120 0.5 (CMR) 2
41-60 0.25-0.3 (CMR) 4 121-150 500 (CMR) 1

Notes: CMR - calf milk replacer
Source: developed by the authors

The frequency of feeding of calves was deter-
mined depending on the appetite and physiological
state of the young stock, their activity, the amount
of green feed consumed, hay, concentrates, and other
factors. In the first ten days of the dairy period, calves
were fed with a mixture based on Nestogen infant

formula, then feeding was carried out with cow’s milk.
From the age of one month, milk replacer with the
addition of vegetable proteins has already been used
to feed young animals. The feeding regime of young
animals during the entire dairy period is presented in
Table 3.

Table 3. Feeding regime of calves in the dairy period

Age of young stock

1-3 days 4-60 days 61-105 days 106-120 days
No. of feeding Time No. of feeding Time No. of feeding Time No. of feeding Time
1st 06:30 1st 06:30 1st 06:30 1st 08:30
2nd 11:30 2nd 11:30 2nd 14:00 2nd 20:00
3rd 14:30 3rd 16:30 3rd 21:00 - -
4th 18:30 4th 21:30 - - - -
5th 21:00 - - - - -

Source: developed by the authors

The sucking reflex was actively manifested in the
captured new-born calves, which allowed them to be
adapted quite quickly to artificial feeding. Already dur-
ing the first weeks, it was necessary to increase the dose
of the mixture. After 2 months of the suckling period,
calves were able to consume from 400 to 500 ml of milk
formula in one feeding. During the use of infant formula,
there were no signs of gastrointestinal disorders. From
the first days of drinking milk, 2 ml of fish oil was added
to it once a day. From the second month, calves began
to be gradually accustomed to feeding barley grain, and
from the age of 4 months, sources of inorganic calci-
um (feed chalk) were included in the diet. At first, it was

added to milk, and in later periods it was added to con-
centrates. The daily feed requirement of 4-5 month-old
saigas consisted of 2.5 kg of coarse feed (hay, straw),
300 g of concentrated feed (medium grinding), salt lick
and water without restrictions. Notably, while feeding
milk, calves got used to the service staff, but as they
grew older, they had an increased instinct for self-pres-
ervation. Control over the development of saiga calves
in captivity was carried out by weight and height indi-
cators. To do this, animals were systematically weighed
and body measurements were determined at birth, at
one and four months of age. The results of the weigh-in
from birth to 4 months of age are presented in Table 4.

Table 4. Dynamics of changes in the live weight of calves of the Ural and Betpakdala populations (M*m), (n=270), kg

Sex
Age, days
Males Females (M£m)
New-borns 3+0.2 4£0.2
30 days 9.1+0.2 9+0.2
120 days 21#£1.5 20.1+0.9

Source: developed by the authors
The live weight of new-born saiga antelopes in the

Ural population was 3.16 kg, whereas the saiga ante-
lopes of the Betpakdala population were significantly
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larger - 3.96 kg (P<0.05), although the body param-
eters of new-born animals practically did not differ
(Table 5).
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Table 5. Exterior parameters of new-born saigas, Mtm (n=100), cm

Measurements Ural population (n=50) Betpakdala population (n=50)

Oblique length of the body 32.5+1.7 33.5+2.1
Chest depth 12.4%+0.9 13.5%1.1
Height at withers 41.4%2.5 41.8%3.7
Height at hips 40%2.5 40.9%3.9

Chest width 7.7%+0.9 7.9%1

Width at hip bone 6.38%0.8 6.91+1
Chest circumference 33.1%+1.9 33.8%2.2
Pastern circumference 4.41+0.5 4.59%0.7

Source: developed by the authors

According to the dynamics of the live weight gain
of saiga antelopes of two populations, the gains of
males were higher than those of females during the

entire control period. According to the average daily
increase, the difference between animals of different
sexes was 4-7 g (Table 6).

Table 6. Dynamics of live weight gain of calves born in 2023

Age period Sex
Males Females
Absolute gain, kg
From birth to 1 month 5.95 5.08
1-4 months 11.9 111
From birth to 4 months 16.89 16.02
Average daily body weight gain, g
From birth to 1 month 180 173
1-4 months 131 127
From birth to 4 months 142 138

Source: developed by the authors

As a result of the conducted research, it can be stat-
ed that the growth and development of calves had high
indicators. The increase in live weight from birth to 4
months of age averaged 140 g per day. This indicates
that the conditions created in nurseries can ensure the
normal development of animals from the first days of

life. In the “ASAR Live” nursery, when keeping saigas in
captivity, females were able to mate in the first year,
and males reached puberty at a later age.

Veterinary and preventive measures. The results of
the biochemical study of blood serum are presented in
Table 7.

Table 7. Biochemical parameters of saiga blood in the spring and autumn period
when growing them in the nursery ‘ASAR Live” (n=10)

Indicator Mzm Lim

Total protein, g/l (spring) 76.7%7 67.2-89.1

Total protein, g/l (@utumn) 75.8+2.4 58.2-95.1
Parts by weight Albumins, g/l 53.9+14 33.7-79.4

Parts by weight Globulins, g/l 42.02%4.4 29.4-73.2

Protein coefficient 1.6%0.1 0.7-2.3

Glucose, mg/dL (spring) 57.4%2.3* 47.2-69.3
Glucose, mg/dl (autumn) 77.9%4 3 61.4-101.2
Cholesterol, mg/dLl (spring) 186.66+10.1" 139.5-214.6
Cholesterol, mg/dl (autumn) 149.7+13.8* 95.2-178.4
Parts by weight Triglycerides, mg/dl 101.78%20.1 94.9-109.7
Iron, mg/dl 93.4+5.84 42.1-177.6

Notes: * - P<0.05
Source: developed by the authors
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The protein content in the blood of the animals,
regardless of the season, was within the physiological
norm - from 60 to 115.5 g/l, and in terms of the ra-
tio of albumins to globulins corresponded to animals
with active growth. While the concentration of glucose
and cholesterol significantly differed between seasons.
This may be evidence of the transition of calves feeding
from a dairy diet to the use of plant-based feed. Thus,
the study of the biochemical parameters of the blood
of saigas in the conditions of the nursery revealed an
excess concentration of most indicators compared to
animals of analogous age of the European population
contained in natural conditions. This may indicate the
best conditions for animals in the created reserves.

In the nurseries “ASAR Live” and “Akboken” all di-
agnostic and preventive manipulations are carried
out according to the plan of veterinary and preven-
tive measures. Veterinary control of the saiga’s health
is carried out by clinical examination and analysis of
haematological and biochemical blood parameters of
the entire animal population. This approach allowed
detecting early signs of diseases in animals and car-
rying out treatment in a timely manner. Thus, due to
this approach, immediately after the removal of new-
born calves, they showed signs of psoroptosis (sca-
bies), which was eliminated by twice treating the ani-
mals with ivermectin. There have been isolated cases
of mortality of saiga calves with signs of dyspepsia.
Mainly signs of digestive disorders were observed in
the first two weeks after their removal from the nat-
ural environment, which was a likely consequence of
stress in a number of animals. Thus, the problem of
stress leads to a malfunction of the immune system,
its adaptive and other protective mechanisms. There-
fore, in order to reduce the stress state of young ani-
mals, they were kept in cages with plastic mesh, 15-20
units in each, which allowed excluding cases of injury.
Of the diseases of non-infectious aetiology in nurs-
eries, there were: phlegmon, bronchopneumonia, in-
juries, limb fractures, enteritis during the preweaning
period, hoof diseases, and subsequently, some females
had obstructed labour. As a result of keeping saigas in
a limited area and the absence of the need for them
to move long distances in search of food, the animals
in the nurseries had an overgrowth of the hoof horn.
As a veterinary measure, it has also been necessary to
clean the hooves of saigas.

The most common diseases in wild mammals in
Western Kazakhstan are parasitic diseases, in particular,
monieziasis. Since insects are involved in the develop-
ment cycle of this parasite, the peak incidence is man-
ifested in the summer, during their swarming. It is not
possible to protect animals from insects on the territory
of the nursery. To do this, preventive deworming was
performed using ivermectin or albendazole preparations
(Fig. 6). To do this, the first use of drugs was carried out
at 30-45 days of age, repeated after 15 days and the final
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treatment of animals was carried out after 25-30 days.
This allowed reducing the incidence among animals.

Figure 6. Lifetime diagnosis of monieziasis
Source: authors’s photo

Summing up, all the organisational and veterinary pre-
ventive measures carried out during the creation and
operation of nurseries for saiga in Kazakhstan ensure
the preservation of the genetic diversity of the popula-
tion by preventing the incidence of animals of various
aetiologies, poaching, and the spread of pasture inva-
sions in significant territories. As of today, the nurseries
have received good results of joint cooperation with
the involvement of University faculty, undergraduates
and students of universities of Kazakhstan, zoo special-
ists, and local media, which increases the effectiveness
of conservation of autochthonous, relict species of flora
and fauna of Kazakhstan.

DISCUSSION

Since the purpose of creating nurseries for the breed-
ing of wild saiga fauna is to preserve the unique gene
pool of the oldest animal species, which is represented
almost only on the territory of Kazakhstan, such work
becomes not only a national task but also important
for the image of the country. The use of nurseries and
sanctuaries as a model for the conservation of animal
species that are on the verge of extinction is one of
the most humane approaches in preserving the biodi-
versity of living organisms. Modelling of natural and
landscape conditions in the reserves allowed creating
optimal conditions for the restoration of the number
of saigas of the Betpakdala and Ural populations. This
approach to preserving the entire biological diversity
of living objects characteristic of a particular region is




consistent with the opinion of T.Atemasova et al. (2023)
and will allow, in addition to animals, to preserve the
plant diversity inherent in this territory.

When creating nurseries “ASAR Live” and “Akboken”
for breeding saiga in the territory of West Kazakhstan
and Ulytau regions of the Republic of Kazakhstan, most
of the factors necessary for successful breeding and re-
production of saiga were considered. For this purpose,
the nurseries were geographically located in the land-
scape conditions of the steppe, semi-desert, and desert,
since each of them serves as a habitat for saigas dur-
ing certain seasonal periods. This is consistent with the
opinion of B. Chimeddorj et al. (2023), that when creat-
ing sanctuaries, it is necessary to consider the attach-
ment of interned animals to the conditions of the envi-
ronment in a natural state and, if possible, create them.
In addition, an equally important factor in the creation
of nurseries is the size of its territory, especially if fur-
ther introduction of animals into natural conditions is
planned. Chinese researchers Z.Jiang et al. (2020) con-
cluded that the small area of reserves for saigas does
not allow restoring the number of animals as migra-
tory species. Therefore, this factor must be considered
when organising the work of the reserve. This approach
of recreating the habitat conditions with floodplain
meadows and forests, and the constant increase in the
nursery area in the floodplain of the Syrdarya River was
tested by M. Suleymenova et al. (2017) in Kazakhstan
during the reintroduction of Bukhara deer brought from
the Karachingil hunting farm.

The period of adaptation of the animals was long
and only in 16 years allowed to increase the number
of deer in the nursery from 8 to 103 individuals. As sai-
gas were captured within the confines of the nurseries
when they were established, there was no adaptation
period, but the effects of stress could have a long-term
impact on the physiological abilities of the interned
saigas. In order to reduce the impact of stress, it was
decided to form a nursery population with new-born
animals. This approach solved the problem of stress in
animals and made it relatively easy to select saiga an-
telopes for the nursery. This is due to the physiological
characteristics of migrating animals, when the mother
leaves her new-born offspring for a relatively long
period in search of food. The approach used in the
development of the livestock of the “ASAR Live” and
‘Akboken” nurseries is unique, since such reports could
not be found in the scientific literature. The relatively
easy artificial feeding of young ruminants allows us-
ing this method of forming the livestock of sanctuar-
ies in further work while preserving other species. The
use of industrially produced whole milk replacers has
enabled the feeding of saiga calves to be harmonised
and a healthy saiga population to be established in
the two reserves. The results of the growth and de-
velopment of saiga calves were monitored by periodic
weighing and taking measurements.

Kushaliyev et al.

The search for reference values of biochemical and
haematological parameters in the scientific literature
for captive saigas, depending on sex, age, and physi-
ological condition (disease, stress), did not yield pos-
itive results. Therefore, the obtained indicators of the
main biochemical and haematological studies of saiga
from nurseries were compared with the parameters of
new-born saiga in the natural environment, which were
measured in study by X. Liu et al. (2019). This indicates
that the conditions that have been created in the nurs-
eries correspond to the natural needs of saigas. This
was also confirmed by later results of the reproductive
ability of animals that were kept in captivity. Young fe-
males became sexually mature already at 8-9 months
and the next year brought offspring. Similar results of
the development of reproductive ability were observed
in animals in the natural population in the studies by
D. Moon (2023). According to the researcher, females
became sexually mature at 7-8 months and were ready
to mate in the first year of life.

The most dangerous factor in creating an artificial
population of animals in a nursery or wildlife sanctuary
is the narrowing of genetic diversity in such a group.
Similar results were obtained by Z. Jiang et al. (2020)
and M. Nurushev et al. (2020). When, as a result of a
decrease in the genetic diversity of the herd, there was
a decrease in reproductive ability and immunity in ani-
mals. In a broader study of the entire saiga population,
A. Rey-Iglesia et al. (2022) indicate low genetic varia-
bility in the Tatar and Mongolian saiga species, both
species also have a low percentage of heterozygosity
in the main genes. These studies indicate a significant
narrowing of diversity in saiga populations and a fur-
ther increase in monozygosity may lead to the degen-
eration of the species. Therefore, when creating a herd
in the nurseries ‘ASAR Live” and “Akboken”, the selec-
tion of calves was carried out in significant territories
of adjacent regions of Kazakhstan in order to expand
genetic diversity. No more than two new-born animals
were selected from the distribution area of one family.
What could guarantee the absence of kinship ties be-
tween individuals in the livestock of the nursery. The
other side of this approach was to ensure the veterinary
well-being of nurseries from infectious problems.

Given the fact that the outbreak of pasteurellosis
at one time almost destroyed the saiga population, a
plan of veterinary and preventive measures was drawn
up in the nurseries, which provides for the study of
livestock for particularly dangerous diseases - bru-
cellosis, FMD, which are indicated in their studies by
W. Beauvais et al. (2019). Regular coprological examina-
tion for the presence of helminth eggs has also become
a necessary area of research, since the parasites them-
selves are able to reduce the immunological status of
animals and contribute to morbidity in the population.
Thus, the nurseries at the Zhangir Khan University are
a modern base for scientific and practical work on the
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conservation of the biodiversity of local fauna, which
is equipped with modern resources and facilities for
conducting veterinary and environmental research.
This allows conducting the entire range of work on the
study of saigas of the Betpakdala and Ural populations
in the conditions of established nurseries. It is a prac-
tical school for Kazakh scientists, undergraduates, and
doctoral students of national higher educational institu-
tions, where scientific research of ecological, biological
and genetic directions is carried out, in compliance with
the conditions of zoohygienic standards for the growing
of animals in captivity. In this regard, the development
and implementation of mechanisms for the conservation
and regulation of the number of saigas is an urgent and
in-demand task of modern Kazakh science.

Currently, work on the study of saigas in captivity
continues. Recently, the main focus has been the in-
vestigation of molecular genetic DNA markers in the
Betpakdala and Ural saiga populations. In the near fu-
ture, it is planned to set up a modern genetic laboratory
at the Zhangir Khan University to carry out diagnostic
tests for diseases of various aetiologies, and to solve
the following problems: genomic selection and genetic
certification of saiga; identification and evaluation of
markers of disease resistance; studying, evaluating, and
adjusting the composition of the saiga microbiota, se-
lecting the most effective diet for keeping in nurseries;
studying and preserving the gene pool of the popula-
tion of Saiga tatarica; creation of national genomic da-
tabases.

CONCLUSIONS

Based on the materials of the conducted research on
organisational approaches to the creation of nurs-
eries “ASAR Live” and “Akboken” to preserve the gene

population has allowed the authors to develop a sys-
tem of measures to regulate the number of migratory
wild animals in the western regions of Kazakhstan. An
analysis of the number of animals in the Ural and Bet-
pakdala populations indicates stable growth in recent
years. The increase in livestock in 2022 was more than
45% compared to their number in 2021. The developed
mechanism for removing new-born saigas from the
natural environment with the subsequent technology
of feeding them allowed creating breeding stock with
minimal adaptation and stress loads. And the developed
feeding scheme for saigas allows obtaining average
daily live weight gains in young animals of both popu-
lations at the level of 167-180 g from birth to 4 months.

The results obtained indicate high rates of growth
and development of saiga calves in nursery conditions,
at a level even higher than in natural conditions. The
live weight of calves from birth to 4 months of age
increased 6 times in both males and females. The de-
veloped veterinary and preventive approaches to the
maintenance of saigas in the established nurseries al-
lowed maintaining the number of interned animals at
the level of 96.4-98.2% in the Betpakdala and Ural sai-
ga populations, respectively. The created conditions for
the animals of the Betpakdala population in the “ASAR
Live” nursery allowed increasing the population of sai-
gas from 150 units in 2022 to 230 units in 2023, given
the fact that the herd consisted of new-born animals.
Such results indicate the compliance of the created
conditions for the breeding of saigas. In future studies,
it is planned to investigate the genetic diversity of the
saiga population in nurseries and develop molecular
genetic markers characteristic of the rapid typing of an-
imals of the Betpakdala and Ural populations.

pool of the Betpakdala and Ural saiga populations ACKNOWLEDGEMENTS
(Saiga tatarica) and the development of healthy live- None.
stock, the several conclusions and suggestions can be
made for future scientific work. An integrated approach CONFLICT OF INTEREST
to solving the problem of conservation of the saiga  None.
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AHoTauif. 36epexeHHs Ta NiATPMMAHHS 6Gi0NOrYHOrO pPO3MAITTA XMTTA 3eMni OfHe 3 KJ/II0YOBMX 3aBAAHb
nofcTea. ToMy MoOwWyK Ta 0BrpYyHTYBaHHA METOLIB, SKi 3MOXYTb CTabinizyBat Ta 36iNbWMTM YMCENBHICTL BUAIB
TBapWH i POC/MH, WO 3HWKAKTb, K/IOYOBUI HAMPSIMOK CY4aCHOi Hayku, MoAsranu y po3pobui opraHisauiiHux Ta
BETEPUHAPHO-NPODINAKTUYHMX MIAXOAIB NPU PO3BELEHHI Calrakie 6eTnakAaniHCbKOi Ta ypanbCbkoi nonynsuii B
yMoBax po3cafHukiB «ASAR Live» Ta «Akboken» B Pecnybniui KasaxcraH. loronigs po3nnigHukis dopmysanocs
LUNSXOM iHTEPHYBAHHS BUIYYEHUX i3 NPUPOAHOT NONYASALIT HOBOHAPOAKEHMX CcanrakiB. KOHTPOb 33 3pOCTaHHAM Ta
PO3BUTKOM Canrayat NpoBOAMIN LINAXOM NEPIOAMYHOIO 3BaXYBaHHS Ta BU3HAYEHHS CepeAHboA060BOro NpUpocTy
Baru. [abapuTHi XapakTepuCTUKM MONOLHSIKY BM3Ha4Yanu wnsxom nobopy npomipie cratei Tina. CraH 340poB4
TBAPUH B PO3MJiAHUKY KOHTPOMIOBAAM LLISAXOM BM3HAYEHHS BiOXiMIYHMX Ta reMaTonoriyHMX MOKA3HWUKIB — BMICT
6inKa, rnoKo3n, xonectepuHy. Anpobauis po3pobneHoi cxemu rofliBni HOBOHAPOAXKEHUX CaiMrayaT y po3nigHMKax
BMABMNACA JOCUTb eDEKTUBHOIO, LLLO MiATBEPAMIOCS BUCOKMMU CepeaHboL0D0BMMM NpMPOCTaMu Baru Ha piBHi 167-
180 r no 4-x MicavHoro BiKy i 36iNbLIEHHAM XMBOI Baru 3a Lei nepiod B 6 pasis. [1pu LboMy 36epexxeHHs noroniss
TBapWH y po3cafHukax nepebysano Ha piBHi 97,3 %.06niK BCix He0bXigHMX NapaMeTpiB A1 CTBOPEHHS ONTUMANbHUX
YMOB A/191 CalrakiB y po3nnifHUKY LO3BOJIMB BXe B NepLuni pik 36inbwmntit nonynsuito carrakis 3i 150 go 230 ronis,
BPaXOBYH4MU, WO Ha MOMEHT POPMYBAHHS CTaZa BOHO CK/1a4anocs 3 HOBOHAPOAXKEHUX TBapUH. KoMnnekcHuM niaxig,
y BMpilLeHHI Npobnemu 36epexeHHs MicLeBOoi nonynsauii cairaky B KasaxcraHi [L03BONMB po3pobuTu epekTUBHY
cucTeMy 3axofiB, anpoboBaHy B po3nifHMKaXxX LOAO 36epexeHHs Ta po3BefeHHs TBapuH OeTnakaaniHcbKoi Ta
ypanbcbkoi nonynauii. Po3pobneHi MmeToan 36epexxeHHs 3HMKaUO0i MONynaLii TaTapCbKOro cairaka B po3nigHuKax,
KpiM penyTauiiHoro iMigpKy ans KasaxcraHy, K KpaiHu, Wo Bupilumna npobnemy 3 aBTOXTOHHUM BMAOM (dayHW,
MiCTATb pekoMeHAaLii Wwoao GopmMyBaHHS NONYASALIT AUKUX TBAPUH 3 MiHIManbHUMK CTPECOBMMM Ta afanTalinHUMM
Hacniakamm
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hybrids substantially depended on the maturity group of maize hybrids and was highest in the mid-season maize
hybrids Burito - 78.1 t/ha and P9170 - 73.1 t/ha, while in the group of mid-early hybrids it was 55.3 t/ha and
68.9 t/ha in Amaros and P9071. Hybrids with a long growing season have higher green mass yields and dry matter
yields per unit area. The findings can be used by farms that grow silage maize and have the opportunity to use the
vegetative mass as a component of biogas plants for biogas production and digestate production

Keywords: bioorganic fertilisers; silage maize; dry matter; starch; lignin; structural carbohydrates; crude protein

INTRODUCTION

Maize is one of the most productive cereals and uses
many resources, including soil, moisture, light, nutri-
ents, etc., to generate its productivity. In the context of
energy shortages, global warming and military aggres-
sion, the issue of using biomass from crops, including
maize, to produce alternative fuels (biogas and bioeth-
anol) has become quite acute. Research on the cultiva-
tion and use of silage maize as a substrate for a bio-
gas plant is very effective, as silage maize can increase
the efficiency of biogas production, and the crop itself
forms a powerful vegetative mass, which is quite fa-
vourable for anaerobic digestion in biogas plants by its
chemical composition.

Maize cultivation has two main focuses: grain and
silage. The area under grain maize cultivation has been
steadily increasing, reaching 5.5 million hectares in
2021, and in 2022 it decreased by 17% to 4.267 mil-
lion hectares, due to a range of factors, including Rus-
sia’s military aggression against Ukraine, problems
with fuel and lubricants (especially for drying grain),
logistics, etc. In 2021, silage maize occupied only 214
thousand hectares, although it is effectively used as a
substrate for a biogas plant (Statistical Yearbook, 2021).
M. Doyeni et al. (2021) point out that in European coun-
tries, growing silage maize for biogas plants is a wide-
spread practice and has proven to be effective. Ukraine,
which has significant agricultural resources, also has
the potential to successfully develop a biogas sector.
The cultivation of silage maize for biogas production
has been supported in developed European countries
(Germany, the UK, Poland, Switzerland, Denmark, the
Netherlands, France, etc.) due to favourable legislative
policies (IEA, 2019).

V. Smutny et al. (2018), S. Theuerl et al. (2019) note
that the use of green mass of maize for biogas fermen-
tation in biogas production is based on an anaerobic
fermentation process under the influence of microor-
ganisms. The use of green mass of maize has the fol-
lowing advantages over other crops: high yields, high
organic matter content, high starch content, and the
well-established technology of growing silage maize.
N. Boltianska and O. Boltianskyi (2019) point out that
as a result of green mass fermentation, apart from bi-
ogas, digestate is obtained, which is a very valuable
bioorganic fertiliser for increasing soil fertility, replen-
ishing macro- and microelements and carbon accumu-
lation in the soil (carbonisation), increasing crop yields

and quality. According to S. Corden et al. (2019), up to
180 million tonnes of digestate are produced annu-
ally in the EU countries, a considerable share of which
is digestate from maize silage. J. Urra et al. (2019) and
B. Karimi et al. (2022) note that loading 100 thousand
tonnes of silage into a biogas plant produces the same
amount of bio-organic fertiliser (digestate), which con-
tains calcium, phosphorus, and nitrogen in liquid and
solid fractions.

V.Popovic et al.(2020) note that the use of digestate
will reduce the need for mineral fertilisers, which are
industrially produced with significant use of fossil fu-
els and increased CO, emissions. S. Kudria et al. (2022)
note that for Ukraine, as an agricultural country in the
world, the prospects for using green mass of maize for
biogas production and digestate production are deter-
mined by the availability of substantial acreage of this
crop, a large assortment of hybrid composition of var-
ious maturity groups, favourable soil and climatic con-
ditions and chemical composition of the green mass.
V. Palamarchuk et al. (2023) notes that the efficiency of
the biological process of anaerobic digestion and the
yield of biogas and digestate from maize silage de-
pends on the chemical composition of green mass and
the amount of organic matter. Furthermore, the chem-
ical composition of organic matter is influenced by
climatic conditions, growing area, hybrid composition,
growing and silage technology, and the duration of the
growing season.

A review of the literature showed that the chosen
subject is understudied. That is why the purpose of this
study was to investigate the efficiency of using green
mass of maize as a substrate for biogas plants, depend-
ing on the dynamics of changes in the chemical com-
position during certain periods of vegetation of hybrids
of various maturity groups.

MATERIALS AND METHODS

Research on the quality of silage maize and elements
of its cultivation technology has been conducted
since 2020 (as of 18.10.2023, research is ongoing)
at “Organic-D” LLC in Sutysky village, Vinnytsia region,
Ukraine. The findings presented in this paper were col-
lected in 2020. The researchers used maize hybrids of
two maturity groups: mid-early Amaros (FAO 230) and
P9071 (FAO 280) and mid-season P9170 (FAO 320) and
Burito (FAO 390).
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The soil of the experimental plot is grey forest me-
dium loamy by mechanical composition, with a humus
content determined according to the Tyurin method
(DSTU 7828:2015, 2016) of 1.5%; hydrolytic acidity -
1.3 mg/eq. per 100 g of soil; the amount of absorbed
bases - 28 mg/eq. per 100 g of soil; nitrogen content
was determined according to the Cornfield method
(DSTU 7863:2015, 2016) - 9.6 mg per 100 g of soil, mo-
bile phosphorus - 8.5 mg and exchangeable potassium -
11.4 mg per 100 g of soil determined according to the
Chirikov method (DSTU 4115:2002, 2003). The technol-
ogy is generally accepted for this soil and climate zone.
The predecessor was winter wheat, sown in the third dec-
ade of April using a wide-row method with a John Deere
precision seeder (United States of America), with a row
spacing of 70 cm and a plant density of 75 thous. pcs./ha.
The maize hybrids were sown in the third decade of April
at a soil temperature of 10-12°C at the depth of seed
placement. The main tillage system included discing
and ploughing at a depth of 22-25 cm. The fertilisation
system involved the application of 60 t/ha of Effluent
bio-organic fertiliser, produced through anaerobic diges-
tion of pig manure in a biogas plant.

Replication of the experiment was fourfold; var-
iants were placed in the experiment in randomised
blocks. The size of the variant plot is 25 m?, and the ac-
counting plot is 10.5 m?, i.e., four adjacent rows of 5 m
in length. Harvesting and accounting of maize silage

yield was carried out in the phase of milky wax and wax
ripeness of grain manually from each experimental plot
by cutting 10 typical plants from two adjacent rows of
each variant (Ushkarenko et al., 2014). The quality and
chemical composition of the green (silage) mass of
maize hybrids was determined in the laboratory of the
Institute of Feed and Agriculture of Podillia, National
Academy of Agrarian Sciences of Ukraine, accredited to
perform measurements in the field of quality control
and safety of feed, raw materials, and food products in
the “UkrAgroStandart” system.

Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were
following the institutional, national, or international
guidelines. The authors adhered to the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on International Trade in Endangered Species
of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

The study found a link between the quality of maize
silage and soil and climatic conditions, elements of
cultivation technology, genetic characteristics of a par-
ticular hybrid, its maturity group, harvesting time, etc.
Thus, for the harvesting of green mass on 10-14 August
2020 in the phase of milky wax ripeness, the chemical
composition, carbohydrate-lignin complex in natural
and absolutely dry matter are presented in Tables 1-3.

Table 1. Chemical composition of green mass of maize hybrids, %

Crude protein Crude fibre
Sample name Drv matter - - - -
(green mass of maize) ry in a natural in an absolutely dry in a natural in an absolutely dry
substance substance substance substance
Amaros (FAO 230) 26.61 1.75 6.58 6.52 24.51
P9071 (FAO 280) 2221 1.65 743 5.50 24.77
P9170 (FAO 320) 23.52 2.01 8.55 6.32 26.86
Burrito (FAO 390) 22.87 1.88 8.22 6.56 28.68

Source: compiled by the authors

Table 1 shows that the dry matter content in the
green mass of maize as of 10-14 August was as fol-
lows in the group of medium early hybrids: Amaros (FAO
230) - 26.61%, P9071 (FAO 280) - 22.21%, and in the
group of mid-season hybrids: P9170 (FAO 320) - 23.52%
and Burito (FAO 390) - 22.87%. Proceeding from the
data on dry matter content (Table 1), the genetic char-
acteristics of the hybrid had the greatest influence on
this indicator, specifically, the mid-early hybrid Amaros
(26.61%) stood out in terms of dry matter content on 10-
14 August 2020 compared to other hybrids under study.

The content of crude protein in natural and ab-
solutely dry matter was the highest in the hybrids of
the mid-season group P9170 - 2.01% and 8.55% and
Burito - 1.88% and 8.22%, respectively, while in the
group of mid-early hybrids it was for Amaros - 1.75%
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and 6.58%, and for the P9071 hybrid - 1.65% and
7.43%, respectively. The biogas yield and the quality of
the silage feed value are substantially influenced by
the crude fibre content, which was also found in nat-
ural and dry matter. The highest crude fibre content
was observed in the hybrid P9170 - 6.32% and 26.86%,
respectively, in natural and absolutely dry matter. This
hybrid belongs to the mid-season ripeness group. The
crude fibre content of other hybrids was as follows:
Amaros (FAO 230) - 6.52% and 24.51%, P9071 (FAO
280) - 5.50% and 24.77 %, and Burito (FAO 390) - 6.56%
and 28.68%, respectively. Therewith, the findings of the
study revealed a difference in the carbohydrate-lignin
complex of the green mass of the studied maize hybrids
of different maturity groups depending on the genetic
characteristics of the hybrid itself (Table 2).
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Table 2. Carbohydrate-lignin complex of green mass of maize hybrids, % in natural matter

Sample name

Sum of easily soluble

Sum of structural

(green mass of maize) Starch  Sugar carbohydrates Hemicellulose ~ Cellulose  Lignin carbohydrates
Amaros (FAO 230) 0.63 5.04 12.69 6.66 6.33 1.35 14.34
P9071 (FAO 280) 0.44 3.39 9.40 5.29 4.47 1.09 10.85
P9170 (FAO 320) 0.37 2.15 9.71 6.83 6.61 1.25 14.69
Burrito (FAO 390) 0.18 6.91 13.44 6.03 5.31 1.60 12.94

Source: compiled by the authors

The content of readily soluble carbohydrates and
sugars ensures high quality silage. Table 2 shows that
the highest starch content as of 10-14 August 2020
was observed in the Amaros hybrid - 0.63%, while in
other hybrids under study it was: for P9071 - 0.44%,
for P9170 - 0.37%, and for Burito - 0.18%; sugar con-
tent was as follows: Burito - 6.91%, Amaros - 5.04%,
P9071 -3.39% and P9170-2.15%. The amount of
easily soluble carbohydrates was the highest in the
mid-season hybrid Burito - 13.44% and the mid-early
hybrid Amaros - 12.69%, while in other hybrids it was
9.40% and 9.71% in P9071 and P9170, respectively.

Hemicellulose, cellulose, and lignin have rather poor
solubility, and their high content in plant biomass can re-
duce biogas yields. The content of these substances in the

hybrids under study ranged within 5.29-6.83% for hemi-
cellulose, 4.47-6.61% for cellulose, and 1.09-1.60% for
lignin. The highest content of hemicellulose and cellu-
lose was found in hybrids P9170 (FAO 320) - 6.83% and
6.61% and Amaros (FAO 230) - 6.66% and 6.33%, respec-
tively. The lignin content was highest in the mid-season
maize hybrid Burrito at 1.60% and the mid-early hybrid
Amaros at 1.35%.The amount of structural carbohydrates
was the highest in hybrids P9170 (FAO 320) - 14.69%
and Amaros (FAO 230) - 14.34%, while in the Burito hy-
brid (FAO 390) it was 12.94%, and in the P9071 hybrid
(FAO 280) it was the lowest and amounted to 10.85%.An
analogous analysis can be carried out for the carbohy-
drate-lignin complex of the green mass of maize hybrids
in terms of absolutely dry matter (Table 3).

Table 3. Carbohydrate-lignin complex of green mass of maize hybrids, % in absolutely dry matter

Sample name Sum of easily soluble Sum of
P . Starch Sugar y Hemicellulose  Cellulose Lignin structural
(green mass of maize) carbohydrates
carbohydrates

Amaros (FAO 230) 2.38 18.95 47.68 25.04 23.78 5.08 53.90
P9071 (FAO 280) 1.98 15.26 42.31 23.81 20.12 4.89 48.82
P9170 (FAO 320) 1.58 9.16 41.31 29.04 28.09 5.32 62.45
Burrito (FAO 390) 0.79 30.21 58.77 26.38 23.22 7.00 56.60

Source: compiled by the authors

Table 3 shows that the patterns of accumulation of
chemicals in terms of absolutely dry matter are analo-
gous to those in natural matter. Thus, the highest starch
content was in Amaros (FAO 230) - 2.38% and P9071
(FAO 280) - 1.98%, while in other hybrids it was P9170
(FAO 320) - 1.58% and Burito (FAO 390) - 0.79%. The
highest sugar content was found in the Burito hybrid
(FAO 390) - 30.21%, while in other hybrids it was Ama-
ros (FAO 230) - 18.95%, P9071 (FAO 280) - 15.26% and
P9170 (FAO 320) - 9.16%. The amount of easily soluble
carbohydrates in the hybrids under study ranged within
41.31-58.77%, with the highest value in the mid-season
maize hybrid Burito - 58.77% and the lowest value in the
mid-season hybrid P9170 - 41.31%, while among the

mid-early hybrids this indicator in Amaros was 47.68%
and in P9071 - 42.31%. The amount of structural carbo-
hydrates (hemicellulose, cellulose, and lignin) was the
highest in mid-season maize hybrids P9170 - 62.45%
and Burito - 56.60%. In the group of mid-early hybrids,
this figure was 53.90% for Amaros and 48.82% for P9071.

The shift in the harvesting time of the green mass
of the maize hybrids under study also affected the
chemical composition and carbohydrate-lignin com-
plex. Thus, when harvesting green mass on 20-24 Sep-
tember at the beginning of the waxy ripeness phase,
the chemical composition of green mass and the car-
bohydrate-lignin complex in absolutely dry matter are
presented in Tables 4-5.

Table 4. Chemical composition of green mass of maize hybrids, % in absolutely dry matter

Sample name (green mass of maize) Crude protein Crude fibre
Amaros (FAO 230) 6.45 19.63
P9071 (FAO 280) 722 14.72
P9170 (FAO 320) 719 15.67

Scientific Horizons, 2023, Vol. 27, No. 1

57



58

Study of the efficiency of growing maize for silage...

Table 4. Continued

Sample name (green mass of maize)

Crude protein Crude fibre

Burrito (FAO 390)

9.49 14.04

Source: compiled by the authors

Table 4 shows that when harvesting green mass
on 20-24 September 2020, the mid-season maize hy-
brid Burito had the highest crude protein content of
9.49%. Whereas in the other hybrids under study, it
was 7.22% for P9071 (FAO 280), 7.19% for P9170 (FAO
320),and 6.45% for Amaros (FAO 230). The crude fibre

content was highest in maize hybrids Amaros (FAO
230) - 19.63% and P9170 (FAO 320) - 15.67%. The
characteristics of the carbohydrate-lignin complex
of the green mass of maize hybrids harvested on 20-
24 September in absolutely dry matter are presented
in Table 5.

Table 5. Carbohydrate-lignin complex of green mass of maize hybrids, % in absolutely dry matter

Sample name

Sum of easily soluble

Sum of structural

(green mass of maize) Starch Sugar carbohydrates Hemicellulose  Cellulose  Lignin carbohydrates
Amaros (FAO 230) 27.76 5.05 48.94 15.47 14.14 3.53 33.14
P9071 (FAO 280) 39.70 4.49 57.19 13.02 13.02 3.63 29.67
P9170 (FAO 320) 38.10 4.09 54.97 12.78 10.44 3.56 26.78
Burrito (FAO 390) 33.25 4.81 59.29 16.23 15.48 3.88 35.59

Source: compiled by the authors

During this period, the starch content increased by
25.38-27.72% compared to the content on 10-14 Au-
gust 2020, and amounted to 39.70% for P9071 hybrid
(FAO 280), 38.10% for P9170 hybrid (FAO 320), 33.25%
for Burito hybrid (FAO 390) and 27.76% for Amaros hy-
brid (FAO 230). The sugar content in the green mass de-
creased by 5.07-25.40% compared to the period of 10-
14 August and amounted to Amaros (FAO 230) - 5.05%,
Burito (FAO 390) - 4.81%, P9071 (FAO 280) - 4.49%, and
P9170 (FAO 320) - 4.09%. Therewith, the amount of easily
soluble carbohydrates was the highest in the mid-season

maize hybrid Burito - 59.29% and the mid-early hybrid
P9071 - 57.19%. The sum of structural carbohydrates
(hemicellulose, cellulose, and lignin) was the highest in
the mid-season maize hybrid Burito - 35.59% and the
mid-early hybrid Amaros - 33.14%. To determine the bi-
ogas yield, it is essential not only to know the chem-
ical composition of the green mass of maize hybrids
and the dry matter content, but also the yield of the dry
mass of maize per unit area. The characteristics of the
green mass yield of the maize hybrids under study as of
14 August 2020 are presented in Table 6.

Table 6. Green mass yield of maize hybrids of different ripeness groups (for 2020)

Sample name

(green mass of maize) Dry matter, % Yield, t/ha Dry matter yield per 1 ha, t
Amaros (FAO 230) 26.61 55.3 14.72
P9071 (FAO 280) 2221 68.9 15.30
P9170 (FAO 320) 23.52 73.1 17.19
Burrito (FAO 390) 22.87 78.1 17.86
LSD,,, t/ha 4.82 1.30

Source: compiled by the authors

Table 6 shows that the yield of green mass of the
maize hybrids under study significantly depended on
the maturity group of maize hybrids and was highest
in the mid-season maize hybrids Burito - 78.1 t/ha and
P9170 - 73.1 t/ha, while in the group of mid-early hy-

brids it was Amaros - 55.3 t/ha and P9071 - 68.9 t/ha.

A comparable trend can be observed for the dry matter
yield per unit area. The highest yields were recorded
for mid-season maize hybrids Burito - 17.86 t/ha and
P9170 - 17.19 t/ha. Thus, lengthening the growing sea-
son in the maize hybrids under study not only increases
the yield of green mass but also increases the dry mat-
teryield per unit area. The findings are confirmed by the
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studies of other scientists who have worked in this area
and investigated the chemical composition of maize si-
lage and the specifics of using silage and green mass
for anaerobic digestion in biogas plants to increase the
efficiency of biogas and digestate production.

R. Skliar (2020) notes that the addition of
lignin-containing organic plant material to the biogas
reactor helps to reduce nitrogen losses during the fer-
mentation process. S. Shvorov and Ye. Antypov (2019)
argue that silage as a technological operation improves
biogas production and methane yield from maize plant
material compared to the use of green mass without
silage. O.Skliar and R. Skliar (2020) indicate that the high




content of organic matter, cellulose, starch and lignin in
maize silage allows for, after fermentation and obtaining
digestate to be applied to the soil, the increase of the
humus content and accumulate carbon in the soil and
ensure the cultivation of environmentally friendly prod-
ucts. According to H. Heletukha et al. (2022), the use of
special energy maize hybrids with a dry weight yield of
18-25 t/ha as a substrate for biogas production will yield
5,300-9,000 m3/ha of methane, depending on the hybrid,
growing conditions, and the harvesting phase of maize.

A. Ehmann et al. (2018) point out that the quality
and structure of organic matter in biogas digestates de-
pends on the feedstock, its chemical composition and
the technology used. M. Grabovsky (2019) notes that
due to the higher dry matter content, the specific biogas
yield per unit of silage mass applied to maize was 33.7-
50.6% higher than that of sugar sorghum and 9.2-13.0%
higher than that of a mixture of these crops. With a dry
matter content of 30-42%, the average methane yield
was 0.40 m3/kg of substrate. M. Szymanska et al. (2018)
point out the difficulty of using plant biomass from crops
other than maize as a substrate for biogas plants due to
unfavourable physical and mechanical (dry matter con-
tent, moisture content, organic dry matter content) and
chemical composition (protein, carbohydrate, and fat
content). For instance, the use of plant biomass, which
contains a branched capillary structure covered with
hydrophobic components (waxes, lignin), contributes to
the formation of dense floating layers in the bioreactor.

M. Grabovsky (2020) found that an increase in
the maturity group of maize hybrids contributes to a
decrease in the specific methane yield. The optimum
specific methane yield was observed at a dry matter
content of 30-35%. If the dry matter content is less
than 20%, the silage properties deteriorate, a signifi-
cant amount of filtrate is produced and the potential
for biogas production and yield is substantially re-
duced. It was found that the highest yield of green
mass (73.1 t/ha and 78.1 t/ha) was formed by hybrids
of the mid-season ripeness group P9170 (FAO 320) and
Burito (FAO 390) with a dry matter yield of 17.19 t/ha
and 17.86 t/ha, which is characterised by a favourable
carbohydrate-lignin complex, crude protein and fibre
content, and therefore the use of green mass of these
hybrids as a substrate for biogas plants to increase bio-
gas yield will be most appropriate.

CONCLUSIONS

The chemical composition and carbohydrate-lignin
complex of the green mass of the maize hybrids under
study can vary depending on the phenological phase
of plant growth and development. The highest content
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of dry matter was recorded in the mid-early Amaros
hybrid - 26.61%, crude protein in natural and absolute
dry matter —in the hybrids of the mid-season group
P9170 -2.01% and 8.55%, and Burito - 1.88% and
8.22%, respectively. The starch content in Amaros was
0.63%,in P9071 - 0.44%,P9170 - 0.37% and in Burrito -
0.18%, while the sugar content in Burrito was 6.91%,
in Amaros - 5.04%, in P9071 - 3.39% and in P9170 -
2.15%. Hemicellulose, cellulose, and lignin have rather
poor solubility, and their high content in plant biomass
can reduce biogas yield, the highest content of hemicel-
lulose and cellulose was found in hybrids P9170 (FAO
320) - 6.83% and 6.61% and Amaros (FAO 230) - 6.66%
and 6.33%, respectively. The lignin content was highest
in the mid-season maize hybrid Burrito at 1.60% and the
mid-early hybrid Amaros at 1.35%.

Shifting the harvesting dates of the green mass of
the maize hybrids under study to 20-24.09.2020 also
affected the characteristics of the chemical composi-
tion and carbohydrate-lignin complex. Therewith, the
starch content increased by 25.38-27.72% during this
period, while the sugar content in the green mass de-
creased by 5.07-25.40% compared to the content on
10-14 August. The amount of structural carbohydrates
(hemicellulose, cellulose, and lignin) in the period 20-
24.09.2020 was the highest in the mid-season maize
hybrid Burito - 35.59% and the mid-early hybrid
Amaros - 33.14%.

The yield of green mass and dry matter yield of the
maize hybrids under study significantly depended on
the maturity group of maize hybrids and was the high-
est in the mid-season maize hybrids Burito - 78.1 t/ha
and 17.86 t/ha and P9170-73.1 t/ha and 17.19 t/ha,
while in the group of medium-early hybrids it was
Amaros - 55.3 t/ha and 14.72 t/ha and P9071 - 68.9 t/ha
and 15.30 t/ha, respectively. Therefore, the most suitable
for biogas production as a substrate for biogas plants
are silage maize hybrids of the medium-ripening matu-
rity group P9170 (FAO 320) and Burito (FAO 390), which
provide the highest yield and organic matter yield per
unit area and have a favourable chemical composition
and carbohydrate-lignin complex of green mass. In the
future, it is planned to confirm the obtained patterns by
long-term research and investigate the efficiency of us-
ing maize silage with different chemical composition in
the biogas reactor of “Organic-D” LLC.

ACKNOWLEDGEMENTS
None.

CONFLICT OF INTEREST
The authors of this study declare no conflict of interest.

REFERENCES
[1] Boltianska, N.I., & Boltianskyi, O.V. (2019). Formation of a model of the mechanism of application of resource

saving technologies on dairy farms. Modern Problems and Technologies of the Agrarian Sector of Ukraine:

Collection of Scientific Papers,12,26-32.

Scientific Horizons, 2023, Vol. 27, No. 1

59


http://elar.tsatu.edu.ua/bitstream/123456789/9148/1/%D0%9D%D1%96%D0%B6%D0%B8%D0%BD%20%D0%97%D0%9D%D0%9F%20%E2%84%9612%20%D0%91%D0%BE%D0%BB%D1%82%D1%8F%D0%BD%D1%81%D1%8C%D0%BA%D0%B0%20%D0%9D.%D0%86.1.pdf
http://elar.tsatu.edu.ua/bitstream/123456789/9148/1/%D0%9D%D1%96%D0%B6%D0%B8%D0%BD%20%D0%97%D0%9D%D0%9F%20%E2%84%9612%20%D0%91%D0%BE%D0%BB%D1%82%D1%8F%D0%BD%D1%81%D1%8C%D0%BA%D0%B0%20%D0%9D.%D0%86.1.pdf

60

Study of the efficiency of growing maize for silage...

[2] Convention on Biological Diversity. (1992, June). Retrieved from https://zakon.rada.gov.ua/laws/
show/995_030#Text.

[3] Convention on International Trade in Endangered Species of Wild Fauna and Flora. (1979, June). Retrieved
from https://zakon.rada.gov.ua/laws/show/995_129#Text.

[4] Corden, C., Bougas, K., Cunningham, E., Tyrer, D., Kreifig, J., & Crookes, M. (2019). Digestate and Compost as
Fertilisers: Risk Assessment and Risk Management Options. Retrieved from https://etendering.ted.europa.eu/
document/document-file-download.html?docFileld=65687.

[5] Doyeni,M.0., Stulpinaite, U., Baksinskaite, A., Suproniene, S., & Tilvikiene, V. (2021). Greenhouse gas emissions
in agricultural cultivated soils using animal waste-based digestates for crop fertilization. Journal of Agricultural
Science, 159(1-2), 23-30. doi: 10.1017/50021859621000319.

[6] DSTU 4115:2002. (2003). Soils. Determination of mobile phosphorus and potassium compounds by the modified
Chirikov method. Retrieved from https://online.budstandart.com/ua/catalog/doc-page?id_doc=58863.

[7] DSTU 7828:2015.(2016). Soil quality. Determination of the group and fractional composition of humus by the Turin
method as modified by Ponomaryova and Plotnikova. Retrieved from https://online.budstandart.com/ua/catalog/
doc-page.html?id_doc=62383.

[8] DSTU 7863:2015. (2016). Soil quality. Determination of easily hydrolyzable nitrogen by the Cornfield method.
Retrieved from https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=62745.

[9] Ehmann, A., Thumm, U., & Lewandowski, I. (2018). Fertilizing potential of separated biogas digestates in
annual and perennial biomass production systems. Frontiers in Sustainable Food Systems, 2, article number 12.
doi: 10.3389/fsufs.2018.00012.

[10] Grabovsky, M.B. (2019). Potential of biogas production from silage mass of sugar sorghum and corn. Tavrian
Scientific Bulletin, 106, 26-32.

[11] Grabovsky, M.B. (2020). Corn for biogas production. Retrieved from https://agro-business.com.ua/agro/
ahronomiia-sohodni/item/18103-kukurudza-dlia-vyrobnytstva-biohazu.html.

[12] Heletukha, H.H., Kucheruk, P.P., & Matvieiev, Yu.B. (2022). Prospects for biomethane production in Ukraine. Kyiv:
Analytical note.

[L3] IEA.  (2019). Retrieved  from https://iea.gov.ua/naukovo-analitichna-diyalnist/analitika/rezultati-
monitoringovih-doslidzhen/2019-2/.

[14] Karimi, B., SadetBourgeteau, S., Cannavacciuolo, M., Chauvin, C., Flamin, C., Haumont, A., JeanBaptiste, V.,
Reibel, A., Vrignaud, G., & Ranjard L. (2022). Impact of biogas digestates on soil microbiota in agriculture: A
review. Environmental Chemistry Letters, 20,3265-3288. doi: 10.1007/s10311-022-01451-8.

[15] Kudria, S., et al. (2020). Renewable energy sources. Kyiv: Institute of Renewable Energy of the National Academy
of Sciences of Ukraine.

[16] Palamarchuk, V.D., Krychkovskyi, V.Y., Rudska, N.O., & Kolisnyk, O.M. (2023). The latest technologies for growing
vegetables and corn using digestate from biogas plants.Vinnytsia: Printing house “Druk”.

[17] Popovic, V., Vuckovig, S., Jovovic, Z., Ljubicic, N., Kosti¢, M., Rakascan, N., & Ikanovi¢, J. (2020). Genotype by year
interaction effects on soybean morpho-productive traits and biogas production. Genetika, 52(3), 1055-1073.
doi: 10.2298/GENSR2003055P.

[18] Shvoroy, S.A., & Antypov, Ye.O. (2019). Measures to intensify the processes of anaerobic digestion in operating
reactors of biogas plants in a temperate continental climate. In Proceedings of the international scientific and
practical conference “Science and Education in the Intellectual and Innovative Development of Society’, dedicated to
the 60th anniversary of the educational institution of the Berezhany Agrotechnical Institute of Ukraine (pp. 259-260).
Berezhany: Berezhany Agrotechnical College.

[19] Skliar, O.H., & Skliar, R.V. (2020). Biogas plants as an environmentally friendly means of waste processing. In
Proceedings of the IV international scientific and practical conference “Bioenergy Systems” (pp. 132-135). Zhytomyr:
Polissia National University.

[20] Skliar,R.V.(2020). Features of anaerobic fermentation of different types of livestock waste. In Proceedings of the
IV international scientific and practical conference “Bioenergy Systems” (pp. 120-123). Zhytomyr: Polissia National
University.

[21] Smutny, V., Neudert, L., DrySloy, T., & Lukas, V., Handlifova, M., Vrtilek, P., & Vach, M. (2018). Current arable
farming systems in the Czech Republic-agronomic measures adapted to soil protection and climate change.
Agriculturae Conspectus Scientificus, 83(1), 11-16.

[22] Statistical Yearbook. (2021). Retrieved from https://ukrstat.gov.ua/druk/publicat/kat u/2022/zb/11/
Yearbook 21 e.pdf.

[23] Szymanska, M., Szara, E., Sosulski, T., Stepien, W., Pilarski, K., & Pilarska, A.A. (2018). Chemical properties and
fertilizer value of ten different anaerobic digestates. Fresenius Environmental Bulletin, 27(5A), 3425-3432.

Scientific Horizons, 2023, Vol. 27, No. 1



https://zakon.rada.gov.ua/laws/show/995_030#Text
https://zakon.rada.gov.ua/laws/show/995_030#Text
https://zakon.rada.gov.ua/laws/show/995_129#Text
https://etendering.ted.europa.eu/document/document-file-download.html?docFileId=65687
https://etendering.ted.europa.eu/document/document-file-download.html?docFileId=65687
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/greenhouse-gas-emissions-in-agricultural-cultivated-soils-using-animal-wastebased-digestates-for-crop-fertilization/AB14D33BBCE4ECDDEC3515FE4C35AF68
https://online.budstandart.com/ua/catalog/doc-page?id_doc=58863
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=62383
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=62383
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=62745
https://www.frontiersin.org/articles/10.3389/fsufs.2018.00012/full
https://www.tnv-agro.ksauniv.ks.ua/issue-106-2019
https://agro-business.com.ua/agro/ahronomiia-sohodni/item/18103-kukurudza-dlia-vyrobnytstva-biohazu.html
https://agro-business.com.ua/agro/ahronomiia-sohodni/item/18103-kukurudza-dlia-vyrobnytstva-biohazu.html
https://uabio.org/wp-content/uploads/2022/09/UA-Position-paper-UABIO-29.pdf
https://iea.gov.ua/naukovo-analitichna-diyalnist/analitika/rezultati-monitoringovih-doslidzhen/2019-2/
https://iea.gov.ua/naukovo-analitichna-diyalnist/analitika/rezultati-monitoringovih-doslidzhen/2019-2/
https://doi.org/10.1007/s10311-022-01451-8
https://www.ive.org.ua/wp-content/uploads/Monografia_final_21.12.2020.pdf
https://vsau.org/assets/images/content/nauka/specradi-n/dusertaciua_Kruchkovskuj.pdf
https://vsau.org/assets/images/content/nauka/specradi-n/dusertaciua_Kruchkovskuj.pdf
https://www.researchgate.net/publication/346728762_Genotype_by_year_interaction_effects_on_soybean_morpho-productive_traits_and_biogas_production
https://www.bati.nubip.edu.ua/Doc/Conference/Conf_2019_may/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA%20%D0%BC%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%BE%D1%97%20%D0%BD%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%BE-%D0%BF%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%BE%D1%97%20%D0%BA%D0%BE%D0%BD%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D1%97%2016-17%20%D1%82%D1%80%D0%B0%D0%B2%D0%BD%D1%8F%202019.pdf
https://www.bati.nubip.edu.ua/Doc/Conference/Conf_2019_may/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA%20%D0%BC%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%BE%D1%97%20%D0%BD%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%BE-%D0%BF%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%BE%D1%97%20%D0%BA%D0%BE%D0%BD%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D1%97%2016-17%20%D1%82%D1%80%D0%B0%D0%B2%D0%BD%D1%8F%202019.pdf
http://znau.edu.ua/images/public_document/2020/ProceedingsBS_2020_Ukraine.pdf
http://znau.edu.ua/images/public_document/2020/ProceedingsBS_2020_Ukraine.pdf
https://acs.agr.hr/acs/index.php/acs/article/view/1335
https://acs.agr.hr/acs/index.php/acs/article/view/1335
https://ukrstat.gov.ua/druk/publicat/kat_u/2022/zb/11/Yearbook_21_e.pdf
https://ukrstat.gov.ua/druk/publicat/kat_u/2022/zb/11/Yearbook_21_e.pdf
https://www.researchgate.net/publication/325070847_Chemical_properties_and_fertilizer_value_of_ten_different_anaerobic_digestates
https://www.researchgate.net/publication/325070847_Chemical_properties_and_fertilizer_value_of_ten_different_anaerobic_digestates

Palamarchuk et al.

[24] Theuerl, S., Herrmann, C., Heiermann, M., Grundmann, P., Landwehr, N., Kreidenweis, U., & Prochnow, A. (2019).
The future agricultural biogas plant in Germany: A vision. Energies, 12(3), article number 396. doi: 10.3390/
en12030396.

[25] Urra, J., Alkorta, 1., & Garbisu, C. (2019). Potential benefits and risks for soil health derived from the use of
organic amendments in agriculture. Agronomy, 9(9), article number 542. doi: 10.3390/agronomy9090542.

[26] Ushkarenko, V.0., Vozhegova, R.A., Goloborodko, S.P., & Kokovikhin, S.V. (2014). Methods of field experiment
(Irrigated agriculture): Study guide. Kherson: Green D.S.

Jocnip)keHHa epeKTUBHOCTI BUPOLLYYBaHHS KYKYPYA3M Ha CUNOC
ANa nepepo6ku Ha 6ioras Ta gurecrar

Bitaniv Amutposuy MNanamapuyk
[LOKTOp CiNbCbKOroCcnoaapcbkmx HaykK, 4OLEHT
BiHHMLbKMI HALiOHANbHMI arpapHUi YHiBEpCUTET
21008, Byn. CoHa4Ha, 3, M. BiHHnuS, YkpaiHa
https://orcid.org/0000-0002-4906-3761
Bapum HOpiitoBuu KpuukoBcbKui
IOupektop TOB «Opranik-[», ctapwmii BUKnagay
BiHHMUBKMIA HALIOHANBHWIA arpapHuUiA YHiBepCuTeT
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YkpaiHa
https://orcid.org/0000-0003-4415-0708
Muxaiino BacunboBuu CKkakyH
AcnipaHT
BiHHMUbKMIA HALIOHANBbHMIA arpapHuUiA YHiBepCuTeT
21008, Byn. CoHauHa, 3, M. BiHHMuS, YKpaiHa
https.//orcid.org/0000-0002-7947-9493

Anotauif. [JocnigkeHHs, B yMOBax 3pOCTaHHS M/OLW, B MPOLLYBAHHA KYKYpyA3u B YKpaiHi Ta CBIiTi, MOXIMBOCTI
BMKOPWUCTAHHS CMNOCHOI MacK SIK KOMMNOHeHTa 6iora3oBuX CTaHLiM AN OTPUMAHHS aNbTEPHATUBHOIO BUAY NanunBa —
6iorasy Ta 6ioopraHiyHoro fobpuBa — AurectaTty MaloTb BUCOKY aKTyasbHICTb Ta BUPOOHUYY HeobXiaHicTb. MeToto
po60TK YN0 BUBYEHHS XiMIYHOIO CKNaAdy 3e/1IeHOi Macu KYKypyA3Mu Ta 3MiHM Or0 3a1eXHO Bif, nepioay BereTauii ans
BMKOPMWCTAHHSA ii Ha Bioras. B poboTi BUKOpUCTOBYBaM No/bOBI, 1abOpaTopHi, 1abopaTopHO-NObOBI T CTAaTUCTUYHI
MeToAM AoCnigKeHb. PesynstataMu NpoBeAeHUX A0CNIOXEHb BCTAHOBAEHO, WO AKICTb CUAOCHOI Macu KyKypyasu
3aNeXMUTb Bif, I'PYHTOBO-K/MIMaTUYHWX YMOB, €NeMEeHTIB TEeXHONOrii BMPOLLYBaHHS, FeHETUYHMX OocobnuBoCTel
KOHKpeTHoro ribpuay, Moro rpynu CTUrIocTi, CTPOKIB NpoBeAeHHs 36upanbHux pobiT Ta iH. Haibinblunii Bnamne Ha
BMICT CyXOi peYOBMHM 3AiMNCHIOBANN TeHETUYHI 0cOBAMBOCTI ribpuay, 30Kpema 3a BMiCTOM Cyxoi pe4yoBuHM Ha 10-
14 cepnHa 2020 poky BUAINMBCS cepeHbOpaHHin ribpun Amapoc (26,61 %). HanBuLwmMin BMICT cMpPOi KNITKOBUHM
BiaMiveHuit y ribpuay M9170 - 6,32 1a 26,86 %, BiANOBiAHO Yy HAaTypanbHii Ta abCONOTHO CyXilt peyoBuHiI. daHui
ribpua, BiAHOCUTLCS [0 CEPEefHbOCTUIIOT FPYNM CTUINOCTI. 3MiLLEHHS CTPOKIB 36MpaHHS 3eN1eH0i MacK AOCiAXKYBaHUX
ribpuais KyKypyasu BMJIMHYNO i Ha XapaKTepWUCTUKY XIMIYHOro CKAagy Ta Ha BYrMEBOAHO-NIrHIHOBMIA KOMIMIEKC
3e/1eHOi MacK J0CNiAXKYBaHUX ribpuaiB KyKypya3u. YpoxKaiHiCTb 3ef1eH0i Macu ribpuaiB KyKypya3m iCTOTHO 3anexana
Bifl rpynu CTUrIOCTI ri6puAaiB KyKypya3u i HaMBULLOK BOHA Oyna y cepefHbOCTUIIMX FibpUAIB KyKypyAsu bypito —
78,1 1/ra1a 9170 - 73,1 1/ra,ToAi 9K y rpyni cepeaHbOpaHHix ribpmais BoHa cknana Amapoc - 55,3 1/rata 19071 -
68,9 1/ra. l6pnau i3 TpuBanMM BereTaLiHMM NepiogoM MalTb BULLY YPOXKAWHICTb 3e1eHOT MacK Ta BMXig CyXoi
peyoBUHM i3 oamHuLi naowi. OTpMMaHI pe3ynsTaTv MOXYTb BUKOPUCTOBYBATUCH FOCMOAAPCTBAMMU, SKi 3aMMaloTbCs
BMPOLLYBAHHAM CUNOCHOI KYKYPYA3M Ta MatOTb MOX/IMBICTb BUKOPUCTOBYBATHU BErETAaTUBHY Macy B IKOCTi KOMMOHEHTY
6iora3oBMX CTaHLiM AN BUPOOHULTBA Biorasy Ta OTpUMaHHS aurectaTy
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it is vital to investigate the organic cultivation of the carrot. The purpose of this study
was to investigate the organic cultivation of carrots in the right-bank Forest-Steppe
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growth, development, and formation of the crop under organic cultivation technology were investigated. The
phenological phases and their duration, biometric parameters of carrot plants, and their yield were studied. The
organic technology of growing carrots helped to reduce the interphase periods. The end of the vegetation period of
carrots was observed earlier under organic cultivation technology by 2 and 3 days compared to the control variant.
The height of the carrot plants was the highest in the Bolivar F, hybrid under organic cultivation technology -
37 cm, which is 7 cm more than the control variant. The highest leafiness was observed in the studied variety
and hybrid under organic cultivation technology. In the Olympus variety, the increase relative to the control was
3 pcs./plant, in the Bolivar F, hybrid - 2 pcs./plant. The regularity of increasing the parameters of carrot roots
under organic cultivation technology was noted. The increase in the diameter and length of the root crop under
organic cultivation technology was 1.0-2.0 cm and 3 cm, respectively. The largest weight of root crops was under
organic cultivation technology, where the increase relative to the control variant was 5 g for the Olympus variety
and 7 g for the Bolivar F, hybrid. When using organic technology, which involves biological products, the total yield

of root crops increased by 3.1 t/ha compared to the control variant

Keywords: organic technology; variety; hybrid; biometric parameters; interphase periods; yield

INTRODUCTION
Organic production has a much lower impact on nature
and contributes to its preservation. Modern agricultural
production methods require intensification of produc-
tion to achieve maximum results, which has an adverse
environmental impact and, subsequently, affects people
who consume low-quality products. |I. Bender (2021)
notes that organic production is one of the fastest
growing sectors of agriculture, as demand for organic
products is increasing. Organic agriculture is based on
the use of new crop varieties, the introduction of precise
and more efficient technologies, crop rotations, and bi-
ological products to improve soil fertility. Thus, organic
technologies involve the use of renewable resources,
preservation of soil, water, environment, and growing
plants without artificial and synthetic fertilisers and
chemical plant protection products.

According to V. Radojevic¢ et al. (2021), M. Rajkovi¢
et al. (2021), organic production of carrots can be prof-
itable, but it is essential to consider the risks of this
production. Organic farming is a production system that
is classified as alternative agriculture. Furthermore, sci-
entists believe that organic production is a system of
managing ecological and biological processes to obtain
a sufficiently high yield and the possibility of obtaining
high-quality products. B. Nasiyev et al. (2022) believe
that organic technology of growing agricultural plants
involves the use of biological products. The use of bio-
logical products and organic biofertilisers of the latest
generation as a biological technology on barley and
safflower crops. According to the experimental data,
under the biologically based technology in the condi-
tions of the area under study, barley yield increased by
27.02% compared to conventional technologies, and
protein yield increased by 0.02 t/ha.

According to S. Pyda et al. (2022), microbial prepa-
rations contribute to the increase in the number and
weight of nodules on bean roots. It was found that
plants grown from inoculated seeds had a higher sur-
vival rate during the growing season compared to the

control variant by 9.2% when using Rhizobophyte and
13.4% when using Rhizohumine. There was an increase
in bean yields by 4.4 c¢/ha (or 15.0%) (Rhizobophyte) and
6.2 c/ha (or 21.2%) (Rhizobophyte). V. Silva et al. (2019)
noted that pesticide use underlies agricultural inten-
sification, which has been observed over the past few
decades. As a result, soil contamination by pesticide
residues has become a growing concern due to the high
persistence of some pesticides in the soil and toxicity
to non-target species. The reason for this is that pesti-
cides used in plant cultivation can accumulate in the
crops and in the soil.

According to J. Travnicek et al. (2022), market re-
search suggests that the number of organic products is
increasing every year, but their cost is also higher.To pro-
duce high-quality, environmentally friendly vegetable
products, research is underway to develop and imple-
ment organic technologies in open and closed ground
and to improve the quality of the products themselves.
I. Pariasa and A. Hardana (2023) point out that carrots
are one of the main vegetables grown in the world due
to respective alternative technologies and are in high
demand due to their nutritional and chemical com-
position. The use of considerable amounts of organic
fertilisers leads to intensive growth of the vegetative
mass of plants. Organic fertiliser can be beneficial to
the yield and quality of carrots if applied appropriately.

P. Atta Poku Snr et al. (2020) state that the forma-
tion of carrot yields is significantly influenced by soil
type and its porosity. When growing carrots, the me-
chanical composition of the soil is essential, as carrots
form branched root crops on heavy, compacted clay
soils. Properly prepared soil increases yields and product
quality. Studies have shown that fresh manure should
be applied under the predecessor, as its direct appli-
cation leads to a deterioration in the quality of root
crops. A. Bjarnadottir (2023) notes that organic farm-
ing uses natural methods of growing crops, including
vegetables. There is insufficient research in the world
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comparing conventional and organic carrot cultivation.
According to the results of such technologies, no ca-
rotenoids were found, while carrot products obtained
by conventional technology contained pesticide resi-
dues. The long-term health consequences of consum-
ing low-quality pesticides are unknown, and a range of
scientists have expressed their concern.

The variety, sowing scheme, and timing are essen-
tial in the technology of growing carrots. Studies found
that in the conditions of the Forest-Steppe of Ukraine,
it is recommended to sow carrots at an earlier date,
which causes long interphase periods in the plants un-
der study. The specified seed sowing time ensures the
use of sufficient moisture, friendly germination, higher
yields, with excellent product quality, and greater mar-
ketability of root crops. The yield of carrots sown in
the third decade of March was 41.4-47.1 t/ha. The mar-
ketability index for this sowing period was 86.4-88%
(Palamarchuk, 2022).

Organic cultivation technology involves the use of
the best varieties and hybrids that are adapted to the
relevant soil and climatic conditions. Thus, the Brilliant
F, carrot hybrid provided the largest root crop weight.
The yield of the Shantane CL variety was the highest
and provided an increase in yield compared to the con-
trol variant by 1.6 t/ha. In hybrids, this indicator was
highest in the Brilliant F, hybrid, which outperformed
the control by 6.1 t/ha. The use of mulching materials
is also positive, as their application increases the yield
of vegetable crops relative to non-mulching options
(Vdovenko et al., 2018; Semenov et al., 2019).

Considering the above analysis of literature sources,
the purpose of this study was to investigate the bene-
fits of organic carrot cultivation in the right-bank For-
est-Steppe of Ukraine.

MATERIALS AND METHODS

Research on organic technology of carrot culture was
conducted in the right-bank Forest-Steppe of Ukraine
in 2020-2022. The right-bank Forest-Steppe zone is
suitable for growing cold-resistant vegetable crops, in-
cluding carrots. Weather conditions during the years of
research were characterised by lower precipitation and
higher temperatures compared to the average long-
term data for the growing season but were generally
favourable for growing carrots. The highest temper-
ature and precipitation were in 2022, at 16.8°C and
345 mm, respectively. The lowest average temperature
and precipitation for the growing season was recorded
in 2020, at 14.5°Cand 294 mm.

According to the guidelines, an experimental de-
sign was developed, which included 4 variants. The
study involved observing the phases of plant growth
and development, measuring biometric parameters,and
calculating the yield (Rozhkov et al., 2016). The prede-
cessor of carrots was cucumbers. The technologies for
growing carrots were studied with the Olympus variety
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and the Bolivar F, hybrid. The variants in the experi-
ment were placed using the randomised block method.
To record the data, all measurements and calculations
were carried out according to the methodology of the
experimental case on 10 accounting plants of each
variant of the experiment. The experiment included
the use of both organic and recommended cultivation
technologies with a three-fold replication. The research
used the Olympus variety and the Bolivar F, hybrid. The
control variant was the recommended cultivation tech-
nology, which is basic for the Forest-Steppe zone.

The organic technology of carrot cultivation includ-
ed the use of preparations from the Ukrainian manu-
facturer BTU-Centre, depending on the phenological
development of plants, and was characterised by the
following indicators:

Fertigation: Groundfix 5.0 l/ha in combination with
Mycohelp preparation 2.0 l/ha;

Phase of 6"-9" true leaves: Phytohelp 1.0 l/ha in
combination with preparations Azotophyt 0.3 l/ha
and HelpRost 2.0 l/ha; Organic Balance 0.5 l/ha; Ac-
toverm Formula 8.0 l/ha; Lepidocide 7.0 l/ha; Humi-
friend 0.6 l/ha; Liposam 0.3 l/ha.

Root formation phase: Mycohelp 3.0 l/ha in com-
bination with preparations HelpRost Boron 2.0 l/ha;
Azotophyt 0.3 l/ha; Organic Balance 0.5 l/ha; Humi-
friend 0.6 l/ha; Liposam 0.3 l/ha.

According to the methodological recommendations,
the phases of plant growth and development and the
duration of the periods between the phases were noted
during the study. Specifically, single and mass shoots of
plants, the formation of true leaves, the beginning of
root growth, and technical maturity were noted. Root
mass in dynamics and biometric parameters of plants
were measured (Rozhkov et al., 2016).

At the onset of technical ripeness, the carrot
yield was calculated based on the current standard
(DSTU 7035:2009, 2010). For each variant, the average
weight of root crops was determined separately, based
on which the average indicator was subsequently cal-
culated separately for the variants. The diameter of the
carrot fruit was measured with a caliper and its length
with a measuring ruler. The marketability of carrots was
defined according to the current standard as the ratio
of marketable roots in total weight to non-standard
products expressed in %. The coefficient of phenotypic
stability of Levis (SFn) was calculated using the formu-
las, which was determined according to the following
formula: S.F. = Xmax/Xmin, where Xmax is the highest
yield; Xmin is the lowest yield. The resulting value, if it
is close to 1, indicates more stable traits of the variety’s
productivity (Rozhkov et al., 2016).

The indicators obtained as a result of the research
were processed statistically using the method of analysis
of variance. Experimental plant studies (both cultivated
and wild), including the collection of plant material,
were conducted following institutional, national, or




international guidelines. The authors adhered to the
standards of the Convention on Biological Diversity
(1992) and the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

During the research on carrot plants in the open field,
the interphase periods of the plant were determined.
Studies showed that varietal characteristics and culti-
vation technology affect the duration of the interphase
periods of carrot plants. The emergence of mass shoots
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of carrot plants in all variants was noted on the 8th day
after sowing carrots. The emergence of the 1st pair of
true leaves was noted earlier than in the recommend-
ed cultivation technology - on Day 14, which was 1 day
earlier than in the organic technology. Phenological ob-
servations of the phases of growth and development of
carrot plants revealed that the second pair of true leaves
appeared earlier in the Bolivar F, hybrid under organic
cultivation technology, namely on Day 27, while in the
control this phase was noted 1 day later, and in the
Olympus variety - 2 days later (Table 1).

Table 1. Duration of the interphase periods of carrots depending on the variety and cultivation technology.
Average value for 2020-2022

Days from sowing seeds

g S gz o0 a < Q5
Variety Cultivation technologies é‘ﬁ '3 i‘; s § E‘\ﬁ s § .§ g s g'% f"_' § §
= = o °
52 TE83 @583 BE5 B E 58
5% E5%° £ 55 5 Es
Recommended (control) 8 14 29 46 64 162
Olympus -
Organic 8 15 29 43 61 164
. Recommended (control) 8 14 28 41 49 141
Bolivar F, -
Organic 8 15 27 39 47 144

Source: compiled by the authors

An essential phase in root crops is the shedding of
the root crop, which was observed in different periods
in the experimental variants. In the early period, this
phase was observed in the Bolivar F, hybrid - 39 days
after the emergence of mass shoots, which is 2 days
earlier compared to the recommended technology
(control), and 4 and 7 days earlier than in the Olympus
variety under organic and recommended technology.
Root formation is essential in assessing the growth and
development phases of carrot plants. In the experiment,
the formation of the product organ was not observed
simultaneously due to the technological nature of cul-
tivation. A certain positive effect was found under or-
ganic cultivation technology: much earlier root crop
formation was observed in the Bolivar F, hybrid - on
Days 47 and 49, which is 15 and 14 days earlier than
in the Olympus variety. Notably, the organic technology
of growing carrots helped to accelerate the formation
of root crops due to the work of soil microorganisms
and the prompt provision of nutrients as a result of fo-
liar feeding and the passage of photosynthesis. Thus,

under this technology, the phase of root crop formation
was observed by 2 days in the Bolivar F, hybrid and by
3 days in the Olympus variety earlier compared to the
control variants.

The end of the growing season of carrots was
noted at Days 141-164 days mass shoots. Earlier this
interphase period was observed in the Bolivar F, hy-
brid at Days 141 and 144, depending on the cultivation
technology used, which is 11 and 10 days earlier com-
pared to the Olympus variety. Notably, this interphase
period was influenced by the cultivation technology.
Thus, under organic cultivation technology, this phase
was observed in the variety and hybrid under study 2
and 3 days earlier than in the control variant. Thus, the
variety under study and cultivation technology had an
impact on the duration of the interphase periods of car-
rots. Studies showed that the duration of the phases
of growth and development of carrot plants varied de-
pending on the varietal characteristics of the plant and
the activity of microorganisms that formed the basis of
organic technology (Table 2).

Table 2. Duration of growth and development phases of carrot plants depending on varieties and cultivation
technology, days, average for 2020-2022

Emergence of

Emergence of the

The phase of technical

Cultivar Cultivation technology sprouts 1st pair of leaves Root crop formation ripeness
Recommended (control) 3 3 85 17
Olympus -
Organic 3 3 83 15
. Recommended (control) 3 3 73 16
Bolivar F, -
Organic 3 2 70 14

Source: compiled by the authors

Scientific Horizons, 2023, Vol. 27, No. 1

65



66

Organic cultivation of carrot in the right-bank Forest-Steppe of Ukraine

As a result of the conducted study, it was found
that the emergence of carrot plants lasted 3 days. The
emergence of the first pair of leaves was less long
compared to other variants of the Bolivar F, hybrid

and was 2 days under organic cultivation technology.

The longest was the phase of root crop formation
and was 70-85 days in the variants under study. The
rapid formation of the root crop occurred in the Bo-
livar F, hybrid relative to the Olympus variety. This
phase was shorter by 12 and 13 days. Under the
organic technology of growing the variety Olympus
and the Bolivar F, hybrid, it was shorter by 2 and 3
days compared to the control variant. The technical
ripeness phase lasted 14-17 days. The longest period
was observed in the Olympus variety under the rec-
ommended technology and amounted to 17 days. In

addition, the shortest period was in the Bolivar F, hy-
brid and was only 14 days.

The cultivation technology used in the open field
also had a considerable impact on the biometric param-
eters of carrots. The unconditional factor was usually
the plant’s nutritional regime, prompt control of pests,
proper soil condition, and favourable climatic conditions.
Notably, it was essential to control the beneficial micro-
flora of the soil and to prevent the growth of pathogenic
microorganisms, especially the genera Fusarium, Rhizoc-
tonia, and Alternaria. Thus, the height of carrot plants was
the highest in the Bolivar F, hybrid under organic cul-
tivation — 37 cm, which was 7 cm higher than the con-
trol. The same pattern was also observed in the variety
Olympus, where the growth relative to the control was
7 cm when using organic technology (Table 3).

Table 3. Biometric parameters of carrot plants depending on varieties and cultivation technology. Average for 2020-2022

2 4 £ = o
S S 52 2zfe
Cultivar Cultivation technology -‘g -qé '5 £ é £ s E .; S ‘é, £ ..g_ E
o— [7) - (7] © .=
I Z 5 8 :'E é e 3 Jd%5 %8
Recommended (control) 29 13 3.5 10 107 2.9
Olympus -
Organic 36 16 4.5 13 112 2.9
Recommended (control) 30 14 3.5 11 102 31
Bolivar F, -
Organic 37 16 5.5 14 109 2.5

Source: compiled by the authors

The highest leafiness was observed in the variety
and hybrid under study under organic cultivation tech-
nology. Thus, in the variety Olympus, the growth of leaf
mass relative to the control was 3 pcs./plant, in the hy-
brid Bolivar F, - 2 pcs./plant. The regularity of increas-
ing the parameters of root crops in carrots was noted
under organic cultivation technology. Comparing the
biometric parameters of root crops obtained in the ex-
periment, they were higher in the Bolivar F, hybrid. The
increase in the diameter of the root crop under organic
cultivation technology was 1.0-2.0 cm, respectively. The
increase in the length of the root crop was at the level
of 3 cm relative to the control variant.

The key research data that affects the yield of root
crops is their weight. As a result of the unfavourable mi-
croclimate in autumn, especially with uneven precipita-
tion during the root crop formation period, its weight was
considerably lower than the technical characteristics of
the variety. However, the use of organic cultivation tech-
nology resulted in obtaining this indicator at the level of
112 g for the variety Olympus and 109 g for the hybrid
Bolivar F,,and the increase was 5 g for the variety Olym-
pus and 7 g for the hybrid Bolivar F,, compared to the
control variant. The use of organic cultivation technology
and proper soil maintenance resulted in a decrease in
the ratio of root length to diameter only in the Bolivar F,
hybrid. In this variant, the studied value of the condition
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was 2.5 units, which was 0.6 units less than the control.
As a result of growing the Olympus variety, the ratio of
the length of the root crop to its diameter did not de-
crease under this growing system but was similar to the
control and amounted to 2.9 units.

The analysis of the data obtained on the biometrics
of carrot plants showed the advantage of organic culti-
vation technology. The use of organic cultivation tech-
nology increased the height of the carrot plant, which
indicates a positive effect of bacteria on the processes
of photosynthesis, accumulation of dry matter and root
mass. In the open field, in the absence of an irrigation
system, Bolivar F, plants can form only 14 leaves, while
the Bolivar F, hybrid can form up to 16 leaves per plant
when using organic cultivation technology. The prompt
supply of nutrients in organic cultivation helps to in-
crease the diameter and length of root crops.

The yield of carrot roots varied over the years of
cultivation and depended on climatic conditions. Thus,
2021 was a more favourable year for carrot cultivation,
with an even supply of moisture and nutrients to the
plants. However, the analysis of the obtained yield in-
dicator revealed its dependence on the varietal char-
acteristics of carrots and the technology of growing in
open ground conditions. The average yield of carrots
over the years of cultivation can be assessed as quite
high, as it ranged within 44.6-48.6 t/ha (Table 4).
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Table 4. Yields of carrot plants depending on the variety and cultivation technology, t/ha

Years of experiment c % to control . e
Cultivar Cultivation technology 3 Marketability, % Levis §tab|l|ty
2020 2021 2022 = t/hha % coefficient (K )
Recommended (control) 43 48 49 46.6 - - 82 1.1
Olympus -
Organic 50 51 45 48.6 +1.8 +3 89 11
Bolivar F Recommended (control) 43 46 45 44.6 - - 84 1.1
! Organic 45 49 49 476 +3.1 +7 91 1.0
Least significant difference, 09 13 15
Eg; 1.5 1.7 1.9
(AB) 2.0 20 2.2

Source: compiled by the authors

This value is quite high for the varieties under
study, and the value of root crop yields of 47.6-48.6 t/ha
indicates that organic technology fully meets the biolog-
ical requirements of the plant, and the elements of the
technology are adapted to the conditions of Ukraine.
The resulting root crops were typical, met the require-
ments of the standard, were harvested in technical ripe-
ness and were quite suitable for further use. On aver-
age, the highest yield of root crops was characterised
by the late-ripening carrot variety Olympus, which had
a total root yield of 47.6 t/ha. The resulting root crops
corresponded to the general characteristics of the va-
riety and were not damaged by pests and diseases. The
Bolivar F, hybrid was characterised by lower, but also
quite high yields, with an average yield of 46.1 t/ha,
which was only 3% lower than that of the Olympus
variety. Root crops were characterised by typical vari-
etal colour and shape, and fully met the requirements
of the standard.

The positive impact of organic cultivation tech-
nology on the recommended technology was deter-
mined only for the Bolivar F, hybrid. Upon using bio-
logical products and with a prompt provision of plants
with essential nutrients, the total yield of root crops
increased and averaged 47.6 t/ha, which substantially
exceeded the yield of the control variant by 3.1 t/ha. As
a result of the analysis of the values, it was found that
the yield of the Bolivar F, hybrid can increase by 7%
from the use of organic cultivation technology. During
the cultivation of the Olympus carrot variety, there was
no significant increase in yield from the use of organic
cultivation technology. In this variant, the increase in
yield was caused exclusively by varietal characteristics
and prompt plant care.

The Levis stability coefficient is considered to be an
indicator that determines the compliance of the culti-
vation technology. The closer its value is to 1, the more
suitable the cultivation technology is considered to be.
In the experiment, the Levis coefficient was at the level
of 1.0-1.1, and therefore it should be assumed that the
cultivation technologies in Ukraine are optimal for car-
rots. However, it was found that when growing the Boli-
var F, hybrid and using organic cultivation technology,

the coefficient was 1.0 and was lower than the con-
trol variant. The calculations showed that growing the
Olympus variety is profitable, as the Levis coefficient,
regardless of technology, was 1.1.

The social role of organic farming is twofold: it pro-
vides the market with organic products and, through
biological protection, contributes to the preservation
of the environment. The production of organic veg-
etable products on an industrial scale is far superior
to conventional cultivation. From an environmental
standpoint, organic plant cultivation preserves the
natural state of the environment; contributes to the
preservation of biodiversity in agricultural landscapes;
preserves or restores soil fertility; prevents pollution of
various water bodies; and, most importantly, supplies
the population with high-quality vegetable products.
Unfortunately, most Ukrainian enterprises are not prof-
itable, and the products they produce do not meet in-
ternational standards, which means that they cannot
enter the world market, leading to loss-making farms.
Considering the global trends in production, most
producers prefer to produce organic products, which
contributes to the preservation of the environment
(Wierzbowska et al., 2017; Mili¢ & Simin, 2023).

According to I. Bender et al. (2020), organic car-
rot cultivation technology has a range of advantages
over conventional technology. The yield of plants and
their quality increase, namely lower nitrate content and
higher vitamin C content. Thereby, the yield of market-
able products increases. A 14.5% higher marketable
yield and a 10.0% lower yield of non-standard organic
products was obtained compared to the average con-
ventional treatment. Furthermore, organic carrots had
14.1% less nitrates and 10.0% more vitamin C than con-
ventionally grown carrots.

Analysing the study by S. Kalenska et al. (2023),
it should be noted that the organic technology of
carrot cultivation was slightly inferior to the inte-
grated cultivation system in terms of chemical com-
position of products. Despite this, the marketability
index was at the same level for both technologies.
A. Wickham and J. Davis (2023) note that the use of
cyanobacterial fertilisers in the cultivation of organic
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carrots resulted in an increase in the length of root
crops and their yield. According to the results of the
experiment by M. Kumar et al. (2022), it was found that
the use of organic fertilizers FYM and vermicompost in
combination with biofertilizers PSB with the treatment
(T8) FYM (10 t/ha) + VC (2.5 t/ha) + PSB (2.5 kg/ha) gives
the highest level of growth, yield, and quality character-
istics, including plant height, number of leaves per plant,
leaf area per plant, root length, root diameter, yield.

As a result of the application of organic cultivation
technology, carrot yields can increase up to 51 t/ha for
the Olympus variety, which is somewhat contrary to the
data from I. Palamarchuk (2022) for total yields. How-
ever, such a value can be achieved with the proper use
of bacterial preparations, which are manufactured by
the Ukrainian enterprise “BTU-Tsentr”. The Bolivar F1
carrot hybrid can also produce high root crop yields,
provided that the recommendations for the use of the
Forest-Steppe cultivation technology of the right-bank
Ukraine are followed.

The studies conducted did not reveal an increase
in harmful elements in root crops, and therefore the
opinion of T. Kundilovska et al. (2019) fully meets the
needs of consumers in obtaining environmentally
friendly products and ensures the protection and de-
velopment of rural areas in the future. In earlier studies,
[. Palamarchuk (2022) obtained a carrot yield of 41.4-
47.1 t/ha and a marketability of 86.4-88%. As a result
of the application of organic technology and control of
the main parameters of nutrition and protection against
harmful objects through the integrated use of bacterial
preparations from “BTU-Tsentr”, the yield of carrot roots
can increase up to 51 t/ha, which was proved by the
research conducted in this paper.

Thus, according to the findings of the conducted
study and the data of other scientists, the effectiveness
of the use of organic technology for growing carrots
was established. The positive impact of organic culti-
vation technology on the main phases of carrot growth
and development, biometric parameters of plants and
the formation of overall productivity was revealed.

CONCLUSIONS

The findings showed the impact of organic cultivation
technology on the growth, development, and yield of

carrots. According to the study, it was found that the
variety under study and organic cultivation technology
had an impact on the duration of the interphase peri-
ods of carrots. Thus, under this technology, the phase
of root crop formation was observed 2 days earlier in
the Bolivar F, hybrid and 3 days earlier in the Olympus
variety compared to the control variant. The end of the
vegetation period of carrots was observed earlier under
organic cultivation technology by 2 and 3 days earlier
than in the control, respectively.

The biometric parameters of carrots were influenced
by the growing technology. The height of the carrot
plants was the highest in the Bolivar F, hybrid under
organic cultivation technology - 37 ¢cm, which is 7 cm
higher than the control. The highest leafiness was ob-
served in the varieties and hybrids under study under or-
ganic cultivation technology. The regularity of increasing
the parameters of carrot roots under organic cultivation
technology was noted. The increase in the diameter of
the root crop under organic cultivation technology was
1.0-2.0 cm, respectively. The increase in root length was
3 cm relative to the control variants. The weight gain of
the root crop relative to the control variant was 5 g in
the Olympus variety and 7 g in the Bolivar F, hybrid.

The positive impact of organic cultivation technol-
ogy on the recommended technology was determined
only for the Bolivar F, hybrid. Upon the use of biological
products and prompt provision of plants with essential
nutrients, the total yield of root crops increases and can
average 47.6 t/ha, which is significantly higher than the
yield of the control variant by 3.1 t/ha. Considering the
value of carrots as a vegetable plant, it is worth ex-
ploring other elements of technology in combination
with organic cultivation, which will allow for improved
cultivation technology, environmentally friendly qual-
ity products and increased yields. In the future, it is
planned to investigate the impact of biological prod-
ucts on the yield and quality of green vegetable crops
in open and closed ground.
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AHoTauis. MopkBsa ctonosa (Daucus carota var. sativus L.) BiLHOCUTbCS L0 HAWOBiNbLL BUPOLLYBAHMUX OBOUYEBMUX KYNbTYP
y CBiTi. BoHa xapakTep13y€eTbCs BUCOKMMM CMAaKOBUMM SIKOCTSIMM Ta BaraTum XiMiuyHMUM CKaf0oM, a TOMY € LLiHHO A5
CMOXWBAHHS Y CBiXXOMY Ta nepepobneHomy BUMsAi. BpaxoBytoum noTpeby HaceneHHs y SKiCHi eKONoriYHO YUCTIl
NPpOAYKLii BaX/IMBUM € BUBYEHHS OPraHi4HOro BUPOLLYBaHHS MOPKBM CTOI0BOI. MeTor foCnifXeHHS Byn0 BUBYEHHS
OpraHiyHOro BMpPOLLYBAHHS MOPKBM CTOMI0BOI B npaBobepexHomy Jlicocteny YkpaiHu. BukopuctoByBanucs Taki
METOAM AOCNIAXKEHHS: MONbOBUIA, BUMiPIOBaSIbHO-BaroBMiM, MaTeEMaTUYHUIM Ta CTAaTUCTUYHI. [peacTaBneHO pe3ynbTatu
pocnigxkenb 32 2020-2022 pp., Ae AOCNIAXKEHO PicT, pO3BUTOK Ta HOPMYBAHHA BPOXAD 33 OPraHivyHOI TeXHONOrii
BMPOLLYyBaHHS. BuBueHo deHonoriuHi dasum 1a ix TpuBanictb, 6ioMeTpUYHI NapaMeTpu poC/IMH MOPKBM CTO/I0BOI Ta
iX BpoXarHicTb. OpraHiyHa TEXHONOriS BUPOLLYBAHHS MOPKBM CTONOBOI CNPMIA CKOPOUEHHIO Mik(dasHUX nepiofis.
KiHeub BereTauii MOPKBM CTONOBOI BiAMiYanu paHille 33 OpraHiyHoi TEXHONOTiT BUPOLLYBAHHS HA 2 Ta 3 NOPIBHAHO
3 KOHTPO/IbHMM BapiaHTOM. BucoTta poc/iMH MOpKBM CTONOBOT Haibinbluoto Gyna y ribpuay bonisap F, 3a opraHiuHoi
TEXHOJOrii BMPOLLYBaHHA — 37 CM, a Ue Oinblie KOHTPONbHOrO BapiaHTy Ha 7 cM. Haibinbluy ob6auCTBNEHICTb
BiAMIYanM y [OCNiOXYBaHMX COPTY Ta ribpuay 3a opraHiyHoi TexHonorii BupowyBaHHs. Y copty OnimMnyc npwupict
BiAHOCHO KOHTPO/O CTAaHOBMB — 3 LWT./pOC/nKY, y ribpuay bonisap F, — 2 wt/pocamHy. BiagMideHo 3aKOHOMIpHICTb
30inblUEeHHS MapaMeTpiB KOpPEHENIOAIB MOPKBM 33 OpraHivyHoOi TexHonorii BupoulyBaHHS. MMpupicT fiameTtpy Ta
[LOBXMHUW KOPEHeNoAy 3a OpraHiyHoi TexHonorii BupolyBaHHs cknae 1,0-2,0 cM Ta 3 cm BignoBigHo. Haibinblua
Maca KopeHennofais 6yna 3a OpraHiyHoi TEXHOMOrIT BUPOLLYBAHHS A€ NPUPICT BiAHOCHO KOHTPOJIbHOMO BAapiaHT CKNaB
no copty Onimnyc - 5 1, a no ri6puay bonisap F, - 7 r. 3a BMKOpUCTaHHSA OpraHivHOT TexHOJIOrii, AKa nepeabavyae
BMKOPUCTAHHSA BionoriyHMx npenapatiB 3araibHa YPOXaHiCTb KOpEHENIOAIB NiABULLYETLCA Ha 3,1 T/ra NopiBHAHO
3 KOHTPOSIbHUM BapiaHTOM

KniouoBi cnoBa: opraHiuHa TexHonoris; copT; ribpua; 6ioMeTpuyHi napameTtpu; MikxdasHi nepionm; BpoXKanHicTb
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Ecological safety of sunflower seeds in the conditions of agricultural intensification

well as the content of mobile forms of heavy metals: lead, cadmium, copper, zinc, mercury, cobalt,and molybdenum;
boron, and radioactive caesium were determined in the soil after sunflower cultivation. The factual content of soil
contaminants was compared with their maximum permissible concentrations. The study investigated the content
of heavy metals, namely, lead, cadmium, copper, and zinc, as well as nitrates in sunflower seeds. Their content was
compared with the values of maximum permissible concentrations. The coefficients of accumulation of the heavy
metals under study by sunflower seeds were calculated. Thus, copper and zinc are most intensively absorbed from
the soil and accumulate in sunflower seeds, while lead is the least absorbed. The findings suggest that since no
excess of the permissible levels of heavy metals and nitrates in sunflower seeds was found, there is a higher
probability of their increased accumulation in sunflower by-products: seed husks, stems, leaves, petioles, and roots.
The study results can be used in organic sunflower cultivation

Keywords: heavy metals; nitrates; accumulation; cultivation; soil fertility

INTRODUCTION

The widespread use of sunflower oil in the food in-
dustry and its by-products, such as meal and fuselage,
in animal feeding requires constant monitoring of the
quality and environmental safety of the raw material,
sunflower seeds. The absence of mandatory control over
the environmental safety of sunflower seeds in Ukraine
raises the risk of growing seeds with excessive use of
mineral fertilisers and pesticides. And this, according to
A.Zimaroieva et al. (2021), can cause the accumulation
of heavy metals, pesticides, nitrates, and radionuclides
in sunflower seeds, which can accumulate in vegetable
fats and adversely affect human health and contami-
nate livestock products.

O.Andriienko et al. (2020) proved that the consider-
able demand for oilseeds in the world substantially af-
fects the dynamics of their acreage. Among all oilseeds,
sunflower is the most significant, with its oilseeds
having favourable nutritional characteristics. The high
selling price of sunflower seeds and their unpreten-
tiousness to growing conditions are driving the growth
of sunflower acreage. The economic attractiveness of
sunflower cultivation leads to an oversaturation of
crop rotations with this crop. V. Mazur et al. (2021) and
S. Razanov et al. (2020) argue that, while it is scientif-
ically sound to return sunflower crops to their previ-
ous location after 7 years, they are, in fact, grown in
the same place much more often. This leads to a range
of agro-ecological issues caused by the impaired resil-
ience of such an agro-ecosystem to the effects of pests,
diseases, weeds, and soil overdrying and nutrient de-
pletion. Under such management conditions, the yield
of this profitable crop is declining.

I. Didur et al. (2020) and A. Melnyk (2018) show that
in case of violation of the terms of sunflower return to
the previous place in the crop rotation and its cultiva-
tion after unfavourable predecessors, the soil is deplet-
ed of the main nutrients: alkaline hydrolysed nitrogen,
mobile phosphorus, and exchangeable potassium. It
also accelerates the acidification of the soil solution,
destruction of the soil structure, and increases water
erosion. M. Sadak et al. (2023) and I. Tkalich et al. (2018)
note that under such conditions, the sustainability of
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the sunflower agroecosystem is also affected. Its crops
are becoming increasingly infested with annual late
weeds: white quinoa, common ragweed, and especially
the quarantine specialised species - sunflower broom-
rape. Fungal diseases of sunflower, such as white and
grey rot, phomopsis, etc., cause irreparable damage,
which can lead to a 70% loss of yield.

According to S. Aloud et al. (2022) and I. Savchuk
et al.(2021), maintaining and increasing sunflower seed
production under such conditions is possible with the
improvement of cultivation techniques, the main of
which are increasing rates of mineral fertilisers and in-
creasingthe frequency of pesticide application,primarily
for the control of weeds, diseases, and pests. Studies by
L.Romanchuk et al. (2019), D. Knoell andT. Wyatt (2021)
have shown that with increasing rates of mineral fer-
tilisation, the fertility and agro-ecological condition of
the soil changes, which can affect the quality and en-
vironmental safety of the grown seeds. The risk of ac-
cumulation of heavy metals, especially lead, cadmium,
copper, zinc, and mercury, nitrates and radionuclides in
the soil and sunflower seeds is growing.

According to M. Ahmed et al. (2021), J. Han et al.
(2022), the scientifically sound rates of mineral fertiliser
application for sunflower crops are N, P, K, .. However, if
the period for returning its crops to the previous place
of cultivation is shortened, the factual fertiliser rates
can increase by 1.5-2 times. Under such conditions, the
volume of low-grade mineral fertilisers produced using
imperfect technologies is growing, which increases the
risk of toxicity from their use. This, according to B. Shafiq
et al. (2021), this leads to a deterioration in seed quality
and environmental safety. Nitrates, heavy metals (lead,
cadmium, zinc, copper, mercury, cobalt), and pesticide
residues can be the main environmental factors of seed
contamination. Conventionally, sunflower is a crop that
can accumulate cadmium in high concentrations, and
therefore the issue of quality control and environmental
safety of sunflower seeds in intensive farming is becom-
ing increasingly significant.

Therefore, the purpose of this study was to identify
the content of toxic substances in the soil at factual soil




fertility levels and to trace the accumulation of toxi-
cants in sunflower seeds and determine their hazard in
terms of maximum permissible concentrations.

MATERIALS AND METHODS

Field experiments were conducted in 2021-2022 at
the Zorya Vasylivka Farm in the village of Vasylivka,
Vinnytsia district, Vinnytsia region (Ukraine). The farm
grew sunflowers using intensive technology on grey,
podzolised medium loamy soils. The predecessor of
sunflower was maize. Fertilization of sunflower crops
included the introduction of complex ammonium ni-
trate phosphate fertiliser under pre-sowing cultivation
by spreading in the norm of N, P, K . Mechanical care
of the crops included two inter-row mechanical cultiva-
tion, which was carried out by a row cultivator KRN-5.6
in combination with a tractor MTZ-82 in the phase of
the first pair of true leaves and in the phase of the third
pair of true leaves of sunflower. Chemical crop care
included the application of the herbicide Oreol-Maxi
(active ingredient quizalofop-P-ethyl, 125 g/l) at a rate
of 0.8 l/ha with a working solution consumption of
200 l/ha by a tractor sprayer in the phase of two to
three leaves of annual cereals and at a height of 10-
15 cm of perennial cereal weeds. The study also used
the fungicide Amistar Gold 250 SC (active ingredient
azoxystrobin, difenoconazole) at a rate of 1.0 I/ha with
a working fluid consumption of 200 I/ha against dis-
eases such as Alternaria, Phomopsis, Puccinia helianthi,
Septoria, Sclerotinia,and Phoma oleracea during the sun-
flower budding phase by tractor spraying. Desiccation
was performed to stimulate plant drying in the pre-har-
vest period in the second decade of September. The
Roundup Max desiccant (active ingredient potassium
salt of glyphosate) was used at a rate of 2.4 l/ha in the
waxy ripeness phase of seeds with a tractor sprayer us-
ing a working fluid of 200 l/ha. Sunflower was threshed
by direct combining at the stage of full seed maturity
with a John Deere combine.

Therefore, the first step in the study was to deter-
mine the parameters of contamination of soil and sun-
flower seeds, the main type of agricultural product, with
toxic substances. This helped to establish the proba-
bility of toxicants accumulating in sunflower seeds
used for food or technical purposes. The second step
of this study was to determine the level of accumula-
tion of toxicants in sunflower by-products: seed husks,
stems, leaves, petioles, capitulum pulp, and other parts
of the plant. Soil samples were taken before harvest-
ing at ten points along the diagonal of the field to the
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depth of the topsoil (25 cm). Laboratory soil analysis
was conducted in a certified and accredited laboratory
of the Zhytomyr branch of the State Institution “Der-
zhHruntOkhorona” of the Institute of Soil Protection
of Ukraine, using standard methods (DSTU ISO 10381-
1:2004, 2006). The following soil fertility indicators
were determined: humus content, alkaline-hydrolysed
nitrogen, mobile phosphorus, exchangeable potassium,
and soil solution pH. The content of toxic substances in
the soil was also investigated: mobile forms of heavy
metals: lead, cadmium, copper, zinc, mercury, iron, co-
balt, molybdenum, as well as boron and radioactive
caesium according to atomic absorption spectropho-
tometric method (DSTU 1SO 10381-1:2004, 2006). The
determined indicators of soil toxicants were compared
with their maximum permissible concentrations (MPC).

Sunflower seeds were sampled from one batch us-
ing a grain probe. The seeds were analysed for heavy
metals: lead, cadmium, copper, and zinc, as well as ni-
trates. Laboratory studies of sunflower seeds were con-
ducted at the Zhytomyr branch of the State Institution
“DerzhHruntOkhorona” (n.d.) of the Institute of Soil Pro-
tection of Ukraine according to the atomic absorption
spectrophotometric method (DSTU 4117:2007, 2007).
The obtained values were compared with the standards
of maximum permissible concentrations of these toxi-
cants in sunflower seeds. The coefficient of accumula-
tion of heavy metals by sunflower seeds was calculated
as the ratio of their determined content in seeds to the
content of mobile forms of these substances in the soil.
Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were
following the institutional, national, or international
guidelines. The authors adhered to the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on International Trade in Endangered Species
of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

With the intensification of farming, sunflower, as one of
the most profitable crops, is growing in terms of miner-
al fertiliser application rates, which can primarily affect
the agrochemical composition of the soil. Thus, the hu-
mus content in the experimental plot during sunflower
cultivation was 1.70%£0.03 (%), which corresponds to a
“low” value on a six-point scale. With the intensification
of farming and an emphasis on fertilising the soil with
mineral fertilisers, there will be a further decline in hu-
mus content, and thus a reduction in macronutrients
readily available to plants in the soil (Table 1).

Table 1. Agrochemical composition of soil under sunflower cultivation, M+m

Agrochemical parameters Value Content
Humus, % 1.70£0.03 Low content
Alkaline hydrolysed nitrogen, mg/kg 107.3+2.4 Low content
Mobile phosphorus, mg/kg 100.0£1.8 Average content
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Table 1. Continued

Agrochemical parameters Value Content
Exchangeable potassium, mg/kg 158.0%2.5 High pH of
the soil solution, units 5.37%0.1 Subacidic reaction

Source: compiled by the authors

The supply of alkaline hydrolysed nitrogen to the
soil was low and amounted to (107.3%2.4) mg/kg. Al-
kaline hydrolysed nitrogen in the soil is an indicator
of potentially available nitrogen for plants. This form
of nitrogen does not factor in nitrate nitrogen, which
is extremely mobile in the soil and changes very fre-
quently, especially when applying nitrogen-containing
fertilisers, after heavy rainfall or during intensive plant
growth. The content of alkaline hydrolysed nitrogen in
the soil is stabilised in autumn or early spring before
fertilisation, especially with nitrogen-containing fer-
tilisers. Low humus content in the soil will result in a
decrease in the content of alkaline hydrolysed nitrogen,
and therefore in intensive farming, the reserves of this
form of nitrogen in the soil are replenished by applying
high rates of nitrogen mineral fertilisers, which briefly
contributes to increase the content of alkaline hydro-
lysed nitrogen in the soil, and then decrease when
plants use its reserves for their growth and develop-
ment. However, together with the mineral nitrogen
from fertilisers, soils become excessively acidic, which
reduces the effectiveness of all types of mineral fer-
tilisers and increases the mobility of toxic substances
that can be present in the soil and accumulate in crop
products. It is nitrogen fertilisers that have the most
substantial impact on sunflower seed yields, which is
why these fertilisers are a priority for growing the crop.

The availability of mobile phosphorus in the soil of
the experimental plot was average with its content of
(100.0+1.8) mg/kg. The rapid transition of phosphorus
minerals that entered the soil with mineral fertilisers
to unavailable compounds, as well as the limited ab-
sorption of mineral phosphorus by plant roots, leads to
the accumulation of phosphorus compounds in soils, an
increase in their content, soil overphosphating, and a
decrease in the effectiveness of phosphate fertilisers.
Since intensive farming uses recommended rates of
mineral phosphorus and does not consider its factu-
al content in the soil, this can lead not only to over-
phosphating the soil, but also to the accumulation of
increased concentrations of heavy metals, which phos-
phate mineral fertilisers are rich in.

The content of exchangeable potassium in the soil
was (158.0+2.5) mg/kg, which corresponded to a high

content. This form of potassium is readily available to
plants. Compared to nitrogen and phosphorus, sunflow-
er crops consume potassium the most, but this element
does not have a decisive impact on the yield of sun-
flower seeds, and therefore moderate rates of mineral
potassium are applied to sunflower crops. It is the suf-
ficient content of exchangeable potassium and mobile
phosphorus in the soil that decelerates the movement
of toxic substances in the soil, such as heavy metals
and radionuclides. The reaction of the soil solution pH
of the area where sunflower was grown corresponded
to a subacidic value with (5.37%0.1) pH. This indicator
is formed depending on the nature of the soil type and
is also substantially affected by the application of ni-
trogen fertilisers, which are predominantly acidic. Soil
acidity increases especially with the intensification of
farming. Acidic soils increase the vertical migration of
toxicants in soils and their transfer to plants.

The large and powerful above-ground mass of
sunflower plants can substantially dry out the soil and
deplete it of nutrients. Toxic substances such as heavy
metals, radionuclides, etc., are absorbed from the soil
along with the main macroelements. Among the heavy
metals, the most dangerous toxicants are lead, cadmi-
um, zinc, mercury, and copper. At the same time, this
group includes iron, cobalt, and molybdenum.The main
sources of heavy metals in the soil can be mineral fer-
tilisers, especially in high application rates, which is
typical for intensive farming, as well as emissions from
industrial enterprises and vehicles.

The factual content of mobile forms of lead in
the sunflower soil was (1.55%+0.1) mg/kg. With a max-
imum permissible concentration of lead in the soil of
6.0 mg/kg, its content was 0.3 MPC and was safe. The
content of mobile forms of cadmium was also below
the maximum permissible concentration of 0.14 MPC.
A comparable dependence was observed for other tox-
icants that occurred in the soil during sunflower culti-
vation, specifically, the content of copper was 0.25 MPC,
zinc - 0.15 MPC, mercury - 0.002 MPC, cobalt - 0.2 MPC,
molybdenum - 0.01 MPC, boron - 0.05 MPC, and radio-
active caesium - 0.3 MPC, which can enter the soil from
the earth’s interior, as a result of the Chernobyl disaster,
as well as with mineral fertilisers (Table 2).

Table 2. The content of mobile forms of toxicants in the soil during sunflower cultivation, M¥m

Toxicant Factual content Maximum permissible concentration Content in relation to MPC
Lead, mg/kg 1.55+0.1 6.0 smaller
Cadmium, mg/kg 0.10+0.03 0.7 smaller
Copper, mg/kg 0.75%+0.02 3.0 smaller
Zinc, mg/kg 33504 230 smaller
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Table 2. Continued

Toxicant Factual content Maximum permissible concentration Content in relation to MPC
Mercury, mg/kg 0.005%£0.001 2.1 smaller
Iron, mg/kg 57.20%2.0 - -
Cobalt, mg/kg 1.00%0.1 5.0 smaller
Molybdenum, mg/kg 0.10%0.3 10 smaller
Boron, mg/kg 1.64%0.3 30 smaller
Caesium, Ci/km? 0.30+0.04 1.0 smaller

Source: compiled by the authors of this study based on personal findings

If there are residues of toxicants in the soil during
sunflower cultivation, the probability of their accumu-
lation in the seeds increases.

The actual content of lead in sunflower seeds
was below the maximum permissible concentration
and amounted to 0.18 MPC, cadmium-0.10 MPC,

copper- 0.13 MPC, zinc - 0.12 MPC, nitrates -
0.11 MPC (Table 3).

The coefficients of toxicant accumulation in
sunflower seeds were calculated. Specifically, the
coefficient of accumulation of lead by sunflower seeds
was 0.06,cadmium - 0.1, copper - 1.7,zinc - 1.8 (Fig. 1).

Table 3. Toxicant content in sunflower seeds, M*m

Toxicant Factual content Maximum permissible concentration Content in relation to MPC
Lead, mg/kg 0.09%£0.02 0.5 smaller
Cadmium, mg/kg 0.010+0.02 0.1 smaller
Copper, mg/kg 1.27%0.35 10.0 smaller
Zinc, mg/kg 6.12%£1.10 50.0 smaller
Nitrates, mg/kg 32.5+2.60 300.0 smaller
Source: compiled by the authors
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Figure 1. Coefficient of heavy metal accumulation in sunflower seeds

Source: compiled by the authors

S. Kalenska et al. (2020), G. Cecoli et al. (2022) agree
that if crop rotation is observed during sunflower cul-
tivation, the period of return to the previous place of
cultivation and the recommended rates of mineral
fertilisers are applied, the environmental safety of the
sunflower seeds produced will be satisfactory. However,
in case of violation of these indicators, the risk of ac-
cumulation of toxic substances in sunflower seeds will
increase. Today, in Ukraine, under conditions of intensi-
fied farming, sunflower cultivation is characterised by
a considerable disruption of crop rotations and a re-
duction in the time required to return to the previous

place.According to V. Almashova and S. Skok (2022), the
greatest danger is posed by heavy metals: lead, cad-
mium, copper, zinc, which can be contained in mineral
fertilisers and are applied at increased rates, especially
phosphorus-potassium fertilisers, the production pro-
cess of which involves the use of raw materials and
production components containing toxic heavy metals.

According to A. Melnyk et al. (2020), there are var-
ious methods for cleaning contaminated soils. One of
the most promising and inexpensive of these methods
is the use of phytoremediation, which is lower in cost,
compatible with natural processes and requires fewer
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resources than other cleaning methods. Sunflower can
be an effective phytoremediation for toxic contamina-
tion, as it is known for its intensive absorption of both
nutrients and toxic substances from the soil. According
to O. Bielashov et al. (2022), the use of phytoremedia-
tion properties of sunflower should be balanced, since
the absorption of pollutants by sunflower plants, their
accumulation and entry into the food chain can cause
various human diseases.

Y. Domaratskyi (2021) found that with an increase
in the concentration of toxic substances in the soil,
their accumulation in sunflower plants increases,
and the toxicity effect increases, which is manifested
in a decrease in the efficiency of nutrient absorption
from the soil. Laboratory experiments conducted by
0. Degani et al. (2022) with sunflower plants grown
on samples of soil contaminated with heavy metals
and on toxicant-free soils showed that the concen-
tration of heavy metals in sunflower plants grown
on contaminated soils was several times higher.
Yu. Cheng et al. (2023) found that the concentration
of heavy metals in the roots and leaves of sunflower
plants increased substantially. This dependence is con-
firmed by the present study, which did not reveal high
concentrations of heavy metals in sunflower seeds.
Therefore, it is probable that all toxicants accumulate
in the leaf and stem mass of sunflower plants.

According to M. Hejna et al. (2019), a physiological
feature of sunflower plants is the intensive accumula-
tion of cadmium in their seeds in high concentrations.
Cadmium replaces calcium in the soil, contributing to
the acidification of the soil solution. Therefore, control
over this element should be mandatory. However, the
present study did not find its high content in sunflower
seeds, which may be caused by the low content of mobile
forms of cadmium in the soil. I. Tkalich et al. (2018) found
that the intensive uptake of nutrients from the soil by
the sunflower root system leads to a strong depletion
of nutrients from the soil. Together with them, plants
intensively absorb toxic elements contained in the soil.
The findings of the present study confirm this thesis only
partially, as it found intensive absorption of copper and
zinc from the soil, and much less of lead and cadmium.

I. Didur et al. (2020) note that under such condi-
tions, there is a risk of not only a substantial decrease
in the content of nutrients and humus in the soil when
growing sunflower, but also a low content of toxic sub-
stances, specifically heavy metals, which entered the
soil with mineral fertilisers. This is the reason why lab-
oratory analysis of the soil after sunflower cultivation
often fails to detect elevated concentrations of heavy
metals. This is confirmed by the present study, as it did
not find any excess of mobile forms of heavy metals in
the soil during sunflower cultivation.

As noted by H. Pinkovsky (2019), N. Novytska
et al. (2020), all heavy metals that migrated from the
soil accumulate in sunflower plants. According to this
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manifestation, sunflower plants, as those capable of
absorbing and retaining toxic substances in increased
concentrations through the formation of a powerful
vegetative mass, are phytoremediants, i.e., plants that
can cleanse the soil of excess toxic substances (heavy
metals, pesticide residues, radionuclides), accumulating
them in their tissues in increased concentrations. This
is fully confirmed by the findings of the present study.

There were also differences in the uptake of nitrate
by sunflower plants. According to D. Hilwa et al. (2019),
with a sufficient content of nitrate nitrogen in the soil,
it is intensively absorbed by sunflower plants and accu-
mulates in their tissues, preventing the supply of other
forms of nitrogen to sunflower plants. Research by
0. Tymchyshyn et al. (2021) shows that these process-
es are also directly affected by the reaction of the soil
solution pH. According to M. Ghaffari et al. (2021), ni-
trate nitrogen plays a much greater role in the growth
and development of sunflower plants than ammonium
nitrogen. However, this factor contributes to the accu-
mulation of nitrates in the tissues of sunflower plants.
According to E. Shahini et al. (2022),A. Sher et al. (2022),
nitrate accumulates most in the petioles of sunflower
leaves compared to other parts of the leaves.

Thus, research has shown a low level of soil fertil-
ity after sunflower cultivation. This is explained by the
strong depletion of nutrients from the soil by this crop.
At the same time, current studies have not revealed any
excess of mobile forms of heavy metals in the soil. They
were also not found in significant amounts in sunflower
seeds. This may indicate that this culture has remedial
properties.

CONCLUSIONS

Therefore, the study established that for growing sun-
flowers using intensive technology, which involved the
application of complex ammonium nitrate phosphate
fertiliser in the norm of N, P, K, and triple application
of pesticides (herbicide, fungicide,and desiccant) during
the growing season on grey podzolized medium loamy
soils with low content of humus (1.7%) and alkaline
hydrolysed nitrogen (107.3 mg/kg), medium content
of mobile phosphorus (100.0 mg/kg) and high content
of exchangeable potassium (158.0 mg/kg), as well as
subacidic reaction of the soil solution (5.37 pH) at the
end of its growing season, the content of the main toxic
substances in the soil was much lower than their maxi-
mum permissible concentrations (MPQ): lead - 0.3 MPC,
cadmium - 0.1 MPC, copper - 0.3 MPC, zinc - 0.1 MPC,
mercury - 0.002 MPC, cobalt - 0.2 MPC, molybdenum -
0.01 MPC, boron - 0.05 MPC, caesium - 0.3 MPC.

In addition, no exceedance of the maximum per-
missible concentrations of heavy metals (lead -
0.2 MPC, cadmium - 0.1 MPC, copper - 0.1 MPC, and
zinc - 0.1 MPC() and nitrates (0.1 MPC) was detected
in sunflower seeds. The calculated coefficient of accu-
mulation of heavy metals by sunflower seeds showed




that a significant level of transfer of toxicants from soil
to seeds was observed for copper, which is 1.7 times
higher than its content in the soil, and for zinc, which is
1.8 times higher than its content in the soil. At the same
time, the level of transfer of lead and cadmium from
the soil to sunflower seeds is much lower than their
content in the soil and was 0.06 and 0.1 less than in
the soil, respectively. According to the research objec-
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properties of sunflower plants with the simultaneous
production of environmentally safe seeds in terms of
heavy metals and nitrates. Proceeding from the data
obtained, further research should be conducted to de-
termine the concentrations of toxic substances in sun-
flower by-products: seed husks, stems, leaves, petioles,
and roots.

tive, no accumulation of toxic substances (heavy met- ACKNOWLEDGEMENTS
als, radionuclides, nitrates) in the soil and its seeds was  None.
observed on grey podzolised medium loamy soils with
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AHoTauif. BupollyBaHHS COHSALWHMKY 3@ iHTEHCMBHUX TEXHOMONIN, WO MPOSIBASETHCS Y MOPYLUIEHHI YepryBaHHS
KY/IbTYPW Y CiBO3MiHi, BHECEHHI BUCOKMX HOPM MiHEpanbHUX JOOPMB | NECTULMAIB, NPU3BOAMUTb A0 3POCTAHHS PU3UKY
OLlep>KaHHS MpoayKLii 3a6pyaHeHOT BaXKKUMKU MeTanaMmu, HiTpaTaMu, 3aamLikamu nectuumais. Metoto pobotu 6yno
BM3HAYUTU PU3UKM HAKOMUYEHHS TOKCMYHMUX PEYOBWH Yy FPYHTI Ta HACiHHI COHSALWHMKY. B poboTi BUKOpUCTOBYBaNM
aTOMHO-af4copbUiHMIA cnekTPOOTOMETPUYHMIA METOA, A5 BU3HAYEHHS BMICTY TOKCMYHMUX PEYOBMH Y FPYHTI Ta
HaCiHHI COHALWHMKY. BU3HaueHo y rpyHTI Micns BMPOLLYBAHHS COHSILLHUKY BMICT @30Ty NY)KHOTiApPONi30BaHOro,
dochopy pyxoMoro, kanito 0OMiHHOIo, peakLito FPYHTOBOr0 po3umMHy pH, @ TakoX BMICT pyxoMux (GOpM BaKKMX
MeTaniB: CBMHLID, KaaMito, Mifi, UMHKY, pTyTi, KOBanbTy Ta MonibaeHy; 6opy, a TaKoX pafioakTUBHOIO Le3ito.
MDaAKTUYHWUIA BMICT 3a6pyAHKMKIB IPYHTY BYB MOPIBHAHMM i3 IX F[paHUYHO-A0MYCTUMUMM KOHLeHTpauismu. JocnigkeHo
BMICT BaXXKMX MeTaniB: CBMHLIO, KaAMilo, Mifi Ta LMHKY, @ TAKOX HITPATiB Yy HaCiHHI COHALWHUKY. [1poBeneHo
NMOPIBHSAHHSA IX BMICTY i3 3HaYE€HHSAMU FPAHUYHO-A0NYCTUMUX KOHLLEHTPaLii. Po3paxoBaHo Koedili€HTU HAKONMUYEHHS
LOCNIKYBAHUX BXKKMX METANIB HACIHHAM COHSALWHMKY. TaKMM YMHOM 3 IPYHTY HaMBiNbLL iIHTEHCMBHO NOMIMHAKOTLCA
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3p0oOWTM BUCHOBOK, LLLO OCKIiIbKW HE BUSIBNIEHO MEPEBULLEHHS LOMYCTUMUX PiBHIB BMICTY BaXKKMX MeTaniB i HiTpaTiB
HACiHHI COHSILUHMKY, TO 3pOCTA€ MMOBIPHICTb iX NiABULLEHOrO HAKOMWYeHHS Yy MOBIYHIM NPOAYKLIi COHALIHMKY:
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OpraHiYHOMY BMPOLLYBaHHI COHSALIHUKY
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with prominent genetic activity in inducing potentially beneficial changes and to
establish the possibility of obtaining optimised schemes for obtaining new forms
and more controlled trait variability. Mutations were detected by visual observation
and biometric and biochemical analysis from the second generation to the sixth,
with the inheritance of the detected traits in subsequent generations being
checked. The study presented the possibilities of the mutation process for certain
genetic and breeding-value forms, the specific features of induction of such traits,
which makes it possible to increase the predictability of obtaining the necessary
mutant lines and partially controlled high variability in certain traits. It was found
that the most promising for use is the complex application of moderate doses of
sodium azide and dimethyl sulphate as ecogenetic factors. It was shown that in
combination with three varieties among the ones under study (Kalancha, Polyanka,
Pochayna), it is possible to create highly efficient genotype-mutagenic systems
with increased yield of valuable forms. The increase in mutagenic depression
using more harmful substances can be substantially offset by an increase in the
proportion of beneficial changes. The negative side is their complex nature. The
nature of the ecogenetic factor is no less significant than the concentration of the
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mutagen or the genotype of the original form, which is sometimes overlooked. It was confirmed that the use
of these factors is quite promising in terms of obtaining small biochemical changes (micromutations). Several
promising mutant lines were identified that have a comprehensive improvement in grain yield and quality
without additional negative changes. The findings of this study can be used in breeding programmes to create

new varieties of winter wheat

Keywords: mutations; chemical mutagenesis; supermutagens; yield; grain quality

INTRODUCTION

Changes in the environment require agricultural crops
to adapt. The relevance of genetic improvement meth-
ods, such as experimental mutagenesis, is to create
more resistant and adapted plant varieties that can sur-
vive in the face of climate change. Chemical mutagens
have shown particular effectiveness in this regard. The
effect of chemical mutagenesis on cultivated plants
can cause mutations in their genome (Lal et al., 2020),
which can lead to heritable changes. According to
J. Chaudhary et al. (2019), these mutations may be ran-
dom and not always beneficial, but in some cases, they
can lead to beneficial changes. The mutation process is
random, and most mutations will not be beneficial or
may be harmful to the plant. Therefore, after mutagene-
sis, the resulting plants are selected and tested to iden-
tify those with desirable properties, such as increased
yields, disease resistance (Bezie et al., 2020) or other
useful characteristics. Thus, W. Yali and T. Mitiku (2022)
found that the effect of chemical mutagenesis on culti-
vated plants can change their development and heredity,
but the results will depend on the particular mutations
that occurred and the characteristics they affected.

Chemical supermutagens with prominent damage
capacity are one of the most popular factors for creat-
ing new mutant forms, especially with complex changes.
They are used not only for genetic improvement of
cultivated plants but also for research on the effect of
mutagens on plant organisms in general to identify
genetic control of traits. M. Spencer-Lopes et al. (2018)
found that most of the successful production of com-
plex economically valuable forms of major crops is con-
ditioned by the effect of chemical mutagenesis, which,
given the level of relevant biological research, is almost
widely used to enhance the crossing components of pa-
rental forms, to investigate genetic systems for individ-
ual valuable key traits, to obtain fundamentally new bi-
ochemical compositions of traits (Kartseva et al., 2023)
in combination with other positive changes.

The site-specificity of chemical factors determines
their increased affinity for certain structural features of
cultivated plant genotypes, which can lead to a substan-
tial increase in the yield of valuable forms.The researcher
can identify and exploit these site-specific interactions,
which can improve the efficiency of the breeding pro-
cess by several orders of magnitude. G.Abaza et al. (2020)
found that two key components must be considered: the
variety as a subject for mutagenic action and the nature

of the chemical mutagenic factor. For factors of another
nature, such variants are not possible. The resulting sys-
tems can generate 60-80% more moulds with positive
changes. This approach requires a large volume of exper-
iments with numerous variants of chemical supermuta-
gens and concentrations, a large set of different varieties,
preferably considering the ecological and geographical
diversity (Ram et al., 2019; Abdel-Hamed et al., 2021)
in origin. Changes caused by prominent concentrations
of mutagens can be difficult to predict and control
(Ahumada-Flores et al., 2021). Different plants can react
differently to the same mutagen, and this can complicate
the breeding process.

The results of global statistics may vary depend-
ing on the plant species, particular mutagen, research
conditions, and other factors. Therefore, it is vital to
conduct research and consider all aspects before us-
ing high concentrations and highly damaging mu-
tagens in genetic improvement. A more careful and
controlled approach may be safer and more effective
in achieving the desired results in crop plant breed-
ing (Cann et al., 2022). Winter soft wheat is a crucial
crop in Ukraine and other countries with comparable
climatic conditions. It is essential for the production of
bread and other food products and is the main source
of nutrition for millions of people. The problem of glob-
al warming and climate change (Sala & Herbei, 2023)
may affect the cultivation of this crop. One of the major
issues is the increase in winter temperatures, which can
cause disruptions in plant development and a substan-
tial correction in the timing of certain phases. As a re-
sult, yields may decrease.

To overcome these challenges, new genotypes of
winter wheat are being developed based on either
forms of different ecological and geographical ori-
gin or the creation of new forms from local material
(Nazarenko et al., 2021). The development of more ef-
ficient crop improvement methods could also be use-
ful for ensuring sustainable winter wheat production
under climate change (Jalal et al., 2021). Managing cli-
mate change and adapting the agricultural sector to
new conditions is a vital task for ensuring food security.

The purpose of this study was to identify the specific
features of heritable variability of winter wheat varieties
based on the frequency and range of positive changes
arising from the interaction between the nature of the
factor and the characteristics of the genotype.
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MATERIALS AND METHODS

The field experiments were conducted in the experi-
mental fields of the Educational and Research Cen-
tre of Dnipro State Agrarian and Economic University
(48°51'10"N, 35°25'31"E) in 2018-2022 (second to
sixth generation of mutants). The experimental plots
have a homogeneous cover consisting of ordinary
low-humus, leached, medium loamy chernozem on
loam. The experimental field is located in the Dnipro
district of the Dnipro region of Ukraine, which belongs
to the Northern subzone of the Steppe with insufficient
moisture. Its climatic resources are characterised by
the following indicators: hydrothermal coefficient >0.9,
rare precipitation during the growing season - 250-
280 mm, annual precipitation - 450-490 mm, and the
sum of temperatures during the period with tempera-
tures above 10°C - about 2,900°C.

Winter wheat seeds (1,000 grains per each concen-
tration and water) of eight varieties: Balaton (Germany),
Borovytsia, Zeleny Gai, Zoloto Ukrainy, Kalancha, Niva
Odeska, Polyanka, Pochayna (Ukrainian selection) were
treated with EMS (ethyl methane sulphonate) 0.025%,
0.05%, 0.1%; SA (sodium azide) 0.01%, 0.025%, 0.05%,
0.1%; DMS (dimethyl sulphate) 0.0125%,0.025%, 0.05%
(Sigma-Aldrich, Germany). The exposure to chemical
supermutagen treatment was 24 hours following the
generally accepted protocols. These concentrations are
trivial for mutagens (chemical supermutagens) of this
group. Controls were soaked in water.

In the second and third generations, possible mu-
tations were examined visually and by manual reseed-
ing by families (1-2-row plots, row spacing — 0.15 m,
row spacing length - 1.5 m), and the inheritance of the
newly identified traits was studied. The mutation fre-
quency was calculated as the ratio of mutation cases
to the total number of families investigated in the var-
iant in percentage terms. Mutant lines were analysed
to measure yield and quality in the fourth to sixth gen-
eration. The area of the plots was 5-10 m?, depending
on the year of the experiment and generation, rep-
etition was 1-2 times, standard (original variety and
national variety Podolianka for determining produc-
tive forms) — every 20 numbers. The protein content
of wheat grain was measured using an Infratec 1241
(FOSS, Denmark), and the content of glutenins and gli-
adins was measured by liquid chromatography using an
RP-HPLS (INRA, France). The content of trace elements
was determined using an Agilent 5110 inductively cou-
pled plasma atomic emission spectrometer (Agilent,
Germany) with light intensity based on wavelength
characteristics. A multi-element test solution (Mg, Mn,
Zn, Mo, Co, Cu) was used as Agilent standards.

Statistical analysis of data was performed accord-
ing to ANOVA, the data was grouped and evaluated
using discriminant and cluster analysis (Euclidean dis-
tance, single link) (Statistica 10.0, multivariate statis-
tics module, TIBCO, Palo Alto, USA). The normality of the
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data distribution was verified using the Shapiro-Wilk
W-test. The differences between the individual variants
were assessed using the Tukey test (pairwise compar-
ison). The study of the plant material obtained by the
treatment took place in two stages. During the first one,
the second and third generations were used to identify
changes in the original forms and to detect their inher-
itance by visual and biometric analysis. The resulting
lines were again tested for heritability and their yield
parameters were determined in a trial during the fourth
to sixth generation. In parallel, small, hidden micromu-
tations were analysed for biochemical components
(protein, gluten, certain components of wheat grain re-
serve proteins significant for the baking industry, and
the presence of some valuable trace elements). A total
of 48,800 families were investigated for the three sub-
stances, of which 4,171 mutant lines were identified.

The following types of changes can be used as pos-
itive mutations: thick stem, short stem, semi-dwarfism,
dwarfism, intensive wax coating (associated with high
drought tolerance, in the variety model for the North-
ern Steppe), coarse grain, long ear, large ear, early ma-
turity, disease tolerance (evaluation and selection for
these traits started in generations M,-M,), productivity,
ability to tillering (preliminary evaluation and selection
in generations M,-M,, environmental testing in gen-
erations M4-M6), increased protein content, positive
changes in protein components (content of high and
low molecular weight glutenins and gliadins), positive
changes in the content of trace elements (Mg, Mn, Zn,
Mo, Co, Cu) (evaluation and selection in environmental
testing of generations M,-M,).

Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were
following the institutional, national, or international
guidelines. The authors followed the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on the Trade in Endangered Species of Wild
Fauna and Flora (1979).

RESULTS AND DISCUSSION

Generally, all varieties belong to stable genotypes and
the level of spontaneous variability is low. The results
of the first mutagen, EMS, are presented in Table 1. A
total of 15,800 families were investigated for controls
and variants, including 1,043 mutant lines in total. The
number of useful changes (possible complex changes,
two or more per line) was 267, including negative as-
pects (additional changes) of 159 lines, of which 68
forms were finally tested as promising forms, which
were of great interest for direct use but mainly as do-
nors of traits (genetically valuable). The number of
families in each treatment was 500, except for Balaton,
EMS 0.1%, and Niva Odeska, EMS 0.1%, for other geno-
types and concentrations, the depressant effect did not
affect the amount of material for evaluation.
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Table 1. Frequency of positive mutations in the fourth to sixth generation, EMS, (x=SD, n=400-500)

Variant Frequency of positive Share of total Number of Number of Frequency of
changes, % frequency lines, pcs.  promising lines, pcs.  promising lines, %

Balaton 0.20+0.04° 0.50 1 0 0.00+0.002

Balaton, EMS 0.025% 1.40+0.11° 0.21 5 3 0.60£0.07°
Balaton, EMS 0.05% 2.20%0.17¢ 0.24 6 2 0.40+0.06°
Balaton, EMS 0.1% 3.25 #0.20¢ 0.22 7 2 0.50%0.09%¢
Zoloto Ukrainy 0.40+0.082 0.33 1 0 0.00+0.002
Zoloto Ukrainy, EMS 0.025% 2.00+0.17° 0.26 6 3 0.60£0.07°
Zoloto Ukrainy, EMS 0.05% 3.40%0.22¢ 0.31 11 4 0.80£0.09°
Zoloto Ukrainy, EMS 0.1% 1.80+0.16° 0.13 6 3 0.60£0.07°
Zeleny Gai 0.20+0.042 0.33 1 0 0.00+0.002

Zeleny Gai, EMS 0.025% 2.40+0.18° 0.44 7 3 0.60£0.06°
Zeleny Gai, EMS 0.05% 2.60+0.19° 0.36 6 3 0.60%0.06°
Zeleny Gai, EMS 0.1% 2.00+0.17° 0.21 5 2 0.40+0.04¢
Niva Odeska 0.00+0.002 0.00 0 0 0.00+0.002

Niva Odeska, EMS 0.025% 1.80+0.13° 0.26 7 3 0.60£0.08°
Niva Odeska, EMS 0.05% 2.40+0.18¢ 0.25 6 3 0.60£0.08°
Niva Odeska, EMS 0.1% 3.50%0.29¢ 0.22 8 3 0.75%0.11°
Borovytsia 0.20+0.06® 0.25 0 0 0.00+0.002
Borovytsia, EMS 0.025% 1.20%0.11° 0.21 5 3 0.60+0.07°
Borovytsia, EMS 0.05% 2.60%0.16° 0.35 8 4 0.80+0.11¢
Borovytsia, EMS 0.1% 3.00£0.21° 0.29 6 2 0.40%0.06*
Kalancha 0.40%£0.012 0.40 1 0 0.00+0.00?
Kalancha, EMS 0.025% 1.40+0.12° 0.23 5 3 0.60£0.07°
Kalancha, EMS 0.05% 2.80+0.19¢ 0.34 9 4 0.80£0.09°
Kalancha, EMS 0.1% 3.00£0.27¢ 0.23 8 3 0.60£0.07°
Polyanka 0.20+0.042 0.50 1 0 0.00+0.002
Polyanka, EMS 0.025% 1.60+0.10° 0.35 6 3 0.60%0.07°
Polyanka, EMS 0.05% 1.60+0.11° 0.24 5 2 0.40+0.05°
Polyanka, EMS 0.1% 2.20+0.16¢ 0.25 6 3 0.60£0.07°
Pochayna 0.20£0.04° 0.50 1 0 0.00+0.00?
Pochayna, EMS 0.025% 1.40+0.10° 0.29 5 3 0.60£0.07°
Pochayna, EMS 0.05% 1.60+0.11° 0.25 5 2 0.40£0.05°
Pochayna, EMS 0.1% 1.80%+0.12% 0.20 5 2 0.40%0.05°

Note: indicates a significant difference at P<0.05 for the Tukey’s test with Bonferroni correction. Comparison within the
same variety
Source: compiled by the authors

Only when compared to the standard is the number
of beneficial changes in all varieties statistically sig-
nificantly higher. Only in Balaton and Niva Odeska va-

Fo0s=4:99; P=0.02), but did not differ from the second
(F=4.01; F,,=4.99; P=0.06), which did not have a sig-
nificant difference between them (F=3.55; F, .=4.99;

rieties a significant increase in the frequency of bene-
ficial changes was observed with each increase in EMS
concentration, in Zoloto Ukrainy the frequency first in-
creased and then decreased at the third concentration
to the level of the first one (F=2.26; F,.=4.99; P=0.08).
In Borovytsia and Zeleny Gai varieties, the variability un-
der the influence of all concentrations was at the same
level, in Kalancha there was no significant difference
under the influence of the second and third concentra-
tions (F=4.06; F,.=4.99; P=0.06); for the Polyanka gen-
otype - the first and second (F=3.22; F ..=4.99; P=0.07);

’ 7005

for Pochayna - the third differed from the first (F=7.11;

P=0.07). As for the general characteristic of the param-
eter, the variability for the mutagen concentration was
generally significant (F=17.23, F  .=3.86, P=0.001), and
the difference in the response for varieties was also
significant (F=18.17,F .=4.11,P=0.001). As for the gen-
otype-mutagenic interaction, it was significant only for
Borovytsia and Niva Odeska (F=8.33; F  .=3.10; P=0.01).

The proportion of useful changes in the total fre-
quency reached 0.2-0.4 for different variants but was
generally slightly higher for the first to third concen-
tration. No statistically significant relationships were
found. The same applies to the number of valuable
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lines, except for the genotypes Kalancha, Polyanka,
and Pochayna. The large number of additional nega-
tive changes and their complex nature led to a slight
decrease in lines at the highest concentration, despite
the higher frequency of useful forms in general (mainly
semi-dwarfs and dwarfs).

The last parameter, the frequency of selected prom-
ising lines as a percentage of the total amount of ma-
terial, is quite important. The indicator is much less
variable than the frequency of valuable forms in gen-
eral, but it can be said that half of the varieties (Zoloto
Ukrainy, Borovytsia, Kalancha, Polyanka) have more or
less the same level of the trait at any concentration,
but a significant difference with the control. For Po-
chayna and Zeleny Gai, there was a slight gradual de-
crease, Niva Odeska showed an increase, while Balaton
was unstable. In any case, the effect of different con-
centrations was significant (F=5.01, F .=3.86, P=0.04),
the difference by genotype was not (F=3.98, F, =4.11,
P=0.06), as was the genotype-mutagenic interaction
(F=2.03,F, .=3.10, P=0.07). Thus, it was difficult to find

? 7005
promising compositions among the available varieties

under the influence of EMS to create a system with an
increased yield of useful forms.

Under the action of sodium azide, considering the
greater variety of concentrations (which is mainly due
to the wide range of agents in inducing changes and
substantially less general knowledge of the ecogenetic
factor), the largest amount of source material of 19,400
families in the second and third generations was in-
vestigated, of which 1,692 mutant lines were obtained
and 301 lines were selected as potentially useful, 178
forms were proposed for further genetic improvement
as donors of valuable traits and direct use (Table 2). The
number of families in the variants for higher concentra-
tions was reduced to 400, except for the more resistant
Pochayna and Polyanka varieties. Thus, the negative ef-
fects had a greater impact on the viability of the samples
than the previous factor. The same range of beneficial
changes was observed for the mutagen, but the varia-
bility for most traits was substantially higher, primarily
in the induction of shorter stemmed forms (F=21.17;
F,0s=3.05; P=1.94-10°) and positive biochemical
changes (F=52.63; F .=3.01; P=3.47-10°%).

Table 2. Frequency of positive mutations in the fourth to sixth generation, SA, (xSD, n=400-500)

Variant Frequency of positive  Share of total N‘umber of l:ll..|mbe:r of Fre'q.uensy of
changes, % frequency lines,pcs.  promising lines, pcs. promising lines, %
Balaton 0.20£0.03® 0.50 0 0 0.00+0.00°
Balaton, SA 0.01% 2.00+0.21° 0.29 7 5 1.00+0.17°
Balaton, SA 0.025% 3.20%+0.25¢ 0.33 11 7 1.40+0.25°
Balaton, SA 0.05% 3.60%0.28¢ 0.26 12 7 1.40+0.26°
Balaton, SA 0.1% 3.50+0.28¢ 0.17 6 3 0.75%0.12°¢
Zoloto Ukrainy 0.40£0.082 0.33 1 0 0.00+0.00°
Zoloto Ukrainy, SA 0.01% 2.20£0.21° 0.35 6 5 1.00+0.12°
Zoloto Ukrainy, SA 0.025% 2.60+0.22° 0.33 9 6 1.20+0.15°
Zoloto Ukrainy, SA 0.05% 4.00%0.29¢ 0.31 11 7 1.40+0.16"
Zoloto Ukrainy, SA 0.1% 4.25%0.34¢ 0.22 12 5 1.25+0.15°
Zeleny Gai 0.40£0.082 0.67 0 0 0.00+0.00°
Zeleny Gai, SA0.01% 1.80+0.17° 0.33 5 4 0.80+0.11°
Zeleny Gai, SA0.025% 2.60£0.21¢ 0.32 9 5 1.00+0.12°
Zeleny Gai, SA0.05% 3.00+0.25¢ 0.26 9 5 1.00+0.12°
Zeleny Gai, SA0.1% 4.00+0.30¢ 0.21 10 5 1.25+0.15°%
Niva Odeska 0.00£0.112 0.00 0 0 0.00+0.00°
Niva Odeska, SA 0.01% 2.20£0.25° 0.28 7 4 0.80£0.11°
Niva Odeska, SA 0.025% 3.00+0.29¢ 0.28 9 5 1.80+0.21°¢
Niva Odeska, SA 0.05% 4.60%0.35¢ 0.32 12 7 1.40+0.16¢
Niva Odeska, SA 0.1% 4.00+0.30¢ 0.20 10 6 1.50%0.17¢
Borovytsia 0.20£0.032 0.25 0 0 0.00+0.00?
Borovytsia, SA 0.01% 2.20+0.21° 0.38 4 0.80+0.11°
Borovytsia, SA 0.025% 2.60£0.22° 0.33 5 1.00+0.12°
Borovytsia, SA 0.05% 3.60%0.31°¢ 0.30 11 6 1.20+0.14%
Borovytsia, SA 0.1% 3.50%0.30° 0.18 5 1.25+0.14*
Kalancha 0.40£0.07° 0.40 0 0.00+0.00°
Kalancha, SA 0.01% 3.60+0.28° 0.58 6 1.20+0.14°
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Table 2. Continued

Variant Frequency of positive  Share of total Number of Numbe'r of Frgq_uensy of
changes, % frequency lines, pcs.  promising lines, pcs. promising lines, %

Kalancha, SA 0.025% 3.40+0.31° 0.44 11 5 1.00£0.11°
Kalancha, SA 0.05% 4.40%0.34¢ 0.34 11 7 1.40+0.16"
Kalancha, SA 0.1% 5.50+0.36¢ 0.26 14 8 2.00£0.19¢
Polyanka 0.00£0.00° 0.00 0 0.00+0.00°
Polyanka, SA 0.01% 2.60+0.23° 0.59 5 1.00£0.11°
Polyanka, SA 0.025% 4.00%0.32¢ 0.61 11 7 1.40%0.15¢
Polyanka, SA 0.05% 2.80+0.25° 0.26 9 5 1.00£0.11°
Polyanka, SA 0.1% 3.40+0.27¢ 0.27 10 5 1.00+0.11°
Pochayna 0.00+0.002 0.00 0 0.00+0.00°
Pochayna, SA 0.01% 2.00+0.21° 0.43 6 5 1.00+0.11°
Pochayna, SA 0.025% 3.00£0.26¢ 0.44 11 6 1.20£0.14°
Pochayna, SA 0.05% 3.20%+0.27¢ 0.31 11 6 1.20+0.14°
Pochayna, SA 0.1% 4.00£0.32¢ 0.33 10 7 1.40+0.16"

Note: indicates a significant difference at P<0.05 for the Tukey’s test with Bonferroni correction. Comparison within the

same variety
Source: compiled by the authors

The index of frequency of variability in the spec-
trum of useful changes shows that for all variants the
difference with the control was statistically significant,
and the variability by genotype (F=18.21; F  .=3.55;
P=3.56-10% and increasing concentration was sig-
nificant (F=34.82; F, =3.11; P=4.17-10"). The geno-
type-mutagen interaction was significant (F=24.17;
F,0s=3.01; P=5.52-10). Only in Pochayna did the fre-
quency increase statistically significantly with each
concentration. In the varieties Zoloto Ukrainy (F=4.82,
F,0s=5.17,P=0.06), Kalancha (F=4.44,F  =5.17,P=0.07),
and Borovytsia (F=4.76, F .=5.17, P=0.06) there was
no difference between the effect of the first and sec-
ond concentrations. There was no difference between
the second and third concentration in Balaton (F=3.11,
F,0s=2.17, P=0.09) and Zeleny Gai (F=3.82, F, =5.17,
P=0.08), in the Polyanka variety there was a difference
(F=7.92; F,,=5.17; P=0.02), but the frequency decreased
before the first concentration (F=4.12; F  .=5.17;
P=0.08). In terms of the activity of the third and high-
est concentration, there was no difference in Balaton
(F=4.82; F,,=5.05; P=0.07), Zoloto Ukrainy (F=4.22;
F,0s=5.05; P=0.07), Niva Odeska (F=3.81; F, =5.05;
P=0.08), and Borovytsia (F=3.42; F, =5.05; P=0.09),
while in all other varieties it increased significantly.
Thus, in this case, the use of an SA concentration of
0.1% is justified for most cases.

In the total frequency, the proportion of valuable
changes varied from 0.2 to 0.6, with a gradual decrease
with increasing concentration for most genotypes upon
reaching higher concentrations, with a possible gradual
increase of SA within 0.01-0.05%. No significant trends
were observed in the number of promising lines, ex-
cept for the increase in complex changes at higher con-
centrations. According to the analysis of the frequency
of selected lines in any variant, there was a difference

with the control, only in the varieties Niva Odeska and
Kalancha there was some significant variability, which
was expressed in a significant increase under the influ-
ence of higher concentrations. Generally, the frequency
gradually increased moderately, or was not lower than
the previous one, except for Balaton and Zoloto Ukrainy,
where it decreased at 0.1% SA. For all varieties, the
genotype-mutagen interaction was positive for Bala-
ton (F=9.17; F, =4.22; P=0.002), Kalancha (F=9.98;
Foos=422; P=0.001), Polyanka (F=10.10; Foos=4-22;
P=0.001), and Pochayna varieties (F=13.16; F, .=4.22;
P=4.13-107). The effect of sodium azide as a mutagen
differed significantly from EMS in that it has a much
higher genetic activity both in terms of the frequency
of individual changes in traits and the total number of
genetically and breeding-value changes.

The effect of DMS led to a substantial decrease in
the amount of plant material in the first generation,
specifically, at a concentration of 0.05%, the number
of families in some cases (Balaton, Niva Odeska) was
reduced to 200. In total, 13,600 families in the sec-
ond and third generation were studied as source ma-
terial, from which 1,436 mutant lines were obtained
(very high genetic activity of the factor influenced, and
therefore with a substantial reduction in the amount
of material, variability in some cases (mainly negative)
exceeded the effect of SA, in some cases (mainly neg-
ative) exceeded the effect of SA and was much higher
than the effect of EMS) and 226 lines were selected as
potentially useful, 89 forms were proposed for further
genetic improvement as donors of valuable traits and
direct use (Table 2). The presence of numerous sterile
forms and undesirable variability in ear shape had an
impact. On the other hand, the ecogenetic factor was
effective in mutations in stem structure and disease re-
sistance and often induced rare types of mutations.
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Table 3. Frequency of positive mutations in the fourth to sixth generation, DMS, (xSD, n=200-500)

Variant Frequency of positive Share of total N_umber of Numbgr of promising Frgq_uenc.y of
changes, % frequency lines, pcs. lines, pcs. promising lines, %

Balaton 0.20+0.052 0.50 0 0 0.00+0.002

Balaton, DMS 0.0125% 4.40%0.38° 0.42 12 5 1.00£0.12°
Balaton, DMS 0.025% 5.97% 0.45¢ 0.27 11 4 1.33+0.14¢
Balaton, DMS 0.05% 5.75+0.43¢ 0.27 5 2 1.00£0.12°
Zoloto Ukrainy 0.40+0.10° 0.33 0 0 0.00+0.002
me%%'fza;[‘yoy’ DMS 3.60£0.31° 0.39 11 4 0.80£0.10°
Zoloto Ukrainy, DMS 0.025% 4.50%0.39¢ 0.23 12 3 1.00£0.12°
Zoloto Ukrainy, DMS 0.05% 3.20%0.27° 0.17 5 1 0.29+0.06°
Zeleny Gai 0.40£0.10? 0.67 0 0 0.00+0.002

Zeleny Gai,DMS 0.0125% 3.80%0.33° 0.37 7 5 1.00+0.13°
Zeleny Gai, DMS 0.025% 4.55+0.41° 0.26 9 4 1.00£0.12°
Zeleny Gai, DMS 0.05% 4.00+0.36° 0.19 6 2 0.67+0.07¢
Niva Odeska 0.00+0.162 0.00 0 0 0.00+0.002

Niva Odeska, DMS 0.0125% 4.40%0.40° 0.43 11 4 0.80+0.21°
Niva Odeska, DMS 0.025% 5.67+0.49¢ 0.28 10 4 1.33%0.23°
Niva Odeska, DMS 0.05% 4.00+0.43° 0.23 9 3 1.50%0.24%
Borovytsia 0.60£0.08? 0.75 1 1 0.20£0.09?
Borovytsia, DMS 0.0125% 4.60+0.34° 0.48 12 4 0.80+0.17°
Borovytsia, DMS 0.025% 4.90£0.38° 0.29 13 5 1.25%0.22°
Borovytsia, DMS 0.05% 3.47+0.36¢ 0.19 6 1 0.29+0.112
Kalancha 0.20£0.04° 0.20 0 0 0.00+0.002
Kalancha, DMS 0.0125% 4.40+0.38° 0.47 12 5 1.00+0.17°
Kalancha, DMS 0.025% 6.60£0.43¢ 0.31 13 6 1.50%0.21°
Kalancha, DMS 0.05% 8.50+0.43¢ 0.34 11 3 1.00+0.17°
Polyanka 1.00+0.11° 0.50 1 1 0.20£0.00?
Polyanka, DMS 0.0125% 3.20%£0.29° 0.40 11 5 1.00+0.11°
Polyanka, DMS 0.025% 3.970.31° 0.31 11 6 1.33%0.14°
Polanka, DMS 0.05% 4.60£0.40° 0.26 9 3 0.75%0.09¢¢
Pochayna 0.00£0.00? 0.00 0 0 0.00+0.002
Pochayna, DMS 0.0125% 2.60%0.26° 0.31 7 4 0.80+0.10°
Pochayna, DMS 0.025% 3.13+0.30° 0.24 6 3 0.60£0.08°
Pochayna, DMS 0.05% 2.60%0.26° 0.14 5 1 0.60+0.18°

Note: indicates a significant difference at P<0.05 for the Tukey’s test with Bonferroni correction. Comparison within the

same variety
Source: compiled by the authors

In terms of the frequency of beneficial changes, it
was statistically significantly different from the con-
trol at all concentrations. The variability of concentra-
tions in the effect by variety was much lower, mainly
due to the rapid increase in negative mutations at
higher concentrations. Thus, Zeleny Gai and Pochayna
varieties had no variability in concentration. Among
the other varieties, the Borovytsia genotype (F=3.17,
Fo0s=4:99, P=0.08) had no significant difference be-
tween the first and second concentrations. In Balaton
(F=5.06; F,,=5.15; P=0.06) and Polyanka varieties
(F=4.76; F,.=5.15; P=0.06), there was no difference in
mutagen activity under the influence of the second and
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third concentrations; there was a difference in Zoloto
Ukrainy (F=6.76; F .=5.15; P=0.02) and Niva Odeska
(F=7.11; F,,,=5.15; P=0.008), but the frequency of ben-
eficial changes falls to the level of the first concentra-
tion (F=4.16; F, =5.15; P=0.07 and F=4.92; F  =5.15;
P=0.06). Again, only in the Kalancha variety did each
subsequent concentration lead to a significant increase
in the number of beneficial changes. The index of fre-
quency of variability in the spectrum of useful changes
showed that for all variants the difference with the con-
trol was statistically significant, and the variability ac-
cording to genotype (F=19.77; F .=3.65; P=2.26-10°)
and increasing concentration was significant (F=14.82;




F,0s=3-22; P=5.09-107). The genotype-mutagen inter-
action was also significant (F=5.17; F .=3.11; P=0.02).

The proportion of valuable changes in the total mu-
tation frequency was 0.2-0.5, which was slightly lower
than the SA, but generally quite high. No significant sta-
tistical patterns were found, except for a predominant-
ly gradual decrease in the share of valuable changes
in most varieties with increasing concentration and a
relatively high level at 0.0125% DMS. Many additional
negative changes resulted in a rather low number of
forms selected for testing, which was significantly in-
ferior to the effect of the previous mutagen and more
comparable to EMS.

In terms of the frequency of such lines, it was found
that this parameter is more variable than in the SA. Thus,
there was no variability with the change in concentration

Horshchar & Nazarenko

in the Niva Odeska, Kalancha, Polyanka, and Pochayna
varieties, and it dropped to the level of the control un-
der the influence of 0.05% DMS in Borovytsia. Balaton,
Zoloto Ukrainy, and Zeleny Gai varieties had a gradual
increase in the moderate range with a further decrease
for higher concentrations. The genotype-mutagenic in-
teraction was significant in a positive sense for the va-
rieties Niva Odeska (F=7.08, F.=4.30, P=0.007), Kalan-
cha (F=6.90, F, =4.30, P=0.008), and Polyanka (F=5.07,
F,05=4-30, P=0.02). According to the effect of different
mutagens by nature, a cluster analysis was performed to
consider the site-specific response of all genotypes de-
pending on the group of substances and each substance
separately (notably, there was no significant difference in
the grouping by EMS and DMS, as further demonstrated

by the discriminant analysis (Fig. 1).

Balaton

Zeleny Gai

Zoloto Ukrainy

Borovytsia

Niva Odeska

Kalancha

Polyanka

Pochayna

5 6 7 8 9
Linkage Distance

Figure 1. Results of cluster analysis by frequency of positive changes according to genotype

Source: compiled by the authors

In total, four groups were found, three of which
were minor. The first group included Balaton, Zeleny
Gai, Zoloto Ukrainy, Borovytsia, and Niva Odeska vari-
eties, for which the genotype-mutagenic interaction
was not factually significant despite the preliminary
results of factor analysis for individual substances. The
study found that the use of these genotypes to create
a high-performance mutagen-initial form system is not
possible for substances with high damaging properties.
This does not mean that the use of this group will not
lead to the emergence of promising forms, but the ef-
fectiveness of this process will be relatively mediocre.
In the second group, one variety, Kalancha, showed a
specific response to EMS and SA; due to the specific
features of the genotype structure, it can be used as
a component for enhancing mutational activity. The
third group included the Polyanka variety, the fourth -

the Pochayna variety, which showed increased affinity
for the action of SA. Considering the specific features
of this factor, one should expect a relatively sizeable
number of forms with biochemical and physiological
microchanges.

The findings of the discriminant analysis performed
according to mutagen (Fig. 2) suggested that EMS and
DMS were actually more equally effective in terms of
their effect on the entire group of genotypes. The ef-
fect of SA was the most variable and, clearly, SA as a
mutagen has a more site-specific nature of action than
other factors and is more dependent on the range of
the used starting material on the particular subject of
action. That is, systems with this factor are more likely
to be selected and should be given further attention
for the selection of new initial forms. A more thorough
screening would also be warranted.
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Root 1 vs. Root 2

6 T T T T T T
5 L 4
4 L
3t AR 1
2t s 1
MAA%&A
1t AAAAA A
~ NN
S 0of ]
& .”’ o
1 "o’ ]
21 HR IR 28 ]
*, *o
3} Tore
4} A water
. DMS
St  EMS
-6 | | | | | | A SA
-15 -10 -5 0 5 10 15 20
Root 1

Figure 2. Identification of individual mutagenic factors according to genotype-mutagenic interaction

Source: compiled by the authors

In the spectrum of the obtained promising changes,
the discriminant analysis identified signs that reliably
show significant variability under the influence of cer-
tain substances (Table 4). An analysis was also carried
out according to the individual characteristics of the
mutation process. Thus, it was found that SA is more
potent as a mutagen in terms of the range of induced
traits (almost all traits except thick stem and yield), fol-
lowed by DMS, which was not significantly effective in
inducing mutations for intense waxy coat, large grain,
large ear, high-yielding bushy forms, and higher protein
content in wheat grain. The least successful in terms of
the spectrum was the effect on the presented varietal
set of EMS, which significantly affected the mutation
frequencies for short stemmedness, induction of semi-
dwarfs, forms with long ear, with positive changes in
the content of trace elements. Analysing the traits, the

forms with a thick stem (resistant to lodging) should
use only DMS, forms with intensive wax coating (po-
tentially resistant to drought) and with large grain and
ear — SA, bushy forms and those with a higher protein
content - also SA. Thus, considering the higher effi-
ciency of DMS in inducing dwarfs and disease-resistant
forms, the use of SA and DMS is effective for this set of
genotypes. The use of EMS is not advisable. Therewith,
the emergence of yielding forms is not a model and
cannot be predicted from the data obtained. Therefore,
the data obtained need to be supplemented by expand-
ing the variety of source forms.

Based on the results of a three-year small-plot en-
vironmental trial, the following mutant lines were ob-
tained that were the most promising in terms of stable
high yields (Table 5), and their characteristics in terms
of grain quality are presented in Table 6.

Table 4. Identification of variability-significant features

Feature in the model Wilks Lambda A Mutagen in the model Foos P-level
Thick stem 0.234 DMS 391 0.06
Short-stemmed 0.077 EMS, SA, DMS 18.12 0.001
Semi-dwarfs 0.089 EMS, SA, DMS 9.36 0.001
Dwarfs 0.157 SA,DMS 6.14 0.005
Intensive wax coating 0.212 SA 377 0.076
Large grain 0.213 SA 3.58 0.079
Long ear 0.084 EMS, SA, DMS 10.14 0.001
Large ear 0.286 SA 2.14 0.099
Early ripening 0.093 SA,DMS 8.04 0.004
Disease resistance 0.092 SA,DMS 777 0.003
Productive 0.229 absent 2.77 0.087
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Table 4. Continued

Feature in the model Wilks Lambda A Mutagen in the model Foos P-level

Bushy 0.214 SA 4.80 0.046

Higher protein content 0.230 SA 4.43 0.039

Positive changes in protein 0.104 SA, DMS 8.67 0.003

components
Positive changes in the content of 0.103 EMS, SA, DMS 8.98 0.003
trace elements
Source: compiled by the authors
Table 5. Yield characteristics of the obtained mutant lines
(Dnipro State Agrarian and Economic University, 2021-2023), t-ha*
Variant Origin 2021 2022 2023 Average

1 Podolianka, st. 5.38+0.09° 5.56+0.08° 6.22%0.12° 5.72%0.10°
26 Balaton, SA 0.025% 6.93%0.17° 7.12%0.19° 6.98+0.17° 7.01£0.16°
45 Zoloto Ukrainy, SA 0.05% 5.67+0.12¢ 6.05%0.13¢ 6.17+0.132 5.96+0.10¢
234 Zeleny Gai, EMS 0.05% 6.45+0.14¢ 6.57+0.12¢ 6.24+0.152 6.42+0.14¢
256 Niva Odeska, DMS 0.0125% 6.11£0.12¢ 6.18+0.10¢ 6.26+0.132 6.18%0.11¢
278 Borovytsia, EMS 0.025% 5.98+0.14¢ 6.55+0.10¢ 5.99+0.11° 6.17%0.11¢
334 Kalancha, DMS 0.0125% 6.78%0.15> 6.99%0.11° 6.34+0.12° 6.70%0.12>
356 Kalancha, SA 0.05% 6.43%0.11¢ 7.02£0.15° 7.00 £0.15° 6.82%0.14>
391 Polyanka, SA 0.025% 6.24+0.11% 6.54+0.12¢ 6.43+0.13 6.40£0.12¢
412 Polyanka, DMS 0.0125% 6.79+0.14 7.03£0.16° 6.74+0.14° 6.85+0.14"
423 Pochayna, SA 0.025% 7.01£0.15° 7.12%0.16° 7.07+0.14° 7.07+0.15°
446 Pochayna, SA 0.05% 6.77+0.10% 6.91+0.10° 6.84+0.12° 6.84+0.10

Note: indicates a significant difference at P<0.05 for the Tukey’s test with Bonferroni correction. Comparison within the

same variety
Source: compiled by the authors

Among the productive lines, all the original forms
can be found in the origin, but the varieties Balaton,
Zoloto Ukrainy, Zeleny Gai, Niva Odeska, and Borovytsia
are represented by only one line each. The varieties Kal-
ancha, Polyanka, and Pochayna each produced two lines.
The use of SAin moderate concentrations yielded 6 lines,
DMS -3 lines,and EMS - 2 lines. The use of high concen-
trations that were at or above the LD,  and RD, in the
first generation did not produce any form for direct use
(many genetically valuable forms, primarily dwarfs, semi-
dwarfs, early maturing, and disease-resistant).

Atotal of 11 lines were identified for yielding qual-
ities; the years of testing did not differ significantly in
terms of soil and climatic conditions, but 2023 was the
best year in terms of standard yields. Thus, in 2021, the
productive lines were factually divided into 6 groups:
the first was the Podolianka standard, the second line
45, which exceeded the standard but was inferior to
other lines, the third lines 256 and 278, which exceeded
the first and second groups but were inferior to others,
the fourth line 234, 356, which exceeded the previous
three groups, the fifth lines 26 and 423, which were re-
cord-breaking in 2021, and the intermediate position
was occupied by the minor groups 334 and 412 (in
terms of yield between the record-breaking and fourth

groups) and line 391 (in terms of yield between the
third and fourth groups). Thus, lines 26, 334, 412, 423,
mainly varieties with high genotype-mutagenic inter-
action, deserve more attention.

In 2022, the diversity was substantially lower, there
were no transitional groups, and there was a clear dif-
ferentiation into four groups, the first being the stand-
ard, the second lines 45, 256, which exceeded the
standard but were inferior to other lines, the third 234,
278,391, which exceeded the standard and the second
group, and the fourth with the highest productivity
lines 26, 356,412,423, 446. In 2023, the diversity was
the lowest, with only three groups: the first standard
and lines 45, 234,256,278, 334; the second transitional
line 391, which did not differ from some lines in the
first group but differed from others and the standard;
and the third lines 26, 356,412,423, 446, which signif-
icantly exceeded the first and second groups. According
to the results of three years, five groups were found, of
which the cluster of lines 26, 423 (F=7.99; F .=3.89;
P=0.01) was the most productive and the transitional
334, 356, 412, 446 (F=7.14; F ,=3.71; P=0.01) were
also interesting.

In terms of the technological qualities, 278 (F=5.09;
F,0s=4.01; P=0.03),234 (F=5.69; F ,=4.01; P=0.02),446

0.05
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(F=7.29; F,,,=4.01; P=0.008), 234 (F=5.00; F,,.=4.01;
P=0.03), 391 (F=7.99; F ,,=5.98; P=0.01) were nega-
tively affected, all the rest formed sufficient quality for

strong wheat. The traits are quite low in variation, un-
like the following (content of reserve protein compo-
nents) (Table 6).

Table 6. Technological qualities of wheat grain (Dnipro State Agrarian and Economic University, 2022)

Glutenins

Variety/line Protein, % Gluten, % Gliadins
HMW LMW
Podolianka 13.982 25.182 0.159992 0.46346° 0.45742
26 14.077 25.992 0.17423 0.48435° 0.45452
45 14.022 26.032 0.152452 0.48477° 0.45532
234 13.51° 22.19° 0.163132 0.46569° 0.4435°
256 13.78% 24.56% 0.153562 0.462232 0.4101¢
278 14.27¢ 27.74¢ 0.16405° 0.42100¢ 0.4124¢
334 14.27¢ 26.97% 0.17341° 0.454042 0.45572
356 14.012 25.782 0.18513° 0.453132 0.4416°
391 13.53° 22.23° 0.18022° 0.40719¢ 0.4512°
412 14.022 26.10° 0.19403¢ 0.46300? 0.4548:
423 14.15% 26.78¢ 0.18478° 0.41999¢ 0.46182
446 14.524 28.174 0.19357¢ 0.40976¢ 0.4639

Note: indicates a significant difference at P<0.05 for the Tukey’s test with Bonferroni correction. Comparison within the

same variety
Source: compiled by the authors

For durum wheat, a high content of high-molecu-
lar weight glutenins, a lower content of low molecular
weight glutenins, and a high content of gliadins are de-
sirable. According to the first variant, lines 26, 334, 356,
391, 412, 423, 446 had the best results. The low-mo-
lecular-weight glutenin content was lower in mutant
forms 278, 391, 423, 446, and negative in 26 and 45.
The gliadin content was higher only in line 446, and
lower negative in lines 234, 256, 278, and 356. This
combines high productivity and the best quality of lines
26 (negative for high low molecular weight glutenin),
423,334,356,412,and separately, form 446 (combining
high yield and best quality in all parameters).

Thus, for the material studied, it is advisable to use
mainly SA in concentrations of 0.025-0.05% and DMS
in concentrations of 0.0125% in the complex as mu-
tagens, and while the effectiveness of SA has already
been discussed, DMS is stubstantially understudied.
EMS as a mutagen is limited in its effectiveness both in
terms of characteristics and material yield. It is possi-
ble to obtain forms with a high damaging effect under
the influence of moderate concentrations of mutagens
that combine improvements in a complex of economi-
cally valuable traits. Based on the eight varieties stud-
ied and three mutagens at 10 concentrations, six sys-
tems with increased yields of valuable forms and an
increase in efficiency of up to half of the baseline have
already been identified, which indicates the prospects
of searching in this area.

The analysis of the data obtained so far
(M. Nazarenko et al., 2022) showed a decrease in site
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specificity with an increase in the activity and damage
capacity of the mutagen. However, when using DMS and
SA (as opposed to EMS), the trend was quite different
(OlaOlorun et al., 2021), and the response of a particu-
lar source material to the action was significant, as the
pairwise comparison of genotypes suggests, which can
be partially reproduced in the number of traits with a
significant effect of a single factor, indicating the con-
trast of individual genotypes (Kalancha, Pochayna, Pol-
yanka) and the possibility of creating high-performance
systems based on them. The described regularity of the
mutation process allows using this type of variability
to obtain new material with the required potential in
a more manageable, reliable, and predictable manner,
which was previously considered impossible. Mutations
in research have proven to be a reliable and constant
source for local genetic resources, as indicated by pre-
vious studies by A. Anter (2021), for traits such as long
grained ear, early maturity, with a set of valuable bio-
chemical changes and disease resistance.

Previously obtained data by M. Hussain et al. (2021)
show that the use of SA and DMS as mutagenic factors
is advisable primarily to obtain forms for use as com-
ponents (Mangi et al., 2021) for further improvement of
existing forms through recombinant breeding. It is less
likely to create forms that can be used directly as com-
mercial varieties in the future. This variant again stays
outside the forecast (Ergun et al., 2023a), despite a fairly
large sample size. To increase the reliability of the fore-
cast, as previously pointed out by M. Hassine et al. (2023),
it is necessary to expand the set of genotypes used in the




study substantially. First of all, SA and DMS (additionally)
as mutagenic factors show a more significant depend-
ence on the specific features of genotype-mutagenic in-
teraction, i.e., they depend on the DNA structure of the
source material of the site variety, as was mentioned
earlier by H. Shimelis et al. (2019), with a clear differ-
entiation from genetically determined responsiveness to
mutagenic effects.

The regularities established during the study also
demonstrate that a fairly significant number of traits
that are definitely economically valuable are highly
variable under the influence of the factors under study
(Ergln et al., 2023b) (with the exception of productive
mutations). This once again indicates that in the case
of chemical supermutagens, a great deal depends on
a well-chosen starting material, depending on the
particular factor. As the concentration of mutagenic
substances increases, the risk of negative and positive
changes in the complex continues to increase substan-
tially (Shabani et al., 2022). The number of such cases
is quite considerable even for moderate concentra-
tions, which is why up to half of all promising mutant
forms obtained are ignored. This is a general trend
(le Roux et al., 2021). Varieties that demonstrate high
variability both in the first generation in terms of the
effects of mutagenic depression and in the second or
third generation in terms of the frequency and spec-
trum of heritable changes are not always more suitable
for use, but this trend is not absolute. In otr research,
two of the three promising varieties, Polyanka and Po-
chayna, are less vulnerable.

A close relationship was found between econom-
ically valuable traits and the frequency of valuable
mutations obtained for these genotypes, the overall
frequency and spectra of visually identifiable muta-
tions. Although this pattern has already been identified
(Mamenko & Yakymchuk, 2019), it was not for chem-
ical mutagenesis. Thus, for the genetic improvement of
winter wheat varieties, the six identified combinations
of three varieties of Ukrainian breeding and moderate
concentrations of sodium azide and dimethyl sulphate
can be used, which guarantee a substantial increase in
the yield of forms with economically valuable traits by
about 20-50%.

CONCLUSIONS

The genetic material of Ukrainian breeding (varieties
Kalancha, Pochayna, Polyanka) is a successful compo-
nent as an initial form for the creation, together with
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the action of chemical supermutagens of high damage
capacity (SA and DMS), of systems with a prominent
stable yield of mutants with positive changes in eco-
nomically valuable traits. That is, six systems based on
three varieties and two mutagens (SA and DMS) were
identified, the use of which led to guaranteed produc-
tion of lines with positive complex shifts in valuable bi-
ochemical components, increased yield of useful forms
(up to 50% compared to other variants). The forms
obtained by applying the proposed systems can have
additional valuable qualities, but the effectiveness of
the variety-mutagen complex begins to decline with in-
creasing concentration, primarily due to the increased
risk of additional negative qualities. When obtaining
such systems, it is justified to invest in early continu-
ous screening of forms by biometric and biochemical
analysis in the second or third generation after muta-
genic exposure, which guarantees the availability of
additional valuable material for genetic improvement
of the crop. Thus, during the genetic improvement, it
is worth using a moderate amount of sodium azide
(0.025-0.05%) and, as an additional source of variabil-
ity, moderate concentrations of DMS (0.0125%), while
the use of EMS is less justified. Based on the results of
research on the identification of beneficial changes and
their correlations in the system of interaction between
nature, factor concentrations, and characteristics of the
source material, promising complexes of these compo-
nents were identified, the combination of which leads
to a substantial increase in the efficiency of the genetic
improvement of winter wheat. Further research will fo-
cus on such valuable traits as drought and winter har-
diness, specific features of mineral use and accumula-
tion by the studied lines to confirm the parameters that
provide advantages in yield and grain quality, and it is
also planned to investigate the induction of new forms
by highly active mutagens based on new Ukrainian and
international forms with the same traits.
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CnapaKoBa MIHJ/IUBICTb Yy NeHULi 03MMOoi Npu B3aeMogii reHoTuna
3 YUHHMUKAMMN BUCOKOi FreHETUYHOI aKTUBHOCTI

Bnapucnae IeaHoBuuy MNopuiap
Kananaat cinbCbKorocnoaapCbkux HayK, AOLEHT
[HINpOBCbKMI AepPXKaBHWUIA arpapHO-eKOHOMIYHUI YHIBEpCUTET
49600, syn. C. Eppemosa, 25, M. IHinpo, YkpaiHa
https://orcid.org/0000-0001-9175-9749
Mukona Mukonaiiosuy HasapeHko
[lOoKTOp CiNbCbKOrocnoaapcbkmMx Hayk, npodecop
[HINpOBCbKMI AepXKAaBHUI arpapHO-EKOHOMIYHUI YHIBEPCUTET
49600, syn. C. Eppemosa, 25, M. JHinpo, YkpaiHa
https://orcid.org/0000-0002-6604-0123

AHoTauif. BusBneHHS HOBMX MOX/IMBOCTEN B 3aCTOCYBAHHI OKPEMUX EKOreHETUUYHUX YMHHUKIB AN FeHETUYHOro
NONIMWEHHS MWeHULi O03MMOI € BaXIUMBMM KOMMOHEHTOM BAOCKOHANIEHHS iCHYUMX arpoueHo3iB 3epHOBMX
KyNbTyp B paMkax CTpaTerii npofoBosibyoi 6e3neku. MeTo foCniaXeHHS 6yno nokasaTu MOXIMBOCTI PEYOBUH 3
BMCOKOK MEHETUYHOI aKTUBHICTIO B iHAYKLIi MOTEHLiMHO-KOPUCHUX 3MiH Ta BCTAHOBUTU MOXJ/IMBICTb OTPUMAHHS
ONTUMI30BaHMX CXEM AJ1 OTPUMAHHS HOBMX (DOPM Ta BifbLl KEPOBAHOT MiHIMBOCTI 38 03HakaMu. MyTaLii BUSBNSIAU
Bi3ya/JIbHUM CNOCTEPEXEHHSIM Ta BiOMETpUYHUM, BiOXiMIYHMM aHaNi30M MOYMHAKYM 3 APYroro MOKOJiIHHSA A0
LWIOCTOr0 C MepeBipKOK YCNaAKYBAHHS BUSBAEHUX O3HAK Y HACTYMHUX MOKOMAIHHAX. [1OKa3aHO MOXNMBOCTI
MyTaLiMHOro MpoLecy 3a OKPEMUMMU FEHETUYHO- Ta CenekuiiHOo-LiHHMMKM hopMaMu, 0COBAMBOCTI IHAYKLII TaKmMx
03HaK, WO Ja€ 3MOry niABMLMTM MNPOrHO30BAHICTb OTPUMAHHS HEOOXiAHMX MYTaHTHUX NiHIM Ta 4aCTKOBO-
KEepOBAHOI BMCOKOiI BapiaTUBHOCTI 33 OKPeMMMM O3HaKamMu. BCTaHOBNEHO, WO Hanbinblw nepcnekTMBHUM Ans
BMKOPUCTAHHS € KOMMIEKCHE 3aCTOCYBAHHA MOMIpHUX 03 a3MAay HaTpito Ta AUMETUNCYNbdATy K eKOreHeTUYHMUX
YMHHMKIB. [oKa3aHo, WO B KOMMIEKCi 3 BUKOPUCTAHHAM TPbOX COPTiB cepepn AocnimkyBaHux (KanaHua, lNonsHka,
MouariHa) MOXIMBE CTBOPEHHSI BUCOKOEPEKTUBHUX FEHOTUM-MYTAareHHUX CUCTEM 3 MiABULLEHUM BUXOOOM LIHHUX
dopM. 3pocTaHHS MyTareHHOi denpecii Npu BMKOPUCTaHHI Binbll LWKOLOYMHHUX PEYOBMH MOXe OyTU CyTTEBO
CKOMMEHCOBAHMM NiABULLEHHAM YAaCTKM KOPUCHMX 3MiH. HeraTuBHMM € iX KOMNNekcHui xapaktep Aii. MNpupona
€KOreHeTUYHOro GakTopy K YUHHUK HE MEHLU CYTTEBA HidXX KOHLEHTPaLis MyTareHy abo reHoTMn BMXigHOi dopmu,
L0 iHOLI YPaxOBYETbCA HELOCTATHBO. [1iATBEPAKEHO, L0 BUKOPUCTAHHS HaBeLeHUX GaKTopiB € LOBONI 06iLsAYUM
3 OrNAAY OTPUMAHHS Manux BioXiMiYHKUX 3MiH (MiKpoMyTaLil). BuaineHo aekinbka nepcnekTMBHUX MYTAHTHUX NiHIN,
L0 MalTb KOMMIEKCHE MOJINWEeHHS BPOXAMHOCTI Ta SIKOCTi 3epHa, 6e3 10AaTKOBUX HEraTUBHMX 3MiH. PesynbTtati
[OCNIOKEHHS MOXHA BUKOPUCTATK B CeNeKLiMHUX nporpamMax A CTBOPEHHS HOBMX COPTIB MLWEHULi 03UMOI

KntouoBi cnoBa: MyTaLii; XiMiYHWIA MyTareHes; NweHUuUs 03MMa; CynepmyTareHun; BpOXKanHiCTb; AKiCTb 3epHa
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(for accounting for structural elements of the crop), and statistical (for mathematical processing of materials)
research methods were used in the study. The study was conducted in 2020, 2021, and 2023 on the basis of
the farm “KYRYCHENKO M” located in the central part of Borivskyi district of Kharkiv region. The experiment
compared five variants of pre-sowing mineral feeding and five variants of foliar feeding with various combinations
of water-soluble fertilisers. The largest number of seeds on the plant and the largest mass were in the variants of
the combination of pre-sowing application of N,.P,.K,. and carrying out two foliar feedings during microphases
21-23 and 50-53 with a mixture of carbamide and complex fertiliser Quantum technical - 627.3 pcs. and 1.97 g,
respectively. However, these indicators did not significantly differ from the variant with a lower dose of pre-
sowing fertilisers - N,.P, K. . Generally,according to the experiment, the highest biological yield of brown mustard
seeds in an average of three years was in the variants of the combination of pre-sowing application of N,.P,.K .
and NP, K. with two foliar top dressings with different mixtures of fertilisers - 2.72-2.79 t/ha. Proceeding
from this, the best variant in the experiment was the pre-sowing application of N,.P, K, in combination with
two foliar feedings during microphases 21-23 and 50-53 with a mixture of carbamide and the complex water-
soluble fertiliser under study in single doses of 10 kg/ha and 2.0 l/ha, respectively. It was established that the
highest biological yield of mustard seeds in all years was on the variants of pre-sowing application - N,.P,.K,. and
N,.P.,K,,. There was no significant difference between these variants by year. The findings of this study can be used
by agricultural enterprises to adjust the nutrition system (pre-sowing application of complex fertilisers and foliar
feeding), which will ensure a more complete fulfilment of the genetic potential of brown mustard productivity

Keywords: cultivation technology; brown mustard variety; nutrition system; mineral fertilisers; crop structure;

biological seed yield; productivity; weather conditions

INTRODUCTION

The uncontrolled increase in sunflower acreage, the as-
sociated negative trends in soil degradation, and glob-
al warming are forcing us to reconsider the structure
of our acreage and expand the acreage of crops that
are, on the one hand, alternatives to sunflower and, on
the other hand, adapted to modern climate change.
Brown mustard is perhaps the best in this regard. An
essential aspect of expanding the area under this crop
is improving technological approaches to its cultiva-
tion. O. Zhuykov and T. Hodos (2021), along with the
ability to form prominent seed yields, note the abili-
ty of mustard to tolerate prolonged droughts and hot
temperatures more easily. According to A.N. Sivak and
T.K. Kostyukevich (2021), these advantages are also
added to by the growing demand for Ukrainian mustard
abroad, especially in the EU. The average yield of mus-
tard seeds in Ukraine is lower than in the leading EU
countries, due to the insufficient fulfilment of the crop’s
genetic potential as a result of insufficient attention to
the plant nutrition system. S.K.Verma et al. (2022) noted
that only by optimising the nutrition system can theyield
of mustard seeds be increased by 40% or more. This can
be achieved by meeting the nutrient needs of plants
during not only the initial stages, but the entire life
cycle of plants. In this regard, S.S. Rathore et al. (2019)
and R. Mondal et al. (2020) emphasise the expediency
of foliar feeding, which makes it possible to promptly
eliminate nutrient deficiencies and to offset the effects
of abiotic and biotic stresses.

In Ukraine, research is constantly being conducted
to improve the elements of mustard agronomy, in-
cluding the nutrition system. IJ. Irin et al. (2020) and
S.J. Butenko and J. PeiPei (2022) consider the nutrition

system to be the main source of improving the fulfilment
of the genetic potential of plant productivity and yield
of mustard seeds. The development of best possible
solutions based on a harmonious combination of vari-
ous types of application of the entire line of mineral nu-
trients required for plants, from the main application to
foliar feeding, will help obtain the actual possible yield,
which will be limited solely by the weather conditions of
the growing season. Among producers, there is a wide-
spread erroneous practice of introducing the so-called
“statistical average” norm of mineral fertilisers, which for
most oil crops is N, P, . SV.Zherdetska (2017) notes that
such a primitive approach is the reason for the underuti-
lisation of agricultural resources and insufficient fulfil-
ment of the genetic potential of brown mustard crops.

Specialised scientific literature provides various
suggestions for the use of mineral fertilisers in mus-
tard cultivation, which usually differ fundamentally,
making it difficult for producers to decide which var-
iant is best for them. To a large extent, the advantage
of a particular fertiliser application variant is related
to its cost. Therefore, given the rapid rise in the price
of fertilisers in recent years, the recommendations de-
veloped earlier are often outdated and do not reflect
current economic realities. N. Nehal et al. (2017) and
S.S. Dhaliwal et al. (2021) substantiate the feasibility of
conducting research on optimising the nutrition sys-
tem through the introduction of new varieties of brown
mustard, which, differing in morpho-biological type,
can respond differently to the use of nutrition elements
and stimulant substances.

To increase the efficiency of nitrogen use,
[.LA. Shevchenko et al. (2017) recommend applying it
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in parts, including the application of foliar feeding. In
their opinion, this method of nitrogen application is
better utilised by plants and the return on investment
will be higher than with a single application. Along
with determining the best doses of pre-sowing feeding,
A. Shahid (2018), R. Banerjee et al. (2019) emphasise
the significance of finding ways to increase the yield
of mustard seeds through foliar feeding, noting that
it is the harmonious combination of various types of
feeding that will help solve the problem of low yields
of mustard seeds, increase the competitiveness of its
cultivation, and therefore make it more attractive for
production.

A wide range of both complex and mono-element
water-soluble fertilisers makes it possible to provide
nutrient mixtures that are suitable for plants based on
their needs in a particular period. Furthermore, along
with nutrients, if necessary, one can apply stimulant,
growth-regulating, or anti-stress agents. Given the
leading role of optimising the plant nutrition system,
including the combination of its various components,
including pre-sowing fertilisation and foliar feeding
of crops during the growing season, research in this
area is relevant today. Therefore, the purpose of this
study was to find the best possible combinations of
pre-sowing mineral fertilisation and foliar feeding with
water-soluble complexes that ensure the formation of

higher indicators of individual plant productivity and
biological yield of brown mustard seeds.

MATERIALS AND METHODS

The study was conducted in 2020, 2021, and 2023 on
the basis of the farm “KYRYCHENKO M~ located in the
southern part of Kharkiv region. The predecessor of
mustard was winter wheat. After harvesting, the field
was disked in two tracks. At the end of September, the
field was ploughed to a depth of 22-25 cm. Brown mus-
tard was sown after the soil was warmed up to 5-6°C at
a depth of 6-8 cm with a seed drill SZD-360 V (Ukraine)
to a depth of 2-3 cm.

After sowing, the field was sprayed with Tizer herbi-
cide at a dose of 3.0 l/ha and rolled. At the phase of 4-5
leaves, the crops were sprayed with Galera herbicide
at a dose of 0.3 |/ha against annual and perennial ce-
real weeds. The crops were harvested with a US-made
combine harvester, the Case IH Axial-Flow 6130, which
ensures high-quality harvesting of small-seeded crops.
The plots of the first order (factor A) in the conducted
two-factor experiment were five variants of pre-sowing
application of mineral fertilisers (ammonium nitrate
phosphate fertiliser and ammonium nitrate): 1 - con-
trol (without fertilisers); 2 - N, .P. K..;3-N, P, K, ;4 -

15" 15" "15° 30" 30 "30°

N,P.K,; 5 - NP, K, . The second-order plots were

450 45°°45° 45 3 .
five variants of foliar feeding (Table 1).

Table 1. Scheme of the variants for foliar feeding under study (factor B)

Phases of growth and development according to the international BBCH scale

Variant

21-23 50-53
1 (control) - -
2 Carbamide (10 kg/ha) + Quantum technical (2.0 l/ha) -
3 Carbamide (10 kg/ha) + Quantum technical (2.0 l/ha) Carbamide (10 kg/ha) + Quantum technical (2.0 l/ha)

4 Quantum BOR Active (1.0 I/ha)

Carbamide (10 kg/ha) + Quantum technical (2.0 l/ha) +

Carbamide (10 kg/ha) + Quantum technical (2.0 l/ha)

5 Carbamide (10 kg/ha) + Quantum technical (2.0 l/ha)

Carbamide (10 kg/ha) + Quantum technical (2.0 l/ha) +
Quantum BOR Active (1.0 I/ha)

Source: compiled by the authors of this study

The experiment was set up, observations, records,
and analyses were carried out according to the gener-
ally accepted methodology (Ushkarenko et al., 2019).
Statistical processing of the findings was carried out
using the Statistica 6.0 and Excel 2003 software. Highly
concentrated complex chelated fertiliser Quantum
Technical from the Research and Production Company
Kvadrat is designed for foliar feeding and pre-sowing
treatment of technical crops. It has a high content of
copper (11 g/l), zinc (12 g/l), and manganese (11.3 g/l).
Additionally, it contains a complex of biologically active
substances, has a slightly alkaline reaction (pH - 7.5-8.5).

The mono-element fertiliser Quantum Boron Ac-
tive is made based on readily available biologically ac-
tive forms of boron with a content of 140 g/l (14.0%).
The product also contains amino acids (1.5%), which
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improve the absorption of boron by plant leaves, acti-
vate metabolism, and increase plant stress resistance.
The study was conducted with a new variety of brown
mustard, Felicia, created at the Carpathian State Agri-
cultural Station of the National Academy of Agrarian
Sciences. The variety was included in the State Regis-
ter in 2018 and is recommended for cultivation in all
agro-climatic zones of Ukraine.

The research area is characterised by unstable mois-
ture conditions and a significant temperature difference.
During the years of research, the amount of precipitation
during the growing season significantly deviated from
the long-term average. In March and April 2020, the
amount of precipitation was significantly lower than the
climate norm. In May, on the contrary, the amount of pre-
cipitation was more than twice the long-term average.




Due to significant precipitation in May, as well as in the
first and second decades of June, there was sufficient
moisture in the second half of the 2020 mustard grow-
ing season. The air temperature in May was significantly
lower than the long-term average, which complicated
the growth processes of brown mustard.

In 2021, the supply of moisture to mustard plants
during the growing season was sufficient. The distri-
bution of precipitation was more balanced than in the
previous year. The temperature conditions were simi-
lar to 2020. In the third decade of June, the air tem-
perature reached 32°C, which worsened the course of
growth processes at the end of the mustard growing
season. The most favourable weather conditions for
the growth and development of mustard plants were
in 2023, which was reflected in the seed yields. In April,
May, June, and the first ten days of July, there was more
precipitation than the long-term average, and its distri-
bution was even. The air temperature during the grow-
ing season met the biological needs of the crop and
was virtually on par with the long-term average. On the
warmest days of the summer period, it did not exceed
28.0°C. Generally, different temperature conditions and
divergence in the amount of precipitation and its dis-
tribution during the spring and summer vegetation of
mustard crops significantly affected the ontogeny of
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plants, which considerably affected their productivity.
At the same time, this helped to investigate the effect
of the variants of the nutrition system under study on
the elements of plant productivity and biological yield
of brown mustard seeds in greater depth.

Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were
following the institutional, national, or international
guidelines. The authors adhered to the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on International Trade in Endangered Species
of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

Elements of mustard plant productivity underwent
greater changes under the influence of pre-sowing min-
eral fertilisation.The number of pods on a plant,the num-
ber of seeds in a pod and on one plant were the largest
in the variants of pre-sowing application of ammonium
nitrate phosphate fertiliser in the dose of N,P,K, -
55.6 pcs.,11.0 pcs.,and 614.1 pcs., respectively (Table 2).
Compared to the control, the increase in performance
was 11.2%, 15.8%, and 28.3%, respectively. The number
of seeds per plant changed significantly, which is logical
since pre-sowing fertilisation contributed to the forma-
tion of more pods and the number of seeds in them.

Table 2. Elements of mustard plant productivity under different variants of pre-sowing application of complex fertilisers
and foliar feeding (average for 2020, 2021, 2023)

Pre-sowing Variants of Quantity Seed weight
application (factor A) fertilisers (factor B) pods per plant, pcs. seeds per pod, pcs.  seeds per plant, pcs. per plant, g

1 49.2 9.0 442.5 1.24

— 2 50.2 9.5 478.9 1.37
(without fertilisers) 3 202 9.8 4944 146
4 50.4 9.7 487.6 143

5 50.2 9.7 489.7 1.45

1 52.5 9.7 510.2 1.50

2 534 10.1 540.1 1.61

N,PLK., 3 53.9 10.2 5493 166
4 539 10.1 550.0 1.67

5 54.0 10.2 5514 1.68

1 53.9 10.2 552.7 1.66

2 54.4 10.6 578.8 1.76

N,PooKeo 3 54.3 10.7 580.9 1.80
4 54.4 10.6 576.1 1.79

5 54.6 10.7 587.0 1.82

1 55.2 10.7 591.2 1.80

2 55.5 11.0 611.4 1.89

NP K, 3 55.9 112 627.3 197
4 55.7 111 620.6 1.95

5 55.9 11.1 619.9 1.94

1 55.1 10.5 581.1 1.77

2 55.7 10.9 609.4 1.87

NP, oK, 3 55.6 11.0 615.2 191
4 55.6 111 619.0 1.92

5 55.7 110 615.8 1.92
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Pre-sowing Variants of Quantity Seed weight
application (factor A) fertilisers (factor B) pods per plant, pcs. seeds per pod, pcs.  seeds per plant, pcs. per plant, g
control 50.0 9.5 478.6 1.39
Average b N, P K 53.5 10.1 540.2 1.62
Vi
oo U e 10 i ot
45" 45 45 N N N N
N,.P.K,, 555 109 608.1 188
1 53.2 10.0 535.5 1.59
2 53.8 10.4 563.7 1.70
Average by 3 54.0 10.6 5734 1.76
factor B
4 54.0 10.5 570.7 1.75
5 54.1 10.5 572.8 1.76
LSD,; of the effect A* 1.7-2.7 0.3-0.5 16.2-24.2 0.04-0.07
LSD,, of the effect B 1.9-2.7 0.3-0.6 17.5-26.5 0.06-0.07
LSD,; of partial comparisons A 2.4-3.0 0.5-0.7 19.1-27.3 0.07-0.09
LSD,, of partial comparisons B 2.5-3.1 0.6-0.8 19.3-27.7 0.08-0.11

Note: *LSD is the least significant difference
Source: compiled by the authors

The analysis of the quantitative elements of the
productivity of mustard plants did not show a signif-
icant difference between the variants of pre-sowing
application of N,P,K, and N, P, K. . With the same
dose of nitrogen, but a lower dose of phosphorus and
potassium, the number of seeds per plant decreased by
only 6 pcs., which is significantly less than the LSD in-
dicator, which over the years was 16.2-24.2 pcs. Among
the variants of foliar feeding under study, the formation
of the largest number of seeds per plant was ensured
by the variant of two foliar feedings during microphases
21-23 and 50-53 on the international BBCH scale with
a mixture of carbamide (10 kg/ha) and complex fertil-
iser Quantum Technical (2.0 l/ha). On average, the num-
ber of seeds in this variant was 573.4 pcs., which is
37.9 pcs. or 7.1% more than in the control. The addition
of mono-elemental fertiliser Quantum Boron Active to
the working mixtures did not have a positive effect on
increasing the number of seeds per plant.

The formation of a greater number of seeds per
plant in the variants of foliar feeding was conditioned
by the greater number of seeds in the pod. The num-
ber of pods per plant did not change significantly un-
der their influence. Under the influence of pre-sowing
fertilisation, other patterns were observed, namely, they
contributed to a significant increase in both the num-
ber of pods per plant and the number of seeds per pod.
Therewith, their impact on these structural indicators
was comparable. For instance, the number of pods and
seeds in a pod increased by 10-12% in the N, P, K,
applications compared to the control.

By analogy with the number of seeds on one plant,
their mass was the largest in the variants of pre-sow-
ing application of N,.P,.K,. and N,.P, K. . On average,
the weight of seeds on these variants of foliar feed-
ing was 1.91 g and 1.88 g, which is 0.52 g (37.4%) and
0.49 g (35.3%) more than in the control. The difference
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between the weight of seeds of one plant under the
influence of foliar feeding was much smaller. As well as
the number of seeds per plant, the weight of seeds per
plant was highest in the variant with two foliar applica-
tions of a mixture of carbamide and Quantum Technical
fertiliser. In this variant, it was 1.76 g, which is 0.17 g
(10.7%) more than in the control. The addition of Quan-
tum Boron Active fertiliser (fourth and fifth variants of
factor B) to the working mixtures did not increase the
weight of seeds per plant. Generally, according to the
experiment, the largest mass of seeds of one plant was
in the variant of pre-sowing application of NP, K,
and carrying out two foliar fertilising with a mixture of
carbamide and Quantum Technical fertilisers - 1.97 g.
However, according to the statistical analysis, it did not
significantly differ from the variant with a lower dose of
pre-sowing fertilisers - N,.P, K, in combination with
the same variant of foliar feeding. The factors under
study caused significant changes in the biological yield
of mustard seeds, and their influence on this indicator
was higher than on the analysed elements of plant pro-
ductivity, due to the positive effect of pre-sowing fertil-
isation and foliar feeding on the preservation of more
plants to the full ripeness phase.

Factor Ahad a much greater influence on the change
in the biological yield of mustard seeds. The highest bi-
ological yield of seeds on average by year and variant of
foliar feeding was in the variant of pre-sowing applica-
tion of N,.P,.K,, - 2.71 t/ha, which is 0.86 t/ha or 46.5%
more than in the control (Table 3). Therewith, it did not
significantly differ from the variant of pre-sowing appli-
cation of NP, K, . The difference between these vari-
ants was only 0.05 t/ha, and according to the statistical
analysis using the ranking of the results, the biological
yield of seeds on these variants was within the same
rank group. The effect of foliar feeding on the biolog-
ical yield of seeds was much less. The largest difference




between the indicators under their influence was
0.27 t/ha or 12.3%. All variants of foliar feeding provid-
ed a significant increase in the biological yield of seeds
compared to the control. Furthermore, high efficiency of
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feeding during microphases 50-53 was proved, since the
biological yield in variants with two instances of foliar
feeding was higher compared to the variant where only
one feeding was carried out during microphases 21-23.

Table 3. Biological yield of mustard seeds depending on pre-sowing application of complex fertilisers and foliar feeding,
t/ha (average for 2020, 2021, 2023)

Pre-sowing application Foliar fertilisation

Biological yield, t/ha

+/-to control +/-to control

(factor A) (factor B) indicator RG* factor A factor B
1 161 | - -
Control 2 1.80 Il - +0.19
(withou(;nferr(zilisers) g 1.95 Ul - +0.34
4 1.93 Il - +0.32
5 1.96 0] - +0.35
1 2.01 I +0.40 _
2 2.20 1l +0.40 +0.19
NisPisKss 3 2.29 1 +0.34 +0.28
4 2.30 ] +0.37 +0.29
5 2.31 1l +0.35 +0.30
1 2.30 | +0.69 -
2 2.46 Il +0.66 +0.16
N3oPsoKs 3 2.52 1 +0.57 +0.22
4 2.51 I +0.58 1021
5 2.54 1l +0.58 +0.24
1 2.53 | +0.92 -
2 2.68 | +0.88 +0.15
NysPsKss 3 2.79 Il +0.84 +0.26
4 2.77 Il +0.84 +0.24
5 2.76 Il +0.80 +0.23
1 2.49 I +0.88 _
2 2.64 I +0.84 +0.15
N,sP5oKso 3 2.73 Il +0.78 +0.24
4 2.7% Il +0.80 +0.24
5 2.73 Il +0.77 +0.24
control 1.85 | - -
rverace b NL.P,K, 2.2 I +0.37 -
\;actngy N5P2 oKy 247 Il +0.62 -
NsPysKys 271 v +0.86 -
N,,P..Ks, 2.66 [\ +0.81 _
1 2.19 | - -
2 2.36 Il - +0.17
Average by 3 245 m - 1026
factor B
4 245 Il - +0.26
5 2.46 1l - +0.27

Note: *RG - rank groups
Source: compiled by the authors

There was virtually no difference between the var-
iants for carrying out two instances of foliar feeding
with different mixtures of water-soluble fertilisers,
which indicates that it is inexpedient to incur additional
costs for the purchase and application of the mono-el-
emental fertiliser Quantum Boron Active. Generally,
according to the experiment, the highest biological

yield of brown mustard seeds in an average of three
years (2.72-2.79 t/ha) was formed in the variants of the
combination of pre-sowing application of N,.P,.K,. and
N,;P,,K,, with two instances of foliar feeding with dif-
ferent mixtures of fertilisers. Proceeding from this, the
variant of pre-sowing application of NP, K, in combi-
nation with two instances of foliar feeding is best in the
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experiment. Increasing the dose of pre-sowing mineral
fertilisers, as well as including the mono-elemental fer-
tiliser Quantum Boron Active in tank mixtures, did not
provide a significant increase in the biological yield of
seeds, while growing costs increased significantly. The
biological yield of mustard seeds underwent significant
changes under the influence of weather conditions.

Favourable temperature conditions, sufficient precipi-
tation, and their uniform distribution during the veg-
etation of mustard plants in 2023 contributed to a
higher biological yield of seeds. Specifically,on average,
the biological yield of mustard seeds in 2020, 2021, and
2023 was 1.99 t/ha, 2.43 t/ha, and 2.71 t/ha, respec-
tively (Table 4).

Table 4. Biological yield of brown mustard seeds under different variants of pre-sowing application of complex
fertilisers and foliar feeding, t/ha

Year
Pre-sowing application Foliar fertilisation
(facgtorp K) (factor B) 2020 2021 2023
BY* RG** BY RG BY RG
1 1.36 I 1.65 I 1.81 |
Control 2 1.48 I 1.90 Il 2.03 Il
(without fertilisers) 3 1.60 Il 2.06 1 2.20 I
4 1.60 11 1.99 Il 2.19 I
5 1.59 1l 2.05 1 2.24 I
1 171 I 2.04 I 2.29 |
2 1.82 I 2.23 Il 2.56 Il
N,P. K 3 191 I 2.34 1 261 Il
4 1.90 I 2.30 Il 2.70 11
5 1.92 I 2.38 I 2.63 Il
1 1.92 I 2.36 I 261 I
2 2.09 I 2.53 Il 2.76 Il
N, P.oKs, 3 213 I 2.54 Il 2.89 11
4 2.13 I 2.55 Il 2.84 I
5 2.14 I 2.55 Il 293 I
1 217 I 2.56 I 2.86 I
2 2.28 | 2.69 | 3.06 Il
N,.P,.K, 3 2.33 I 2.82 I 3.23 1l
4 2.36 I 2.82 Il 3.13 Il
5 2.33 I 2.76 Il 3.17 I
1 2.14 I 2.56 I 2.76 |
2 2.24 | 2.75 Il 293 Il
N,P.Kyo 3 2.25 I 2.75 Il 3.15 11
4 2.23 I 2.76 Il 3.20 I
5 2.30 I 2.74 Il 3.14 I
control 1.53 | 1.93 | 2.09 |
Average b NP K 1.85 I 2.26 Il 2.56 Il
e a N,P,Ks, 2.08 i 2.51 i 2.81 I
N,P,.K,s 2.29 \% 2.73 \% 3.09 v
N,.P. K, 2.23 v 271 v 3.04 v
1 1.86 I 2.23 I 2.47 I
2 1.98 I 2.42 Il 2.67 Il
A‘;:Zingby 3 204 I 2.50 I 2.82 I
4 2.04 I 2.48 Il 2.81 I
5 2.06 I 2.50 Il 2.82 11
Mean 1.99 243 271
LSD,, of the main effect A 0.07 0.08 0.09
LSD,, of the main effect B 0.09 0.08 0.11
LSD, of the partial comparisons of the effect of A 0.11 0.12 0.14
LSD,, of the partial comparisons of the effect of B 0.13 0.13 0.16

Notes: * BY - biological yield, t/ha; **RG - rank group
Source: compiled by the authors

Scientific Horizons, 2023, Vol. 27, No. 1




In all years, the biological yield of mustard seeds
was more affected by the influence of pre-sowing fer-
tilisation. Their impact was slightly higher in the less
favourable weather conditions of 2020. Specifically,
this year’s pre-sowing application of mineral fertilisers
ensured a maximum increase in the biological yield of
mustard seeds by 48%, compared to 41.5% and 47.8%
in 2021 and 2023, respectively. Thus, weather condi-
tions made certain adjustments to the effectiveness of
pre-sowing fertilisation, while the general pattern of
effectiveness of the compared variants was maintained.
The highest biological yield of mustard seeds in all
years was in the fourth and fifth variants of pre-sow-
ing application of mineral fertilisers - N,.P,.K,. and
N,,P.,K,,- There was no significant difference estab-
lished between these variants by year.

In contrast to pre-sowing mineral feeding, the ef-
fect of foliar feeding on changes in the biological yield
of mustard seeds varied over the years. In less favour-
able weather conditions of the 2020 and 2021 grow-
ing seasons, all variants of foliar feeding contributed
to a significant increase in the biological yield of seeds
compared to the control variant, with no difference
between them. That is, the second foliar feeding dur-
ing 50-53 microphases with different mixtures of wa-
ter-soluble fertilisers did not increase the biological
yield of seeds compared to the variant of a single foliar
feeding during microphases 21-23. Under more favour-
able conditions in 2023, the second foliar application
provided a significant increase in the biological yield
of seeds. According to the authors, this is logical, as this
year’s weather conditions “enabled” plants to fulfil their
potential to a greater extent, and in such conditions
the role of optimising the plant nutrition system is in-
creasing, which is why the additional introduction of a
complex of micro-and macroelements at the beginning
of budding (microphases 50-53) enables plants to fulfil
their potential significantly better.

The findings of the conducted study show that
the productivity of brown mustard plants and their
biological seed yield largely depend on the nutrition
system. Among the components of the plant nutrition
system, the key factor was the pre-sowing application
of mineral fertilisers. While noting the crucial role of
the main, pre-sowing, and seedbed fertiliser applica-
tion in mustard cultivation, the opinions of scientists
differ significantly on the issue of fertiliser applica-
tion rates. This is logical, because the fertiliser appli-
cation rate is adjusted by a range of factors, the main
one being the agro-climatic potential of the growing
area. In this regard, M.I. Blaschuk and N.M. Tetereshenk
0 (2017) recommend determining the doses of their
application based on the planned vyield, soil fertili-
ty, and predecessor. Depending on these components,
they outline the range of application rates of mineral
fertilisers from N, P, K. to N_ P._K_ . Therewith, there

1}0 40" "40 80" 60 "80° )
are recommendations that go beyond this range. Most

Rozhkov et al.

fertiliser application rate recommendations fall with-
in this range, but there are recommendations that go
beyond it. Specifically, the pre-sowing application of
N,.P. K., was the best variant in the experiment. There-
fore, the dose of phosphorus and potassium was outside
this range. An analogous recommendation is provided
by AV. Melnyk et al. (2019), who prefer pre-sowing ap-
plication of N, P, K, when growing brown mustard of
Prima and Retro varieties. Therewith, there is a rationale
for pre-sowing fertilisation that, on the contrary, exceeds
this range. Specifically, in the experiments conducted by
A. Sarkar et al. (2021) on the Ganges soils of West Ben-
gal, the highest increases in mustard seed yields were
formed against the background of pre-sowing N, .. While
investigating different doses of pre-sowing fertiliser in
Indonesia, B. Utomo (2022) found that the highest indi-
cators of plant productivity and yield of brown mustard
seeds are formed with doses of fertilisers N, .P,, K. ...

No less controversial are the issues of foliar feeding.
Varying opinions are expressed regarding the phases
of application, types of fertilisers, and their combina-
tions. K. Rana et al. (2020) note the higher efficiency
of foliar feeding on high backgrounds. The findings of
the present study do not agree with this opinion, as
the effectiveness of foliar feeding was highest in the
variants where no fertiliser was applied. V.F. Sayko and
V.S. Vishnevsky (2015) note the high efficiency of foliar
feeding during the budding phase, explaining this by
decreasing the reduction of the inherent generative
components. These data are generally consistent with
the findings of the present study, since according to the
average three-year data, the second foliar application
with a mixture of the fertilisers under study provided
a considerable increase in the biological yield of seeds,
but various patterns were observed in terms of years.
Specifically, in the less favourable weather conditions
of 2020 and 2021, the second fertilisation (at the be-
ginning of budding) did not significantly increase seed
yields. Therefore, the effectiveness of foliar feeding de-
pends on the weather conditions of the year.

Generally, all researchers note the significance of
such components of the nutrition system as pre-sow-
ing fertilisation and foliar feeding. Therewith, there is a
wide range of proposals for pre-sowing doses, phases,
and tank mixtures for foliar application, which is due
to the different growth and development conditions of
mustard plants. Therefore, these issues require further
investigation, especially as the market for pre-sowing
and foliar fertilisers is constantly being updated with
new, more effective products.

CONCLUSIONS

The findings of the conducted study strongly suggest
the following conclusions: indicators of the elements
of productivity of brown mustard plants of the Felicia
variety were the highest in the variants of pre-sowing

application of N,.P, K, and N,P,K, in combination
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with two instances of foliar feeding during microphases
21-23 and 50-53 according to the international scale
with a mixture of carbamide and complex fertiliser
Quantum Technical in a single dose of 10 kg/ha and
2.0 l/ha, respectively. The addition of mono-element
water-soluble fertiliser Quantum Boron Active to the
working solution during foliar application did not in-
crease either plant productivity elements or biological
yield of mustard seeds.

The highest biological yield of mustard seeds in the
experiment - 2.79 t/ha,was formed in the variant of the
combination of pre-sowing application of N,.P,.K,. and
carrying out two instances of foliar dressing with a mix-
ture of carbamide (10 kg/ha) and complex water-solu-
ble fertiliser Quantum Technical (2.0 I/ha). Therewith,
when reducing the dose of fertilisers in pre-sowing ap-
plicationto NP, K, in combination with the same var-
iant of foliar feeding, the biological yield of seeds did

not decrease significantly, which strongly suggests the
impracticality of increasing the dose of pre-sowing ap-
plication of phosphorus and potassium from 30 kg/ha
to 45 kg/ha in the active substance. Considering the
wide range of fertilisers and their constant replenish-
ment, different requirements and specifics of varieties,
as well as significant fluctuations in fertiliser prices, it
is advisable to continue research into optimising the
nutritional regime of brown mustard, as a more in-
depth study of this issue will help to increase its yield
and competitiveness, and thus expand the area under
cultivation.
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AHoTauis. lipunug cu3a Mae BUCOKMIA TFEHETUYHWI MNOTEHLian HAaCiHHEBOT MPOAYKTUBHOCTI, peanisyBanu SKui
MOXHA LWISAXOM OMTMMi3alii eneMeHTiB TeXHOMOri BMPOLLYBaHHS, 30KPEMA CUCTEMM XMBJEHHS, WO 0OYMOBNIOE
aKTyanbHICTb AOCNiIOAXeHb. MeTa focnifXeHb Nonsrana y BU3HAYEHHI KOMMAEKCHOrO BMIMBY MOEAHAHHA Pi3HUX
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CTaTUCTUYHUIA (ONS MaTeMaTUyHOi 06pobKkM MaTepianiB) MeToau pocnimxeHb. [locnigxkeHHs nposogunu B 2020,
2021 i 2023 pp. Ha 6a3i pepmepcbkoro rocnogapcrtea «KKUPMYEHKO M» po3TawoBaHOro B LEeHTPanbHiA YacTUHI
Bopiecbkoro paroHy XapkiBcbkoi o6nacti. Y pocnifi MopiBHIOBanM MaTb BapiaHTiB MepeanociBHOTO BHECEHHS
MiHepanbHUX [0OpWMB i MTb BapiaHTiB MO3aKOPEHEBMX MiAKMBAEHb Pi3HUMM CMNOAYYEHHSMU BOAOPO3YUMHHMUX
[06pumB. HaibinbLua KinbKicTb HACIHMH HA POCAUHI | HAMbiNbLua iX Maca Byna y BapiaHTax MOEAHAHHS NepenoCiBHOIO
BHeceHHa NP, K, i npoBeaeHHs ABOX Mo3akopeHeBMX MiaKMBieHb Mig yac Mikpodas 21-23 i 50-53 cyMiwwio
Kapbamigy i komnnekcHoro nobpuea KBaHTyM TexHiuHi - 627,3 wrt. i 1,97 r BignosigHo. MNpoTe, Ui NOKa3HUKK
iCTOTHO He BiApI3HANMCA BiA BapiaHTy 3 MEHLIOK A03010 NepeanociBHOro BHecenHs aobpue — N, P, K, .V uinomy
no Jocnify HavBumla 6ionoriyHa BpoXaMHICTb HACiHHA TipymLLi CM30i B cepefHbOMY 3a TpU pokM Byna y BapiaHTax
noefHaHHA nepeanocieHoro sHeceHHs NP, K, . i NP, K. 3 nBomMa nosakopeHesuMu MifKMBNEHHAMU Pi3HUMU
cyMiwamum nobpwme - 2,72-2,79 1/ra. Buxonsum 3 Lboro, onTMManbHWM y LOCNIAI € BApiaHT NepennoCiBHONO BHECEHHS
N,;P.,K,, Y NOEAHaHHI 3 NpOBEAEHHAM ABOX NO3aKOPEHEBMX NiAKMBNEHD Nif Yac Mikpodas 21-23 i 50-53 cyMiwwio
CEYOBMHU i OOCNIOKYBAHOrO KOMMIEKCHOrO BOLOPO34YMHHOro nobpuBa B pazoBux pos3ax 10 kr/ra i 2,0 n/ra
BiAMNOBiAHO. BCTaHOBNEHO, WO HalBMLLA BioNoriYHa BPOXKaMHICTb HACIHHA TipuMui B yCi poku Byna Ha BapiaHTax
nepeanocisHoro BHeceHHa — N,.P, K, . i N, P, K. . TIpu LboMy iCTOTHOI pi3HMLi MiX UMMM BapiaHTaMu No pokax He
6yno. Pe3ynbtatv AoChigkeHb MOXYTb OYTM BUKOPUCTaHI arpapHMMuK NigNpuMEMCTBaMU AN KOPEryBaHHS CUCTEMM
YXMBNEHHS (NepennoCiBHOrO BHECEHHS KOMMIEKCHWX A0OPUB | MO3aKOPEHEBUX NiAXKMBNEHD), LLO 3abe3neymnTb 6inbLy
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of the disease. The experiment involved the collection of clinical samples such as blood serum and conjunctival
washings. The results demonstrate the high specificity of the developed primers. These primers stand out because
they use two pairs of the same gene region with different variable sequences that are specific for all strains of
the rinderpest virus. In the polymerase chain reaction, both pairs of primers are used simultaneously at equal
concentrations and under the same conditions. An additional polymerase chain reaction performed using these
primers at the optimal annealing temperature confirmed the successful amplification and specificity of the primers.
The absence of dimers and nonspecific products in the negative control confirmed the purity and reliability of
the results. Thus, these results demonstrate that the use of these multiplex polymerase chain reaction primers
allows for the efficient detection of the ribonucleic acid of the rinderpest virus of different strains. The developed
multiplex primers represent an innovative method for the diagnosis of rinderpest virus with the potential for use

in veterinary practice and animal disease control

Keywords: oligonucleotides; specificity; annealing; diagnostic efficiency; biological samples; amplification

INTRODUCTION

In today’s world, which includes globalisation, climate
change, large-scale breeding and increasing numbers
of pets, animal diseases are becoming an increasing
problem. These conditions favour the spread of infec-
tions, affecting not only the welfare of pets. Scientists
face the challenge of effectively controlling and pre-
venting epidemics, as the rapid spread of infections
can have a serious impact on various sectors of society.
Therefore, the development and implementation of
accurate diagnostic methods are critical for the timely
detection and control of diseases and the minimisa-
tion of their adverse effects, hence the research.

A.Safarov et al. (2021), canine distemper is a seri-
ous viral disease occurring in puppies and adult dogs.
Common manifestations include increased body tem-
perature, digestive disturbances and diarrhoea, sud-
den vomiting, lethargy, depression, loss of appetite,
and symptoms involving the respiratory, eye, skin, or
nervous system. In some cases, complications may
occur in the form of pneumonia, which can be fatal,
or paralysis. K. Altay et al. (2023) and K. Beus et al.
(2023) state that accurate detection of the disease
plays an important role in controlling and preventing
the spread of the disease. The most effective method
for diagnosing rinderpest today is polymerase chain
reaction (PCR). This method detects the pathogen at
early stages, even when there are no obvious signs
of the disease. PCR is characterised by the possibility
of multiple amplification of genetic material and vis-
ualisation using fluorescent dyes, which makes it an
effective tool for early detection and accurate diagno-
sis. In the context of this method, a range of disagree-
ments and opinions arise among researchers focusing
on its efficiency, cost-effectiveness and comparative
sensitivity compared to alternative approaches. The
innovativeness of multiplex primers is manifested in
their ability to amplify multiple RNA sites simultane-
ously. This increases diagnostic efficiency, speeding
up the detection of rinderpest virus and providing a
wider range of information about the presence of in-
fection.
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R. Uakhit et al. (2022) also note that the use of mul-
tiplex primers also involves saving resources such as
reagents and time.A single reaction can simultaneously
cover multiple genes. However, for all their efficiency,
optimising multiplex PCRs can be challenging. The di-
versity of plague virus genes requires careful selection
of primers to avoid competition between them, which
may affect the reliability of the results. Y. Yamamoto
et al. (2021) raised concerns about the sensitivity of
multiplex PCR. Possible interactions between prim-
ers may reduce the sensitivity of the method, which
requires careful validation of the results and compar-
ison with alternative techniques. To ensure the validi-
ty of the results, additional tests and data verification
are critical. This is particularly important in the case of
multiplex assays, where it is potentially difficult to in-
terpret the results. Given the advances in molecular bi-
ology, the use of PCR and multiplex primers represents
a promising avenue in the development of diagnostic
methods that allow more accurate and rapid detection
of the causative agent.

Thus, the use of multiplex primers in PCR repre-
sents an innovative approach that can significantly
improve diagnostic accuracy and efficiency. Such tech-
nological developments are of great importance in
modern medical practice. The study aims to review and
evaluate the efficacy of using multiplex primers in a
polymerase chain reaction method for the detection of
RNA of rinderpest virus. The main focus is to identify the
advantages of this method compared to conventional
approaches for the diagnosis of this highly contagious
virus. Key objectives of the study include: selection of
primers and analysis of genetic sequences; specificity
assessment and development of diagnostic primers;
evaluation of the sensitivity of the PCR method.

MATERIALS AND METHODS

The research was carried out between 2022 and 2023
at the Kyrgyz Research Institute of Veterinary Medicine
named after Arstanbek Duisheyev n Kyrgyz National
Agrarian University named after K.I. Skryabin laboratory.




The National Centre for Biotechnology Information
(NCBI) bioinformation database was used to obtain
genetic data of the plague virus. Oligonucleotide se-
quences were analysed in GenBank. Carnivore plague
genes were analysed using the BLAST programme. The
selection of primer parameters was performed using
the MEGA 10 software package, which includes the
Clustal program, as well as manual selection. As part
of the experiment, samples such as blood serum and
eye conjunctiva washes were collected from 50 animals
with clinical manifestations of the disease. The dogs
ranged in age from 2 months to 7 years.

In the preparation of biological materials for re-
search, blood serum was used, which was obtained from
the blood of animals, and collected in special vacuum
tubes. The tubes with blood were left in the refrigera-
tor at +4°C for 1-2 hours for complete clot formation.
The serum was then transferred to a smaller tube and
stored at -20°C until the time of testing. Special sterile
cotton swabs were used to obtain flushes from animals.
The sticks were used to wipe the mucous membrane
and then placed in a tube with a physiological solu-
tion. After vortexing and centrifugation, the material
was stored at -20°C. For the study, the methodology
included the following steps:

1. RNA isolation of viruses using a commercial RI-
BO-sorb kit (AmpliSens) according to the instructions
for use. These steps provided high-quality RNA for sub-
sequent analysis steps.

2. PCR using selected primers: after obtaining RNA
from the samples, a polymerase chain reaction was per-
formed using selected primers. PCR parameters were
optimised for maximum specificity and amplification
efficiency.

3. Validation of PCR results: the PCR products ob-
tained were subjected to agarose gel analysis to verify
their size and purity.

4. Vaccine strain experiment: RNA from the Onder-
stepoort vaccine strain was used to optimise PCR
conditions and validate the methodology. This step
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provided additional data for the correct interpretation
of the results and determination of the sensitivity of
the method.

5. Reverse transcription: reverse transcription pro-
cesses were performed using a commercial Qiagen kit
(Qiagen, Germany) according to the instructions for use.

This integrated approach to methodology allows
for the reliable acquisition and analysis of genetic data
from the carnivore plague virus and maintains the ac-
curacy and validity of the study results. The results were
processed for reliability using multivariate analysis of
variance MANOVA using Microsoft Excel software and
the Statistica 10 software package. Differences in the
obtained results are possible at a significance level of
p<0.05 using the Student’s criterion. No animals were
harmed during sampling.

RESULTS

Rinderpest virus undergoes an evolutionary develop-
ment that can be traced at the phylogenetic level down
to its older roots. Over time, under the influence of a
variety of environmental factors, the rinderpest virus is
periodically infected, resulting in the acquisition of new
genetic properties. These changes are accompanied
by nucleotide mutations, and as a result, the carnivore
plague virus is currently represented by several genetic
lineages (Trogu et al., 2021). It is important to consider
the variability of the virus gene when making a diag-
nosis. In this study, primers were selected to account for
the different variations of the carnivore plague patho-
gen. After processing all data using Clustal software, an
aligned gene was obtained. The study allowed the selec-
tion of a relatively conserved region suitable for primer
design.However, the gene alignment showed differences
in nucleotide sequence between strains of rinderpest vi-
rus. This makes the detection of identical gene regions
a challenge. The most similar gene regions of this virus
were adenine (A) and thymine (T) rich, which precluded
their use.As a result, specific gene regions were selected,
and appropriate primers were designed (Table 1).

Table 1. Nucleotide sequences of direct primers for the carnivore plague virus gene

Length of the resulting product in

Primer Oligonucleotide sequence GenBank position nucleotide pairs
D-1 5'-TCGTTCCTCCTATCCCTCCT-3' 3,519-3,539
681
D-2 5'-GGCTCATACCCCAAGTCAGA-3' 4,180-4,200

Source: compiled by the authors

For diagnostic use, the primers selected should have
maximum specificity to specific regions of the sample.
The low specificity of primers used in diagnostics may
cause false negatives. For this reason, diagnostic primers
are subject to specificity requirements to avoid errors in

the results. To develop diagnostic primers that would ap-
ply to all strains of rinderpest virus, their specificity was
tested using computer programs. Genetic information on
different strains of rinderpest virus was extracted from
GenBank (Fig. 1 and 2). From the studies presented in
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Figures 1 and 2, it can be seen that the selected prim-
ers were not found to be specific for all strains of the
tested virus. The forward primer was identical for strains
1-3,4,7,10 and 13, but did not show specificity to some
strains at three sites: C (cytosine)—A, A—G (guanine) and

C-T. Similar to the forward primer, the reverse primer
was found to be specific for certain strains of carnivore
plague virus. It perfectly matches strains of lines 1-5,
9-11, and 15-19, but has differences in the sequence of
nitrogenous bases at two and three sites.
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Figure 1. Evaluation of the forward primer specificity
Note: O - primer sequence; 1-21 - different strains of rinderpest virus strains

Source: compiled by the authors
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Figure 2. Results of reverse primer specificity testing
Note: O - primer sequence; 1-21 - different strains of rinderpest virus strains

Source: compiled by the authors
Other variants of primer selection for gene sections

without variations were also tested in the course of the
work. However, it proved difficult to select primers with
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absolute (100%) specificity when examining other gene
sections. Some sections of the plague virus gene re-
mained unchanged but contained excess adenine and




thymine or were too short. When selecting primers, their
length and the ratio of nitrogenous bases play an impor-
tant role, which significantly affects the accuracy of the
polymerase chain reaction. For example, if adenine and
thymine predominate, the annealing temperature may be
low, which increases the risk of decreasing the specificity
of primers and thus the quality of PCR analysis. Howev-
er, too high guanine and cytosine content also affect the
quality of PCR analysis, as excess of these bases can lead
to the formation of secondary product structure and slow
down the activity of DNA polymerase (Alfano et al., 2020).

Under the influence of these factors, the sensitivity
of the PCR method may be reduced, which may lead
to false negatives. With this in mind, primers rich in G
and C nitrogenous bases are favoured when selecting
primers. By analysing all possible variants, another pair

Nurgaziev et al.

of primers was designed considering the sequence dif-
ferences between 3,519-3,539 and 4,180-4,200 using
the multiplex PCR principle, in this case, two pairs of
primers are involved in the analysis. When multiplex
PCR is used to diagnose several types of diseases, it is
necessary to provide different lengths of PCR products
for each species. When designing primers for multiplex
polymerase chain reactions, it is important to avoid
mutual complementarity. In this case, the size of the
polymerase chain reaction products will retain homo-
geneity since the goal is not to differentiate between
strains of rinderpest virus but to identify the pathogen
itself. Considering previous results, the design of prim-
ers was modified to make them universal for multiplex
PCR. Thus, two primer pairs were obtained instead of
one (Fig. 3).

Direct primer

5 - GGC TICAITACCCCAAGTCAGA -3
5 - GGCTAG TAC CCCAAGTCAGA -3

Reverse primer

CTATCCCTCCT -3

5 —G TTC
5-TGG TTC dCC CTATCC CTCCT -3

Figure 3. Multiplex primer pairs with modified sequences

Source: compiled by the authors

To adapt to the variability of the study site, the ni-
trogenous bases of the primers were modified. The for-
ward primer was modified by replacing two sites (C—A,
A—G), and the reverse primer was modified by replac-
ing two sites (C—G and T—C). In subsequent studies, all
four primers were applied simultaneously using multi-
plex PCR, which increases the probability of interaction
between them. However, increasing the concentration
of primers may favour the formation of dimers, which
affects the specificity of the reaction. Dimerization re-
sults in the formation of a variety of PCR products, and
false products may compete with the formation of the
product under investigation. These problems are exac-
erbated when low-temperature annealing and exces-
sive annealing times are used. Dimers have a signifi-
cant impact on real-time polymerase chain reaction
(PCR-RV) results, especially when using an asymmetric
cyanine dye (SYBR Green ). When this dye is used, any
product obtained during the reaction is considered a
positive result. Therefore, dimers contribute to false
positives when SYBR Green | is used in PCR-RV.

The primers proposed in the study, although al-
most identical, have slight differences in sequence,
which provides a better diagnosis of the different ge-
netic lineages of the rinderpest virus. The main prin-
ciple determining specificity lies in the 3-end of the
primers. This end, according to the principle of com-
plementarity, should be at least 4 nucleotide pairs

closer to the tested material. The complementarity of
the 3-end of the primer with the test material signif-
icantly affects the sensitivity of PCR. Therefore, this
feature should be considered when selecting primers.
Another characteristic feature is the fact that when
annealing 3-ends to each other, primers practically
lose their efficiency, unable to interact correctly with
the material under study. In such situations, the pol-
ymerase chain reaction may demonstrate a negative
result. Taking all these features into account, the first
two primers were analysed using the developed val-
idation method. The results of this test allowed us to
evaluate the specificity of the primers against differ-
ent strains of rinderpest virus.

To develop the design of primers used in multiplex
PCR, a grouping of rinderpest virus strains based on the
similarity of nitrogenous bases was carried out. This al-
lowed the design of four primers, two for each of the
forward and reverse directions corresponding to each
strain group. Genetic data from GenBank were used to
form a group of 20 strains of rinderpest virus represent-
ing different genetic lineages of the virus. Before form-
ing this group, many variants of the carnivore plague
gene were analysed using BLAST software. From the
entire dataset, 20 plague virus sequences representing
different genetic lineages of the virus were selected
and divided into four groups for subsequent specificity
analysis using each primer.

Scientific Horizons, 2023, Vol. 27, No. 1

109



110 Multiplex primers employment for detection of rinderpest virus RNA by PCR

The results of the reverse primer specificity study the second variant of the reverse primer (Fig. 5). The
of variant No. 1 revealed that for one line of carnivore  specificity of the forward primer was also analysed, and
plague virus strains, complete specificity was not ob-  the results showed that the first variant of the forward
served when nucleotide C was replaced by T (Fig. 4). primer had mismatches at one site where Cis replaced
However, in the remaining cases,a complete matchwas by T (Fig. 6). The second variant of the forward primer
achieved. Similar results were obtained when analysing  achieved complete similarity in all cases (Fig. 7).
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Figure 4. Specificity of reverse primer, variant No. 1
Note: O - primer sequence; 1-13 - different strains of rinderpest virus strains
Source: compiled by the authors
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Figure 5. Specificity of reverse primer, variant No. 2
Note: O - primer sequence; 1-7 - different strains of rinderpest virus strains
Source: compiled by the authors
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Figure 6. Specificity of the forward primer, variant No. 1
Note: O - primer sequence; 1-7 - different strains of rinderpest virus strains
Source: compiled by the authors
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Figure 7. Specificity of forward primer variant No. 2
Note: O - primer sequence; 1-7 - different strains of rinderpest virus strains

Source: compiled by the authors

In two cases, the primers obtained had some dif-
ferences in nucleotide sequences, but these changes
should not significantly affect PCR sensitivity. It is im-
portant to note that such small substitutions in the
middle of the primer usually do not adversely affect PCR
sensitivity. However, mismatches at the 3’end should be
avoided during primer selection. Currently,a wide range
of computer programs is available that greatly simplify
the primer selection process. These programmes facil-
itate the experimental stage of primer design, allow-
ing researchers to quickly select the necessary primers,
determine annealing conditions for PCR reactions, and
detect variability in gene regions based on sequenced
gene variants. This information significantly reduces
the time spent on experiments in laboratories.

Despite the abundance of available computer
programs capable of identifying potential primers,
their efficiency and performance can only be assessed
through laboratory experiments. In the subsequent
stage of the work, the selected primers were repeat-
edly processed using computer programs to establish
the annealing temperature and melting temperature.
For the initial determination of the annealing temper-
ature, a gradient temperature regime is often used.
Given the participation of two primer pairs in the
reaction, the possibility of dimer and hairpin forma-
tion increases significantly. The appearance of dimers
significantly affects the sensitivity of the polymerase

chain reaction. In addition, another important factor
affecting the formation of dimers is the presence of
the enzyme revertase. Revertase used in reverse tran-
scription can promote dimer formation. To exclude
this factor, revertase was inactivated after the reverse
transcription reaction by incubating for 3 minutes at
95°C. Inactivated samples were used to perform gra-
dient PCR. The selected temperature regime included
the following values from 53°Cto 57°C.

For polymerase chain reaction using the selected
primers, a 20 pl reagent mixture was prepared with a
total volume of 20 pl, including the following compo-
nents: 4 pl of 5x buffer, 5.2 pl of deionised water, 3 pl
of CDV-1 primer mixture (0.6 uM concentration), 3 pl
of CDV-2 primer mixture (0.6 uM concentration), 0.4 pl
of 10x dNTP mix, 1.2 pl of 25 mM MgCl,, 3 ul of cDNA
with a concentration of 25 ng/ul, 0.2 pl of Tag DNA
polymerase. This configuration of the reaction mixture
was used for subsequent PCR to amplify the gene under
study. Reverse primers were mixed with reverse primers
and forward primers were mixed with forward primers,
the mixing ratio being 50:50. During PCR, annealing
was performed at temperatures of 53°C, 54°C, 55°C,
55°C,56°Cand 57°C for 40 seconds, elongation at 72°C
continued for 45 seconds and denaturation at 95°C for
30 seconds. These conditions were used to perform PCR
using positive samples known to contain the causative
agent of carnivore plague (Fig. 8).

Figure 8. Spectra of amplification products at different temperature regimes
Note: 1 - 100 bp molecular weight marker; 2 - 53°C; 3 - 54°C; 4 - 55°C; 5 - 56°C; 6 - 57°C
Source: compiled by the authors
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Different primer annealing temperatures were
found to produce PCR products, but the optimum
temperature to obtain a clear and specific result was
55°C. Different annealing temperatures (53°C, 54°C,
56°C, and 57°C) lead to the appearance of non-spe-
cific products, as shown by the luminescent bands at
the level of 500-600 bp relative to the marker. The

annealing temperature of 55°C is optimal because at
this temperature there are no non-specific products
and the product obtained is at 681 bp, indicating the
high specificity of the primer used. To confirm these
results, an additional PCR was performed using newly
selected primers and 55°C annealing temperature

(Fig. 9).

Figure 9. Results of PCR product amplification of 681 nucleotide pairs in length
Note: Line 1 - molecular weight marker, lines 2 to 4 - known samples in advance, line 5 - negative control, line 6 -

positive control
Source: compiled by the authors

Thus, the selected primers were successfully opti-
mised for multiplex PCR. This is confirmed by the fact
that the PCR products obtained are at the expected nu-
cleotide length of 681 bp. No dimers or other non-spe-
cific products were detected during multiplex PCR. This
is important because their presence can negatively
affect the final results and accuracy of the assay. The
negative control (sample No. 5) confirms the purity of
the results. The absence of timers and dimers in the
negative control indicates that the selected primers
do not possess self-sparking nucleotide sites. It was
experimentally confirmed that the selected primer is
successfully used in the polymerase chain reaction for
the detection of the causative agent of plague in car-
nivores. Thus, the approach to selecting and optimising
primers for multiplex PCR is successful and the results
demonstrate the specificity and analysis purity.

DISCUSSION

Carnivore plague is a disease that has historically had a
significant impact on domestic dogs. First described in
ancient times, this infection still poses a serious threat
to animal health, especially in regions with inadequate
sanitary infrastructure. Rapid and accurate detection of
the presence of virus in infected samples is essential
to effectively control the spread of rinderpest (Uakhit
et al., 2022; Takeda et al., 2020; Tan et al., 2011). Car-
nivore plague is characterised by rapid spread in the
carnivore population and remains a major challenge
for veterinary medicine, requiring continuous improve-
ment of diagnostic and prophylactic methods to con-
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trol and prevent the consequences of epidemics. The
contagiousness of the virus emphasises the need for
rapid control measures in the event of outbreaks. Effec-
tive prevention, including vaccination and quarantine
strategies, also plays an important role in managing
the risks and limiting the negative consequences of rin-
derpest epidemics.

Studies conducted by authors such as K. Ergunay
et al. (2022) and Y. Yamamoto et al. (2021) emphasise
the difficulties in the treatment of carnivore plague.
The peculiarities of this disease are the involvement of
the central nervous system, which makes it difficult to
treat. To date, no effective therapy exists, making carni-
vore plague a serious threat to animals. One of the fac-
tors hampering the development of effective therapies
is the peculiarities of the reproductive cycle of the virus
that causes the disease. These peculiarities create diffi-
culties in the search for approaches capable of target-
ing the virus and interrupting its life cycle. In addition,
differential diagnosis of rinderpest is important, given
that many other diseases show similar clinical signs,
such as parvovirus enteritis and other diseases. Dis-
tinguishing between these diseases is key to accurate
diagnosis and the subsequent provision of appropriate
treatment, as this study also confirms.

M. Karki et al. (2022) noted that the key to con-
trolling rinderpest is early and accurate detection of
the presence of the virus before it crosses the blood-
brain barrier. This is of particular importance to pet
owners and veterinary professionals who care for sick
animals. Treatment depends on the form of the disease




(respiratory, intestinal, or cutaneous), so early and ac-
curate diagnosis becomes crucial. Traditional methods
for diagnosing rinderpest virus can have disadvantages
such as low specificity or limited ability to detect dif-
ferent strains. Multiplex primer testing seeks to over-
come these limitations and represents a promising and
effective approach, providing more accurate and rapid
detection of the virus while minimising the disadvan-
tages of traditional methods.

The multiplex primer-based methodology for the
diagnosis of rinderpest virus represents an advanced
approach in veterinary medicine. Multiplex primers,
short nucleotide sequences, are designed to detect
multiple RNA variants of the virus, providing efficient
detection and differentiation of different strains. This
specificity for different strains is a key advantage of the
method, allowing more accurate characterisation of
the virus and targeted control measures. K. Beus et al.
(2023) confirm the focus on optimising PCR reaction
conditions. Thus, during PCR using multiplex primers,
virus RNA is amplified, generating sufficient material
for subsequent analysis. Experimental steps involve
optimising reaction conditions, such as annealing tem-
perature and PCR time, to ensure maximum specificity
and efficiency. The resulting products are subjected to
confirmation assays such as electrophoresis, using con-
trol samples to verify the results.

K. Altay et al. (2023) and R.M. Nayak et al. (2020),
focused on innovative methods, and support efforts in
the use of multiplex primers. The authors believe that
polymerase chain reaction, as a high-tech method, al-
lows not only the diagnosis of infection but also the
differential analysis of the genetic material of the vi-
rus. The intervention of multiplex primers in the PCR
process represents an innovative approach that allows
simultaneous consideration of multiple sites of the vi-
rus RNA, which significantly increases the efficiency of
testing.Z. Lanszki et al. (2021) and Y. Gedik et al. (2021),
emphasising multiplex methods and their advantages,
are also consistent with the discussion. Multiplex
primers are designed to specifically amplify multiple
genetic sites, making the method more sensitive and
specific. This approach is particularly useful when the
virus may manifest in different variants or when multi-
ple strains need to be detected simultaneously. The use
of multiplex primers also shortens the analysis time
and reduces the likelihood of false positives, which is
essential for rapid diagnostic measures, as also noted
in the study conducted.

Polymerase chain reaction in the laboratory diag-
nosis of infections is characterised by high efficiency
due to its rapidity, unrivalled sensitivity, and high spec-
ificity. It allows the detection of microorganisms even
at very low concentrations, e.g. 1-10 pathogens in a
sample. RNA of infectious agents is successfully ex-
tracted from various biological fluids, tissues, and from
the environment such as soil, water, and food. PCR is

Nurgaziev et al.

effective in detecting bacteria, fungi, parasites, and vi-
ruses (Saltik & Kale, 2020; Worsley-Tonks et al., 2021).
R. Uakhit et al. (2022) state that the PCR method is
characterised by a sensitivity sufficient to detect 10-
100 pg of viral RNA in a sample. This method allows
rapid and quantitative detection of RNA even in uncon-
centrated samples. It also enables the examination of
various surfaces (animal bodies, care items, soil, feed)
for the presence of viruses. However, the author notes
that the hypersensitivity of the method can sometimes
lead to false positives.

F. Alfano et al. (2022), D.K. Yang et al. (2020), and
A. Beineke et al. (2009) applied polymerase chain reac-
tion to detect viral RNA in biological samples.According
to the authors, the application of PCR is in the works to
become a powerful tool for determining the presence
and type of virus in a variety of biological samples, in-
cluding tissues, fluids, and the environment. The results
of their research propel PCR into the role of a key tech-
nique in the diagnosis of viral diseases, emphasising its
importance in modern medical science and veterinary
medicine. They open new horizons in the understand-
ing of viral pathologies and provide the basis for the
development of more effective treatment and preven-
tion methods. I. Ricci et al. (2021) also believe that the
use of multiplex primers in PCR represents a modern
diagnostic method with improved specificity and sen-
sitivity. The use of multiplex primers in the polymer-
ase chain reaction method for the detection of RNA of
rinderpest virus is an important method in veterinary
diagnostics, providing effective detection and identifi-
cation of different strains of the virus, which also con-
firms the conducted study.

All studies reviewed, including the present study,
emphasise the need for effective control of rinderpest,
and detection of the virus before central nervous sys-
tem involvement, and encourage the use of innovative
diagnostic methods. However, in comparison to the au-
thors’ results, the study conducted adds to the existing
body of knowledge by bringing innovation in diagnostic
methods for carnivore plague. Understanding the com-
monalities and differences helps to create a more com-
plete picture of the issues, which is an important con-
tribution to the field of veterinary medicine. Thus, the
polymerase chain reaction method is a powerful tool
for detecting and analysing the genetic material of mi-
croorganisms, including rinderpest virus. However, the
efficiency of PCR directly depends on the use of specific
and highly efficient primers. Therefore, multiplex prim-
ers represent a promising approach for the simultane-
ous detection of several virus genes, which increases
the sensitivity and accuracy of diagnosis.

CONCLUSIONS

The carnivore plague virus exhibits phylogenet-
ic branching due to the effects of various environ-
mental factors. This variability is manifested through
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nucleotide mutations, resulting in the formation of dif-
ferent genetic lineages of the virus. The study aimed to
select multiplex primer pairs for the detection of RNA
of carnivore plague virus by PCR represents a signifi-
cant step in the field of veterinary diagnostics and ani-
mal disease control.

Asaresult of laboratory experiments, multiplex pairs
of primers were selected for the detection of plague vi-
rus RNA using PCR in biological materials such as blood
serum and eye conjunctiva washes containing the virus.
A distinctive feature of the use of these primers is the
use of two pairs of the same gene region with different
variable sequences. These sequences are specific for all
strains of carnivore plague virus. Both pairs of primers

of specific sites and the high specificity of the applied
primers. The absence of dimers and non-specific prod-
ucts in the negative control was observed, reinforcing
the purity and reliability of the results obtained. Conse-
quently, the results convince us that these primers used
in multiplex PCR can effectively detect RNA of rinder-
pest virus of different strains circulating worldwide.
The developed multiplex primers represent an
innovative and practically important method for the
diagnosis of rinderpest virus, with great potential for
application in veterinary practice and animal disease
control. Further research on this issue should focus on
the interaction of the rinderpest virus with other infec-
tions that may affect diagnosis and epidemiology.

are applied simultaneously at equal concentrations and

under the same conditions in the polymerase chain re- ACKNOWLEDGEMENTS
action, and the results obtained demonstrate the high  None.
specificity of the designed primers. Additional PCR per-
formed using the selected primers and optimal anneal- CONFLICT OF INTEREST
ing temperature confirmed the successful amplification  None.
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AHoTauif. 3 ypaxyBaHHAM BMCOKOI KOHTArio3HOCTI Ta LUBMAKOIO MOLIMPEHHS BipyCy YyMMU MACOIAHMX, CBOEYACHA
Ta TOYHA AiarHOCTMKA BIiAirpae KYOBY pofib Y 3anobiraHHi enifemisaM Ta BXMTTS 3aXO4iB LOLO KOHTPONH 33
3aXBOPHOBAHHAM. MeTa AOCNIAXEHHS — NPOBECTU OLHKY eDeKTUBHOCTI BUKOPUCTAHHS MYNbTUNNEKCHUX NpanMepis
y MeTofi noniMepasHoi NaHLroBoi peakLii Ans BUABNEHHS PUOOHYKIETHOBOI KMCIOTU BipyCy YyMU MICOILHMX.
[ocnigXeHHs BKAOYaNO aHani3 3paskiB, TakMX K CMPOBATKAa KPOBi i 3MMB 3 KOH'IOHKTMBKM o4vei y 50 TBapuH
3 KJIiIHIYHMMU NposIBaMM 3axXBOPHOBAHHSA. B paMkax ekcnepuMeHTy NpoBOAMBCS 36ip KiHIYHMX 3pasKiB, TakMX
SK CMpOBATKa KPOBi Ta 3MUB 3 KOH'OHKTMBM oyel. OTpMMaHI pe3ynsTaT LEMOHCTPYTb BUCOKY cneumndivHicTb
po3pobneHnx npariMepis. LLi npariMepu BUAINSIOTLCS TUM, LLLO BOHW BUKOPUCTOBYOTb ABI Napy OJHIET 1 TIET XK AiNSHKM
reHa 3 pisHMMM BapiabenbHUMM NOCNIJOBHOCTAMM, SKi € CcneundiyHUMKU NS BCiX WTaMiB BipyCy YyMun MACOigHMX.
Y npoueci noniMepasHoi NaHLOroBoi peakuii 0buaBi mapu npaimepiB 3aCTOCOBYHOTbCS OLHOYACHO 33 PiBHUX
KOHLeHTpaLiM Ta ofHaKoBMX yMOB. [loaaTkoBa noniMepas’Ha NaHLIOroBa peakLis, NpoBefeHa 3 BMKOPUCTAHHAM
LUMX MparMepiB Npu ONTUMaNbHIM TemnepaTtypi Bignany, NiagTeepauna ycniwHy amnnidikauito Ta cneundiyHicTb
npanmepis. BiacyTHicTb aumepiB Ta HecneundiyHMX NPOAYKTIB Y HEFATUBHOMY KOHTPOJ NiATBEPOXKYE YMCTOTY Ta
HaAiIMHICTb OTPUMAHUX Pe3ynbTaTiB. TakKUM YMHOM, faHi pe3ynbTaTh NEePeKOHYHTb Y TOMY, WO BUKOPUCTAHHS LMUX
MY/bTUNAEKCHUX NparMepiB MofiMepasHoi NaHLIroBOI peakLii A03BONSE ePEKTUBHO BUSBNSTU PUOOHYKNEIHOBY
KMCNOTYy BipyCy 4YyMM MACOIAHMX pi3HUX wWwTaMiB. Po3pobneHi MynbTUNAEKCHI nparMepu MpeacTaBasfioTb
iHHOBaLiMHWI MeToA, ANS AiarHOCTUKM BipyCy YyMu MACOIAHMX 3 NOTEHLIaNOM ANF 3aCTOCYBAHHS Y BETEPUHAPHIN
MPaKTULLi Ta KOHTPOIO 3aXBOPKOBAHb TBAPUH

KniouoBi cnosa: oniroHykneotuau; cneumdiyHictb; Bianan, edekTUBHICTb [AiarHOCTUKM; BIONOriYHI  3pasku;
amnnidikadis
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of research, laboratory method, biochemical methods (determination of the chemical composition of manure and
wastewater), statistical, mathematical (calculation of economic efficiency), multicriteria analysis, and analytical
method. Based on the conducted research, a resource-saving technology for the preparation of wastewater for use
in the production of renewable energy in industrial pork production was developed, which ensures a reduction
in capital and operating costs for biogas generation. It was found that the settling of the initial wastewater
with a moisture content of 96.94%0.18% produces a sediment with a moisture content of 91.23#0.25% and a
liquid fraction with a moisture content of 98.86%+0.42%. At the same time, the organic matter in the sediment
extracted from the original wastewater is about 87%, and in the liquid fraction — about 98% of the dry matter.
The technological process includes centrifugal and gravity separation of the initial wastewater into fractions
(sediment and liquid fraction), gravitational thickening of the sediment and its dosing for methane digestion to
produce biogas. It was shown that the application of the proposed approaches can reduce capital investments
by about 30%. Based on the multicriteria analysis, it was found that the proposed biogas production technology
has a significant advantage in terms of the complex efficiency indicator of each of the considered options N(C))
compared to the idealised one. For this technology, the objective function is the smallest according to the criteria
considered and amounts to 0.1672, while the objective function of the baseline technology is 1.9 times worse. The
findings of the study on the use of livestock by-products for resource-saving biogas production are planned to be
used at pork production complexes and farms

Keywords: renewable energy sources; bioenergy; wastewater; technology; sediment; resource conservation; capital

investments

INTRODUCTION

Ukraine’s energy sector is facing a challenging task -
to reduce the consumption of natural gas and coal in
electricity generation and replace them with renew-
able energy sources (RES) to the maximum extent
possible. On the one hand, this would reduce the
cost of production and improve its competitiveness
in the global market. On the other hand, the com-
bustion of fossil carbohydrates - coal, gas, oil, and
their derivatives - is considered the main source of
CO, emissions, which contributes to global warming.
Therefore, the campaign to replace fossil fuels with
other environmentally friendly fuels, such as biofuels
(biomethane, biohydrogen, bioethanol, etc.) is grow-
ing worldwide (Dabirian et al., 2023). This provides an
impetus for the widespread use of RES (specifically,
farm animal manure) processing plants for electricity
or heat in the national economy and is a promising
area (Skrylnyk et al., 2020).

The need to feed humanity has contributed to the
development of animal husbandry, the development
of technologies for intensive farming of livestock and
poultry, and the construction of complexes or large
farms. As a result, a massive amount of livestock and
poultry waste has been generated, which is the main
source of agricultural pollution, especially in regions
with a prominent concentration of livestock and poul-
try (Zhang et al., 2019; Li et al., 2022). According to
M.J. Sukhesh and PV. Rao (2019), in the United States,
the amount of waste from livestock production is 130
times higher than human waste, which affects the
local environment. Therefore, countries with devel-
oped livestock production need to develop and imple-
ment an effective strategy for the utilisation of live-
stock manure.

Scientific Horizons, 2023, Vol. 27, No. 1

V. Burg et al. (2018) believe that manure, without
quality processing, is a source of air and water pollu-
tion, but when integrated into the management chain,
it can become a strong energy resource. The potential
for biogas production from cattle manure in Europe
is quite high, for instance, in Sweden it is estimated
at about 3-6 TWh per year (Achinas & Everink, 2020).
According to N. Yurchuk (2018), is an equipment that
allows processing various types of organic raw mate-
rials into energy in the form of biogas and into highly
effective organic fertilisers. They can also be used as
wastewater treatment plants on farms, poultry farms,
and processing plants, thereby improving their sani-
tary and hygienic conditions.

The European Union Llimits the amount of ma-
nure that can be applied to arable land. Therefore, in
regions with a prominent concentration of livestock
and a limited amount of arable land, such as large pig
and poultry farms, it is necessary to remove manure
or set up its processing. One of the elements of the
manure processing system can be the biogas units.
This will not only reduce the amount of dry matter
to be exported but will also bring additional finan-
cial profit from the sale of biofuels. Studies conduct-
ed by scientists from different countries have made
it possible to determine the approximate volumes
of biogas output from agricultural waste processing
(Lutkovska & Zelenchuk, 2023).

In Ukraine, livestock and poultry waste, specifically
manure, can be another major and environmentally
sound source for biofuel production. Thus, according
to A. Doronin (2019), the potential biogas production
in Ukraine from cattle waste in 2017 could be up to
1,920 mln m3/year, pigs-up to 971 mln m3/year,




poultry - up to 1,863 mln m?/year. According to
G.M. Kaletnik and 1.V.Honcharuk (2020), in 2020, the live-
stock population in Ukraine was within 3.1 mln heads
of cattle, 5.7 mln heads of pigs, and 220.5 mln heads of
poultry, from which about 92.8 mln t of animal by-prod-
ucts were produced. According to the calculations, the
total potential for biomethane production from livestock
waste will reach approximately 2.2 mln toe. And accord-
ing to N.V. Pryshliak (2021),in 2019, about 40.65 mln t of
waste was produced from animals in the private sector
of Ukraine. If they are used in the biogas units, the theo-
retical biogas output could reach 1,760.3 mln m>.

According to the authors, the main obstacle to the
introduction of bioenergy plants in industrial pork pro-
duction is the considerable cost of creating and operat-
ing such systems, as well as the suboptimal character-
istics of the material for the fermentation process. Thus,
the purpose of this study was to develop and evaluate
approaches to reducing resource costs in the produc-
tion of renewable energy sources (biogas) in industrial
pork production. However, high moisture content has a
negative impact on biogas production, and therefore
some work is needed to increase the dry matter content
of the biomass fed to the biogas unit. This will help
improve the quality of the output product, increase bi-
ogas yields, and increase the economic efficiency of the
plants. One of the ways to optimise the substrate for
methane digestion is to separate the pig manure into
sediment and liquid fraction. This became the subject
of this study. The purpose of this study was to devel-
op and evaluate approaches to reducing resource con-
sumption during the production of renewable energy
sources (biogas) in industrial pork production.

MATERIALS AND METHODS

The wastewater studies were carried out at the Hlob-
inskyi Pig Farm LLC, Poltava Oblast, in 2016-2018. The
technology of industrial pork production at Hlobinskyi
Pig Farm LLC prescribes feeding pigs with complete
feed according to sex and age groups in a liquid-feed-
ing fattening shop. The microclimate was maintained
by an automated ventilation system. The receiving tank
was supplied with effluent from the buildings contain-
ing machines with partially raised slotted floors placed
on bathtubs with valves. When the valves were raised,
the effluent flowed to the central collectors and from
there to the receiving tank. The receiving tank was
equipped with a hydraulic bubbling system, which op-
erated using centrifugal pump pressure. The outgoing
wastewater was separated in a filter press.

The outgoing wastewater was sampled at the com-
plex from the receiving tank. Therewith, liquid and solid
fractions were selected after separation of the initial
effluent on the filter press. In laboratory conditions, the
effect of the settling process on the moisture content
of the sediment obtained in the laboratory plant was
investigated (Fig. 1).

Piskun et al.

Figure 1. Laboratory installation for studying wastewater
settling

Notes: 1 - organic glass unit body; 2 - outlet drains; 3 -

tripod; 4 - latch

Source: compiled by the authors

During the experiment, the volume of the unit’s
body was thoriated to investigate the process of waste-
water settling using a measuring cylinder. Before feed-
ing the source wastewater to the laboratory unit, it was
homogenised and sampled for moisture content. The
moisture content of the sediment formed during sed-
imentation was monitored after 0.5; 1.0; 1.5; 2.0; 2.5;
3.0; 3.5; 4.0; 4.5; 5.0 hours. After a respective period of
time, during which the initial wastewater was settled,
the sediment and liquid fraction were removed through
valve 4 (Fig. 1). Sediment and liquid fraction samples
were taken to determine moisture content and other
parameters. The moisture content of the sediment was
determined following DSTU ISO 6496:2005 (2006), us-
ing the following equation (Turovsky, 1982):

V; 100—-W;

V_; = 100—Wi’ (1)
where V, is the volume of output effluents, V, _the vol-
ume of sediment from output effluents, W, is the hu-
midity of output effluents, W, is the humidity of sedi-
ment from output effluents. The volume of sediment
was determined as the difference between the volume
of the initial effluent and the volume of the liquid frac-
tion. The volume of the liquid fraction was determined
as the product of the cross-sectional area of the labora-
tory vessel and the height of the liquid fraction column.

The wastewater was assessed for mois-
ture and dry matter (DSTU ISO 6496:2005, 2006),
ash (DSTU ISO 5984:2004, 2006), and crude fibre
(DSTU IS0 6865:2004, 2006). During the study, a meth-
od was developed to ensure a reduction in capital in-
vestment in the production of renewable energy sourc-
es in industrial pork production, based on ensuring the
optimal value of the substrate parameters for methane
fermentation. The substrate for methane digestion was
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obtained from the original wastewater upon gravity
settling and compaction. The effectiveness of the pro-
posed approach to ensuring a reduction in capital in-
vestment in the development and implementation of
technologies for the preparation of wastewater for use
with the production of renewable energy sources (bi-
0gas) in industrial pork production was assessed, con-
sidering capital investment and operating costs. The
annual economic effect of the proposed technology
was determined according to the following formula
(DSTU 46-012-2000, 2001):

Eun = (0p + EiKip) — (Oy + E1Kpy), )

where E_is the annual economic effect of implement-
ing the development; O is the operational costs in the
basic (;) and new () variant; E, is the coefficient of effi-
ciency of innovative investments; K| is the investments
in the basic () and new (,) variant.

The method of multicriteria analysis was applied
using the assessment of the integral criterion of the
distance to the target. For this, an approach was used
that included the aggregation of all criteria into one
comprehensive performance indicator for each of the
alternative variations (Piskun et al., 2020).

RESULTS AND DISCUSSION

During the experiment, the effect of the settling process
on the moisture content of the sediment obtained from
the original wastewater in the laboratory plant was in-
vestigated (Fig. 2). With the concentrate type of feeding
and the litterless technology of pig housing, outgoing
effluents with a moisture content of 96.94+0.18% were
obtained. During the separation of the original waste-
water on the filter press, a liquid fraction with a mois-
ture content of 98.73%0.12% was obtained, and a solid
fraction with 73.16*0.18% moisture content.

Figure 2. Study of the effect of the settling process on the moisture content of the sediment produced
in a laboratory plant
Notes: 1 - Organic glass unit body; 2 - liquid fraction; 3 - sediment; 4 - tripod; 5 - latch

Source: compiled by the authors

Studies have shown that the settling of the liquid
fraction obtained during the separation produces a pre-
cipitate with a moisture content of 92.57£0.47% and a
liquid fraction with a moisture content of 98.49+0.29%.
That is, when the liquid fraction was stored in the stor-
age pond, which was obtained from the original waste-
water after separation in the filter press, a sediment
with a moisture content of about 92% was formed. The
organic matter in the effluent was 71.83+3.98% of the
dry matter content. At the same time, the organic mat-
ter in the sediment that was separated from the liquid
fraction after separation of the original wastewater was
about 98%, and in the liquid fraction — about 99% of
the dry matter. When the initial wastewater was settled

Scientific Horizons, 2023, Vol. 27, No. 1

with a moisture content of 96.94+0.18%, a sediment
with a moisture content of 91.23%£0.25% and a liquid
fraction with a moisture content of 98.86+0.42% were
formed.That is,during the storage of the original waste-
water in the storage pond, a sediment with a moisture
content of about 92% was formed. At the same time,
the organic matter in the sediment extracted from the
original wastewater was about 87%, and in the liquid
fraction - about 98% of the dry matter.

Based on these and other studies, the provisions of
the utility model patent “Method of wastewater treat-
ment” (Piskun & Piskun, 2010), a variant of the process
scheme for methane digestion of the initial wastewater
in industrial pork production was developed, ensuring




a reduction in construction and operation costs while
generating renewable energy sources (biogas). The
technological process includes centrifugal and grav-
ity separation of the initial wastewater into fractions
(sediment and liquid fraction), gravity thickening of the

\

3 4
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sediment obtained during centrifugal and gravity sep-
aration and periodic discharge of the thickened sedi-
ment for dosing when it is fed to methane digestion
to produce biogas. When biogas is used in a generator,
electricity and heat are produced (Fig. 3).

I

i

Heat exchanger 4

O

Preparation for use
of the liguid fracfion

Preparation for
the use of
organic
fertilisers

Figure 3. Diagram of a resource-saving biogas production line for industrial pork production
Notes: 1 - receiving tank; 2,4 - sanitary pumps; 3 - intermediate tank; 5 - device for centrifugal-gravity separation of
the initial wastewater; 6 - dosing tank; 7 - device for dosed sediment supply; 8 - digester; 9 - heat exchanger; 10 -
sediment discharge device; 11 - stirrer; 12 - heat recuperator; 13 — power generation unit; 14 - filter presses; 15 - solid

fraction pile; 16 - storage pond
Source: N.V. Piskun and V.. Piskun (2010)

The technological process of obtaining renewable
energy sources (biogas), according to the scheme devel-
oped in this study, is as follows. The wastewater from
rooms with slotted floors and bathtubs is conveyed by
collectors to the receiving tank 1, from where it is trans-
ferred to the intermediate tank 3 by means of a pump
2. Subsequently, pumps 4 convey the wastewater to the
device for centrifugal and gravity separation of the orig-
inal wastewater 5, where the wastewater is separated
into a liquid fraction and sediment, which is compacted
to a moisture content of 90-92% and subsequently fed
to the dosing tank 6. The liquid fraction is fed to the
storage pond 16. The sediment from the dosing tank
6 is periodically fed to the methane digester 8 by the
sediment dosing device 7 according to the technolog-
ical regime of methane digestion. The resulting biogas
is fed to the power generation unit 13. The fermented
sediment from the digester 8 is fed to the filter press
14, where it is separated into solid and liquid fractions
using the sediment discharge device 10. The solid frac-
tion is delivered to the site, where a solid fraction pile
15 is formed, undergoes biothermal treatment, and is
subsequently used as organic fertiliser. The liquid frac-
tion goes to the storage pond 16 and, after quarantine,
is used to fertilise agricultural land. The resulting biogas

is converted into electricity and heat in the power gen-
eration unit 13. They can be used in the electrical and
heating systems of an enterprise. Surplus electricity can
be supplied to the external power grid through a trans-
former substation and a distribution point.

The design parameters of the digester, solid fraction
pads, and liquid fraction storage tanks are determined
using the following analytical relationships. According
to the known factual data characterising the quality of
separation into individual elements of the technological
line, such as the mass M and moisture W of the efflu-
ents entering the treatment and received at the exit, the
mass M, and moisture W, of the liquid fraction and the
mass M, and moisture W, of sediment, V, is the volume
of sediment considering the approaches developed by
N.G.Kovalev et al. (1983). Based on the balance equations
for the mass flow rate of the current through the separa-
tion element, the following data are obtained:

n» 1, — efficiency of separation into liquid fraction
and sediment; C,, C, - the concentration of the liquid
fraction of effluents and sediment. If M, W, W, W, are
given, the main characteristics of the separation quality
are determined according to Equations 3-7:

M*(Wp—W)
Mr = “wWh—wo (3)
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_ M*(W-Wp)

Mp
Wp-Wo

orMp=M—M,, 4)

Cp=1—0.01W,; Cp =1 —0.01W,; C = 1—0.01W, (5)

MG Mp(100 -~ W)
np=1- =1- ; (6)
M*C M*(100 — W)
np=1—MoCo) _y Mo"(A00=Wo) o 5 = 1 — 7. (7)
M*C M*(100 W)

The presented equations make it possible to deter-
mine the volume of sediment and subsequently the vol-
ume of digesters based on factual data on the outgoing
effluent, considering the digestion modes. Estimation
of the cost of processing the initial wastewater in in-
dustrial pork production with bedding-free housing and
renewable energy sources (biogas) for the baseline and
new variants is presented in Table 1.

Table 1. Costs of wastewater treatment to produce biogas

Variants
Indicators New Basic
UAH % UAH %
Volume of wastewater treated 146,000 tonnes
Capital investments: 17,549,496 100.0 25,801,300 100.0
Production costs:

remuneration of labour 102,000 6.19 84,000 3.58
deductions for social events 23,500 1.43 19,320 0.82
electricity costs 142,884 8.67 214,620 9.15
Heat energy costs 119,837 7.27 199,728 8.51
amortisation total 877,475 53.24 1,290,065 5498
Maintenance - total 350,510 21.27 516,026 21.99
Low-value assets 11,500 0.69 6,000 0.25
Total production costs 20,400 1.24 16,800 0.72
Total production costs (prime cost) 1,648,106 100.0 2,346,559 100.0

Cost reduction, % 29.8 -

Source: compiled by the authors

An assessment of wastewater treatment technolo-
gies for use at a pork production complex for biogas
production showed that to process 146,000 tonnes
per year, capital investments under the basic technol-
ogy amounted to UAH 2,346,559, and under the pro-
posed technology - UAH 1,648,106. In other words,
the proposed technology for preparing liquid manure
for use in renewable energy production will reduce
capital investment by 29.8%. Based on the data ob-
tained, a multicriteria analysis of wastewater treatment

technologies for use in industrial pork production was
conducted. The results are presented in Table 2. The
analysis results suggest that the proposed biogas pro-
duction technology has a considerable advantage in
terms of the complex efficiency indicator of each of the
considered options N(C,) compared to the idealised one.
For this technology, the objective function is the small-
est according to the criteria considered and amounts
to 0.1672, while the objective function of the baseline
technology is 1.9 times worse.

Table 2. Results of multicriteria analysis of wastewater treatment technologies for use in industrial pork production

Indicators Variants
New Basic
Capital investments: 1 1.4702
Production costs:
remuneration of labour 1.2143 1
deductions for social events 1.2163 1
electricity costs 1 1.5021
heat energy costs 1 1.6667
amortisation total 1 1.4702
Maintenance - total 1 1.4722
Low-value assets 1.9167 1
Total 9.3373 10.5617
N(Ck) 0.1672 0.3223

Source: compiled by the authors
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The current research is consistent with the findings
of other authors,but is more in-depth in determining the
effectiveness of using pig by-products for biogas pro-
duction. The vast majority of authors publish fragmen-
tary research results. For instance, N. Pantsyreva (2019)
reports that one breeding pig with a litter of 20-24 pig-
lets (weighing up to 30 kg) produces about 14.5 kg of
manure per day. A fattening pig with a live weight of 30-
110 kg produces an average of 4.5 kg. Up to 65 m? of bi-
ogas can be produced from a tonne of dry matter of pig
manure.According to M. Linnuk and B.Ruban (2011), on
farms and complexes with hydraulic manure removal,
the moisture content of biomass is 95-97%, and in fat-
tening shops it can reach 98-99%.

Biogas is a combustible gas mixture consisting of
50-70% methane (CH,), which is formed from organic
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compounds in an anaerobic microbiological process.
Biogas also contains 30-40% carbon dioxide (CO,)
and small amounts of hydrogen sulphide (H,S), am-
monia (NH,), hydrogen (H,) and carbon monoxide (CO)
(Teng et al., 2022). Biogas is a versatile renewable en-
ergy source, as it is suitable for electricity and heat pro-
duction. To produce biogas in industrial pork produc-
tion, it is advisable to use by-products with a moisture
content of 90-92%. However, the moisture content of
wastewater at pig farms can reach 97-98%. Even when
pigs are kept on a slotted floor with baths, the waste-
water has a moisture content of 95-97%. Therefore, the
use of conventional biogas production technologies in
industrial pork production leads to high capital invest-
ment and operating costs (Table 3) due to, for instance,
suboptimal parameters of the fermentation effluent.

Table 3. Main indicators of biogas production technologies for industrial pork production ZORG and BIOTHANE

Indicators ZORG (Germany) BIOTHANE (Netherlands)
Process duration, days 30 1
Bioreactor volume, m* 3,600 3,000
Number of bioreactors, pcs./volume 9/400 3/1000
Volume of wastewater for treatment, m? 945 945
Process temperature, °C 35/55 35

Source: authors’ development based on technical data from biogas unit manufacturers

Upon analysing the practices of implementing
the biogas units (based on the technology and equip-
ment of BTG, the Netherlands) by the ‘Agro-Oven”
company on a farm with a population of 14,000 pigs,
Yu. Matveev and G. Geletukha (2004) found that the
construction costs amounted to USD 413.3 thous. Two
methane tanks with a volume of 1,000 m*® each were
built to process 80 t of manure per day. The average
fermentation time is 25 days. Practical experience has
shown that wastewater with a moisture content of 97-
98% can be subjected to the fermentation process. At
the same time, the amount of dry matter in the fermen-
tation substrate was increased to only 6-7%, which was
achieved through the use of recycled materials. Accord-
ing to M. Lyubin et al. (2011), the best results of fer-
mentation of fermentable raw materials are achieved
at 30-32°C and humidity of 90-95%. As reported by
T.L.I. Vergote et al. (2020), the dry matter content of pig
manure in commercially managed pigs is usually less
than 10%.

One of the producers of biogas units, the Public
Foundation “Fluid” (n.d.), also believes that the com-
position of feedstocks affects biogas production. The
moisture content of the raw materials loaded into the
biogas unit must be at least 85% in winter and 92%
in summer. If pig manure alone is used, the cycle will
take 10-12 days, and if the liquid manure is optimised
by adding plant material, the time required for fermen-
tation will increase to 40 days or more. This approach

will increase the required volume of digesters, which
will lead to a considerable increase in the cost of
equipment. It is estimated that the price increase will
be about 4.4-6.7 times. Obtaining the optimum mois-
ture content of the methane digestion substrate by
thickening allows reducing capital investments in the
construction of biogas units. This coincides with the
data provided by the authors of the study in Table 1.
According to H.V. Zhuk (2022), the introduction of inno-
vative technologies developed, among other things, at
the Gas Institute of the National Academy of Sciences
of Ukraine will allow for the stable production of
500 mln m? of methane annually. L. Sakun et al. (2020)
report that most biogas units pay off in 4-7 years, and
therefore government support in the form of guaran-
teed purchases of energy from bioenergy facilities is
economically beneficial for investors.

Thus, the use of pig by-products for biogas genera-
tion is a promising way to increase the efficiency of the
industry, reduce production costs, reduce the amount of
land for manure storage, and improve the environment.
The proposed approach also reduces the cost of waste-
water treatment.

CONCLUSIONS

It was found that in the production of pork at the Hlob-
inskyi Pig Farm LLC, Poltava region, using a concen-
trate feeding type and litterless pig housing technol-
ogy, the outgoing effluent has a moisture content of
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96.94+0.18%. Settling of the initial wastewater with a
moisture content of 96.94+0.18% produces a sediment
with a moisture content of 91.23%£0.25% and a liquid
fraction with a moisture content of 98.86+0.42%. The
organic matter in the sediment extracted from the ef-
fluent was about 87%. It was shown that the separation
of the initial wastewater on a filter press produces a
liquid fraction with a moisture content of 98.73%£0.12%.
When the liquid fraction obtained during the separa-
tion is settled, a precipitate with a moisture content of
92.57+0.47% and a liquid fraction with a moisture con-
tent of 98.49+0.29% are formed.

A variant of the scheme of the process of methane
fermentation of the initial wastewater in industrial pork
production has been developed, ensuring a reduction
in construction and operation costs for the generation
of renewable energy sources (biogas). The technologi-
cal process includes centrifugal and gravity separation
of the initial wastewater into fractions (sediment and
liquid fraction), gravity thickening of the sediment ob-
tained during centrifugal and gravity separation and
periodic discharge of the thickened sediment for dos-
ing when it is fed to methane digestion to produce bio-
gas. When biogas is used in a generator, electricity and
heat are produced. Equations are presented that allow
determining the volume of sediment and subsequently
the volume of digesters based on factual data on the
outgoing effluent, considering the digestion modes.

Evaluation of the proposed technology of wastewa-
ter treatment for use at a complex for industrial produc-
tion of pork with the production of renewable energy
sources suggests that the use of the proposed technol-
ogy will reduce capital investments by about 30% and
obtain an annual economic effect from the implemen-
tation of the proposed technology in the amount of
UAH 1 mln 255 thous. Based on a multicriteria analysis, it
was found that the proposed biogas production technol-
ogy has a substantial advantage in terms of the complex
indicator of efficiency of each of the alternative options
N(C,) compared to the ideal one. For this technology, the
objective function is the smallest according to the cri-
teria considered and amounts to 0.1672, while the ob-
jective function of the baseline technology is 1.9 times
worse. Further work on the use of livestock by-products
for resource-saving biogas production in industrial pork
production is aimed at implementing and investigating
the proposed approaches in production conditions.
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AHoTauif. CyyacHi eHepreTMyHi CUCTEMM € CKNagHWMU BAraTOKOMMNOHEHTHUMU CUCTEMAMM, LLO BUKOPUCTOBYHOTDH
MeXaHiyHy,TeNN0BYTa €NEKTPUYHY eHeprito.Y Mipy CKOPOUYEHHS 3aMacy BUKONHOIO NasinBa iHTepec 40 BiAHOBIOBAHUX
[Xepen eHeprii NMOBCOAHO 30iNblUYETbCS, WO aKTyani3ye AOCNIAXKEHHS TEXHOMOriM OTpUMaHHa biorasy. Metoto
LOCNIMKEHHS BYN0 OLIHUTU TEXHOMONIYHI MiAX0AM LNS 3HUXKEHHS PecypCoBWMTPAT 3@ OTPMMAHHS BiLHOB/IOBAHUX
[Xepen eHeprii 3 0praHiuyHMX BiAxoAiB (THOK) CBUHAPCbKMX KOMMIEKCiB. B po6oTi 6yno BUkopucTaHo bibniorpadivuHuii
MeToA, LOCNIIKEHHS, NabopaTopHUit MeTof, GioXiMiyHi MeToau (BM3HAYEHHS BMICTY XiMiYHOro Ck/iafy rHot Ta
CTOKIB), CTAaTUCTUYHMI, MATEMATUYHUIN (PO3PAaXYHOK EKOHOMIYHOi edeKTUBHOCTI), MeToh 6araTokpuTepianbHOro
aHanisy, aHaniTMyHuin MeToa. Ha nigctaBi npoBeaeHUx JocnifxeHb po3pobneHo pecypcosbepiratody TEXHOMOTi0
NiAroTOBKM CTOKIB 40 BUKOPUCTAHHS 3 OTPMMAHHS BiAHOBNOBAHOI eHeprii 38 NpOMMUCI0BOr0 BUPOOHMLTBA CBUHMHMU,
3 3abe3neyeHHaM 3MeHLLIEHHS KaniTanbHWUX Ta ekcrayaTauiiHUX BUTPAT Npu reHepalii 6iorasy. BctaHoBneHo, Wwo npu
Bi[LCTOOBAHHI BUXiAHMX CTOKIB BonoricTio 96,94+0,18 % yTBoproeTbcs ocag Bonorictio 91,23+0,25 % Ta pinka dpakuis
BonoricTio 98,86+0,42 %. O4HOYACHO, OpraHiyHa peyoBUHa B OCaAi, IKMM BUAINEHO 3 BUXiOHMX CTOKIB, CTAHOBWUTb
6ina 87 %, a B piakin dpakuii — 6ing 98 % Bio cyxoi peyoBMHW. TeXHONOrIYHMIA NpOLEC BK/OYAE: BiALEHTPOBO-
rpasiTaLifiHe po3aineHHs BUXiAHUX CTOKIB Ha Gpakuii (ocas Ta piaky dpakuito), rpaBiTaliiHe 3ryleHHs ocagy Moro
[03yBaHHA MpU nogadvi Ang MeTaHOBOro 36pofKyBaHHAM i3 ogepXaHHAM 6Giora3sy. [loka3aHo, Wo 3aCTOCYBaHHS
3anponoHOBaHMX MNiAXOAIB AO3BONNAE 3HU3UTU KaniTaNbHi BKNageHHs 6ing 30 %. Ha ocHoBi BaraTokpuTepianbHOro
aHanisy BCTAaHOBEHO, WO 3@ KOMMJIEKCHUM MOKa3HMKOM e(EeKTMBHOCTI KOXHOrO i3 po3rmsHyTux BapiaHTie N(C))
y MOPIBHSHHI 3 ifeani3oBaHMM, 3anNpoOMNOHOBAaHAa TEXHOOriS OTpUMMaHHA 6iorasy Mae 3HauyHy nepesary. [Ins Hei
LinboBa QYHKLIS 33 pO3MSIHYTUMU KPUTEPISIMU € HaMMeHLWOLo i cTaHoBKTb 0,1672 npu ToMy, WO LiNboBa dyHKLiA
TexHosorii 6a3oBoro BapiaHTy ripwa B 1,9 pasa. Pe3ynbtaT NpoBeaeHUX HayKOBUX JOCNIAXKEHb MO BUKOPUCTAHHIO
nobiYHMX NPOAYKTIB TBAPMHHMLTBA ANS pecypco3bepiratoyoro oTpMMaHHs 6iorasy niaHyeTbCs BUKOPUCTOBYBATH Ha
Komnnekcax i depmax 3 BUpOOHULTBA CBUHUHMU

KniouoBi cnoBa: BigHOBNOBAHI Aepena eHeprii; bioeHepreTuka; CTOKM; TEXHOMOTiN; 0Caf,; pecypco3bepexeHHs,
KaniTanbHi BKNageHHS
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colour model components and soil moisture and temperature. Nonlinear mathematical
models used in the study are based on piecewise linear regression with breakpoint
and soil moisture prediction using colour components and soil temperature with
a deviation of +-6%. A system for automated irrigation was created and its control
program was made, the basic control law of which is based on non-linear piecewise
linear models. The automated irrigation management system includes a remote
crop monitoring subsystem and an irrigation management subsystem. The program
processes the photo received from the camera and activates the actuators when
watering is needed. Compared to manual data collection in the first part of the study,
the program calculates the average RGB model values from images in the studied
row of tomato plantations with an accuracy of over 99% for the R and G components
and over 92% for the B component. The program also predicts soil moisture with 98%
accuracy. The practical significance of the water-saving efforts of this study lies in the
development of a program-controlled automated irrigation system that utilizes plants
as biological sensors, employing nonlinear mathematical models based on leaf colour
changes to accurately predict soil moisture
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INTRODUCTION
People knew when their crops required water or treat-
ment by their appearance (e.g., wilting, wrinkling) or
their colour (lightening or darkening of their green col-
our) for centuries. Precision irrigation offers numerous
benefits in modern agriculture. This targeted approach
also improves crop yields and quality while minimizing
environmental impact. Additionally, precision irrigation
systems can be remotely controlled and monitored, al-
lowing farmers to make real-time adjustments based on
weather conditions and soil moisture levels, ultimately
enhancing overall farm productivity and sustainability.

Soil moisture refers to the amount of water present
in the soil, typically measured as a percentage of the
soil’s weight. Monitoring soil moisture is crucial from
a precision irrigation perspective as it allows farmers
to optimize their water usage. By determining the ex-
act moisture levels in the soil, farmers can apply irriga-
tion precisely, providing just the right amount of water
needed. This not only conserves water resources but
also ensures that crops receive adequate hydration for
optimal growth and yield. Monitoring soil moisture lev-
els helps prevent over-irrigation, which wastes water
and causes environmental issues, as well as under-ir-
rigation, which can harm crop health and productivity.

However, irrigation efficiency and water resource
preservation are often lower than expected (Zahoor
et al,2019; Laureti et al., 2021). It is estimated that agri-
culture uses over 70% of the world’s freshwater supplies,
with about half of this being lost and wasted (United Na-
tions Development Programme, 2021). Furthermore, dur-
ing the irrigation process, most of the water is absorbed
by the soil whereas plants get only a small portion. To-
matoes lose over 90% of absorbed water through tran-
spiration from their leaves, making them more vulnera-
ble to water stress than other parts of the plant, such as
fruit (Zhao et al., 2020), therefore, they are more sensitive
and a suitable indicator of water stress.

There are two widely recognized traditional ap-
proaches for monitoring irrigation: groundwater moni-
toring (Wood & Cherry, 2021) and plant water monitor-
ing (Simbeye et al.,2023).Various methods for assessing
soil moisture are highlighted by several authors, includ-
ing the gravimetric approach (Reich et al,, 2021), TDR
dielectric methods (Gnatowski et al., 2018), FDR die-
lectric methods (Kang et al., 2019), and neutron probe.
Measurement techniques for assessing plant water
status encompass ZIM probes, dendrometers, infrared
thermometry measurements, pressure chambers, in-
frared gas analysers, pulse methods, and porometers.
E. Serrano-Finetti et al. (2023) suggest employing
non-invasive plant leaf water content monitoring using
electrical impedance spectroscopy.

The study describes a different, indirect, intelli-
gent, quick approach based on physical observation of
plants with the naked eye, used by farmers for a long
time, which also has scientific potential. A method that
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provides information that the plant is well watered and
that eliminates the drawbacks of the available sensors.
This method must be sufficiently accurate to ensure op-
timal irrigation and water saving.

Modern studies (Atanasov, 2021) state that plants
require irrigation when their leaves turn dark green and
lighten as the soil moisture increases. However, the pres-
ent study does not include cases of infected or diseased
plants with discoloured leaves, but only healthy ones.
Atanasov (2021) also proves that the colour change is
an early indicator of water stress, which can be detected
within half an hour to an hour after irrigation depending
on the height of the plant, or it can be monitored contin-
uously with an automated monitoring system proposed
late in the present study. The same aforementioned study
also demonstrated that young leaves (at the top of the
plant) are more informative regarding the need for wa-
tering (they provide smaller errors when predicting soil
moisture). Therefore, twice as many RGB and HSL colour
samples were taken from them in the studies.

The study demonstrates the potential of the natu-
ral world. The study author suggests that plants can be-
come reliable living biosensors - essentially high-tech
biogadgets. They employ leave colour as an indicator,
and a smart and cost-effective solution for directly
measuring soil moisture by analysing colour changes in
tomato and other plants’ leaves grown in a greenhouse
environment or outdoors can be created on this basis.
As such, the study aims to build an interactive model to
predict soil moisture levels and, as a result, provide op-
timal irrigation timing. This study also seeks to employ
the natural traits of plants for further use. All of this
can be achieved by investigating the type of functional
dependence describing the relationship between the
average value of the parameters of the RGB and HSL
colour components (R ,G_ B S L )andthe

avg’ Tavg’ “avg’  avg’ Tavg’ avg)

factors of soil moisture (8) and soil temperature (T).

MATERIALS AND METHODS

Methodology of the experiment. The experimental ap-
proach involves conducting research in heated glass
greenhouses situated in Plovdiv, Bulgaria, at coordi-
nates 42.18265, and 24.73989. These greenhouses
meticulously control all environmental variables and
ensure the well-being of plants by maintaining opti-
mal conditions. To provide winter heating, hot water is
sourced from a nearby thermal power plant using steam
heating. The greenhouse dimensions are approximately
50 m by 35 m, with 15 columns of 3 m in length and
each row spanning about 2 m in width. Tomatoes are
cultivated year-round, yielding two harvests - one from
January to July and another from August to December.
The investigated indeterminate tomatoes are one
variety — Panekra. They were planted at the end of July.
The experiments were conducted in September - 24
hours after irrigation and 24 hours before irrigation.




The study object is the leaf mass of tomato plants (So-
lanum lycopersicum) and the influence of microclimate
parameters in the greenhouse (humidity and soil tem-
perature). Leaf mass was examined for four quality fac-
tors - young leaves (C,) before (A)) and after irrigation

Atanasov

(A,), old leaves (C,) before and after irrigation. Young
leaves (Fig. 1 - left and Fig. 2 - left) are the new, un-
derdeveloped leaves at the top of the plant. Old leaves
(Fig. 1 - right and Fig. 2 - right) are large, fully devel-
oped leaves at the bottom of the plant.

Figure 2. Photos of young (left) and old leaves (right) before irrigation

Source: photos by the author

Throughout the measurements, wireless sensors
were employed to monitor soil moisture and tempera-
ture, a handheld portable colourimeter (PCE-RGB2) was
utilized for colour measurement, and a device (PCE-EM
883) was employed to measure air humidity, tempera-
ture, and luminance. The calibration of the soil mois-
ture sensor for the specific greenhouse soil type, com-
pleted as outlined by J. Starr and I. Paltineanu (2002)
for calibrating capacitive sensors, was conducted, as
the greenhouse soil is of an alluvial-meadow nature.

As both factors 6 and T are measurable, the study
delved into the relationship between them and the av-
erage values of each component in the RGB and HSL
colour models through multivariate regression analysis.

The influence of qualitative factors, such as “before irri-
gation”, “after irrigation”, “young leaves”, and “old leaves”,
were investigated using multivariate analysis of vari-
ance. The examination of normal distribution utilized the
entire set of obtained experimental data (random varia-
bles), while in regression and dispersion analysis, the av-
eraged values of the RGB and HSL colour components for
eachplantR,,,G, .B, . H,.5S,; L, were employed.
Sample size. In the present study, 168 RGB and HSL
tomato leaf colour samples were taken manually using
a colourimeter before and 168 after irrigation. Regres-
sion and variance analysis were performed and models
of the dependence between colour components and 6
and T were obtained. The RGB readings for each plant
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are rounded to the second digit, although the RGB com-
ponents have no fractional part. Soil moisture (6) and
soil temperature (T) were measured repeatedly and av-
eraged, close to the plant and the root, in a layer of soil
20-30 cm, which is also the root habitat.

Conducting the experiments. The experiment took
place under diverse weather conditions. In conditions of
clear and sunny weather, the greenhouse registered a hu-
midity level of 73% and a temperature of 25.7°C. Concur-
rently, outside the greenhouse, the humidity was 65.8%,
and the temperature remained at 25.5°C, with an illumi-
nation range of 39-47 kLx within the greenhouse. Addi-
tionally, during cloudy and rainy weather, the greenhouse
experienced increased humidity at 84%, a lower temper-
ature of 19.8°C, and illumination within the range of 5.2-
6.2 kLx. Outside the greenhouse, the humidity increased
to 85.8%, and the temperature dropped to 16.8°C.

Based on the experience gained during the experi-
ments, the following experiment plan or the following
data collection methodology was created and named
“12-9-6-3": twelve randomly selected plants (several

2555%  24,5%

27.2%
Plant 1 Plant4 Plants

ggm-a:

243/ 278/
o2 3

A »m
shut-off valve g % g

from each of the three sections of the row) were stud-
ied - nine for mathematical model creation and three
to test the model (before irrigation). Measurements
used six-fold repeatability for young leaves and three-
fold repeatability for old leaves - six colour values were
taken randomly from different leaves from the crown
(top) of each plant examined and three colour values
were randomly taken from the lowest their leaves.

To facilitate the process, the plants are marked with
an easily visible marking, e.g.red thread. Measured data
is entered into a purpose-built field log. The experi-
ment was conducted at the end of a specially dedicated
row. The experiment section is 15.53 m long with con-
trolled irrigation using two valves. Near the first valve,
inside the greenhouse, as well as for the entire green-
house, the irrigation rate is 30 m3/acre. The irrigation
rate between the first and second valve is 20 m?/acre
and 10 m3/acre near the second valve to the concrete
path. Fertilization is carried out by dissolving 20 kg of
fertilizer and using the solution for drip irrigation with
water - 20 m3/acre (Fig. 3):
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Figure 3. Visualization of the studied plants and methodology “12-9-6-3" at the row in the greenhouse
intended for this purpose

Source: compiled by the author

Multivariate analysis of variance. The variance analy-
sis demonstrated that both “young/old leaves” and “be-
fore/after irrigation” factors have a signiﬁcant influence
on the colour component R_ . The ° young/old leaves”
factor has a stronger mﬂuence Only the “young/old
leaves” factor has a proven influence on G, and B,
colour components. The components R, , G, and B,
have the largest values (lighter green colour when
combined) in the older leaves after irrigation, which
demonstrates that leaves darken when dry.

This study determines a model with functional
dependence between the studied parameters, where
the coefficient of determination R? is >= 80%, as suit-
able, which means that it is capable of predicting soil
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moisture. That is why the non-linear estimation ap-
proach is used to find the relationship between the set
of independent variables (6 and T) as predictors and
the dependent variables (colour components) which
vary over the independent variables.

Modeling with Piecewise linear regression with break-
point. This method works as follows: the model is di-
vided into two parts and the formula is solved using
the Quasi-Newton nonlinear method, which is an it-
erative, iterative, nonlinear optimization method that
greatly minimizes inconsistencies and errors in colour
prediction, and which is used to minimizing the sum of
squared errors (Araujo-Paredes et al.,2022). Breakpoints
are fundamental when using piecewise regression, as




they are points in the range of X where the behaviour
of Y changes, thus the name “breakpoint”. In some cases,
the breakpoint can be known, but normally it is not. In
such cases, there is a need for a method to determine it.

In the Quasi-Newton method, the process of con-
structing a model to predict leaf colour involves calcu-
lating the first-order derivative of the function at a giv-
en point to ascertain its slope. Subsequently, the second
derivative indicates the rate at which the slope changes
at that point and its direction. The Quasi-Newton meth-
od iteratively evaluates the function at various points
during each step, computing both first and second-or-
der derivatives. These derivatives are crucial for deter-
mining the minimum of the loss function. The choice of
methods to minimize the loss function depends on the
objective, with the least squares method being the most
prevalent. This method entails squaring the difference
between predicted and observed values. The end goal
is to minimize the disparity between the observed and
predicted values (Araujo-Paredes et al., 2022).

RESULTS AND DISCUSSION

Investigating the distribution of colour components (ran-
dom variables). During the normal distribution check,
almost all RGB component values studied were found
to have a Gaussian distribution, except for B in young
leaves after irrigation. A normal distribution in HSL
for the following colour components was present -
S and L in young leaves after irrigation, S and L in
young leaves before irrigation and H, S and L in old
leaves before irrigation. For those colour components
that have a Gaussian distribution, prerequisites are
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available for moving on to the next steps: regression
and variance analyses.

Multivariate analysis of variance. In the HSL colour
model, both “young/old leaves” and “before/after irri-
gation” factors have a significant influence on the Havg
component. The component HaVg has the greatest value
in young leaves before irrigation. None of the two fac-
tors “young/old leaves” and “before/after irrigation”had a
proven influence on the S_ o component. Only the factor
“young/old leaves”has a proven influenceonthelL g COM-
ponent. The components Han and SaVg have the greatest
values in young leaves before irrigation. The component

LaVg has the largest values in old leaves after irrigation.

Multivariate (bivariate) regression analysis. Regres-
sion analysis concluded that multiple linear regression
and quadratic polynomial regression modelling were
inappropriate (unsatisfactory coefficient of determina-
tion and non-significant models). The studied environ-
mental factors also have an inherent non-linear behav-
iour concerning leaf colour. In other words, the variation
of the 6 and T data does not follow any recognizable
linear combination concerning leaf colour. Therefore, it
is difficult to model a required dynamic relationship us-
ing conventional linear methods such as multiple line-
ar regression. A universal non-linear model is believed
to best describe the colour components at different soil
moistures and temperatures.

Modelling with Piecewise linear regression with
breakpoint. The following coefficients of the empirical
equation were obtained using this method. The general
form of the model, calculated using the least squares
method, is as follows:

y = (boy + byiX1+...+ by Xm)(y < by)(boz + biaxy +... 4+ byyxm)(y > by), D)

Alternatively, using the parametersR_ .G, ,B_ ,H

avg’ * avg’

R, G, B H Lo}=

avg avg’ avg avg

In this way, two separate linear regression equations
are calculated - one for the y values that are less than or
equal to the breakpoint (b,) and one for y values greater
than the breakpoint. For the R, ~colour component in
young leaves after irrigation, according to model (2), the
coefficient of determination was 98.67%. It indicates that
98.67% of the variation in R_ is attributed to changes in
the 8 and T percentages. The remalnlng 1.33% is attribut-
able to factors not included in the model. The conclusions

Table 1. Coefficients and breakpoint for R

(b, +b,,8 + b, T) (for {R_, G B H
Or (b, +b,,8 + b,,T) (for R, G

avg’ ~avg’

avg’ avg’ avg

S, Lave 6 @nd T, the model is as follows:

avg’ "a

wvg Javg Lavgl S Dreakpoint by) )

B ,H } > breakpomt by),

avg’ avg avg
are similar for the other investigated colour components
possessing a normal distribution - Gav .S, and LaVg

A very important conclusion was also established -
the physical definition of the breaking point coincides
with the arithmetic mean value of the given colour com-
ponent (in this case breakpoint = 119.13). The coefficients
of the models concerning the remaining colour compo-
nents in young leaves after irrigation according to model
(2) are summarized in Table 1:

and Lavg models in young leaves dfter irrigation

Model variable Coefficients R, G, S L.
Constant b, 868.17 2.35 -0.106 0.781
0 1 -3.80 -12.44 -0.007 -0.003
T b,, -31.49 20.90 0.024 -0.029
Constant b 10.35 28.84 0.455 0.052
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Table 1. Continued

Model variable Coefficients - e g g
0 b, -1.06 -1.24 -0.002 -0.0005
T b,, 6.66 6.99 -0.007 0.0036

breakpoint 119.13 140.09 0.235 0.111

R 0.99 0.99 0.88 0.99
Variations covered (%) 98.67% 98.03% 77.54% 99.47%

R? 0.99 0.98 0.78 0.99

Source: compiled by the author
This iterative approach is well-suited for scenar- The residual values, distributed uniformly and with-

ios involving multiple independent variables and a  inacceptable limits, contribute to the model’s reliability.
dependent variable (colour component) with values The high R2value of 0.99 for RaVg in young leaves after
both above and below the breakpoint. The residu- irrigation amplifies a significant dependence of the col-
al values are maintained at acceptably small levels our component on the variables incorporated into the
through a nonlinear optimization method, ranging be-  model. The points cluster closely around the straight
tween -1.443 and 1.094. The predicted values closely line, suggesting a normal distribution of residuals. Sim-
align with the observed values. All data points from ilar reasoning can be extended to all other considered
the experiments fall within or very near the narrow colour components in old leaves after irrigation based
confidence interval (at a confidence level of y=0.95), on model (2). The coefficients of the models related to
and the regression line closely tracks the experimen-  colour components in young leaves before irrigation

tal points. are summarized in Table 2.
Table 2. Coefficients and breakpoint for R, .G, B, S,, and L, models, young leaves before irrigation
Model variable Coefficients R, G, B, S, L.
Constant by, 104.72 137.12 57.18 0.357 0.112
0 b,, -2.12 -2.59 -0.59 -0.0023 -0.0016
T b,, 248 2.57 1.63 -0.0032 0.0014
Constant by, -746.30 -1727.72 131.70 0.383 0.105
6 b,, 9.26 19.02 0.25 0.006 -0.132
T b,, 33.59 74.11 -2.98 -0.0127 0.189
breakpoint 108.74 133.89 77.35 0.264 0.113
R 0.98 0.99 0.98 0.90 0.77
Variations explained (%) 96.98% 97.51% 95.14% 81.44% 59.22%
R? 0.97 0.98 0.95 0.81 0.59

Source: compiled by the author

Figure 4 also shows acceptably small residual and that the regression line passes close to the exper-
values, with predicted values very close to the observed  imental points:

values: - Predicted = 3.2895+0.9697"x; 0.95 Conf.Int
Model is: (Young leaves before irrigation.sta)
Dep. Var. : R 130
Obsened \ Predicted \ Residuals
[1] 10083 = 99.91 0.92 125
2| 11550 11550  -0.00
3| 95.50 98.48 -2.98 < 120
4| 10850 10956 = -1.06 g
5| 104.33  100.72 3.62 5 115
6| 12933 12933 -0.00 e
7| 107.33 10653 0.8 ok
8| 117.00  117.00 0.00 1
9| 10033 10164  -1.30
. . . 100
Figure 4. Measured, and predicted values and residuals A
. . . . 95
for R_avg in young leaves before irrigation 90 95 100 105 110 115 120 125 130 135
Source: compiled by the author Observed
Figure 5. Scatter plot - predicted versus measured
Figure 5 also demonstrates that all the experimen- values of colour component Ravg at young leaves before
tal data points fall within or very close to the narrow irrigation, model (2)

confidence interval (at a confidence level of y=0.95) Source: compiled by the author
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Figure 6 demonstrates that the residual values are
within acceptable limits and with a uniform distribu-
tion. The high value of R?=0.99 for Ravg in young leaves
after irrigation indicates that the colour component is
significantly dependent on the variables included in

Normal Probability Plot of Residuals - R
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the model. The points are located close to the straight
line, i.e. it is possible to assume that the residuals have
a normal distribution. The coefficients of the models
regarding the colour components of old leaves before
irrigation are summarized in Table 3:

cp

2.0

1.5

1.0

0.5

0.0

-0.5

Expected Normal Value

-1.0

-1.5

4 3 2 1

o 1 2 3 4

Residuals

Figure 6. Normal probability plot of the residuals of model (2) for Ravg at young leaves before irrigation

Source: compiled by the author

Table 3. Coefficients and breakpoint for R, p G, . B, . H, . Savg and Lavg models, old leaves before irrigation
Model variable Coefficients R, G, B, H,. S L.
Constant by, 122.18 169.45 122.02 0.288 0.092 0.146
0 1 0.53 1.16 0.42 0.0005 -0.005 0.0005
T b,, 0.02 -2.16 -1.25 -0.0033 0.009 -0.0016
Constant by, -785.96 -512.82 -222.52 0.374 0.283 -0.385
0 b,, 2.89 2.96 4.80 -0.0005 -0.0034 0.0064
T b,, 4499 31.73 11.75 -0.0063 -0.0007 0.0192
breakpoint 139.15 158.89 112.37 0.239 0.172 0.133
R 0.93 0.95 0.97 0.88 0.96 0.95
Variations explained: 87.42% 91.13% 93.54% 77.10% 92.82% 89.96%
R? 0.87 091 0.94 0.77 0.93 0.90%

Source: compiled by the author

Verification of the operability of the developed
model (2).Next, the performance of model (2) was tested,
examining 6 as the dependent variable and the colour
component and soil temperature as the independent
variable. The goal is for the farmer to determine the
plant colour and know whether to irrigate (i.e. how wet it

= ({Ravg, Gavg’ Bavg’ Savg’ Lavg} - b01 - b21
Gavg’ Bavg’ Savg’ Lavg} - b02 - b22

T)/b
T)/ b,,) (for {R

11

is — an indirect smart method). To this end, RGB and HSL
values were taken from additional control plants before
irrigation (Plants 10-12) during the experiment to verify
the need for irrigation. With their help, the adequacy of
the model (2) was tested. Analytically, model (2) trans-
forms concerning 6 as follows, yielding model (3):

) (for {R,..» G,

g’ davg Lavg) € Dreakpoint by) (3)
S }>

breakpoint b,),

avg’ Tavg’ ~avg’ Tavg’ avg

The results of model (3) testing are presented in Table 4:

Table 4. Approbating the model (3) in young leaves before irrigation

R G B

avg avg avg

S L 0 T

Plant 10 108.83 131.67 81.50

avg avg
0.236 0.104 22.00 19.03
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Table 4. Continued

Rqu Gava Bava Savq LaVﬂ e T

0. cutated 23.32 20.93 25.30 26.13 21.65

Predict. error +5.99% -4.85% +14.98% +18.88% +13.77%
Plant 11 118.67 146.33 81.67 0.284 0.111 23.21 18.96
0. cutated 24.63 24.66 25.13 23.63 17.22

Predict. error +6.14% +6.23% +8.28% +1.82% -9.20%
Plant 12 110.50 133.50 80.67 0.246 0.105 21.45 18.89
0. cutated 24.01 20.09 20.37 21.98 20.90

Predict. error +11.92% -6.36% -5.05% +2.42% +10.66%

Source: compiled by the author

During the approbating of the model (3) on older
leaves before irrigation of large soil, moisture predic-
tion errors (between -66% and 45%) were obtained,
therefore they were not demonstrated in this study.
Therefore, the older leaves are not suitable for deter-
mining the need for irrigation. Young leaves before ir-
rigation are more informative because the error is ac-
ceptably small, confirming the result’s accuracy.

Description of the components of the automated ir-
rigation system. The model of the remote sensing sys-
tem for monitoring the tomato crop in the greenhouse
and automatic control of the drip irrigation system

(irrigation start and stop) consists of the following ele-
ments (Fig. 7):

1) Solar panel for autonomous power supply of the
camera (40 W); 2) Autonomous 4G IP camera (dust and
waterproof); 3) micro-Sim and microSD cards; 4) Protec-
tion of the camera lens against condensation (from the
high humidity in the greenhouse); 5) Rodent proof cables;
6) Accumulator (20 Ah); 7) Drip irrigation system; 8) Crops
greenhouse-grown indeterminate tomato plants; 9) A
remote computer executing the control function em-
bedded in a program written in Python; 10) A remote
server where a snapshot is stored (e.g. every half hour).

Figure 7.A model of a remote sensing system for crop monitoring and automated irrigation

Source: compiled by the author

The camera can be set to automatically take a pic-
ture of the crop at a certain time interval (for example
half an hour during the daylight hours) through the
web interface of its software. This means that to save
energy, the camera does not need to be on at all times,
but only during the day every half an hour. The cropped
photo can be stored in two ways. The first is locally, on
the camera’s microSD card. The second: is by install-
ing a micro-SIM card in the designated slot, the cam-
era can be connected to the GSM cellular network and
send the photos at a certain interval to a cloud storage
service or a remote server. Connecting to the GSM cellu-
lar network is done by configuring the correct network
settings: e.g. through the web interface of the camera,
the name of the access point - APN (Access point name)
must be set,among other appropriate network settings:
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username, password, IP address, subnet mask, gateway,
and DNS (if the cellular network requires them). Setting
the camera to send the pictures to a cloud service or a
remote server is also done through the web interface
of the camera. IP address or domain name of the server
where the photos will be uploaded, upload interval, file
format and image resolution are set. Finally, the photo
upload schedule is enabled in the settings.

The image sent to a remote server is automatically
retrieved remotely via a script on another computer, pro-
cessed by a Python-based program, and if the soil mois-
ture calculated from the colour of the leaves is below a
certain threshold level, an actuator in the greenhouse is
remotely activated to start and subsequently to stop the
irrigation system. In the following Figure 8 is presented
an example photo of the crop in the greenhouse, taken




during the conduct of the experiments and the acquisi-
tion of the experimental data. Field experiments were
conducted on row 2 of the image (the right one). If the
camera has a wider field of view, more rows can be cov-
ered and processed simultaneously.

%
) 2
; &

1 NN
=

Figure 8. Photo obtained from the camera monitoring the
crops in the greenhouse
Source: compiled by the author

Description of the image extraction and processing
procedure and the program. Python is a powerful and
versatile programming language that has become in-
creasingly popular among scientists and researchers in
recent years. Python can be used to create compact and
simple code whereas other programming languages re-
quire more resources and coding time.

Irrespective of the scientific domain, Python proves
valuable for researchers in data analysis, visualization,
and model development to advance their studies. The
developed program focuses on image processing and
soil moisture computation for two rows of tomatoes,
subsequently regulating irrigation in one of the rows
(specifically, row 2 on the right, where the field experi-
ments were conducted) based on the calculated values.
The program operates through the following sequence:
Initially, it imports essential modules or libraries, such
as OpenCV (cv2) for image processing, urllib.request for
fetching an image from a URL, numpy for array manipu-
lation, and serial for establishing serial communication
with Arduino.

The process begins by retrieving an image from
a URL and converting it into a numpy array using

Atanasov

OpenCV’s cv2.imdecode() function. Subsequently,
the program generates two binary masks for distinct re-
gions of interest in the image, specifically the areas cor-
responding to young leaf regions. The polygonal points
defining these regions are manually set during pre-cali-
bration. The cv2.fillConvexPoly () function is called
to delineate irregular quadrilaterals around each re-
gion (refer to Fig. 9). Finally, cv2.bitwise_and() is
used to apply the masks to the image, resulting in a
masked image that exclusively displays the two regions
of interest (Fig. 9).

Figure 9. Software-masked image showing only the two
young leaf regions
Source: compiled by the author using the author-developed
program

Subsequently, a scaling factor is computed to ad-
just the size of the masked image, ensuring it is 1080
pixels tall - the standard resolution height of a mod-
ern monitor. The resizing operation is executed through
the cv2.resize() function. The program then show-
cases the resized masked image using cv2.imshow(),
awaits a key press with cv2.waitKey (), and saves the
masked image locally via cv2.imwrite(). Next, the
program counts non-zero pixels in each mask (provided
for informational purposes) using cv2.countNonZe-
ro() and determines the mean RGB colour values for
each region using cv2.mean().

For the two rows, the program computes the soil
moisture value based on their respective mean green
colour values using the non-linear model (3), which
forms the core of the control law. This model serves as a
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regulator, influencing the actuator to initiate and cease
irrigation. According to the assessments in Table 4,
the Gavg colour component is chosen for soil moisture
calculation and irrigation management. This colour
component yields the smallest errors in soil moisture
prediction (ranging from -6% to 6%, contingent on
whether GaVg surpasses or falls below the breakpoint).
Any prediction errors are rectified in the soil moisture
calculation, along with an adjustment factor for the
specific soil type (in this instance, the resulting soil
moisture readings must be multiplied by a coefficient
of 1.1). Ultimately, the program outputs the results of
the soil moisture calculation and the irrigation decision
for user inspection. Communication with the Arduino
board is facilitated using the serial module, transmit-
ting a message to initiate or halt irrigation in the two
monitored rows of plantations based on the computed
soil moisture value. The program’s source code is avail-
able on GitHub in the “living-biosensors” repository at
this link (n.d.).

Results after the program implementation (Program
output)

Row 1:

Mean color values (RGB): [118.79, 142.88, 93.75]

Number of pixels: 2321756

Average Soil Moisture: 25.03

Soil moisture is suficient in Row 1. Irrigation
not started.

Row 2:

Mean color values (RGB): [109.1, 133.79, 83.38]

Number of pixels: 1926333

Average Soil Moisture: 23.45

Soil moisture is suficient in Row 2. Irrigation

not started.

The precision and accuracy of operation of the de-
scribed manual measurements with a calibrated col-
ourimeter meter were unambiguously confirmed by the
calculations with an image processing program, which
also confirms the correctness of the calculation meth-
ods used, work methods and the sufficiency of the sam-
ple used, as shown in the next comparative Table 5:

Table 5. Comparison of the obtained average RGB values and the soil moisture in the manual measurements and with

the help of a program
Measurement method Number of measurements RGB averages Soil moisture
With hand-held measuring devices 54 [109,133,77] 23.85
From photo and program 1926 333 pixels [109,134,83] 23.45

Source: compiled by the author

The average value of the colour components of
young leaves before irrigation obtained from sever-
al dozen manual measurements with a calibrated col-
ourimeter and obtained from nearly 2 million pixels in
row 2 is almost the same. Only the B component diverg-
es, but the accuracy is still above 92%, while Rand G it is
above 99%. Compared with the handheld measurements,
the program predicts the soil moisture with 98% accura-
cy and activates the actuators if watering is needed. Py-
thon allows an automatic program execution, e.g. every
half hour using task scheduling tools such as cron (on
Unix-based systems) or Task Scheduler (on Windows) to
schedule the script to run automatically at set intervals.

Remote access to the greenhouse irrigation system
and its start and stop can be done using a GSM card
for sending commands via SMS messages and a device
that can receive and execute SMS commands (Arduino
or other controllers with a GSM receiver). Arduino is a
popular microcontroller platform that can be used to
control various devices, including irrigation systems.
There are various other controllers on the market such
as Raspberry Pi, BeagleBone and other microcontrol-
ler boards that can be used to control greenhouse ir-
rigation systems. An in-depth state-of-the-art review
(Atanasov, 2023) confirmed what was found in previous
research (Atanasov, 2021), that there is no information
that leaf colour has been used for predictive models
of soil moisture, including in the model, as well as soil
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temperature usage as a dependent factor. Similar stud-
ies conducted demonstrate the following results:

Q. Li et al. (2022) investigated the interconnection
between soil water content, different stages of wheat
drought stress, canopy temperature, and spectral re-
sponse characteristics. C. Ru et al. (2020) explored the
effectiveness of the Crop Water Stress Index, which
relies on leaf temperature, as a tool for assessing the
water status of grapevines. N. Chandel et al. (2022) in-
troduced a non-invasive approach utilizing computer
vision and thermal-RGB imagery to detect water stress
in winter wheat crops. Their method incorporated deep
learning and function-approximation models to clas-
sify crops based on stress levels, utilizing thermal-RGB
images and various input parameters. P. Ldpez-Garcia
et al. (2022) conducted experiments to evaluate the
impact of different water qualities and initiation times
for irrigation on crop growth. They employed Artificial
Neural Network models trained on multispectral and
RGB data to simulate and analyse water stress in crops.
J. Fernandez-Novales et al. (2021) focused on evaluat-
ing the water status of grapevines using measurements
of leaf water potential and canopy temperature. They
created spatial-temporal maps to examine changes in
water status over time and across different locations.

R. Dhillon et al. (2019) developed a methodology for
forecasting Plant Water Stress (PWS) in almond and wal-
nut trees using a continuous leaf monitoring system. By




gathering data on leaf temperature and environmental
factors with the Leaf Monitor system, they achieved a sig-
nificant average reduction of 39% in water usage com-
pared to the fixed 100% evapotranspiration replacement
irrigation approach across all trees. Analysing the colour
of strawberry leaves proves to be an effective method
for assessing soil conditions and protecting strawberry
crops from excessive environmental nutrients, which can
lead to financial losses (Madhavi et al., 2022). Their pri-
mary goal was to develop machine learning models, spe-
cifically multiple linear regression (MLR) and gradient
boost regression (GBR), capable of simulating variations
in the colour of strawberry leaves. To achieve this, they
gathered precise measurements of soil physicochemical
properties in the rooting zones from the largest and most
diverse coloured leaves of the strawberry plants, using a
multifunctional soil sensor. Additionally, they collected
400 strawberry leaflets at various stages of vegetative
and reproductive growth, capturing individual leaves us-
ing a digital imaging system. Ultimately, their findings
indicated that the GBR model outperformed the MLR
model, achieving superior performance metrics. F. Hahn
et al. (2021) focused on mango trees, utilizing dendrom-
eters and capacitors equipped with Teflon clamps to
measure Leaf Water Content and investigate the impact
of water availability on mango production.

H. Skoneczny et al. (2020) explored the potential
of non-invasive proximal hyperspectral remote sensing
to differentiate between the leaves of apple trees in
three states: healthy, infected, and dry. This distinction
was achieved by utilizing spectral bands and indices.
J.Rodriguez-Perez et al. (2018) compared two regression
models, ordinary least squares regression and functional
linear regression, to predict Leaf Water Content in grape-
vines using reflectance data and specific wavelengths.
T. Zhao et al. (2020) employed hyperspectral imaging
to assess the water status in tomato leaves, calculating
vegetation indices to evaluate Leaf Water Content in var-
ious parts of the tomato plants. These studies underscore
the promise of advanced techniques in monitoring Plant
Water Stress and overall plant health, offering potential
benefits for enhanced crop management.

CONCLUSIONS

A significant discovery emerged, highlighting the signif-
icance of the breakpoint’s physical meaning - it aligns
with the arithmetic mean value of the specified colour
component. The regression analysis produced two note-
worthy non-linear models, namely model (2) and the
piecewise linear regression with breakpoint technique.
These models demonstrate remarkable accuracy in pre-
dicting colour component values based on soil moisture
and temperature, as evidenced by the high coefficient
of determination (R?) achieved. The confirmation of a
non-linear relationship between the studied dependent
variable (colour component) and the two independent
variables (6 and T) has been convincingly established.
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Model (3) and the piecewise linear regression with
breakpoint method prove to be effective in accurately
predicting soil moisture values, particularly in young
leaves, based on leaf colour and soil temperature. The
low error rates in forecasting (+-6%) underscore the
suitability of young leaves in determining the need for
watering. This validates the methodology of sampling
twice as many RGB colour samples from young leaves
during the research compared to older leaves, which
are found to be unsuitable for assessing watering needs
due to less informative results.

Models (2) and (3) form the foundation for the de-
velopment of an automated crop monitoring system
designed to assess watering requirements and control
the irrigation system automatically. The precision and
accuracy of manual measurements using a calibrated
colourimeter are unequivocally confirmed through
calculations with an image-processing program. This
further affirms the accuracy of the employed calcula-
tion methods, work procedures, and the sufficiency of
the sample size.

The average colour component values of young
leaves before irrigation, derived from both manual
measurements with a calibrated colourimeter and
analysis of nearly 2 million pixels in the row where
field experiments were conducted, align closely. While
there is a slight divergence in the B component, the
accuracy remains above 92%, with R and G components
exceeding 99%. The Python-based program, with a 98%
accuracy rate, predicts soil moisture and triggers actu-
ators if there is a need for watering, highlighting the
effectiveness of the developed system.

The study results may not solve all subsequent en-
gineering and other problems, as the abovementioned
methods do not work in the following situations: when
due to diseases, the colour of the leaves of the plants
changes; when the plants grow, the camera should
change its tilt and/or move up automatically; evening
time, when there is no natural light, logically, measure-
ments and calculations cannot be carried out. While the
primary application of the study is in terrestrial agri-
culture, the principles and technologies developed and
the ability to predict and manage soil moisture using
plant-based sensors can be adopted in outer space ex-
ploration and farming. Automated irrigation systems, as
described in the paper, could be adapted for use in con-
trolled environments on spacecraft or extraterrestrial
bases, ensuring optimal conditions for plant growth.
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ABTOMaTU30BaHa CMCTEMA AUCTAHLUIMHOro 30HAYBaHHA AN MOHITOPUHrY nocisiB
Ta ynpaB/liHHA 3pOLUEHHAM, WO 6a3yeTbca Ha 3MiHI KONbOPY NIUCTS Ta KYCKOBO-
NiHINHUX perpecinHMX Moaenax ANns NPorHo3yBaHHSA BMICTY BOJIOrM B 'PYHTI

Ceetocnas AtaHacoB
AcCnipaHT, MaricTp KOMMHTEPHMX CUCTEM Ta TEXHONOTIN
Tpakincekuit yHiBepcuTeT
6015, CryneHTcbke micteyko, M. Crapa 3aropa, bonrapis
https://orcid.org/0000-0002-2658-1611

AHoTauis. POCIMHM MOXYTb CTyryBaTh 6i0n0riYHMMM CEHCOpPaMu LOTH, BOKM MU MOXEMO NPABUbHO iHTEPNPETYBaTH
iXHI «MOKA3aHHA» Ta 3BOPOTHIN 3B>930K, IKMIM BOHM HaAaKTb HAaM Yepes 3MiHY KONbOopy iXHbOro IMCTS. MeTor AaHoro
LOCNiKeHHS 6yno NMpOrHO3yBaHHS BOMOrOCTi FPYHTY i, BiANOBiAHO, NOTPeOM B 3pOLUEHHI Ha OCHOBI CTBOPEHWMX
HeNiHIMHMX MaTeMaTUYHUX MOAENEeN, WO ONUCYIOTb B3aEMO3B'I30K MiX KOMMOHEeHTaMu KonipHux Mogenen RGB i
HSL Ta BonoricTio i TemMnepatypoto rpyHTy. LLi HeniHifHi MaTeMaTuuHi Mopeni 6a3yloTbCs Ha KYCKOBO-NiHIMHIN
perpecii 3 TOYKOK pO3pUBY i MPOrHO3YykOTb BOMOFICTb FPYHTY 32 AONOMOrOK KONiPHUX KOMMOHEHTIB | TeMnepaTtypu
IPYHTY 3 Noxmbkoto +-6 %. CTBOpeHO cMcTeMy aBTOMATM30BaHOMO MOJIMBY Ta HAMMCAHO NPOrpamy KepyBaHHS Helo,
[e OCHOBHMM 3aKOHOM KepyBaHHSl € CTBOPEHi HeniHivHi KycKoBO-NiHiMHI Mogeni. CucteMa aBTOMATU30BAHOMO
yNpaBniHHS 3pOLIEHHAM BK/IOYAE NiACUCTEMY AUCTAHLLIMHOIO MOHITOPUHTY CTaHY NOCIBIB Ta NiACUCTEMY YNPaBAiHHS
3poleHHsM. [porpama 06pobnse doTo, oTpUMaHe 3 KaMepw, i aKTUBYE BMKOHaBYi MexaHi3Mu, aKwo € notpeba B
nonuBi. Y NOopiBHSHHI 3 py4HMM 360pOM OaHMX Y MepLii YaCTUHI AOCNIAXKEHHS, NporpaMa po3paxoBye Ha OCHOBI
300paxeHHs1 cepefHi 3HaYeHHs RGB-Mopeni B LOCNioKyBaHOMY psay TOMATHUX MIAHTALM 3 TOYHICTIO noHag, 99 %
ons R-i G-KkoMnoHeHTiB i NnoHag 92 % nns B-komMnoHeHTa. [NporpamMa TakoX NporHo3ye BOMOTiCTb PYHTY 3 TOYHICTIO
98 %. MNpakThyHe 3HayYeHHs poboTU 3 TOYKM 30py BOAO3DepexeHHs nonsrae B po3pobui NporpamMHoO-kepoBaHOI
aBTOMaTM30BaHOI CUCTEMM 3POLUEHHS, IKa BUKOPUCTOBYE POCINHM K Bi0NOriYHi CEHCOPU, 3aCTOCOBYHOUM HENiHIMHI
MaTeMaTUYHI MoAeni, 33CHOBaHI Ha 3MiHi KOIbOPY IMCTA, 4151 TOYHOrO NPOrHO3YBaHHS BOMOIOCTI IPYHTY

KniouoBi cnoBa: 6GioceHcopu; TouHe 3poweHHs; RGB-konopumeTpis; o06pobka 300paxeHb; ouMbpyBaHHS;
6ioiHpopmaTHka

Scientific Horizons, 2023, Vol. 27, No. 1

139


https://ngwa.onlinelibrary.wiley.com/doi/full/10.1111/gwat.13122
https://link.springer.com/chapter/10.1007/978-981-32-9783-8_2
https://www.mdpi.com/2076-3417/10/13/4665
https://www.mdpi.com/2076-3417/10/13/4665
https://orcid.org/0000-0002-2658-1611

SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 27(1), 140-151

UDC006.83:636.2.034
DOI: 10.48077/scihor1.2024.140

Developing dairy farming and improving product quality

Larysa Bal-Prylypko
Doctor of Technical Sciences, Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-9489-8610
Liudmyla Berezina
Doctor of Economic Sciences, Professor
Poltava State Agrarian University
36003, 1/3 Skovorody Str., Poltava, Ukraine
https://orcid.org/0000-0003-2843-5893
Ludmila Stepasyuk’
PhD in Economic Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-7258-9243
Olena Cherednichenko
PhD in Technical Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0001-8908-4113
Anastasiya Lialyk
PhD in Technical Sciences, Assistant
Ternopil Ivan Puluj National Technical University
46001, 56 Ruska Str., Ternopil, Ukraine
https://orcid.org/0000-0003-3013-1784

Article’s History: Abstract. The need to find ways to improve the quality characteristics of milk as a
Received: 10.08.2023 basis for increasing the competitiveness of dairy products in the global market
Revised: 13.12.2023 determines the relevance of the study. Ukraine’s dairy industry is one of the critical
Accepted: 27.12.2023 ones in the agricultural sector of the economy, as it provides the country’s population

with vital foodstuffs. The purpose of this study was to substantiate the areas of solving
organisational and economic problems of development of the dairy industry to meet
the needs of the domestic market with quality dairy products and increase export

Suggested Citation:
Bal-Prylypko, L., Berezina, L., Stepasyuk, L., Cherednichenko, O., & Lialyk, A. (2024). Developing dairy farming and
improving product quality. Scientific Horizons, 27(1), 140-151. doi: 10.48077/scihor1.2024.140.

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/0000-0002-9489-8610
https://orcid.org/0000-0003-2843-5893
https://orcid.org/0000-0002-7258-9243
https://orcid.org/0000-0001-8908-4113
https://orcid.org/0000-0003-3013-1784

Bal-Prylypko et al.

potential. The study was conducted to identify the main reasons for the transformational changes that have taken
place in dairy farming and to outline the promising areas for the development of this industry in the context
of improving product quality. This study focused on European and national requirements for the quality of raw
milk. The following methods of economic research were used in the analytical material: economic and statistical,
comparative analysis, graphical, logical generalisation, systematic approach, systemic and structural analysis,
calculation, and design. The study analysed the data of agricultural enterprises and households engaged in milk
production in Ukraine for 2010-2022 and recalculated the purchase prices for raw milk in relation to the European
quality indicators. The findings of this study showed that ensuring the competitiveness of dairy products depends
on the quality of milk. It was found that it is higher in European countries, and therefore high standards for the
quality of raw milk become a barrier to entry into European markets for most domestic dairy processing enterprises.
Accordingly, the state’s strategy should focus on increasing the production of high-quality raw milk and growing
export potential by forming specialised milk production cooperatives for dairy processing enterprises. The practical
significance of the obtained results is that the author’s recommendations can be used by agricultural enterprises

or private households in their everyday activities

Keywords: milk; quality of dairy products; international standards; producers; release price

INTRODUCTION

The problem of producing high-quality milk is multi-
faceted. In scientific discussions, various methods are
discussed to determine the quality characteristics of
products and their impact on the efficiency of the in-
dustry. In production and meeting the growing needs of
society, the requirements for the quality characteristics
of dairy products are constantly increasing. Therefore,
for Ukrainian dairy products to be competitive in inter-
national markets, they must meet the safety and quality
standards that have already become the norm for the
world’s leading producers.

Ensuring the quality, safety, and competitive-
ness of products is a key factor in the development
of the dairy industry. Thus, M. Nikolaienko and L. Bal-
Prylypko (2020) note that the guarantee of product
quality is compliance with international ISO standards,
which are actively implemented by Ukrainian dairy
processing enterprises. M. Rahman and D. Hryzo (2021)
note that the dairy and dairy processing industries in
Ukraine have many issues that hinder their effective
development and specify that domestic milk produc-
ers are trying to use modern European technologies,
because in many developed countries, dairy produc-
ers adhere to stricter milk standards than in Ukraine.
P. Borawski et al. (2020a) emphasise the significance of
the dairy sector for the economy of the EU, which is
the largest producer of milk in the world. Furthermore,
European producers are focused on producing safe
dairy products in compliance with certain limits on the
number of somatic cells and bacteria in raw milk.

I. Fedulova (2018) considers the entry of dairy
processing enterprises into foreign markets as a ma-
jor factor in the current stage of dairy farming devel-
opment and notes that the small-scale sector of the
industry cannot fully meet all the needs of the pro-
cessing industry with high-quality raw milk, which
is mostly of the second grade. The author notes that
the only strategic vector for the development of dairy

farming can be cooperation of private farms and strict
adherence to production technologies to obtain milk
of proper quality. A. Popescu and E. Angel (2019) also
believe that improving the quality of milk, primarily
in terms of the number of bacteria and somatic cells,
is an opportunity to increase profits in dairy farming.
Scientists say that improving milk quality will increase
customer confidence and demand for dairy products.
0. Shpychak et al. (2022) emphasise the need for funda-
mental changes in the organisation and management
of the dairy farming system and the creation of a suita-
ble market infrastructure. Scientists believe that the de-
velopment of the milk market environment by a consid-
erable number of small farms leads to a decline in the
quality and, consequently, price indicators of products.
K. McGarr-O'Brien et al. (2023) have an extraordinary
perspective on this issue and characterise the sustain-
ability certification standards used in dairy production.
They emphasise the diversity of existing standards, al-
lowing farmers to choose the one that suits their be-
liefs or stage of development.

0. Kozak (2020) examines the factors that have a
major stimulating impact on the development and fur-
ther structural changes in the dairy industry. The author
also notes that even in the context of the war waged by
the Russian aggressor, Ukraine stays part of the global
market for milk and dairy products. Despite the shock at
the beginning of the war, the domestic industry man-
aged to restart in the new reality and, just as before the
full-scale invasion, is experiencing global trends in the
development of the milk and dairy products market. In
this context, P. Borawski et al. (2020b) also consider the
impact of the global crisis on the dairy market.

However, the relevance of the issues under study
does not diminish due to a considerable number of is-
sues that impede the development of the industry, in-
cluding martial law, the COVID-19 pandemic, declining
consumer demand in the country, rising unemployment,
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increased production costs caused by the crisis in the
energy system, and the depreciation of the hryvnia,
which necessitates further comprehensive research
and development of recommendations for their solu-
tion. Thus, the purpose of this study was to analyse the
current state of the Ukrainian milk market, determine
the optimal price level depending on the quality of raw
milk in agricultural enterprises and substantiate the
ways to improve the efficiency of the dairy industry in
the context of increasing its export potential.

MATERIALS AND METHODS

The study was conducted for 2010-2022 based on
data and indicators from the State Statistics Service
of Ukraine (n.d.), the Association of Milk Producers - a
non-profit non-governmental professional association
of farms specialising in dairy farming (n.d.), the meth-
odology of the National Research Centre “Institute of
Agrarian Economics” - “Expected indicators of produc-
tion costs, performance, and profitability in agricultur-
al enterprises of Ukraine in 2022: methodology and
calculations (December 2022)" (Lupenko et al., 2023),
the findings of previous own studies and research of
other Ukrainian scientists, namely, I. Fedulova (2018),
0. Petrychenko and V. Rossokha (2018). The study also
used available statistical data from the following offi-
cial websites: CLAL, an Italian consulting company on
dairy economics that analyses the dairy market and its
development trends, generalising through information
and training activities (CLAL.it., n.d.),and the Ministry of
Agrarian Policy and Food of Ukraine (Ministry of Agrar-
ian Policy and Food of Ukraine, n.d.) on the financial
and economic activities of agricultural enterprises in
Ukraine.

The economic research was based on the following
principles: the choice of its area - research on the de-
velopment of dairy farming and improvement of product
quality; formulation of goals - identification of causes
and consequences of changes in the state of the dairy
industry, outlining the prospects for its development in
the context of improving product quality; accumulation
of facts and bringing them into a certain order - collec-
tion and processing of statistical information, systema-
tisation of such information in the form of tables and
graphs; sustainable theoretical generalisations - analy-
sis of research and publications over the past 3-5 years;
development of measures to determine the level of milk
price depending on the quality of raw milk.

The dialectical method of cognition formed the
theoretical and methodological framework of the study.
A systematic and comprehensive approach was also
used to investigate Ukrainian and foreign scientific
provisions on the fundamental principles of analysing
the state of dairy farming and factors influencing the
quality of raw milk to improve its competitiveness. The
information on the state of the domestic dairy industry
was processed, described and summarised by selecting
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information from the Internet and printed media. To
fulfil the purpose of this study, the following methods
were used: monographic method - to investigate and
systematise Ukrainian and foreign scientific achieve-
ments and practices in determining the main provisions
of functioning and development of the dairy industry of
Ukraine; method of system-structural analysis - to an-
alyse the economic activity of agricultural enterprises
engaged in milk production; method of cause-and-ef-
fect analysis - to identify urgent problems in the ac-
tivities of enterprises in this industry; calculation and
constructive method - to calculate the main indicators
of development and economic efficiency of milk pro-
duction in agricultural enterprises of Ukraine; method
of logical generalisation - to formulate conclusions
and proposals. The dynamics of milk production in
Ukraine by major commodity producers and indicators
of its economic efficiency were investigated using eco-
nomic-statistical and economic-mathematical methods.
Microsoft Excel software was used for statistical pro-
cessing of the study results.

The requirements for raw materials necessary to
produce dairy products were compared following the
national standard DSTU 3662:2018 (2019). To adjust
the selling price of milk, Methodological regulations
on the organization of state statistical monitoring of
the supply of milk to processing enterprises (n.d.) were
considered.

RESULTS AND DISCUSSION

Since 1991, the situation in Ukraine’s dairy industry has
been radically different from what is happening glob-
ally. While in 1991, the world produced 440 million
tonnes of milk, in 2021 it was 726 million tonnes. In
1991, Ukraine’s gross milk yield was 24.5 million tonnes,
and in 2022 it was 7.7 million tonnes. Thus, global milk
production increased by 1.5 times, while in Ukraine it
decreased by three times (Zhupinas, 2023). One of the
factors of negative impact on milk supply is a constant
decrease in livestock, which leads to a decrease in dairy
production, conflicting interests of milk producers and
processors, and a decrease in per capita consump-
tion of milk and dairy products (Cherednichenko &
Pashchenko, 2018). The dairy industry suffered signifi-
cant losses in the first months of the war in 2022.

The occupation of the territories and hostilities
meant that a considerable number of livestock was
simply destroyed by the Russian invaders, and another
part of the farm was forced to be sold for nothing or
transported to safer regions. Thus, the industry lost 1
million tonnes of milk due to the war (Association of
milk producers in Ukraine, n.d.). An analysis of the dy-
namics of milk production in Ukraine over 2010-2022
suggests that in all categories of farms, the average
annual decline rate is 2.3%, including 2.0% and 3.7%
in agricultural enterprises and households, respectively
(Table 1).
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Table 1. Dynamics of milk production in Ukraine, thous. t

incl.
Years Farms of all categories enterprises households
thous. tonnes % of total thous. tonnes % of total
2010 11,249 2,217 19.7 9,032 80.3
2011 11,086 2,246 20.3 8,840 79.7
2012 11,378 2,535 22.3 8,842 77.7
2013 11,488 2,583 225 8,906 77.5
2014 11,133 2,648 23.8 8,485 76.2
2015 10,615 2,669 25.1 7,946 749
2016 10,387 2,711 26.1 7,676 739
2017 10,281 2,766 26.9 7,515 73.1
2018 10,064 2,756 274 7,309 72.6
2019 9,663 2,729 28.2 6,935 71.8
2020 9,264 2,761 29.8 6,502 70.2
2021 8,714 2,768 31.8 5,946 68.2
e T - -
2022 7,768 2,644 34.0 5,124 66.0
2022 t0 2021, % 89.1 95.5 - 86.2 -

Source: calculated by the authors of this study based on data from the State Statistics Service of Ukraine (n.d.)

In 2022, all categories of farms produced An analysis of livestock productivity over 2010-2022,

7,768 thous. t of milk, agricultural enterprises -
2,644 thous. t, households - 5,124 thous. t, which is
10.9%, 4.5%, and 13.8% less than in 2021, respectively.
Thus, households have reduced milk production the
most substantially. This is explained by the fact that
they were forced to sell or abandon their livestock
when fleeing the war from the occupied territories and
the active combat zone.

both in agricultural enterprises and households, suggests
its growth. Thus, in 2022, the milk yield per cow in agri-
cultural enterprises was 5,119 kg, while in households -
6,611 kg, which is 66.3% and 11.2% more than in 2010,
respectively. Thus, according to the research, agricultural
enterprises provided a much higher level of productiv-
ity than households and had an average growth rate of
5.1% compared to 1% for households (Fig. 1).
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Figure 1. Average annual milk yield per cow in Ukraine, kg
Source: compiled by the authors of this study based on data from State Statistics Service of Ukraine (n.d.)

In 2022, interruptions in the supply of feed and
veterinary medicines and power outages led to a de-
cline in cow productivity, which ultimately led to a de-
crease in gross milk production. In 1990, there were
643 dairy plants in Ukraine, and as of 1 January 2022,
only 140 of them had received permission to produce

dairy products, of which 111 were operating. Since the
outbreak of full-scale hostilities, the dairy processing
industry has lost 38 enterprises in the occupied and
temporarily occupied territories, and therefore as of
1 December 2022, only 73 were operating, which is al-
most 9 times less than in 1990. The total capacity of

Scientific Horizons, 2023, Vol. 27, No. 1



144

Developing dairy farming and improving product quality

the remaining enterprises is 4.9 mln t of raw materials.
However, they are still under-utilised with raw materi-
als,and therefore their unit costs are much higher than
if they were fully utilising their capacity. The logistics
aspect also plays a major role. Provided that the farm
produces 15-20 t of milk, the processor is ready to take
the raw materials even 300 km away. However, there
are many small milk producers in Ukraine whose trans-
portation is not very profitable for the processor (Agro-
Times, n.d.).

An analysis of milk supply to Ukrainian processing
enterprises in 2010-2022 shows that its quantity has
decreased. Thus, in 2022, 2,740 thousand tonnes of
milk were supplied, which is 42.8% less than in 2010.
Notably, the structure of milk supply has changed con-
siderably over the relevant period: while in 2010,41.7%
of milk came from agricultural enterprises and 56.1%
from households, in 2022 the share of agricultural en-
terprises increased to 86.7%, and the share of house-
holds decreased to 13.3% (Table 2).

Table 2. Milk supply to Ukrainian processing enterprises, thous. t

Indicators 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Supply of milk and dairy products ;g3 4 515 4716 4,570 4,647 4,251 4,183 4348 4179 3800 3512 3198 2,740
for processing, total

of which were purchased 4,537 4,547 4,692 4,545 4,617 4,090 3,710 3,928 3,809 3,462 3,289 3,032 2,657

incl. purchased from: enterprises 1,890 2,030 2,278 2,325 2,428 2,413 2,512 2,689 2,720 2,610 2,556 2,478 2,305

share of enterprises, % 417 446 486 512 526 59.0 677 685 714 754 777 817 867

households 2,544 2,155 2,007 1,824 1,737 1,346 1,198 1,239 1,089 851 733 554 353

share of households, % 56.1 474 428 401 376 329 323 315 286 246 223 183 133
other business entities 302.6 362 407 396 452 331

Received on a tolling basis 421 59 15 6 7 138 441 396 347 318 203 148 748

Own-produced milk that was

processed 139 9 10 19

23 24 32 25 25 20 20 18 7.8

Source: calculated by the authors of this study based on data from the State Statistics Service of Ukraine (n.d.)

One of the key factors in incentivising dairy producers
is the price, the increase of which affects the efficiency
of the enterprise (Bal-Prylypko et al., 2022). Today, due to
the involvement of intermediary structures, the purchase
price for dairy products increases by 15-20%. Finished
products are also sold from the processing plant to re-
tailers through intermediary structures, which are usually
recommended by the retailers where the products are
sold. Depending on the range of products and the cor-
responding surcharges for the sale of dairy products in
the retail network, the wholesale price of the company’s

UAH/t 11,000 -~
9,000 ~
7,000
5,000 -
3,000 ~
1,000 -

dairy products increases by 25-60%. Often, the same
product passes through two or three of these structures,
which leads to an increase in price. Retailers sell at their
own margin, and producers have no other alternative.

As a result of price distortions, raw milk is sold for
virtually nothing, and prices for industrial products and
services are so high that milk production for most farms
becomes unprofitable or even detrimental. Thus, in
2022, agricultural enterprises sold milk at UAH 10,678
per tonne, while the retail price of milk in the retail
network was UAH 35-42 per 1 litre (Fig. 2).
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Figure 2. Average milk purchase price, UAH/t
Source: calculated by the authors of this study based on data from the State Statistics Service of Ukraine (n.d.)

supply chain for raw milk, finished products from dairy
farms and dairy processing plants, which resulted in a

In March 2022, the situation in dairy farming was
more critical than before due to the disruption of the
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4.6 EUR/100 kg decrease in purchase prices. Due to the
increase in exports in May-July 2022, the price of raw
milk stabilised at 37.6-37.8 EUR/100 kg. However, as a
result of the dollar’s appreciation against the hryvnia
in July, the price of milk dropped to 32 EUR/100 kg.
Subsequently, the strengthening of the hryvnia and in-
creased export activity led to an increase in the price
of milk in hryvnia terms, and in November the price
of milk reached 36 EUR/100 kg (Association of milk
producers in Ukraine, n.d.).

At the end of 2022, purchase prices for raw milk
were 40% lower than in the EU and 11% lower than
in 2021. The Ukrainian dairy market is affected by the
following factors that constrain milk price increases:
reduced demand for dairy products, rising production
costs due to the energy crisis, and lower real incomes,
which leads to a decrease in dairy consumption in the
short term. However, there is underutilised capacity in

profitability, %
30

25
20
15
10
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the dairy industry that could be used to further de-
velop the market, depending on the strength of ex-
ternal and internal demand. It is believed that due to
the diversification of foreign markets, support of the
Ukrainian consumer as a result of the reduction of
the VAT rate on milk and dairy products and the im-
plementation of the School Milk programme, favour-
able conditions will be created for the recovery of the
Ukrainian dairy industry (Association of milk producers
in Ukraine, n.d.).

Over 2010-2022, milk production at agricultural en-
terprises has been consistently profitable. Milk retained
its status as the most profitable livestock product. Thus,
in 2022, the profitability of production of this product
in agricultural enterprises was 17.4% (Fig. 3). However,
the authors believe that achieving 20% profitability is
insufficient for expanding business and attracting con-
siderable investment resources.

UAH/t
- 1,200

- 1,000
800
600
400
200

0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

mm profitability, %

sales price per tonne, UAH

Figure 3. Indicators of economic efficiency of milk production
Source: calculated by the authors of this study based on data from the State Statistics Service of Ukraine (n.d.)

Dairy farming faces a significant risk of becoming
unprofitable, as the industry has been stagnating for a
long time and requires not only government support
but also a systematic approach to effective strategic
decisions at the level of each business entity, regions,
and the entire country. Approximation to European
standards requires compliance with new require-
ments for raw materials needed for dairy production.
Ukrainian producers were given time, the so-called
transition period, to bring the quality of cow’s milk
up to the required standards. In 2018, a new nation-
al standard DSTU 3662:2018 (2019) was introduced,
which reinforced the requirements for the raw milk
production process and its quality. In the grading sys-
tem, milk is divided into grades (extra, premium, first)
(Stepasyuk, 2020).

However,the implementation of these requirements
for the safety and quality of milk and dairy products
was postponed for two years until 1 January 2023 (Or-
der of the Ministry of Agrarian Policy and Food, 2019).
The extension of the transitional period for certain

measures on state control of raw milk production and
marketing was intended to provide time for milk pro-
ducers and processors to harmonise their relations and
create an effective organisational mechanism for the
Ukrainian dairy industry. The state should be actively
involved in the implementation of the Strategy for the
Development of Dairy Farming and the Dairy Process-
ing Industry, the development of relevant policies and
the distribution of functions of competent authorities,
including the State Service of Ukraine for Food Safety
and Consumer Protection (Avercheva, 2021).

An analysis of milk supply to processing enterprises
shows that milk produced by agricultural enterprises
is of much higher quality. Thus, the share of milk that
meets the requirements of the extra grade is 47.2%,
while the highest and first grades are 32.6% and 19.3%,
respectively. The quality of raw milk supplied for pro-
cessing by households is quite different, with no extra
milk at all, only 3.9% of milk of the highest quality, and
the vast majority of milk being of the first and second
quality, namely 77.1% and 19% (Fig. 4).
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Figure 4. Structure of milk sold by agricultural enterprises and households, 2022
Source: calculated by the authors of this study based on data from State Statistics Service of Ukraine (n.d.), Clal.it (n.d.).

It was found that the quality of milk sold by agricul-  milk this deviation is over 30%. In addition, agricultural
tural enterprises tends to improve (Table 3). And this is  enterprises already have the proper conditions (mini-
natural, as producers seek to earn more income,and the  mal contact with air and prompt cooling) to produce
price difference between grade | and grade Il ranges such milk, and most of them breed highly productive
within 10-20%, while between grade | and non-grade  cows with proper housing, feeding, and veterinary care.

Table 3. Quality of milk supplied for industrial processing, by grade

Indicators 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Agricultural enterprises

Volume of milk supplied, thous.t 1,919 2,160 2,193 2,298 2,287 2,375 2,533 2,560 2,428 2,348 2,253 2,107

in terms of milk with basic fat

2,030 2,278 2,325 2,428 2413 2512 2,688 2,720 2,610 2,556 2,478 2,305

content
including by grade:
- extra 113 120 227 223 248 366 441 586 710 885 973 1089
specific weight, % 5.6 5.3 9.8 9.2 103 146 164 216 272 346 393 472
- prime grade 669 711 798.7 821 850 923 987 1036 938 874 875 750
specific weight, % 330 312 344 338 352 367 367 381 359 342 353 326
- grade | 1,157 1,311 1,182 1,251 1,197 1,056 1,018 895 844 776 614 444
specific weight, % 570 576 50.8 515 496 420 379 329 323 304 248 193
- grade Il 83 128 1137 129 113 160 235 194 97 16 16 21
specific weight, % 4.1 5.6 4.9 5.3 4.7 6.4 8.7 7.1 3.7 0.6 0.6 0.9
Undergrade 8 7 37 5 5 6 7 9 21 5 0.5 0.2
specific weight, % 0.4 0.3 0.2 0.2 0.2 0.3 0.3 0.3 0.8 0.2 0.0 0.0
Share in purchased milk, %
- fat 36 359 36 359 359 36 3.6 3.6 3.66 3.7 374 372
- protein X X X 3.07 305 306 3.06 31 313 316 319 320

Households
Volume of milk supplied, thous.t 2,094 1,954 1,771 1,699 1,312 1,161 1,200 1,054 822 708 531 337

in terms of milk with basic fat
content

2,155 2,007 1,824 1,737 1,346 1,198 1,239 1,089 851 733 554 353

including by grade:

- prime grade 7.6 44 1223 17 1.0 0.6 1.6 2.3 0.8 1.6 0.7 137
specific weight, % 0.4 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.1 3.9
- grade | 521 341 2389 205 119 108 110 136 102 586 436 272
specific weight, % 242 170 131 118 89 9.0 8.9 124 120 799 787 771
- grade || 1,573 1,508 1,507 1,452 1,163 1,028 1,081 904 708 135 108 67
specific weight, % 730 751 826 836 864 858 872 830 832 184 196 190
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Table 3. Continued

Indicators 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Undergrade 55 154 769 79 63 61 46 47 40 10.8 9.1 0.1
specific weight, % 2.5 7.7 4.2 4.5 4.7 5.1 37 43 4.8 1.5 1.6 0.0
Share in purchased milk, %
- fat 35 349 3.5 348 349 351 351 351 352 352 354 356
- protein X X X 293 292 293 295 296 294 296 294 296

Source: calculated by the authors of this study based on data from State Statistics Service of Ukraine (n.d.),

Yu. Lupenko et al. (2023)

It is much more difficult to bring milk from private
households to a high quality, as the conditions of cows
in such farms and the milking process do not always en-
sure that raw milk is of a high quality. In some cases,
contamination of milk with microorganisms can occur
even during milking due to non-compliance with san-
itary standards. All this leads to contamination of milk
with undesirable microflora, and due to imperfect pro-
curement and logistics, milk from the private sector does

not meet the requirements of regulatory documents. An
analysis of milk supply to processing companies shows
that in 10 months of 2022, extra grade milk was pro-
cessed 10% more than in 2021 (Fig. 5). In other words,
in 2022, 46% of milk supplied by agricultural enter-
prises was extra grade milk. Thus, in 2022, the share of
extra grade milk produced by agricultural enterprises in
Ukraine increased by a greater percentage than in the
EU but did not reach their level.

45 4 EU Ukraine ——fat content, %
M protein content, %
7 \/\/\/
3.5 A
3
I‘II‘III‘IV I‘II‘III‘IV I‘II‘III‘IV I‘II‘III‘IV I‘II‘III‘IV I‘II‘III‘IV
2019 2020 2021 2019 2020 2021

Figure 5. Milk quality (fat and protein content) in the EU and Ukraine in 2019-2021 (by quarters)
Source: calculated by the authors of this study based on data from State Statistics Service of Ukraine (n.d.), Clal.it (n.d.)

As noted earlier, Ukrainian standards are con-
siderably inferior to European ones. When it comes
to the quality of Ukrainian and European milk, these

parameters differ significantly. Thus, fat content, pro-
tein, somatic cell count, and bacterial contamination in
Ukraine are considerably lower than in Europe (Table 4).

Table 4. Main parameters of milk quality in Ukraine and Europe

Country Fat content, % Protein content, % SCC,cm3 Bacterial contamination, cm?
Ukraine 34 3.0 <400000 <100000
Europe 4.2 3.4 <249999 <24999
Source: DSTU 3662:2018 (2019)
It was found that the higher level of raw milk P = (iﬂ- 0.6+£E—”- 0.4)-Prf, (1)
UA UA

prices in the world is conditioned by higher require-
ments for product quality - fat, protein, antibiotics,
somatic cell count, and bacterial contamination. Con-
sidering the European fat content of 4.2% and protein
content of 3.4%, the authors recalculated the purchase
prices for raw milk in Ukraine relative to the European
ones, using the methodology described below (CLAL.
it). The pricing of milk and dairy products should fac-
tor in the quality of the product (fat and protein con-
tent as 40:60), which is incentivised by premiums and
surcharges.

where P, is the average protein content for EU countries,
%; P, is the protein content in Ukraine, %; F,, is the aver-
age fat content for EU countries, %; F, is the fat content in
Ukraine, %; Prf - the factual price of milk in Ukraine, EUR/.

Comparing the raw milk purchase prices recalcu-
lated to the basic indicators, it was found that their fac-
tual level in Ukraine (43.47 EUR/t in October 2023 in
European countries, against 39 EUR/t in Ukraine for the
corresponding period) is lower than in most European
countries (Fig. 6).
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Figure 6. Average milk price in the EU and Ukraine (converted to EU milk quality), EUR/t
Source: calculated by the authors of this study based on data from State Statistics Service of Ukraine (n.d.), Clal.it (n.d.)

Thus, at the end of 2022, purchase prices for milk in
Ukraine were 40% lower than in the EU and 11% lower
than in 2021. Ukraine’s dairy market is under pressure
from a range of factors that are holding back milk price
growth: declining domestic consumer demand; rising
unemployment, which indicates a decline in dairy con-
sumption in the near future; rising production costs
due to the destruction of the energy system by Russia’s
shelling; depreciation of the hryvnia, etc. (Association
of milk producers in Ukraine, n.d.).

There are numerous discussions among scientists
about the readiness of Ukrainian milk producers to
comply with European standards for fat (4%) and pro-
tein (3.4%) in milk. During the Soviet era, the only basic
indicator of milk quality was fat content. The protein
content indicator appeared a little later due to the lack
of animal protein in the diet. Ukraine has the lowest
basic indicators of fat and protein among post-Soviet
countries. These requirements are not only consumer
but also economic in nature. Thus, Israel does not ac-
cept Ukrainian milk for processing, even extra grade
milk. The authors of the present study believe that
achieving these standards will enable Ukrainian pro-
ducers to join the so-called ‘elite” of milk producers.

Analysts have different opinions on compliance
with standards. Y. Sivov et al. (2020) note the need to
comply with such standards, but note that as a result
of their application, the profitability of an average
dairy farm may decrease by 12-14%. M. Bugai (2020)
believes that Ukrainian dairy producers have all the
capacities to produce products according to European
standards without fantastic investments. An equally
essential issue in the dairy industry is the dictates of
retailers towards dairy producers. J. Britt et al. (2018)
predict an increase in production and safety in the
dairy industry through consolidation, modernisation,
and specialisation. It is noted that large dairy farms

Scientific Horizons, 2023, Vol. 27, No. 1

will increase the level of automation to reduce costs,
which will affect their profitability. The authors envis-
age a transition from the usual export of surplus to an
increase in the production of value-added products
that will be adapted to particular tastes and traditions.
0. Shpychak et al. (2022) believe that to ensure the pro-
duction and sale of high-quality milk, it is necessary to
reorganise its production by concentrating the number
of cows in farms. Government support mechanisms can
play a vital role in this regard.

According to L. Tulush, Head of the Analytical
Department of the Union of Dairy Enterprises of
Ukraine (2021), state support measures, entrepreneurs’
efforts and consideration of international practices will
help ensure food security in Ukraine, reduce dairy im-
ports, and introduce advanced resource-saving tech-
nologies to produce high-quality dairy products. If the
quality of their products is maintained, domestic pro-
ducers will be able to expand their sales geography by
developing new international markets.

The state should facilitate the implementation of
financial incentives for the development of the dairy in-
dustry to stabilise milk production. There is a shortage
of raw milk in Ukraine, which prompts processing com-
panies to consider various options for maximising their
capacity utilisation. Otherwise, Ukraine will become
more dependent on dairy imports, which will increase
threats to food security. Thus, negative processes in
the industry will become irreversible if the state does
not intervene in this situation in the coming years
(Tulush, 2021). N. Shyian and V. Kolosha (2020) also
note that with the joint efforts of the state, milk pro-
ducers,and processors, the Ukrainian dairy market has a
real potential to run a profitable business and become
a powerful exporter of dairy products to the European
market and other countries. The findings of the pres-
ent study and the conclusions of the above-mentioned




authors suggest that, given the strategic course towards
European integration, the dairy industry of Ukraine
should be guided by European product quality stand-
ards. A vital factor in fulfilling the purpose of the strat-
egy is to improve the quality of the raw material base
through concentration of livestock and joint efforts of
the state, milk producers, and processors.

CONCLUSIONS

The conducted study suggests that, since Ukraine has
been granted EU candidate status, the issue of the qual-
ity of domestic products is of particular importance. Giv-
en that European standards for raw milk procurement
are several orders of magnitude higher than Ukrainian
standards, it is necessary to harmonise state standards
for these products with international requirements and
introduce certain measures to improve the culture of
milk production, delivery, and marketing to dairy pro-
cessing enterprises.

An equally urgent issue is private households, which
should be transformed into family dairy farms (cooper-
atives) to preserve the livestock, because second-grade
raw milk, which is mostly produced by these farms, can-
not be used to produce export-oriented products, which
is 75% of all milk produced in Ukraine. Statistics show
that more than half of the world’s milk is processed by
cooperatives, as this business model best serves the in-
terests of raw milk producers and the processing industry.

It was found that the competitiveness of dairy
products depends on the quality of the raw material
base. Strict quality requirements for raw milk limit the
ability of most Ukrainian dairy processing companies
to enter European markets. Therefore, government
mechanisms of influence should be aimed at support-
ing Ukrainian producers and promoting the formation
of specialised milk cooperatives. The authors of this
study propose to consider the quality parameters of
products when forming the price of milk of Ukrainian

Bal-Prylypko et al.

producers using surcharges and extra charges to bal-
ance it against the basic indicators of raw milk quality
in European countries. Comparing the raw milk pur-
chase prices recalculated to the basic indicators, it was
found that their factual level in Ukraine in October
2023 was 39.0 EUR/100 kg, and in European coun-
tries - 43.47 EUR/100 kg. Thus, the price of milk in
Europe is 11.5% higher than the factual price offered
by Ukrainian producers, which is an incentive for them
to improve product quality and, consequently, generate
higher profits.

The analysis of the current state of dairy farming
suggests that to boost the dairy business, it is neces-
sary to increase state support for the industry. The fact
that the purchase price of milk from both agricultural
enterprises and households, which is supplied to dairy
processing plants, is almost three times lower than the
final retail price is unacceptable. Therefore, the devel-
opment of the dairy industry in the long term is possi-
ble only if the interests of all market players - produc-
ers, processors, and the state - are considered and they
work closely together.

Further research will be aimed at a detailed analysis
of the set of factors that directly affect the selling price
of milk and substantiation of a fair distribution of the
price between producers, processors, and trade. In the
future, special attention should be paid to marketing
strategies and innovative capabilities of the dairy busi-
ness. Thus, the introduction of an effective mechanism
for implementing the proposed measures with govern-
ment support will be the driving force behind the ac-
celerated development of the dairy industry.
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AHoTauia. HeobxigHiCTb MOLWYKY LWAAXIB NiABULWEHHS SKICHUX XapaKTePUCTMK MOJIOKA SIK OCHOBM MifBWLLEHHS
KOHKYPEHTOCMPOMOXHOCTI MOMIOYHOI MPOAYKLii Ha CBITOBOMY PUHKY 3YMOBAKE aKTyanbHiCTb LOCNIOXKEHHS.
MonouHa rany3b YKpaiHW € OOHIEN 3 BAX/IMBUX Y arpapHOMY CEKTOpi EKOHOMIKM, TakK ik 3abe3nevye HaceneHHs
KpaiHM XUTTEBO HEOOXIAHUMM NPOAYKTAMM XapyyBaHHS. MeTa foCNigKeHHS — 0B6rpyHTYBaTM HanpsiMMU BUPILLEHHS
OpraHisauiiHo-eKOHOMIYHMX MpobieM pPO3BMTKY MONOYHOI ranysi Ansg 3al0BONEHHS NOTPeD BHYTPIWHbOrO PUHKY
SKICHOIO MOJIOYHOK MpoAyKLi€ Ta 36iNbleHHs eKCnopTHOro noTeHuiany. [JocnigXeHHs NpOBOAMAUCA 3 METOK
BUSIBIEHHS! OCHOBHUX MPUYMH TPAHCHOPMALLIMHUX 3MiH, SKi BiAOYIMCS B MONOYHOMY CKOTApCTBi Ta OKpPECNEeHHS
nepcrnekTMBHUX HAMpsIMKIB PO3BMTKY OaHOI ranysi B KOHTEKCTI MiABMLLEHHS SKOCTI npoaykuii. Y dokyci aaHoro
[OCNIMKEHHS — €BPOMENCHKI Ta HALiOHaNbHI BUMOIM OO SKOCTi MONOKO-CMPOBWMHU. [pu poboTi 3 aHaniTUY4HUM
MaTepianoM BUKOPUCTOBYBANUCA TaKi METOAM EKOHOMIYHUX AOCNIAKEHb: EKOHOMIKO-CTaTUCTUUYHMI, NOPIBHANBHOIO
aHanisy, rpadivyHUR, NOriYHOro y3arasbHEHHS, CUCTEMHOIO NiAX0AY, CUCTEMHO-CTPYKTYPHOr0 aHanisy, po3paxyHKOBO-
KOHCTPYKTUBHMIA. Y CTaTTi NpoaHani3oBaHO AaHi CilbCbKOroCnogapCbkmMx NiANPUEMCTB | rOCMOAAPCTB HACENEeHHS
YKpaiHu, gKi 3aiMMatoTbcs BUpoOHULTBOM Monoka 3a 2010-2022 poku Ta 34iACHEHO NepepaxyHOK 3aKyniBenbHUX LiH
Ha MOJIOKO-CMPOBUHY BiJHOCHO EBPOMNENCHKMX MOKA3HMKIB AKOCTI NPOAYKLii. Pe3ynbTatv npoBeAeHOro A0oCigKeHHS
CBiAYaTh, WO 3abe3neyeHHs KOHKYPEHTOCNPOMOXHOCTI NPOAYKLiT MOMOYHOI rany3i 3anexuTb Big, AKOCTI MOSOKa.
BcTtaHoBneHO, WO BOHA € BULLOK B EBPONENCHKMX KpaiHaX, TOMY BUCOKI CTaHAAPTM LWOA0 AKOCTI MOSIOYHOI CUPOBUHMU
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i3 BUpOOHMLTBA MOMIOKA AN MosoKonepepobHUX NianpuEMCTB. [pakTMYHA 3HAYMMICTb OTPUMAHWX pe3y/bTaTiB
NoNrae B TOMy, LLLO aBTOPCbKi pekoMeHAaL,ii MoXyTb ByTWM BUKOPWUCTaHI CiNlbCbKOroCNoAapCbKUMM MiANPUEMCTBAMM
4M 0COBUCTUMM rOCMOAAPCTBAMM HACENEHHS B iXHil NepecivyHin fisnbHOCTI
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for this. The purpose of the study was to assess the latest trends in the development
of the industry and, based on them, form recommendations for the development of
the country, in particular, in wartime conditions. The main methods used in the study
were analysis, historical analysis, forecasting, and abstraction. Within the framework of
the study, some statistical data describing the latest trends in the development of the
agricultural sector of Ukraine were analysed, including international trade in industry
products, the amount of land planted with agricultural crops, the amount of livestock
products produced. It was found that there were positive trends in the development
of agriculture in the country, especially in the field of crop production. However, the
events of 2014 and 2022 have led to political and economic instability in the country,
resulting in stagnation (in the case of animal husbandry) and a decrease in growth
rates (for crop production). Considering the difficulties that exist for the development
of crop production in war conditions, separate recommendations were proposed for
the development of national policy. These include minimising the negative impact of
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corruption (developing institutions), promoting innovation, and attracting investment. Although some such actions
are already being implemented by the state in the form of various support measures, they are still not enough to
solve all the problems of development in the sector. The paper brings new knowledge to the field of research in
the agricultural sector, in particular in Ukraine. This knowledge will allow for more effective policy-making for both

public sector representatives and entrepreneurs

Keywords: innovation; international trade; entrepreneurship; finance; agriculture

INTRODUCTION

The agricultural sector as a whole plays an important
role in the global and national economy, ensuring food
security, creating jobs, and positively influencing the
social, economic and environmental components of so-
ciety. The agricultural sector is the main source of food
products for the population, which becomes very im-
portant in conditions of various crises that can lead to
an increase in prices for these products on the market.
Developed agriculture in general strengthens the stra-
tegic power of the state, provides raw materials to other
industries, and also has a positive impact on the so-
cio-cultural landscape of individual regions. In modern
conditions, this industry requires innovation and the
latest technologies to increase productivity and sus-
tainable development. Agriculture remains one of the
main industries in Ukraine. This is related both to some
geographical factors (for example, the high fertility of
local soils) and historical ones (the country was often a
component of empires or other associations, remaining
their raw material appendage). Nevertheless, even in
modern conditions, this area has many difficulties that
complicate its development.

Asignificant number of researchers have studied the
current features of the development of the agricultural
sector in Ukraine.).A.T. Silva et al. (2023) considered ag-
ricultural production in Ukraine in the context of a full-
scale Russian invasion.Researchers described the signif-
icant damage that the agricultural sector received due
to military operations and the economic consequences
of the war, but did not indicate recommendations that
the state authorities can take to reduce the existing
negative impact. O.V. Zakharchuk et al. (2021) assessed
the current state of agricultural development in Ukraine
and highlighted the main macroeconomic factors that
influenced decision-making in this area. In addition,
they offered solutions in the context of improving the
efficiency of activities for businesses in agriculture in
Ukraine. O. Tomilin et al. (2023) investigated the current
state and dynamics of changes in land resources in ag-
riculture in Ukraine. They wrote about the importance
of maintaining the sectoral structure of agro-industrial
production and achieving macroeconomic equilibrium
by maintaining the most effective intersectoral propor-
tions in the national economy and coordinating national
interests. The features of modern conditions for the de-
velopment of national policy, in turn, were evaluated by
[.P. Dynnyk (2022). The researcher noted the main areas

of modern state agrarian policy, in particular, stabilisa-
tion of agro-industrial production,ensuring food security,
supporting agricultural markets, improving food supply,
maintaining balance with other sectors of the economy,
protecting domestic producers. However, he gave quite
a few recommendations to improve the effectiveness of
policy implementation. L. Moldavan et al. (2023) inves-
tigated the sustainable development of Ukrainian ag-
riculture in the context of climate change. Researchers
drew attention to the problems of specialised monocul-
tural farming, which is managed by large agro-indus-
trial companies to make a profit. In view of this, it was
proposed to switch from monocultural production to re-
duce the negative environmental effect of the activities
of large agricultural enterprises.

Thus, the purpose of this study was to assess the lat-
est trends in the development of agriculture in Ukraine.
This is important to be able to better understand the
current state of the sector and more effectively form
public policy in it, conduct business.

MATERIALS AND METHODS

The study was conducted on the time interval from
2001 to 2023, since this period allows the best assess-
ment of recent trends in the development of agricul-
ture in Ukraine (choosing a longer period may lead to
distorted results, given that the factors of the country’s
secession from the Union of Soviet Socialist Republics
played a significant role in the 1990s). The main source
for such information was the State Statistics Service
of Ukraine (Areas, gross harvests..., 2023). Information
from this service was used to assess the natural char-
acteristics of agricultural development in the country,
and to assess the net income of enterprises. The data
that characterised international trade in agricultural
products was taken from another service, Trade Map,
through easier and more complete access to data.

It was decided to aggregate and summarise the
data provided by the State Statistics Service as much
as possible to simplify the understanding and pres-
entation of data on the development of agriculture in
Ukraine. However, sometimes there were difficulties
with this. For example, in the context of crop produc-
tion, information was provided on the volume of gross
production and crop yields separately by group. In-
deed, this gives a better understanding of the general
situation separately for each of them, but it would be
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inappropriate to provide such data in a study. Thus, it
was decided to aggregate them. Thus, the indicator of

G
(Un1*Inz*.Inm) M

the average change in the yield of agricultural products
was calculated as follows:

(1)

Cn = ((

Um-n1¥m-1)2-I(n-1)m)

where C - value of the indicator in the period n; / - val-
ue of the indicator that appears when finding the per-
centage of yield growth of a certain type of agricultural
product; m - number of indicators; n - period; C, - 100.

This approach allowed estimating the average
change in agricultural yield in the country. Although it
does not evaluate the weight component of each type
of product separately, it provides significantly more
correct indicators (in terms of agricultural character-
istics) than other approaches based on available data
and their aggregation needs. A similar approach has be-
come typical for further analysis of livestock products.

The paper also examined the volume of internation-
al trade in agricultural products of Ukraine, and the in-
come of local enterprises. To estimate export and import
data, the study used data from the Trade Map source ad-
justed for the inflation rate, the value of which was tak-
en from Macrotrends (U.S. Inflation Rate..., 2023). Data
on the income of enterprises were taken from the State
Statistics Service of Ukraine, and also adjusted for the
level of inflation published by the same service. Data in
the context of financial results of agricultural companies
were available only for the period since 2010, which ex-
plains this time limit when analysing this indicator.

The main approach that was applied during the
study was systematic. It allowed the study to analyse the
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selected elements within a single system, where they
interact with each other. This enabled a more accurate
assessment of current trends in the study of the Ukrain-
ian agricultural sector. A significant number of different
research methods were also used. The historical meth-
od was used to investigate data on the state of the agri-
cultural sector of the Ukrainian economy in recent years
and form conclusions on this issue for the current state
of the country’s agricultural sector. Using the forecast-
ing method, assumptions were formed about how this
sector might develop in the future, and the country’s
economy as a whole. Abstraction also allowed limiting
the number of factors that were considered during the
study to assess the development of agriculture. This, in
turn, helped to increase the effectiveness of the study
by improving its accuracy and clarity.

RESULTS

The trends described above can be seen using statisti-
cal data.Although their duration is limited to the period
since independence, and often even shorter, they can
reveal some trends that are characteristic of Ukraine’s
current situation. First, it is worth considering individ-
ual indicators that characterise both animal husbandry
and crop production in natural terms. They are shown
in Figure 1.
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2019
2020
2021
2022
2023

Change in average agricultural yields

Figure 1. Data on the area of land planted with agricultural crops and information on the average yield
of agricultural products in Ukraine in the period from 2001 to 2023
Source: compiled by the authors based on data from the State Statistics Service (Areas, gross harvests..., 2023)

As can be seen from Figure 1, the area under agri-
cultural land gradually increased over time, including
the average yield, which, in general, indicates the grad-
ual development of this area. This was due to the export
orientation of the agricultural sector of Ukraine and the
simultaneous increase in demand for grain products,
rising food prices. A significant decrease in acreage is
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observed in 2014 due to the difficult political situation,
the beginning of the events on the Maidan, the annex-
ation of Crimea, and the beginning of the war with Rus-
sia. All of this has led to instability, reduced investment,
and increased risks to the agricultural sector, while
lower food prices have reduced farmers’ motivation to
expand their acreage. A similar situation is observed in




2022, but its volumes are much larger: the inflow of
investment to the country significantly decreased, there
were restrictions on trade in agricultural products, and
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some territories were temporarily occupied. All this
caused the loss of acreage. Information describing the
field of animal husbandry can be seen in Figure 2.
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Production of major livestock products

Figure 2. Data on changes in the number of farm animals and production of the main types of livestock products
in Ukraine in the period from 2001 to 2023
Source: compiled by the authors based on data from the State Statistics Service (Areas, gross harvests..., 2023)

As can be seen from Figure 2, there is a trend in
the country for a gradual decrease in the number of
farm animals and the production of livestock products,
which is generally a sign of stagnation of the indus-
try. This is conditioned by the fact that environmen-
tal conditions in the country are more favourable for
growing crop production, rather than animal husbandry.
Thus, most farmers are gradually moving to growing
grain. As for the production of livestock products, it
grew until 2014 simultaneously with a decrease in
the number of farm animals, which suggests that the
reason for the growth is precisely the improvement
of livestock productivity in the country, which is asso-
ciated with the gradual recovery of the country after
the collapse of the Union of Soviet Socialist Repub-
lics (USSR), attracting foreign investment, updating
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the technological base in the industry. However, since
2014, there has been a gradual decline, which is also
associated with the beginning of economic and polit-
ical instability caused by the annexation of Crimea by
Russia and the war in Donbas. The situation in 2022
only worsened due to the beginning of a full-scale in-
vasion and even greater problems for farmers, both
economic, such as restrictions on international trade
and inflation, and military, namely the destruction of
infrastructure and the loss of territories for growing
livestock products. After analysing the data, it can also
be seen from Figure 1 that the country has become
more specialised in crop production, rather than ani-
mal husbandry, which causes changes in the structure
of agricultural production. The income of agricultural
enterprises in Ukraine is shown in Figure 3.
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Figure 3. Net income of agricultural enterprises in Ukraine (adjusted for inflation) in the period from 2010 to 2022
Source: compiled by the authors based on data from the State Statistics Service (Areas, gross harvests..., 2023)

As can be seen from Figure 3, the net income
of companies in the agricultural sector in Ukraine
gradually increased between 2010 and 2021, even

considering inflation. In some years, both declines and
increases can be seen, but they are all related to cli-
matic factors (which affected yields) and agricultural
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prices on international markets. In general, this is a fac-
tor in the gradual development of the sphere. However,
there was a significant drop in 2022, which led to a real
stagnation of the sector to the state it was in 10 years
ago, which, as repeatedly noted above, was conditioned
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by limited opportunities for development on the part of
farmers due to the beginning of a full-scale Russian in-
vasion. It is also worth considering information on the
export and import of products by Ukraine in the field of
agriculture. These data are shown in Figure 4.
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Figure 4. Exports and imports of Ukraine in the field of agriculture for the period from 2001 to 2023, adjusted for
inflation, USD billion
Source: compiled by the authors based on data from the State Statistics Service (Areas, gross harvests..., 2023)

As can be seen from Figure 4, the country’s foreign
trade in agricultural goods also increased or remained
at the same level, even considering inflation. Since the
increase in foreign trade is a factor in the development
of a particular sphere, the same can be said about ag-
riculture. The trend generally remained upward, except
for some years, namely 2008, 2014, and 2022, which
was caused by various difficulties (namely, the global
financial crisis, the outbreak of war with Russia and a
full-scale invasion). The decline in 2022 and 2023 is
characteristic: although it is significant, given the sit-
uation in the country and restrictions on the export
of products abroad, it could be significantly greater if
mechanisms were not created for the export and im-
port of products by the country.

Thus, it can be concluded that agriculture in Ukraine
is generally developing rapidly, especially crop produc-
tion. However, there are serious problems in the country
that slow down this process, in particular, low produc-
tion efficiency (outdated methods and technologies are
often used in the country), gradual loss of land resourc-
es (including due to military conflicts), high levels of
corruption and low development of institutions, price
instability, lack of infrastructure (Usman et al., 2020).
All these difficulties are compounded by the fact of
military operations, and therefore, it is difficult to pro-
pose effective components of state policy that would
avoid a significant number of negative existing effects.
This is due to the fact that any support from the state
from a financial standpoint cannot be relevant at such
a time, since the maximum budget volumes should be
directed to front-line needs. Thus, the most relevant
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recommendation is to minimise the negative impact
of the corruption component on the sector and on the
country’s economy as a whole (Zulfigar et al., 2019;
Zhai et al., 2020). This can be ensured both by the activ-
ities of the bodies responsible for combating corruption
and through changes in legislation that would make
this activity impossible.

A special role in the modern development of ag-
riculture in Ukraine is played by innovation, or rather
difficulties that do not allow it to develop. Thus, most
projects require investment, but agriculture often has
limited access to financial resources, which does not al-
low them to implement any technologies. In addition,
the country has a weak legal framework to ensure all
the necessary processes related to the introduction of
innovative technologies and their further scaling. The
problems of legislation also include difficulties in the
context of land reform. In general, corruption, along with
weak institutional development (as mentioned above),
also has a negative impact: they create uncertainty for
investors, which reduces their desire to invest. All the
above factors have not allowed the country to form a
strong innovation base in a high-quality way all the time
of independence. However, all of them have become
even more relevant in the context of a full-scale inva-
sion, given that agricultural enterprises receive lower
profits, new (military) risks have appeared, economic, so-
cial and political instability has increased. Thus, for the
qualitative development of the country in this area, it is
necessary to provide high-quality conditions for inves-
tors to finance (Yaday, 2020; Tang et al., 2021). It is worth
noting that ensuring the introduction of innovations in




agriculture is one of the most urgent opportunities for
countering the negative effects of war: for example,
losses in territories that were previously sown with ag-
ricultural products can be levelled by increasing the fer-
tility of areas that are still under control.

As of now, the state is making significant efforts
to support the agricultural sector in Ukraine. Thus, on
November 9, 2023, a grant programme was adopted for
creating businesses in the agricultural sector, in par-
ticular, for creating greenhouses, creating or develop-
ing horticulture, berry growing, and viticulture (Grants
for business..., 2023). Grants were issued in amounts of
up to UAH 7 million for the greenhouse business, and
hundreds of millions of UAH for horticultural enter-
prises (depending on the area of planted gardens). In
addition, there are some benefits in the field of insur-
ance (Agriculturalinsurance, 2023), for land reclamation
(Melioration, 2023), providing farmers with temporary
grain storage facilities and equipment for loading/un-
loading hoses (Programs to provide..., 2023) and the
like. Special attention should be paid to some other
separate types of assistance. So it is allocated for 1 ha
of land cultivated by a farmer, and for the maintenance
of cattle: it is important to note that this programme is
also supported by the European Union, which allocated
an amount of EUR 50 million for it (Financial support
for..., 2023). However, support is provided not only in
this area, but also in others, in particular — small and
medium-sized producers. In addition, back in 2021,
programmes were formed to simplify interaction with
banks and reduce the cost of loans (Lowering the cost...,
2023; Interaction with banks, 2023). Thus, the state is
already taking actions aimed at supporting agriculture
and its further development. However, after the end of
the war, the number of such positions is expected to
increase, as the budget will release funds that were
previously used in the defence sector. Such a policy
will accelerate the pace of recovery of the sector, which
will have a positive impact on the development of the
country’s economy as a whole.

Active work is also underway to attract internation-
al support. Thus, the International Conference on the
Restoration of Ukraine in Lugano, Switzerland, held on
July 4-5, 2022, was devoted to solving the problems of
the Ukrainian economy. Prime Minister Denys Shmyhal
presented a project to restore Ukraine, according to
which USD 37 billion will be allocated to the agricul-
tural sector from the total budget of USD 750 billion
for 10 years. The plan includes USD 4 billion for an ir-
rigation system on 1 million hectares, USD 7.7 billion
to increase the production of high-value agricultural
products, USD 1.6 billion to restore war-damaged land,
USD 5.5 billion to increase the production of livestock
products, and USD 1 billion for the transition of the
Ukrainian economy to the agricultural sector to ‘green”
development. The document defines the need to attract
USD 6.5 billion by 2032 for the reconstruction of 10.5
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thousand post-war Ukrainian agricultural enterprises
(Draft Ukraine Recovery..., 2022).

Considering the near future, the state budget of
Ukraine for 2024 includes more than UAH 41 billion for
programmes to support the national economy, some of
which is allocated to agricultural enterprises (Business
aid for..., 2023). Given that Ukraine needs immediate
economic development instead of post-war plans, the
budget aims to cover almost all defence spending from
tax revenues. The Ministry of Economy seeks to improve
the public procurement system to effectively use budget
funds and attract more Ukrainian businesses, and the
government plans to expand business participation in
the provision of social services, encouraging small and
medium-sized businesses in communities to offer ser-
vices such as social support for military personnel.

DISCUSSION

Given the current trends in the development of the ag-
ricultural sector in Ukraine in the future, the situation
in agriculture is expected to continue to deteriorate
until the war is over. Ukraine will continue to special-
ise in crop production, namely wheat, and the industry
itself will become a driver of economic development
and post-war reconstruction of the country. In the field
of animal husbandry, there may also be a recovery in
the event of an influx of new investment after the end
of the war. However, all this will be possible primari-
ly through the implementation of high-quality public
policies aimed at supporting these two sectors and en-
suring the inflow of foreign investment using the tools
already mentioned above. The forecast will also differ
depending on when military operations will stop.

The impact of the war on Ukraine’s agriculture
and global food security was assessed by V.A. Verhunov
(2020). Researchers stressed the significant negative
impact on the agricultural sector of Ukraine by the
Russian-Ukrainian war, which has been going on since
2014 and was aggravated by the invasion of 2022. The
war disrupted the sowing season, destroyed agricultur-
al land, and complicated distribution routes, including
important seaports and land routes. These disruptions
extend to transportation, affecting the movement of
agricultural products, with additional problems caused
by the fuel and energy crisis and rising fertiliser costs.
Although the researchers did not give clear digital val-
ues of the damage that Ukraine and the world suffered
due to the war, they write about the need for further
assessments of it,and also note the long-term negative
impact of the conflict on the global economy. Above,
attention was paid primarily to the study of the devel-
opment of agriculture in Ukraine: as it was shown, it
was largely negative, which can be seen both in the
analysis of the values of international trade and natu-
ral indicators that characterise the agricultural sector.
However, a similar situation has had a negative impact
on the global economy, causing the risk of a food crisis.
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Although such an outcome was avoided, however, repre-
sentatives of state authorities around the world should
continue to pay attention to this problem in order to
prevent the emergence of global or regional hunger.

The role of agriculture was also studied by
G.W.Meijerink and P.Roza (2007) and M.Tudi et al.(2021).
Researchers have considered significant changes in re-
cent years regarding the role of agriculture in the eco-
nomic development of developing countries. They em-
phasised the importance of agriculture and the links
between the agricultural and non-agricultural sectors,
agricultural and non-agricultural activities, as well as
rural and non-rural regions. The researchers noted that
“new” agriculture focuses on high-value crops, quality
food, and modern distribution channels, including ex-
ports, health standards, organic food, and certification.
They were concerned about how in the future small
farms and poor farms from remote regions will be
able to develop effectively in similar conditions. This
is particularly important given that “local” agriculture
as a whole plays an important role in how local com-
munities can develop from both an economic, social,
and environmental perspective. Researchers noted the
need for state support for such farms to ensure their
sustainable development and readiness to use the lat-
est technologies. In today’s highly competitive envi-
ronment, it is important to prevent the decline of the
agricultural sector in countries to maintain their own
strategic food security. The paper draws attention to
the interdependence between agriculture and other
sectors, and the numerous cross-sectoral links through
which agricultural growth supports overall economic
growth and provides benefits beyond economic perfor-
mance. The paper above also highlighted the role of
agriculture for regional development, as it can provide
jobs for a significant number of people in rural areas.
However, in Ukraine, its role is much broader due to
the fact that the industry is the main one in the con-
text of international specialisation (Singh et al., 2021).
The state budget and foreign exchange revenues to the
country largely depend on it. Thus, state supervision of
it is particularly important.

L.R. Magdalena et al. (2022) and R. Abbasi et al.
(2022) evaluated the possibilities of using agricultural
and industrial waste as raw materials for reuse in in-
dustry. Researchers considered the concept of a circular
economy, focusing on the food and agricultural indus-
tries in Poland and related waste. They highlighted a
significant problem in the country related to food waste,
and described the importance of implementing the
concept of a circular economy in the country. Research-
ers mentioned various ways to dispose of agricultural
waste, such as the production of biofuels, biochar, and
biosorbents. All of this applies to the construction of
bio-processing plants where food waste can be con-
verted into a range of biofuels or bio-products, empha-
sising the importance of sustainable development and
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resource efficiency. Thus, the researchers emphasised
the importance of environmental waste management
practices and the importance of converting agricultural
and food waste into valuable resources in accordance
with the principles of a cyclical economy and sustain-
able environmental policy. In turn, A. Sengupta (2022)
studied the current state of agriculture in India and
assessed future prospects for its development. The
researcher emphasised the importance of sustainable
agricultural production, which depends on the efficient
use of resources, including soil, water, genetics, and cli-
mate. It was noted that the country had a significant
number of problems in the sector, which, in particular,
led to a significant number of negative consequences,
such as impoverishment of the population and a high
proportion of farmers’ suicides. The paper describes
that the solution of these difficulties can be achieved
through the development of the latest technologies
and ensuring a model of sustainable development in
this area. The above paper did not describe the need to
solve environmental problems in the field of agricul-
ture, although it should be recognised that this is an
important component of state policy in the long term.
The reasons for not paying enough attention to this is-
sue are that there is a war going on in the country, and
therefore, the state should first of all focus on solving
issues of the front. However, environmental problems
can also be solved by introducing the latest technol-
ogies, the importance of which was mentioned in the
paper. In addition, this component will become relevant
again after the end of the war.

K.Jha et al. (2019), N. Yaqoob et al. (2022) examined
the relationship between consumption of major food
crops and their impact on overall agricultural produc-
tivity. Researchers wrote that climate variability and
grain prices are now significant factors influencing food
choices, which leads to a decrease in the consumption of
carbohydrate-rich grain products per capita. Research-
ers see the solution to these difficulties (as one of the
options) as an increase in production volumes due to
the use of the scale effect. However, this currently seems
unlikely, given the reduction in the area of land that can
be used for agriculture due to the spread of urban in-
fluence. Another option is to develop and use the latest
technologies, which is a more efficient and realistic op-
tion in modern conditions. In the framework of the study
above, the need for the use of the latest technologies in
the context of agricultural development in Ukraine was
also considered, in particular, considering the military
aspect. This can really increase the efficiency of the in-
dustry, which is very important in the context of the loss
of a certain part of the territories and the actual impos-
sibility of developing the sphere extensively.

CONCLUSIONS

The study analysed the development of the agricultural
sector in Ukraine in the period from 2001 to 2023. The




analysis of certain statistical data, including the area
of planted land, the number of farm animals, interna-
tional trade volumes and some others, showed both
positive trends and challenges faced by the agricultur-
al sector of Ukraine. Thus, a general trend towards a
gradual increase in the area of agricultural land and
average yields was gradually noted, in particular, due to
export-oriented practices that reflect the development
of the sector over time. However, after 2014 and 2022,
due to the intensification of the war with Russia, signif-
icant difficulties arose in the agricultural sector, which
led to a deterioration in all the indicators analysed in
the paper.

In light of these trends, Ukraine faces serious ob-
stacles to agricultural development, including poor ef-
ficiency, loss of land resources, corruption, institutional
deficiencies, price volatility, and infrastructure incon-
sistencies. The ongoing war exacerbates these prob-
lems, making it difficult to propose effective public pol-
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a whole), promote innovation, and create conditions for
further investment attraction, both during and after the
war. The country’s innovative development is hindered
by limited access to financial resources, a weak legisla-
tive framework, and uncertainty for investors. Efforts to
counter the negative consequences of war should prior-
itise high-quality funding conditions and encourage the
introduction of innovative technologies. Now the state
has initiated separate measures to support the agricul-
tural sector, including grants for creating businesses
and various benefits. It is aimed at supporting the sec-
tor and international support. However, it is still impor-
tant to strengthen the country’s ability to support not
only agriculture, but also other sectors of the economy.
Further consideration of the country’s agriculture from
other sides remains relevant, in particular, considera-
tion of the sphere in the context of sustainable devel-
opment, and assessment of its innovative capabilities.

icies in the face of limited financial resources aimed at ACKNOWLEDGEMENTS
the urgent needs of wartime. To solve them, represent-  None.
atives of the public sector must change their policies.
For example, it is important to minimise the negative CONFLICT OF INTEREST
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AHoTauis. EKoHOMiKa YKpaiHM CMNBHO 3anexuTb Bif, arpapHoi cdhepu; BOHA € OCHOBHOK CK/IAA0BOK MiXKHApPOAHOI
cneuianisayii KpaiHM Ha MiXKHAPOAHI apeHi Ta € OAHWUM i3 OCHOBHUX NPEACTaBHMKIB LOXO0AiB O0aKeTy. TakUM UMHOM,
il [OCNiMKEHHS 3aNULWAETLCS aKTyaNbHMM, TaK CaMO §IK | BUBYEHHS iICTOPUYHUX NepesyMOB Ta NepcnekTuB AN LbOoro.
Llinnto po60TH CTano OUiHWTM OCTaHHI TeHAEHLIi pO3BWUTKY ranysi Ta Ha iXHiM OCHOBI copMyBaTU pekoMeHAaLii
[N PO3BUTKY KpaiHW, 30KpeMa — B YMOBAax BOEHHOro 4acy. OCHOBHMMM MeTofamu, Wwo Bynu BUKOPUCTaHI Mig, Yac
[LOCNIAKEHHS, CTaB aHani3, iCTOPUYHMIA, NPOrHO3YyBaHHS Ta abcTparyBaHHs. B pamMkax pobotu 6ynu npoaHanizoBaHi
OKPEeMi CTaTUCTUYHI AaHi, WO XapaKTePU3YOTb OCTAHHI TEHAEHLIT pO3BUTKY arpapHoOro cektopy YKpaiHu, cepeq, aIkux
MDKHapoAHa TOpriBnsa NpOAYKLi€ ranysi, KifbKiCTb 3aCafKeHUX 3eMeflb CiflbCbKOroCnOAaPCbKMMU KyNbTypaMmMu,
KiNbKiCTb BUpObAEHOI NMpOoAYKLii TBapMHHMLTBA. byno BUSBNEHO, WO B KpaiHi ClocTepiranmcs No3uTUBHI TeHAEHLIT
B PO3BWTKY CifIbCbKOrO rocnofapcTea, 0cobnmnBo chepu pocaMHHMLTBA. TUM He MeHw, nogii 2014 ta 2022 pokis
npu3Benn A0 MONITMYHOI Ta EKOHOMIYHOi HecTabinbHOCTI B KpaiHi, WO NpM3Beno Ao crarHauii (y BMnagky i3
TBAPUHHULTBOM) Ta 3HMXEHHS TeMMiB poCTy (418 POCAMHHMUTBA). 3BaXKAKOUM HA CKAALHOL, WO iCHYKTb ANd
PO3BUTKY POC/IMHHMLITBA B YMOBAX BilHM, Byn0 3anponoHOBAaHO OKpeMi pekoMeHaauii ANng GOpMyBaHHS OePXABHOT
NoniTMKK. BOHM BKNHOYAKOTL MiHIMi3aLil0 HEraTUBHOMO BNAMBY KOPYMLIi (PO3BUTOK iIHCTUTYLLIM), CNPUSIHHS PO3BUTKY
iHHOBALIMHOCTI Ta 3any4YeHHs iHBECTMLIN. | Xoua oKkpeMi Taki Ajii BXe BNpOBaAXyTbCs 3 DOKY AepxKaBu Yy BUINAL
pi3HOrO pofy 3aXOfiB MiATPUMKM, OAHAK iX AOCI HEAOCTAaTHbO A5 BUPILLEHHS BCiX Npo6iieM po3BUTKY B CEKTOPI.
Po60Ta NpUHOCUTL HOBi 3HaHHA B Chepy JOCNiIAXKEHb arpapHOro CEKTOpy, 30KkpeMa B YkpaiHi. BoHu no3BonsaTb 6inbLu
edekTMBHO HOPMYBATU AepXKaBHY NONITUKY SK AN NPefCTaBHUKIB AEPXKABHOIO CEKTOPY, Tak i ANa NiANPUEMLIB
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of increasing the competitiveness of sugar products was also shown and substantiated. The authors concluded
that it is possible to reach better results for the enterprises of the sector if the state has a more active influence
on the activity of the companies in the aspect of economic assistance, as well as if it provides technological
infrastructure development, personnel training, an increase of production possibilities, usage of new varieties of
beet for increasing the level of fertility, etc. Thus, this study creates new knowledge in the context of studying the
peculiarities of the state-stimulating policy, as well as provides an opportunity to take a different look at the sugar
industry market in Kazakhstan, and the features of its development

Keywords: entrepreneurship; management; macroeconomics; market research; agriculture

INTRODUCTION

Agriculture plays a key role in the development of the
country. It is the main source of food, providing the pop-
ulation with the necessary food resources; it contrib-
utes to the reduction of unemployment, providing em-
ployment for many people, especially in rural areas; it
is a resource base for other sectors of the economy. All
this is the reason why so much attention is paid to the
development of this component in modern economic
literature. However, the agricultural sector as such ac-
commodates the production of many types of products,
one of which, in particular, is sugar production. In the
framework of this study, its current state and possibil-
ities of improvement were studied on the basis of the
data of Kazakhstan.

Sugar is a very common and frequently used prod-
uct in everyday life (White, 2018). Most of it is made
from sugar cane, as this is the cheapest way to pro-
duce it. Therefore, it is not surprising that its biggest
suppliers in the world are Brazil, India, Thailand, China,
Pakistan, Vietnam, and similar countries. At the same
time, highly developed countries, particularly Australia,
Ireland, and Denmark, remain its biggest consumers
(Nguyen et al,, 2022). Sugar production, although less
efficient, is also possible with other crops, in particu-
lar - beets, which are grown in Kazakhstan. In this case,
the global distribution of production of this product by
culture is as follows: about 9 countries produce sug-
ar simultaneously from cane and beet, 43 - only from
beet,and 71 - only from cane.

Sugar production is inherently one of the compo-
nents of the agricultural sector. Nevertheless, it has
some peculiarities related to the industry and the pe-
culiarities of the crop (Honma et al.,, 2020). For exam-
ple, sugarcane is very sensitive to the external environ-
ment, which produces frequent fluctuations in supply
and price in the international market (Zhao et al.,, 2020).
In addition, there has been a recent overproduction of
this product worldwide along with its denial of the new
crop as a failure and the increased use of sugar substi-
tutes (Voora et al,, 2020; Leal & Teodoro, 2020).

Although the sugar industry is the leading industry
only in some countries, its product is produced in one
quantity or another almost everywhere. Sugar produc-
tion in Kazakhstan is not very high: in 2012 it was 6%,
and in 2022 - 7%, which makes the country virtually

import-dependent (Akaeva, 2022). Thus, it is relevant to
consider in more detail the current state of the sugar
industry in the Republic of Kazakhstan (RK), as well as
to describe the possibilities of increasing its competi-
tiveness. The study of the current state of the sugar in-
dustry and the prospects of its future development has
engaged many scientists. It is worth noting the work
of N. Aguilar-Rivera (2022), which considered some
features of the functioning of the sugar industry in the
world, as well as evaluating the future of the industry.
Q.U.A.Raza et al. (2021) also studied the general trends
of the industry in the world.

As such, the research aims to form a certain set of
rules and principles to increase the competitive advan-
tages of sugar industry products in the Republic of Ka-
zakhstan. The object of the article is the sugar industry
and the activities of its subjects.

MATERIALS AND METHODS

The main method that was used in the study was
analysis. The reason for this was the significant amount
of processed information, as well as the conclusions
formed on its basis. In addition, an important role is
played by the historical method, due to the study of
trends in the development of sugar beet sugar pro-
duction in the Republic of Kazakhstan. It is also worth
noting that the work widely used the method of induc-
tion to form general conclusions about the state of the
sugar industry in the country based on certain known
facts about it and its characteristic statistical data. Also
widely used statistical method of research for process-
ing data arrays, as well as the graphical method for
their simplified and more convenient image and sub-
sequent analysis.

The method of modeling was primarily used in the
research. It was used to describe the mechanisms of
increasing the competitiveness of Kazakhstan’s sugar
industry, the authors built a model of changes in the
price and sales volumes of these products, depending
on the selected mechanisms of redistribution of funds
within the state budget. It is based on the standard in-
teraction between supply and demand but considers
the influence of international actors on the domestic
market. In general, the model used in this work can be
depicted as follows (Fig. 1).
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Q- --------

Figure 1. General view of the supply and demand model in the country’s market

Note: P - price; P" - equilibrium price; P, , P,

- domestic market price provided that the country is an importer/exporter;

Q' - volume produced by enterprises under conditions of no trade; Q, - volume produced by domestic enterprises under

free trade; Q, - demand for sugar under conditions of free trade; Q

demand curve; D - supply curve

0]

=Ex

0, - imported/exported volume of goods; S -

Source: compiled by the authors based on the Sugar Market of the Republic of Kazakhstan (2022)

Figure 1 shows that the model used in the re-
search is based on the typical interaction between
supply and demand in the domestic market but con-
siders the factor of the foreign sector (the outside
world or abroad). It considers imports (if the interna-
tional price is P,_<P’) or exports (if the international
price is P_>P) and their impact on the welfare of
domestic producers, consumers, and the government
budget. Thus, the country establishes an equilibri-
um not at the level of S=D and with a price P, but
at another, which is formed considering imported
or exported goods. In this case, domestic demand
is satisfied at the level of Q,, and supply - Q.. If the
country is an importer, consumers of such products
are at an advantage by consuming cheaper products,
while producers are at a disadvantage because they
produce fewer products at a lower price than they
could (in the case of an exporter, the situation is the
same). A similar situation is observed in the sugar
market in Kazakhstan since the production of these
products is in fact in any case less efficient than that

600

==0== Almaty Zhambyl

500
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imported from abroad, which is discussed in more
detail below.

RESULTS

The main entities directly producing sugar are the Bu-
rundai sugar factory, the Yeskeldy sugar factory, the Kok-
su sugar factory,the Merken sugar factory, the Taraz sugar
factory,and the Aksu sugar factory. At this time, it can be
stated that the domestic capabilities of the country, as
well as the production capacity of the above-mentioned
plants, do not allow to fully provide the domestic market
with sugar. In addition, the sugar industry in Kazakhstan
is not in a better position compared to its competitors
at least because only beets can be grown in the country,
due to the existing peculiarities of the climate. Sugar
production from cane is indeed more efficient than
from beet. The main regions where beet is grown are
Almaty and Zhambyl regions (beet is also grown in the
Pavlodar region, but the volumes are too low, less than
1% of total production). Thus, it is possible to trace the
volume of beet cultivation in the country (Fig. 2).

=@==Total

\

<

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 2. Volumes of the gross harvest of sugar beet in Almaty and Zhambyl regions in 2004-2022, thousand tons
Source: compiled by the authors based on the Sugar Market of the Republic of Kazakhstan (2022) and Bureau of National
Statistics Agency for Strategic Planning and Reforms of the Republic of Kazakhstan (2023 a, b)
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As can be seen from Figure 2, the volume of
sugar beet harvesting in the main regions of
Kazakhstan was declining until 2014 and has now
started to recover.

However, this is still not enough: according to
approximate data, approximately 4 million tons of
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sugar beet need to be grown to meet the demand for
sugar in the RK in the amount of 450-500 thousand
tons: thus, in 2020, only 10% of the desired result was
grown in Kazakhstan (QazTrade, 2020). In addition, the
area planted with sugar beets in the RK changes sig-
nificantly from year to year (Fig. 3).

Zhambyl ==@=Total

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 3. Dynamics of change in sugar beet sown areas in the main beet-growing regions
of Kazakhstan in 2004-2022, thousand hectares
Source: compiled by the authors based on the Sugar Market of the Republic of Kazakhstan (2022) and Bureau of National
Statistics Agency for Strategic Planning and Reforms of the Republic of Kazakhstan (2023 a, b)

As can be seen from Figure 3,the dynamics of sugar
beet acreage in Kazakhstan vary from year to year, sim-
ilar to the graphs in Figure 2, on the grown volumes of
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sugar beet in these regions. However, the most impor-
tant data for us are the volumes of sugar beet cultiva-
tion per 1 ha of land (Fig. 4).

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 4. Dynamics of change in the average productivity of sown areas in Kazakhstan in 2004-2022, tons/ha
Source: compiled by the authors based on the Sugar Market of the Republic of Kazakhstan (2022) and Bureau of National
Statistics Agency for Strategic Planning and Reforms of the Republic of Kazakhstan (2023 a, b)

As can be seen from Figure 4, there has been an
increase in crop productivity in the country: on average,
53% more sugar beets are being produced per hectare
in Kazakhstan than in 2004. This can be seen from the
trend line showing the trend in crop productivity. The
territories of the Almaty region are more productive,
and the Zhambyl region is less productive. This trend
is positive, but such results are still not enough to fully
provide the country with sugar. So, provided that the

amount of land on which beet will be grown stays at
the same level as in 2021, enterprises in Kazakhstan
will have to increase their output by 10 times to meet
domestic demand. Although such results seem unreal-
istic, further work in this direction is important to in-
crease the competitive ability of the industry.

It is worth noting that the formation of methods
for improving the competitiveness of enterprises in the
sugar industry can be considered from at least two points
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of view: the state and the company. The reason for this
is that the actions that a company can take to increase
its abilities in the market and the state are significantly
different. Thus, companies act selfishly and aim only to
increase their position in the market, using the peculiar
methods available to them, while the authorities look at

the situation of the industry globally and aim to increase
its general well-being. It should be noted that the forma-
tion of public policy is prioritized. In order to describe the
strategy for improving the competitiveness of the sugar
industry in the country, it is necessary to first describe the
main factors that will be used in its formation (Table 1).

Table 1. Description of the main factors affecting the competitive ability of enterprises from the company’s point of view

Factor Factor description
Financial policy
Price policy
) Management
Economic —
Logistics
Marketing
Other
Newest production technology
Technology- e
innovation Digital technology
Personnel training
Social Achieving the goals of sustainable development and corporate social responsibility

Source: compiled by the authors based on research by A. Nowak and M. Rozanska-Boczula (2022)

In Table 1 the main factors for increasing the com-
petitiveness of enterprises were provided. The actions
available to improve position in the market are within
the microenvironment. In Table 1, only 3 main groups of
factors (levers) through which enterprises can directly
manage their competitive advantages are noted. These
are economic (change of financial or pricing policy, im-
provement of marketing campaign or basic processes
of enterprise management), technological, and inno-
vative (raising funds for the purchase or independent
production of innovations to improve the process of
production, recruitment, and training of highly skilled
employees in enterprises) and social. The last factor is
worth more detail: in modern economic science it is
believed that if a company adheres to the principles of
sustainable development and corporate social respon-
sibility (CSR), it becomes more competitive in the eyes

of customers (because it improves the company’s image
among consumers).

In addition, such companies are often able to re-
ceive subsidies from the state budget or orders. Nev-
ertheless, the consideration of this factor in our case is
not important as the main reason for the low efficiency
of the sugar industry in Kazakhstan compared to other
countries is the inability to grow sugar cane on its ter-
ritory. Thus, companies in the industry should, first of
all, pay attention to how to improve the technology of
production and reduce the cost of production. Achiev-
ing a higher level of efficiency can also be achieved
by changing some improvements in the procedure of
its production, and making decisions in the context of
micromanagement. In turn, it is possible to show how
the state can influence the competitive ability of enter-
prises with the help of Table 2.

Table 2. Description of the main factors affecting the competitive ability of enterprises
from the government’s influence point of view

Factor

Factor description

Tax benefits

Reduced lending rates

Economic support

Securing government contracts

Providing guarantees to investors

Legal support

Providing a simple and clear regulatory framework

Formation of technological infrastructure for the development of innovative technologies

Technological

Providing a high level of education for all kinds of professionals

Cooperation factor

Ensuring a high quality of interaction between the state and enterprises, understanding their

basic needs and opportunities

Source: compiled by the authors based on the study by Z. Muhamamd et al. (2020)
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Ensuring a high quality of interaction between
the state and the enterprises, understanding their ba-
sic needs, and the need to develop the enterprises of
the sector. As can be seen from Table 2, the factors af-
fecting the development of the sector are both similar
and different from those provided in Table 1. Thus, the
state should provide economic assistance to selected
companies (through tax incentives, lowering of credit
rates, and other instruments), legal support (maximum
simplification of the existing legal legislation), forming
a positive influence on the technological development
of companies (by providing appropriate conditions for
innovation activities) and ensuring sustainable contact

Yeginbayeva et al.

between enterprises and the state. Actions of state
support are more global and must be formed through
specific budget programs with clear goals and objec-
tives and performance parameters. And what exactly
they can be, should be formed of the peculiarities of
the industry and its enterprises. Taking into account the
existing methods of state support for the industry and
the peculiarities of its functioning, it is possible to form
a model of support for sugar industry enterprises. In its
framework, the duties received in one way or another
for importing sugar into the country will be used as a
support fund. The principle of its functioning is shown
in Figure 5.

o Q

Q

Figure 5. Model of state support for companies producing sugar industry in the Republic of Kazakhstan
Note: P, - world sugar price; P, (P,+T) - the price of sugar in Kazakhstan including customs duties; T - level of duty rate;

0,0,0,0

Sy Xy Xy Xy X5
Source: compiled by the authors

Figure 5 shows schematic interaction between
sugar beet production by Kazakh producers, consum-
ers,and imported products. Equilibrium in consumption
and production is established at point O,, however, due
to more competitive imported goods, the real price is
set at the level of P,. Under the influence of tax duties,
the price rises to the level of P, (P,+T), and the revenue
to the budget will be equal to the area of rectangle
B,CFE. In case the state will use these funds to support
producers, they will be able to increase their produc-
tion capacity next year. This is shown in the graph as
a movement of the line S, to S,. This in turn will cause
the equilibrium price to move to the O, level, and the
volume of production by exporters will increase from
the Q, level to Q,, which will reduce tax revenues to
the B,CFG level. This trend will continue until S, crosses
line D at point C when imports will stop (although in
practice such a situation can never be achieved).

- volumes of product sales in the country; S, S, - direct supply; D - direct demand

Although Figure 5 describes a mechanism for
supporting sugar producers in Kazakhstan with state
support, it is still not enough to make the industry suf-
ficiently efficient and effective. For this purpose, the
state authorities need to ensure technological devel-
opment in Kazakhstan, in which enterprises will be
able to increase the productivity of their cultivated
areas, thereby producing more sugar. Connecting this
statement with Figure 5, it can be said that techno-
logical development is one of the main forces, which
moves the straight line S, to S, that is, it allows com-
panies to increase their production capacity. Thus,
without the development of the technological base, it
will not be possible to significantly increase the out-
put of companies in the sugar industry, which is the
separate role of this indicator. Thus, the mechanism to
increase the competitiveness of the sugar industry in
Kazakhstan is shown in Figure 6.
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[ Sugar import fees ]

| Other budget income sources

/

State budget

Subsidies for domestic sugar
production

Development of technological
(innovative) infrastructure

Figure 6. The main mechanisms of support for producers of the sugar industry in Kazakhstan

Source: compiled by the authors

As can be seen from Figure 6, support for sugar
producers in Kazakhstan should consist of two main
components. These are economic support (provision
of subsidies for national sugar producers to increase
their competitiveness against imported products) and
technological development of the state (arrangement
of innovation infrastructure, personnel training, and al-
location of funds to promote innovative projects).

Thus, the sugar industry in Kazakhstan faces diffi-
culties in fully satisfying domestic demand due to insuf-
ficient domestic capacity and climatic constraints that
allow only beet cultivation. Although beet production
in the country has increased to date, it remains insuffi-
cient and requires even more growth to meet demand.
The tools that can be undertaken by both the govern-
ment and enterprises to improve the development of
the sector have been described in detail above. In case
of their active and competent application, it is possible
to really achieve significant success in terms of increas-
ing the output of sugar in the country,and thus improve
the competitive position in the international arena.

DISCUSSION

A. Nowak and M. Rozanska-Boczula (2022) analyze and
consider the state of competitiveness of agricultural
enterprises in the European Union (EU) within their re-
search and form their model of comparing the level of
their competitive advantages. It is worth noting that sci-
entists within the framework of the study focus on the
factor of human capital (human resources), pointing out
that they have the greatest influence on the competitive-
ness of an enterprise. In general, it is possible to agree
with this statement, since it is the company’s employ-
ees who formulate its development strategy, implement
technologies, manage economic processes, etc. There-
fore, the efficiency of the company’s activities will de-
pend on how competently employees will perform their
main tasks. Thus, in the realities of Kazakhstan, directors
of sugar companies should pay special attention to the
training and recruitment of highly qualified personnel.
T. Galovic and H.Bezi (2019) also considered factors
of competitiveness of sugar industry enterprises in their

Scientific Horizons, 2024, Vol. 27, No. 1

research, but they made their analysis in the context of
European countries. Researchers note the existing re-
lationship between the competitiveness of enterprises
in the industry with economic, political, and so-called
natural factors of the position of companies. It can be
concluded that political stability plays an important
role in the stable development of such enterprises, as
well as the institutions of the country. This is indeed
true, but the research does not focus on this, since the
state is unable to influence these factors, and changes
in the context of these indicators are only possible over
rather large time intervals of dozens of years. There is
also a widespread belief in Kazakhstan that beet is not a
competitive raw material for sugar production compared
to imported cane sugar, which was also mentioned sev-
eral times in the study. Because of this, companies are
forced to save resources, since the final financial result of
their production and financial activities depends in full;
these problems can also be solved by achieving a higher
quality level of sugar beet seeds and root crops. In other
words, sugar producers in Kazakhstan are forced to save
money to be able to function.

Some methods to increase the competitive abili-
ty of the sugar industry are proposed in their work by
A.Yeginbayeva et al. (2022). During the study, they con-
clude that a higher level of competitive ability of enter-
prises can be achieved by diversification of innovation,
technical re-equipment of industrial enterprises, and
the use of technological innovation as an incentive for
the strategic development of the industrial enterprise.
Thus, the scientists propose the following methods of
increasing competitiveness: diversification of produc-
tion, technical re-equipment, and reconstruction with
a focus on expanding the range of products; moderni-
zation of beet harvesting equipment and technologies
used; resource-saving and integrated processing of
by-products (recycling of waste); environmentalization
of products (optimization of the removal of the fertile
layer of land from agricultural fields, prevention of en-
vironmental pollution from the plants’ emissions). Al-
though such activities related to an increase in the tech-
nological effectiveness of sugar plants in Kazakhstan




will indeed be able to reduce the cost of production and
make them more competitive, in the international are-
na sugar cane will still be more efficient in comparison
with sugar beet. However, even to increase the share of
domestic sugar inside the country, such activities seem
to be extremely effective. It is worth noting that stimu-
lation of such activities can be carried out with the help
of the state, especially given the strategic role of this
industry for the economic well-being of the country.

Some scientists have considered methods and
needs for the support of sugar producers in Kazakhstan
as part of their research. Thus, A. Erseitova et al. (2017)
described the main measure of state support as the
formation of subsidies for various purposes (spring
field and harvest work, the expertise of seeds, interest
rates on leasing, preferential lending, reducing the cost
of fertilizers and herbicides) Obviously, this activity will
significantly reduce the price of these products in the
domestic market, which will increase demand for sugar
domestic production and allow the sector enterprises to
develop. In the work above, the authors also note the
economic support of enterprises as one of the main con-
ditions for their well-being in the future. However, this
is not enough to secure the long-term and sustainable
development of the industry. Therefore, the role of state
influence on technological and innovative development,
which will increase the amount of sugar beet grown
from one hectare of land, is also noted in the model built.

In turn, G. Zhaxygulova et al. (2020) describes how
the introduction of innovations in sugar production pro-
cesses affects its quality and output. Researchers show
that the use of the latest technologies can improve the
performance of enterprises, as well as reduce waste and
increase environmental sustainability. In addition, they
are the main reason for creating new jobs and organ-
izing new types of production. Thus, scientists say that
the greening of manufactured products plays an impor-
tant role in the overall efficiency of the enterprise. This,
in general, can be argued, at least in the context of the
sugar industry, for which, according to the authors, it is
now more relevant to develop technology to increase
their productivity, rather than to achieve the goals of
sustainable development.

The study of innovative development in the sug-
ar industry was also worked on by G. Kashakova et al.
(2022). Researchers note that the latest technology
plays a special role in the welfare of sugar producers,
as it allows for increasing the number of grown prod-
ucts, as well as the efficiency of sugar beet processing.
Describing the most common options for innovative
development in the field of sugar production technol-
ogies, the researchers note selective genetic research
(discovery and implementation of new varieties of sug-
ar beet, as well as hybrids); development and imple-
mentation of technical, technological, and production
capacity of the enterprise; changes in the structure of
organization and management of the company; work
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on the influence of the company on the external envi-
ronment and the society. Note that although all these
components of the development of innovativeness
and technology in the context of the sugar industry of
Kazakhstan are relevant, the most important among
them should be considered in the first-place selection
and genetic research and development of their prefer-
ential capacity for the possibility of providing as much
as possible domestic demand for sugar.

CONCLUSIONS

The paper considers some indicators that characterise
the development of the industry over the past 16 years,
namely the amount of sugar beet grown, the area
planted with this product, and the productivity of the
sown areas. It was shown that there are positive trends
in the country, as the area used for sugar beet cultiva-
tion is decreasing, but the productivity and the total
amount of sugar produced in the country are increasing.

In addition,an analysis of all the main opportunities
for the development and support of the sugar industry
in Kazakhstan was carried out. It was shown that the
most effective assistance for this industry will be car-
ried out if the state will take actions affecting both the
short-term and long-term development of the industry.
In the first case, economic support of enterprises is im-
plied, which includes tax benefits, subsidies, and other
methods of support. They will reduce the price of the
products produced by the companies, which will make
them more competitive compared to imported products,
which means that they will receive more funds and
develop their production capacities faster. In the sec-
ond case, the authors imply support for technological
development through the creation of innovative infra-
structure, personnel training, support for newly created
technological projects, and other similar actions. These
conclusions were argued using the model built by the
author, which characterizes the changes in the volume
of production, imports, and prices in the sugar market
in the conditions of state support.

Thus, the research formed some tips on how to in-
crease the competitiveness of the sugar industry in the
Republic of Kazakhstan. The novelty of the conducted
research consists directly in the author’s vision of mech-
anisms to improve the state of the industry enterprises
and increase the efficiency of their subsequent devel-
opment. Prospective for further research is to find other
methods of improving the competitiveness of the sugar
industry in Kazakhstan, as well as a comparative analy-
sis of the development of this industry with other coun-
tries to determine its main strengths and weaknesses.
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AnoTauis. CinbCbKe rocnogapcTeo Biflirpae BaXX/IMBY posib Y pO3BUTKY OyAb-gKOi KpaiHK, LLLO 3yMOB/IOE HEODXIiAHICTb
BMBYEHHS Ta BpPaxyBaHHA 0COBMBOCTEN Oro po3BuTKy. OOHIE 3i CKNAL0BMX arpapHOro CEKTOPY € LlyKPOBA rany3b,
WO pobwuTb ii aHani3 akTyanbHUM. TakKUM YMHOM, METOK AO0CNIAXKEHHS € GOPMYBAHHS METOLIB MiABULLEHHS PiBHSA
KOHKYPEHTOCMPOMOXHOCTI MpoAyKLii LykpoBoi ranysi.JocnimkeHHs npoBoaunocs B pamkax Pecny6niku Kasaxcran
3 ypaxyBaHHAM 0COG/MIMBOCTEN, WO XapakTepu3ykoTb PO3BUTOK ranysi B KpaiHi. OCHOBHMM MEeTOA0M LOCNiAKEHHS
MOXHa BBa)aTu MogentoBaHHs. KpiM Toro, BapTo BiA3HAYMTU aHani3, iCTOPUYHUIN METOA, iIHAYKLIO Ta iHWi. Taknum
YMHOM, B XOAi JocnigxeHHs Oynu po3rnsHyTi OCHOBHI TeHAeHLii obcsriB BupollyBaHHS OypskiB B Kasaxcrai.
Moka3aHo, WO KinbKiCTb TOHH NpOAYKLUii Ha AingHui 1 ra B KpaiHi 3 YacoM 36inblUYETHCS, WO € FTAPHUM MOKA3HUKOM
pO3BUTKY ranysi. Takox 6yno nokasaHo Ta 06rpyHTOBAHO MeXaHi3M NiABULLEHHS KOHKYPEHTOCMPOMOXHOCTI LlyKpPOBOIi
NpoAayKLii. ABTOpY AiALWAN BUCHOBKY, WO JOCATTM KPaLWMX pe3ynsTaTiB ANa NiANPUEMCTB rany3i MOXHa 33 YMOBMU
6iNnbll aKTUBHOMO BM/IMBY AEPXKABM HA AiNIbHICTb KOMMAHIM B acnekTi eKOHOMIYHOT AOMOMOrK, a TaKOX 33 YMOBMU
PO3BUTKY TEXHONOFIYHOI IHPPACTPYKTYpU, NiAFOTOBKM KaApiB, 36iNbLUEHHS BUPOOHUYMX MOXKINBOCTEN, BUKOPUCTAHHS
HOBMX COpPTIB OypsKiB ANS NiABULLEHHS PiBHA POAKYOCTI TOLLO. TaKUM UYMHOM, flaHE AOC/ILKEHHS CTBOPHE HOBI
3HaHHSA B KOHTEKCTi BMBYEHHSI OCODNMBOCTEN [LEepyKaBHOI CTUMYMIOYOI MOMITUKM, @ TaKOX AAE MOX/IMBICTb MO-
iHLIOMY NOMNSAHYTU HA PUHOK LyKPOBOi NpoMMCIoBOCTi B KazaxcTaHi Ta 0cob6iMBOCTI MOro po3BuTKY
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to mitigate the adverse environmental effects of agricultural production. This involved integrating environmental
safety and economic efficiency through the adoption of cutting-edge innovative technological approaches. Their
effectiveness as a viable tool for the transformation of the agrarian sector following the current social and
economic requirements for the intensification of its development was determined. Implementing the ecosystem
approach and adopting integrated agro-landscape management can pave the way for a renewed development of
the agronomy industry in Azerbaijan. The results of this study carry significant practical implications for advancing
and modernising the country’s agricultural economy system, contributing to the formulation of targeted programs

for technological innovations

Keywords: modernisation; agricultural sector; sustainable development; intensification; organic production

INTRODUCTION

Global processes of transformation of agriculture with
orientation on innovative technologies, organic produc-
tion, and minimisation of destructive impact on the en-
vironment in accordance with the tenets of sustainable
development form new challenges for the agricultural
sector of Azerbaijan. The prospective growth in demand
for agricultural products with limited resources can be
met only through effective technological modernisa-
tion of agricultural projects. Currently, human activities
are actively shaping a distinct altered natural backdrop
characterised by a considerable pollution index. Fre-
quently, the upper limits surpass the officially desig-
nated maximum permissible concentrations of pollut-
ants in the natural environment. Intensive farming in
past historical periods has left a substantial footprint in
the form of soil chemisation and salinity, erosion, and
minimisation of organic matter. Under such conditions,
there is a need to modernise the agricultural sector and
develop a new conceptual approach to farming.

Numerous scientific articles and studies have
delved into the issues of modernisation of the agricul-
tural sector in Azerbaijan, which would allow increas-
ing the efficiency of production while minimising the
anthropogenic load on the environment. M. Aliyeva
(2022) investigated the main theoretical aspects of the
technological modernisation of the agrarian sector. The
scholar concentrates on enhancing both the infrastruc-
ture and competitiveness of agricultural products. Re-
cent findings by contemporary scientists A.A. Hasanov
(2019) and Sh. Abdullayeva (2019) suggest that sub-
stantial accumulation of toxic substances in soils re-
sulting from industrial processes is a key factor trigger-
ing numerous irreversible changes in agroecosystems.
Researchers are convinced of the need for a gradual
transition from conventional land use to an organic
system that is gentle on the environment and allows
for the regeneration of degraded landscapes.

The findings of the scientists complement the
results of the studies by V. Rzayev et al. (2021) and
A. Nasibov (2023), who investigate the innovative en-
hancing the industry of agriculture of Azerbaijan’s
economy and the role of technological transfers in the
innovative development of the agricultural sector. Re-
searchers study the impact of the growth of financing

of innovation processes on the economic effective-
ness of production of agricultural industry, as well as
the mechanism of implementation of technological
developments in agricultural processes. The scientists
substantiated the function of innovation providers in
catalysing technology transfer and implementing in-
novations, along with an examination of the facets in-
fluencing the economic processes resulting from the
technological transformation of the agricultural sector.

In the pursuit of strategies to optimise conditions
and alleviate adverse effects, researchers E. Gulieva
(2021) and A. Gurbanova (2021) assert that the most
effective approach to agricultural production, minimis-
ing negative environmental impacts, involves the mod-
ernisation of existing technological solutions and the
development of new environmentally friendly alterna-
tives. They emphasize the importance of implement-
ing an efficient monitoring system. Simultaneously,
A.D. Ibragimov (2023) highlights that agricultural
modernisation primarily entails updating fundamen-
tal technical assets while concurrently developing
new infrastructure. This approach enhances industry
competitiveness and elevates social well-being.

Despite the current significance of the studied
issue, numerous aspects still necessitate detailed ex-
amination, analytical processing, and the exploration
of optimal solutions, specifically the introduction of
precision and organic farming systems, the use of op-
timisation solutions at the regulatory level, the use of
breeding opportunities, innovative approach to intensi-
fication of agricultural production, and cost reduction
through technological modernisation. The aim of this
investigation was to research the main areas of tech-
nological modernisation of the agrarian industry in the
aspect of innovation activity.

MATERIALS AND METHODS

This study utilized various general scientific methods of
inquiry. The deduction method was employed to ascer-
tain the significance of the impact of technological inno-
vation in agricultural production on performance indica-
tors as a multifactorial process. Representative economic
indicators for the industry under study were considered.
The use of the method of analysis allowed performing
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a comparative study of various modern approaches to
technological modernisation of agriculture, the possibil-
ity of their application in the practice of agro-industrial
production in Azerbaijan, as well as the impact on pro-
ductivity and production efficiency indicators.

Using the generalisation method, the investigation
unveiled distinct features and patterns related to the
examined issues, as well as the potential for optimis-
ing the situation and identifying the most favourable
solutions. The focus was on the most recent and credi-
ble research on the issue under study. Furthermore, the
method of rising from abstract to concrete was applied
in this study in a sequential progression, moving from
general abstract data regarding the directions of inno-
vative technological modernisation of the agricultural
industry to concrete data on the impact of their intro-
duction in the agriculture of Azerbaijan in the aspects
of productivity growth, economic efficiency, and reduc-
tion of destructive impact on the environment.

A systematic methodology was employed to assess
the effectiveness, characteristics, and advantages of
specific measures within the studied process. Through
this approach, the investigation aimed to uncover the
overall structure of the subject, conduct a comprehen-
sive exploration for optimising risk management, and
devise a suitable strategy for the technological mod-
ernisation of agricultural production, aligning with the
principles of sustainable development and a green
economy. Special emphasis was placed on acknowledg-
ing the diversity of approaches and anticipating poten-
tial implementation challenges within the economic
contexts of developing nations. The synthesis method
was utilised to evaluate the viability of contemporary
managerial decisions within the realm of innovation in
the agro-industrial sector, both at regional and national
levels. This evaluation was grounded in the principles
of public management.

The abstraction method was utilised to construct
a representation of the monitoring, management, and
control processes concerning the impact of techno-
logical innovations on the quantitative and qualita-
tive aspects, as well as the productivity of production
processes in agriculture. This extended to the assess-
ment of the anthropogenic load on the environment.
In parallel, the concretization method was employed
to identify the effectiveness and economic feasibility
factors of innovative measures. This involved forecast-
ing and modelling potential consequences and perfor-
mance indicators. Notably, this approach underscored
the pivotal factors in selecting viable management and
production-technological solutions to mitigate adverse
environmental impacts, adhering to the principles of
sustainable agricultural production. The potential for
an effective integration of innovative technological
solutions with the development of a monitoring sys-
tem for the innovative optimisation of production pro-
cesses in the agro-industrial complex was explored.
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Additionally, the formalisation method was employed
to pinpoint the conclusive prospects of technological
modernisation in Azerbaijan’s agriculture and to shape
the outcomes of this study.

RESULTS

In the dynamic evolution of economic processes and the
increasing globalisation emphasising sustainable de-
velopment, the primary focus for advancing Azerbaijan’s
economy lies in the modernisation of key production pro-
cesses. This strategic approach guarantees the efficiency
of a step-by-step shift towards a novel form of economic
development grounded in innovation (Hamidova, 2020).
Prolonged extensive use of land resources has led to an
uncompromising need to replace conventional produc-
tion processes with intensive methods and innovative
technologies that uphold the principle of sustainable
enhancement of agriculture (Kaldiyarov et al., 2019).
Thus, the wide utilisation of modern technological in-
novations in the agro-industrial complex is currently
the main way to ensure food security and minimise the
destructive impact on the environment. The priority of
the task of reforming the traditional agricultural system
is also conditioned by the need for sustainable use of
agro-landscapes and bringing resource use in line with
global climate change trends, and increasing food pro-
duction (Nasiboyv, 2023; Strategic road map..., 2023).

Notably, one of the priority areas of modernisation of
the agro-industrial complex in Azerbaijan is a proficient
government strategy for fostering innovation in the agri-
cultural industry. Its purpose should be the development
of mechanisms and methods of stimulating innovation
activity, renewable resource use, use of technological
developments (Kizi, 2020). The concept of modern ag-
ricultural modernisation is based on integration and
diversification processes, cost minimisation through in-
creased production efficiency, the use of biotechnology
to ensure competitiveness, and organic production with-
in the framework of green economic development. It also
involves the introduction of multi-operator, multi-task-
ing technological equipment and ways to stimulate yield
and productivity indicators while maintaining a sustain-
able environment (Glover et al., 2019; Kovalenko, 2021;
Domaratskiy et al., 2023).

In 2016, “Strategic road map for the production
and processing of agricultural products in the Repub-
lic of Azerbaijan” (2023) was adopted, which is a for-
ward-looking approach to the development of the sec-
tor.The main objectives formed in the document include
increasing agricultural production capacity, strengthen-
ing institutional capacity, preservation of the environ-
ment, responsible utilisation of natural resources, and
improving the efficiency of management processes in
the industry (Clapp & Ruder, 2020). Therewith, the de-
velopment of research areas in the agricultural industry
within the context of the worldwide trend of wide in-
troduction of innovative production technologies is an




essential resource for influencing the level of competi-
tiveness and production efficiency.

Modernisation of the agricultural sector mainly im-
plies the introduction of innovative agro-technologies,
improvement of agricultural machinery, optimisation of
the fertiliser and chemicalisation system with priority
given to biological methods of plant protection and
organic fertilisers, selection of high-performance vari-
eties (Kizi, 2020; Herrero et al., 2020). The concept of
effective modernisation of agriculture is based on the
principles of alternativeness and comprehensiveness,
as well as preventive insurance against possible risks,
which determines the increase in the efficiency of agri-
cultural production. It allows agriculture to develop in
an intensive way, encouraging investment in modern-
ised machinery and the adoption of sustainable agricul-
tural production (Hasanov, 2019). The implementation
of modernisation also encompasses the practical appli-
cation of research and development (R&D) capabilities,
exerting a direct influence on the expansion of the ex-
port potential within the agro-industrial complex.

The process of innovation in the agriculture in-
dustry takes place in stages: scientific solution - tech-
nology - production - consumption (Curry et al., 2021).
Therewith, this process is influenced by a set of specific
features of agrarian production,including functional,re-
gional, managerial, and other factors (Ibragimov, 2023).
Some of these factors determine the pace of agricul-
tural modernisation. Specifically, they include the level
of integration (availability of innovation infrastructure),
readiness to absorb functional change, resource capacity
(managerial, material, information, human resources)
(Aldieri et al., 2021).

Notably, modernisation and innovation are inextri-
cably linked processes, with innovation involving the
creation of novel technologies and modernisation in-
volving the introduction of the most progressive and
efficient ones of their totality (Clapp & Ruder, 2020).
Currently, there is a significant focus on advancing
agrarian science in Azerbaijan. Under the auspices of the
Azerbaijan State Agrarian University and the Centre for
Agrarian Science, 13 research institutes are functioning,
where research projects are being carried out, oriented
towards effective practical implementation: selection
of resistant varieties and crops, improvement of agri-
cultural technologies, development of optimal sparing
methods of plant protection and stimulation of produc-
tion performance (Rose et al., 2021). Modernisation of
the industry of agriculture is inextricably linked to the
optimisation of logistics infrastructure. A good-working
logistics system can substantially influence competi-
tiveness and good governance (Rzayev et al., 2021). It
implies the use of effective methods of rational use of
resources, including information resources.

The ongoing phase of economic advancement in
Azerbaijan is marked by an escalating demand from do-
mestic consumers and favourable trends in investment
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processes. These factors, coupled with the distinctive
elements of the current global situation, underscore
the imperative of prioritising the modernization of the
agricultural sector. The goal is to foster synergistic de-
velopment in technology, innovation, and management
processes within the framework of sustainable agricul-
tural development. This strategy ensures a substantial
enhancement in overall factor productivity within the
industry, consequently leading to an upturn in agricul-
tural production (Steinke et al., 2021). For Azerbaijan,
such performance is particularly desirable due to the
considerable depletion of the main production factors
and resource potential. Furthermore, modernisation of
agriculture, based on the above principles, can, simul-
taneously with productivity improvements, stimulate
an increase in the level of resilience of the agricultural
sector to negative global climate trends. Therewith, the
main principles of modernisation of agricultural pro-
duction still include ensuring economic and production
security, ecological and economic balance, priority of in-
novation, state support, and compliance with the prin-
ciples of sustainable development (Fleming etal., 2021).
Using modern technological opportunities for
modernising agriculture, it is possible to increase the
competitiveness of exported products substantially, as
well as improve their quality while minimising costs.
Moreover, it is crucial to identify the unique charac-
teristics of the agricultural sector within the context
of regions, which will allow using the synergy of the
resource base and technological modernisation most
effectively (Abdullayeva, 2019; Gulieva, 2021). For in-
stance,Azerbaijan has specific types of soil that are best
for growing pomegranate, which is in considerable ex-
port demand, and modern farmers are making effective
use of the situation to increase production efficiency by
investing in technological modernisation of production.
Along with the specific climatic features of Azerbaijan,
the innovative technological approach allows for har-
vesting in modernised greenhouses 3-4 times a year.
Modernisation of the agricultural industry through
technological innovations makes it possible to switch
from exporting raw materials to exporting finished
products, which considerably increases the indica-
tors of economic efficiency of production processes
(Kaldiyarov et al., 2019). Furthermore, certification to in-
ternational standards is becoming available, increasing
access to markets on a global scale (Kizi, 2020). Signif-
icantly, technological progress in the agricultural sec-
tor entails an enhancement of energy efficiency in the
use of the main types of resources. Such a goal can be
achieved through basic strategic solutions in the form
of innovative optimisation of irrigation equipment and
systems, genetic breeding, precision farming concepts,
and organic chemicalisation of agricultural processes
(Rolandi et al.,2021; Ibragimoy, 2023). Bioenergy strate-
gies are also becoming popular as an additional aspect
of technological modernisation, due to the emphasis on
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the principles of sustainable development takes prec-
edence across all sectors of production, including agri-
cultural production.

In Azerbaijan, organic farming is a highly promis-
ing avenue for the development of the agro-industri-
al sector. This trend is associated with increased de-
mand for organic food and growing public awareness
of the benefits of organic products (Rzayev et al., 2021;
Gurbanova, 2021). Organic farming technology utilises
natural resources and methods that are environmentally
tolerant and preserve biodiversity. Unlike conventional
industrial farming, organic farming does not actually use
chemical fertilisers and pesticides, nor does it use ge-
netic modification (Kaldiyarov et al., 2019). This makes it
possible to produce quality and environmentally friendly
food products that do not pollute the environment and
are essential for people’s health. To ensure a systematic
approach to the study of organic farming processes in
Azerbaijan, it is necessary to consider its sectoral char-
acteristics and guidelines that form a model of effective
biological land use (Strategic road map..., 2023). Thus,
organic farming is a complex production complex, the
effective management of which requires considering
the specifics of sectoral functioning in terms of resource
potential indicators, as well as ensuring its reproduc-
tion at the suitable level (Clapp, 2021). Compliance with
the principles of sustainable development requires en-
suring a technological closed cycle of production in an
agricultural enterprise. That is, organic farming should
be implemented under the influence of reproduction al-
gorithms using available factors of production - organ-
isational, economic, production, material and technical,
ecological, and social.

Long-term intensive farming has led to substantial
environmental problems in the agricultural sector of
Azerbaijan. Agro-ecosystems, by their nature, are ex-
tremely energy intensive, with poor adaptive capacity,
and potentially high levels of soil fertility depletion.
The situation is particularly difficult in the field of
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information
collection system

Implementation
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activities
« Satellite navigation equipment
» On-board computers for vehicles
* Sensors

irrigated vegetable production. Organic land use tech-
nologies, which make provision for covering the soil
cover with vegetation for as long as possible, are a
relevant alternative. Innovative technological methods
and algorithms that allow implementing a step-by-step
transition from an over-intensified farming system to
a science-based biologisation of agrarian processes will
help translate the European standards of sustainable de-
velopment into practical reality. In the agricultural sec-
tor, these standards are positioned by the world com-
munity as alternative or renewable farming.

Innovative precision farming technology involves
determining agrochemical and agrophysical charac-
teristics of fields, drafting electronic maps, and apply-
ing agrochemicals considering the different needs of
crops in certain parts of the field. The application of
this technological approach implies the use of GPS sys-
tem, based on which the system of mechanisation of
soil cultivation, fertilisation, sowing, plant protection
is developed without direct involvement of the oper-
ator. Precision farming involves inseparable monitor-
ing of crop and soil conditions to promptly plan a set
of actions to optimise the condition of problem areas
(Raihan et al., 2022). The characteristic trait of contem-
porary technologies in production of agricultural indus-
try is the active influence on plants in different phases
of their vegetation and soil fertility by performing an al-
gorithm of biological-technological techniques, which
unfailingly affects the yield, productivity, and efficiency
of farming (Kernecker et al., 2021).

The adoption of precision farming technologies
within the Azerbaijan’s agricultural domain involves
measures to increase production efficiency, improve
product quality, rational use of chemicals, prevention of
destructive impact on environmental elements implies
an algorithm of data collection and analytical processes,
compilation of electronic maps of fields, effective sys-
tem of management decision-making, development of
technology for agricultural production processes (Fig. 1).

e Electronic map of the fields
¢ Geoinformation systems

Analytical
processes

Managerial
decision-making

« Decision-making support system
« Reporting

Figure 1. Components of precision farming technology

Source: compiled by the authors
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Evaluating the economic effectiveness of incorpo-
rating modern technologies involves examining indica-
tors such as yield growth and enhanced productivity,
cost recovery and profitability level, annual economic
effect per unit area, determined based on informative
data on qualitative and quantitative indicators of yield
are used (Lacoste et al., 2022). Analysing the statistical
data regarding the indicators of economic efficiency
of agricultural enterprises (Table 1), which fully reflect
the efficiency of technological modernisation of the in-
dustry, we can state a significant positive effect of in-
novative technological optimisation of agro-industrial
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processes. The concept of increasing total profit and
profitability according to the gradual transition from
extensive to intensive agricultural activities reflects
the positive dynamics of the impact of innovative tech-
nological approaches in crop and livestock production.
Particularly indicative of the nature of changes is the
ratio between enterprises operating at a loss and at a
profit, which is characterised by pivotal dynamics in the
2005-2022 period (Table 1).1t can be argued that, in the
majority, there are still enterprises actively practising
an innovative approach to farming technologies in the
market.

Table 1. Financial results of agricultural enterprises in Azerbaijan

2005 2010 2015 2018 2019 2020 2021 2022 2023
Number of operating 1782 2,043 1659 1641 1471 1,024 1,035 1,047 1,055
enterprlses, units
Including:
Those working for profit 1,579 1,869 1,530 1,560 1,376 880 880 836 853
Those working at a loss 203 174 129 81 95 61 70 48 43
Total profit, thousand AZN 5892 27658 39,763 96917 92,696 104016 171,197 310,012 375015
Total profitability, % 9.1 16.7 113 20.1 17.2 19.4 27.2 37.9 38.8
Profit (loss (7)) in crop 2,769 8855 20241 56,577 68795 69321 127159 170,174 155,120
production, thousand AZN
Profit (loss (1)) in Livestock 3117 13021 19,993 19,048 10,481 27,180 32,557 113,751 108,745
breeding, thousand AZN
Agricultural products 9 134 113 162 153 19 264 35 385
Return on sales, %
Including:
In crop production 41.5 30 36 40.4 35.7 29.2 51.7 51.9 525
In livestock production 5.4 10.5 7.1 5.9 3.4 9.5 8.5 23.6 24.7

Source: G. Curry et al. (2021)

Therefore, the technological modernisation of
Azerbaijan’s agricultural sector is oriented towards sys-
tematically transitioning from extensive to intensive
methods of agricultural production. This shift aligns
with the principles of sustainable development and
the green economy. These benchmarks advocate for the
widespread adoption of innovative technological sys-
tems that integrate technical, informational, and intel-
lectual resources.

DISCUSSION

Modern technological modernisation of agriculture
accumulates vectors of innovative optimisation of
spheres of agrarian activity, including material and
technical support, production organisation, innova-
tion management, information flows, and technolog-
ical processes. Political support for agrarian reforms,
diversification, preventive protection of the ecological
state of agro-landscapes, along with active technolog-
ical modernisation of the agricultural sector, can pro-
vide favourable environment for optimal development
of Azerbaijan’s sustainable agriculture. The synergy of
technological modernisation and innovative solutions

are the factors of intensive growth in the aspect of
agro-industrial complex development, as well as the
basis for guaranteeing food security of the state and
leading positions in the export segment of the market.
Numerous scientific studies substantiate the eco-
nomic impracticality and profoundly adverse effects as-
sociated with extensive methods of agricultural produc-
tion on the environment in modern conditions. L. Rocchi
et al. (2020) believe that agricultural modernisation is a
gradual transition from traditional production to tech-
nological production and should be in line with the pri-
orities of green economic development. This standpoint
encapsulates the core scientific concept of the present
study, making it challenging to dispute the researchers’
conclusions. The acquired results align with the out-
comes of various scientific investigations, reinforcing the
notion that the degree of modernisation acts as a sig-
nificant gauge for the practical application of research
and development (R&D) advancements. Furthermore,
this process is oriented towards enhancing the export
potential of the agricultural sector within the economy.
According to the research of S.Ruzzante et al. (2021),
innovative technological modernisation of agricultural
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production contributes to the development of a new
organisational and management mechanism in the ag-
ricultural industry. F. Farrokhi and H. Pellegrina (2023),
however, contend that the enduring outcomes of such
processes include an increased local demand for skilled
labour, the commercialisation of scientific processes,
and increased rates of urbanisation. The findings of the
present study have demonstrated that the innovative
framework of agricultural knowledge, in synergy with
other links of the production process, reveal new op-
portunities for the implementation of methods of tech-
nological modernisation of agriculture, which was con-
firmed by E. Sadik-Zada (2021). According to scientists,
the main principles of the innovative approach to tech-
nological modernisation of agriculture include ration-
ality, competent economic planning, transformation of
public opinion, and scientific approaches to agricultural
production. This fact is also emphasised by modern sci-
entists A. de Janvry and E. Sadoulet (2020), arguing the
need for a radical reorientation of strategic vectors of
economic activity.

The findings of I. Cisternas et al. (2020) suggest the
need to intensify agricultural production through or-
ganic technologies, biological sparing methods of plant
protection, minimising the use of aggressive chemicals.
Scientists are considering ways of levelling the negative
effects on agro-landscapes by introducing protective
buffer zones within agricultural areas, imposing restric-
tions on the use of heavy agricultural machinery, and
breeding sustainable species. Such conclusions of sci-
entists align with the results of this investigation, em-
phasising the expectation of a considerable productivity
surge and improved quality of agricultural products in
case of consistent and full replacement of conventional
agricultural technologies with more sparing organic ones.

X.Yang et al. (2021) follow up on this issue by high-
lighting the priority of closed-loop technologies that
minimise the environmental impact of agro-industry.
Scientists are convinced that the development of sus-
tainable agriculture requires large-scale support in the
form of investments and lending to support natural
landscape systems, preserve biodiversity, and reduce
greenhouse gas emissions. Furthermore, sustainable
agricultural production contributes to optimising the
main components of food security: availability, utilisa-
tion, access, stability. This is what G.K. Kurmanova et al.
(2022) are convinced of in their research. They also
assert that numerous studies overlook information
pertaining to the three dimensions of sustainability -
social, economic, and environmental. According to the
authors,a more extensive adoption of modern precision
farming methods, particularly electronic field maps and
geographic information systems, will enable the pro-
active safeguarding of agro-landscapes and positively
influence the efficiency of agricultural production.

Practical aspects of technological modernisation of
agriculture in Azerbaijan in the conditions of transition
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economy require further research. Most scientists,
whose studies are discussed above, are united in the
system of requirements for effective innovative mod-
ernisation of the agricultural sector. In their opinion, it
should be carried out systematically, stemming from
the introduction of innovative solutions, while being di-
rected at increasing competitiveness, increasing export
potential, and developing the structural elements sup-
porting the agricultural part of the economy. Utilising
contemporary environmental monitoring capabilities
is essential for an impartial evaluation, formulation of
preventive measures, and implementation of regenera-
tion actions to mitigate environmental impact. Achiev-
ing this objective necessitates the modernisation of the
functionalities embedded in agricultural production
management tools and streamlining their operations
in alignment with the digital economy’s prerequisites.
C. Gras and D. Caceres (2020) share a similar perspec-
tive, highlighting the inadequacies in the current moni-
toring system within the agricultural sector.

Y. Gao et al. (2020) advocate for a future paradigm
in which biological technologies take precedence in
agricultural production. This approach relies on un-
derstanding the regularities of physiological and bio-
chemical processes that facilitate ecosystem self-pu-
rification. The research, including the present study,
suggests that it is prudent to incrementally embrace
closed-loop technologies. The primary focus should be
on gradually halting soil degradation and maximising
the separation of economic ties within agro-industry
from natural ones. Integrated management in agricul-
tural production is crucial for effectively addressing
strategic objectives, including optimising resource uti-
lisation, enhancing the sustainability of agro-ecological
systems, monitoring quality, and responding effectively
to environmental risks. To improve the situation, it is
imperative to curtail activities leading to chemical and
other hazardous forms of natural resource pollution
and destruction, while also regulating the impact of
agricultural production processes.

Summarising the findings of modern scientists and
conclusions obtained in the current study, we can high-
light the primary features of technological modernisa-
tion of agriculture: modernisation increases the com-
petitiveness of agricultural production; introduction
of technological innovations stimulates the growth of
productivity and efficiency indicators of agricultural
processes; modernisation creates a need for qualified
personnel and development of scientific potential; the
successful optimisation of the agricultural sector yields
an expansion of export opportunities for the industry
and attracts investment.

Therewith, a pivotal factor contributing to the suc-
cessful technological modernisation of the agricultural
sector is the establishment of a mechanism for state
support in agricultural innovation. This involves the
creation of a unified investment system and the global




integration of a network of agricultural innovation
transfer centres. Thus, enhancing the effectiveness of
the agro-industrial complex and ensuring food security
become possible only based on technological renewal
of basic production processes, a balanced approach to
mechanisation and automation, considering the princi-
ples of sustainable agricultural development. Optimal
technological modernisation makes it possible to tran-
sition to an innovative development model, increase
production efficiency, and minimise destructive pro-
cesses in agro-landscapes.

CONCLUSIONS

During this study, a comprehensive analysis of the effi-
cient operation of agrolandscape complexes was con-
ducted through a multifactorial approach grounded in
the principles of sustainable development. The study
successfully delved into the present state of technolog-
ical modernisation in Azerbaijan’s agriculture, examin-
ing existing resources, and identifying potential oppor-
tunities in this domain. The statistical data of indicators
of economic efficiency of agricultural enterprises of
Azerbaijan, which are representative of the efficiency
of technological modernisation of the industry, were
analysed. Considerable positive effect of innovative op-
timisation of technological processes of agro-industrial
processes was recorded.

The study substantiated the necessity of introduc-
ing innovative solutions in the agrarian sector of the Re-
public, identifies the main features of gradual transition
from extensive to intensive, organic and biological tech-
nologies. It was found that the development of biolog-
ical renewable land use and precision farming systems
is a considerable factor in increasing economic perfor-
mance in crop production, strengthening the priorities
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replacement of extensive methods of agricultural pro-
duction with intensive ones in accordance with the prin-
ciples of sustainable development and green economy.
The study also found that the main approaches to the
modernisation of the agricultural industry are based on
the principles of diversification and rationalisation of
production processes. It was established that significant
reduction in environmental impact and improvement in
both quantitative and qualitative aspects of agricultur-
al production can only be achieved through the com-
bined implementation of technological and managerial
measures, alongside the adoption of innovative control
methods. The information gleaned from this study can
be effectively applied in practical scenarios.

Adherence to stringent environmental load regula-
tions, aligning current norms of agricultural production
with those of developed nations, and the incorporation
of modern innovative technological solutions rooted in
a closed resource utilisation cycle will play a pivotal
role in optimising Azerbaijan’s agricultural sector. This
optimization, coupled with efficient management strat-
egies and the implementation of an innovative mon-
itoring system, is anticipated to contribute positively
to the country’s economic landscape. The potential of
wide introduction of geoinformation technologies, sat-
ellite navigation devices and electronic mapping into
the processes of agricultural activities requires further
research. Active implementation of a modern manage-
ment decision support system is also expected to be
promising. In combination, such measures will substan-
tially improve the efficiency of agricultural production
in the country, expand export opportunities, ensure
food security and stimulate economic development to-
wards a green sustainable economy.
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AHoTauia. HeobxinHicTb 3a6e3neyeHHa npofoBosibuMX NoTped AsepbaioxaHy noTpebye MoaepHisalii arpapHoro
CeKTopa y HanpsaMmi iHHOBALiMHOrO TUNY pO3BUTKY. TakMIM NpoLec CynpOBOAXKYETLCS TEXHIYHOK Ta TEXHOMOFIYHOK
ONTUMI3aLier BiNblIOCTi BUPOOHMYUMX NPOLECIB Y CilbCbKOMY roCMofapcCTBi. MeTa poboTM - LOCNIOXKEHHS Ta
aHani3 3anpoBafXXeHHS TEXHOMOTYHMX iHHOBALIM B arpapHii ranysi AsepbanmxaHy. [locnigkeHHs nNpoBOAMANCS
3 BMKOPUWCTAHHSM 3arajbHOHAYyKOBMX METOAIB Mi3HAHHS, 30KpemMa CMCTEMHOr0 aHanily, CMHTe3y, abcTparyBaHHs,
[enykuii, y3aranbHeHHS, KOHKpeTu3auii. Y xo4i AOoCNigAXeHHS NpOaHani3oBaHO OCHOBHI 3aBAAHHA TEXHOMOTiYHOI
MoJepHi3aLii arpapHoi ranysi, BUBYEHO AMHAMIKY iX BMAMBY Ha ehEKTUBHICTb BUPOBHULTBA 3aN€XHO Bif Pi3HUX
dakTopiB, po3pobneHo 3axoau AN ONTUMI3aLii CMTYaLIT 3 ypaxyBaHHAM NPiOPUTETHOCTI iHHOBALiMHMX pileHb. Kpim
TOrO, PO3MSIHYTO MOXJIMBOCTI 3aCTOCYBaHHS Cy4aCHUX YNPaBAiHCbKMX Ta TEXHONOMYHMX 3aXO0A4IB WOA0 MiHiMi3auii
[LeCTPYKTUBHOTO BMJIMBY CiNlbCbKOrOCMNOAAPCbKOr0 BMPOOHMLUTBA Ha HABKOJMLUHE CepefoBMLLE, LLO F'PYHTYHOTbCS
Ha CuHeprii ekonoriyHoi 6e3nekn Ta eKOHOMiYHOi edeKTMBHOCTI, 3 BMPOBAMXKEHHAM CYYaCHWMX iHHOBALIMHUX
TEXHONOTMYHMX MiAX0AiB. BudHaueHo ix eheKTUBHICTb SK AIEBMI IHCTPYMEHT Ang TpaHchopMaLii arpapHoi ranysi
BiANOBIAHO [0 AKTYaNbHUX COLiaNIbHO-EKOHOMIYHMX BUMOT Ans iHTeHcudikauii i1 po3sutky BcTtaHoBneHo, wo
3aCTOCYBaHHS €KOCMCTEMHOrO MigXoAy, a TakoX 3anpOBaf)KEHHS IHTErpoBaHOro YnpasfiHHA arponaniwadramu
30aTHi 3abe3neynTn CTanuit po3BMTOK arpoHOMIYHOI rany3i B AsepbaiokaHi. Pe3ynbtaT OOCNIOKEHHS MakoTb
CYTTEBY MPAKTUYHY 3HAYYLLiCTb 415 PO3BUTKY Ta MOAEPHIi3aLii CMCTEMM CiNbCbKOMO roCNoAapCTBa Y KPaiHi, CTBOPEHHS
BEKTOPHMX NPOrpam TEXHOMOFIYHMX IHHOBALIM

KniouoBi cnoBa: MopaepHi3auis; arpapHWii CeKTOp EKOHOMIKM; CTanui pO3BMTOK; iHTEHCM@iKaLis; opraHivHe
BMPOBGHULITBO
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