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Effect of chicken infectious bronchitis vaccine on morphogenesis and differentiation of cells in caecal tonsils

of caecal tonsils of poultry aged 8, 20, 40, 90, 110 days of vaccinated and unvaccinated groups were analysed and
studied. Up to 20 days of age, no lymphoid nodules were detected in the caecal tonsils of chickens, both vaccinated
and non-vaccinated groups. Histological and morphometric studies were conducted, which showed that vaccination
of poultry accelerates the development of lymphoid formations in the early stages of the postnatal period of
ontogenesis, especially in chickens aged 20 days, which is manifested by an increase in the number and size of
lymphoid nodules of caecal tonsils relative to the control group. Immunohistochemical studies have established
that the placement and accumulation of T-lymphocytes with markers CD4*, CD8", as well as B-lymphocytes (CD20%)
and CD45RA" cells in caecal tonsils, namely in lymphoid nodules and diffuse accumulation of lymphoid cells,
depend on the age of chickens and multiplicity of vaccinations. It was proved that in chickens aged 8 days, the
number of T-lymphocyte subpopulations with surface markers CD4*, CD8* prevailed over CD45RA* and CD20".
With the increase in the number of immunizations (after three-fold vaccination against infectious bronchitis of
chickens), immunocytometric studies indicated that in vaccinated chickens aged 40 and 90 days, there was a clear
increase in the number of mature B-lymphocytes by 1.58 and 1.37 times, respectively. Considering the fact that the
number of CD8* lymphocytes in vaccinated chickens aged 40 days was 1.49 times greater than the number of CD4*
cells, this led to a sharp decrease in the immunoregulatory index of the caecal tonsils, which must be factored in
when carrying out preventive vaccinations

Keywords: poultry; histological changes; lymphoid formations; T-lymphocytes; B-lymphocytes; vaccine prevention

INTRODUCTION

Chicken infectious bronchitis virus (IBV) is a coronavi-
rus that reduces meat and egg production in poultry
(Gallardo, 2021; Chandrasekar et al., 2023). The CIB vi-
rus has been known since 1930, but even now, it causes
significant economic damage to farms (Bande et al,
2017; Legnardi et al., 2020). Live and inactivated vac-
cines are used to prevent infectious bronchitis, but due
to the emergence of IBV new strains, the risk of this dis-
ease outbreak increases (Bhuiyan et al., 2021). The prev-
alence of the CIB virus is growing rapidly (Karimi et al,,
2019). Infectious bronchitis has three forms: respira-
tory, nephroso-nephritic, and reproductive (Guralska
et al., 2019; Zhang et al., 2020). External factors that
reduce the immune response also affect production pa-
rameters. Many factors, including infectious ones, cause
immunosuppression in poultry (Gimeno & Schat, 2018;
Nair, 2022; Schat & Skinner, 2022).

Poultry farming is the most intensive and
fast-growing industry among other livestock produc-
tion. Presently, it has expanded considerably due to
the demand for both meat and eggs (Stamilla et al,,
2020). Vaccination is used in poultry farms to pre-
vent infection, reduce morbidity and mortality (Habibi
et al,, 2017; Yang et al.,, 2023). According to Stamilla
et al. (2020), vaccination is a vital step to maintain the
necessary biosecurity, especially in the first weeks of
poultry life. However, repeated vaccinations signifi-
cantly inhibit the body’s immune functions (Kaab et al.,
2018). Vaccines are often used repeatedly, and this, as
a result, causes immune stress disorder. Mass use of
vaccines, specifically against infectious bronchitis, is
to some extent ineffective and can lead to ineffective
vaccination (Jordan, 2017). Despite the fairly wide-
spread use of vaccination against infectious bronchitis,
this disease causes considerable economic damage to
poultry farms (Icochea et al., 2023). M.W. Jackwood and
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D.H. Lee (2017) argue that the use of live attenuated
vaccines for immunization affects the genetic profile
of chicken infectious bronchitis strains. According to
the results of the study, the use of the vaccine has
a weak reactogenic effect (Asrutdinova et al., 2020).
And yet, even though there may be outbreaks of the
disease in immunized poultry, vaccination is still one
of the key methods of preventing infectious bronchitis
in chickens (Ali et al., 2023). For vaccine prevention of
infectious bronchitis in chickens, it is necessary to first
consider the immunosuppressive effect of vaccines on
the poultry body (Guralska & Budnik, 2020).
Logvinova & Oliyar (2021) indicate the need to
consider the morphogenesis of the lymphoid struc-
tures of the intestine of poultry during intensive poul-
try farming. The gastrointestinal tract plays a major
role in immune homeostasis (Ahluwalia et al., 2017,
Nochi et al, 2018). Peripheral organs of the immune
defence of birds include lymphoid tissue associat-
ed with the mucous membrane of the digestive canal
(Montalban-Arques et al., 2018). It occupies one of the
prominent places in the system of the immune defence
organs of birds (Mazurkevych, 2017). The intestine-as-
sociated lymphoid tissues of the digestive tract, which
consist of lymphoid cells contained in Peyer’s patches,
caecal tonsils, and also in the own lamina of the in-
testinal mucosa, are quite well-developed in the bird’s
body. The cacecal tonsils consist of an aggregated mass
of lymphocytes and form numerous nodules (Abd El-
Wahab et al,, 2017). They trigger a protective immune
response against both bacterial and viral pathogens
(Algazlan et al.,, 2021). The caecal tonsils are analogous
in structure to Peyer’s patches, have the appearance of
two large lymphoid aggregates and are located at the
border between the caecum and rectum (Abd ELl-Wahab
et al., 2017). These lymphoid formations are secondary




lymphoid tissue that takes part in humoral immune re-
sponses (Nnadozie et al., 2019). Lymphoid formations
thatare located inthe digestive organs of poultry protect
the body from foreign antigens (Khomich et al., 2021).

The immune formations of the poultry caecum
are quite well-developed. The area of the caecal ton-
sils contains a significant amount of lymphoid tissue
(Mazurkevych, 2017). Morphologically, two types of
lymphoid tissue are found in them: diffuse (T-zone)
and nodular (B-zone) (Nnadozie et al., 2019). Lymphoid
tissue is present in the mucosa and submucosa of the
caecal tonsils (Mazurkevych, 2017). Lymphoid forma-
tions of the digestive system support the genetic
constancy of the internal environment of the body
(Khomich et al., 2021).

The caecum is constantly exposed to bacterial or
other antigens. Therefore, cochlear lymphoid forma-
tions play an important role in the immunological
response to foreign microorganisms. Cellular immune
responses in lymphoid formations are a prerequisite for
humoral responses, the deficiency of which in birds in
the first weeks of life is associated with the immaturity
of T- and B-lymphocytes (Junior et al., 2018). In caecal
formations, under the antigen, lymphocytes turn into
effector cells, the secretory substances of which deter-
mine the development of cellular and humoral immunity
(Mazurkevych, 2017). The study of basic structures is a
necessary condition for understanding the physiology
and immunomorphology of immune defence organs
(Ayman et al., 2021). According to Thomrongsuwannakij
et al. (2021), before using vaccines, it is necessary to
investigate the immune status of chickens.

The purpose of this study was to establish the im-
munocytological and histological features of the forma-
tion of caecal tonsils in chickens for vaccine prevention
against infectious bronchitis. Objectives of the study: to
establish cyto-and histological features of the chickens
caecal tonsils during vaccination; to determine the con-
tent, localization, and quantitative ratio of subpopula-
tions of CD8*, CD4*, CD20", CD45RA-lymphocytes of the
chickens caecal tonsils during vaccination.

MATERIALS AND METHODS

For the study, Hisex Brown cross chickens of the same
age were selected, which were kept at the branch
“Solotvyn poultry farm” of the limited liability com-
pany “Zelenyi Val” in the village of Stary Solotvyn,
Berdichevskyi district, Zhytomyr region. The poultry
was divided into two groups: control (intact) and exper-
imental (vaccinated).

Histological studies were performed in the edu-
cational-scientific clinical-diagnostic laboratory of the
Polissia National University. Histological material was
the caecal tonsils of chickens aged 8, 20,40,90 and 110
days selected from the control and experimental groups.

Anatomical examination included slaughter and
exsanguination of chickens, preparation and removal of
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organs. Histological studies were carried out according
to generally accepted methods of tissue fixation and
production of histological tissue sections. For histolog-
ical examination, caecal tonsils of chickens were se-
lected, which were fixed in a 10-12% aqueous solution
of neutral formalin for 48 hours, then washed with tap
water for 24 hours, dehydrated with ethyl alcohol of
increasing concentration (40%, 50%, 70%, 96%, 100%)
followed by pouring in paraffin. Histosections were
made on a sled microtome, which were subsequently
stained with haematoxylin and eosin, as well as accord-
ing to the Van Gieson method.

Immunohistochemical studies revealed T-lym-
phocytes in caecal tonsils: helpers and cytotoxic cells
with CD4* and CD8* surface markers, respectively; ma-
ture B-lymphocytes (CD20%), as well as naive T-helpers,
B-lymphocytes and monocytes (CD45RA*). Monoclonal
antibodies were used for this purpose. For better vis-
ualization, the histosections were additionally stained
with Mayer’s haematoxylin (DAKO, Denmark).

A Primo Star light microscope (Carl Zeiss, Germany)
and Image Scope software were used for the mor-
phometric study of caecal tonsils of chickens. The
immunoregulatory index (IRl) was determined - the
CD4*:.CD8* ratio. For microphotography, a digital cam-
era mounted in a Primo Star microscope (Carl Zeiss,
Germany) was used. Statistical processing of the study
results was performed using the Statistica 6.0 software
(StatSoft Inc., USA). Fischer’s F-criterion was used to as-
sess statistical significance. The difference between the
obtained data was recognized as probable at P<0.05.

During the research, the “General Ethical Princi-
ples of Experiments on Animals” (Reznikov, 2003) were
observed, which is consistent with the Law of Ukraine
No. 3447-VI “On the Protection of Animals from Cruelty”
dated 10.16.2012 (Law of Ukraine No. 3447-1V, 2006)
and the Provisions of the “European Convention for the
Protection of Animals Used for Experimental and Other
Scientific Purposes” (European Convention, 1986), as
well as the Declaration on the Humane Treatment of
Animals (Universal Declaration, 2007).

RESULTS AND DISCUSSION

Histological examination of the caecum revealed that
the histoarchitectonics of the chickens experimental
group organ practically does not differ from the control
one. Notably, no lymphoid formations were observed
in the control and experimental chickens aged 8 days
in their own plate of the caecum mucosa. However, in
chickens aged 20 days (with repeated vaccination), the
lymphoid tissue was diffuse clusters of lymphoid cells
and lymphoid nodules (LN) were also detected, the av-
erage diameter of which increased 1.13 times in the
experimental and control chickens and amounted to
59.8£2.44 um (P<0.05), respectively (Fig. 1). This indi-
cated the LN hyperplasia in the poultry of the experi-
mental group due to antigenic stimulation.
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Therewith, in chickens of this age in the experimen-
tal group, a slight increase in the number of lymphocytes

in the caecum submucosal base was observed, especially

110 days

B-lymphocytes and plasmocytes with a low content of
macrophages, with a considerable number of lympho-
cytes concentrated in the area of the caecal tonsils (CTs).
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Figure 1. Diameter of vaccinated chickens’ caecal tonsils lymphoid nodules, um

Note: * - P<0.05 for chickens in the control group
Source: compiled by the authors

The detected hyperplasia of lymphoid nodules
(Fig. 2) in the CTs area of the experimental group chick-
ens occurred regardless of the vaccine administration
method. That is, the systemic course of the processes
that took place was noted. The submucosal base of
the caecum was infiltrated by lymphocytes, and as the
number of antigenic stimulations increased, an intense
plasmocytic reaction occurred in the intestinal wall.
The chickens after the first vaccinations were dom-
inated mainly by plasmoblasts, as well as immature
plasmocytes. In poultry aged 90 and 110 days, the main
plasma cells were already mature plasmocytes.
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Figure 2. Fragment of the microscopic structure of the
vaccinated chicken aged 40 days caecal tonsils:
1 - lymphoid nodule; 2 - trabecula
Note: Haematoxylin and eosin. x400
Source: photographed by the authors
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Lymphoid cells and macrophages were detected
in the submucosal base of chickens aged 40 and 90
days in the experimental group. Lymphocyte accumula-
tions were insignificant. Therewith, the presence of LN
wrapped in collagen fibres was noted (Fig. 3).

Figure 3. Fragment of the microscopic structure of the
caecal tonsils of a vaccinated chicken aged 40 days:
1 - lymphoid nodule; 2 - trabecula; 3 - crypt
Note: The Van Gieson’s stain. x400
Source: photographed by the authors

Analysis of cytomorphometric results indicated that
in the experimental group of chickens aged 40 days, the
amount of LN was 12.06£0.38 pcs., while in the control -
10.83%0.28 pcs. (Fig. 4). The LN diameter in vaccinated
chickens aged 40 days also significantly increased by
1.07 times (P<0.05) and was 90.97£0.97 ym (Fig. 1).
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Figure 4. Number of lymphoid nodules of the vaccinated chickend caecal tonsils, pcs.

Note: * - P<0.05 for chickens in the control group
Source: compiled by the authors

Similar cyto- and histoarchitectonics of CTs lym-
phoid nodules were observed in experimental chickens
aged 90 and 110 days. Moreover, there was a stable
predominance of the number and size of CTs nodules in
vaccinated chickens over the control ones, as evidenced
by the presented histometric studies.

During the immunohistochemical analysis of CTs
in experimental chickens compared to control ones, an
increase in the processes of formation and differentia-
tion of lymphocytes with CD4* and CD8* markers, which
provide a cellular immune response, as well as CD20",
which form the antibodies, was observed. According
to the results of immunohistochemical studies, it was
established that T-lymphocytes (CD4*) in the CTs area
of vaccinated chickens aged 8 days are located in the
mucous membrane. They form small clusters that are
located near the crypts. On individual preparations of
the CTs of chickens aged 20 and 40 days of the experi-
mental group, these T-lymphocytes are localized singly
in the places where the crypts are located (Fig. 5).

Figure 5. CD4* lymphocytes in the caecal tonsils of a
vaccinated chicken aged 20 days: 1 - crypts
Note: Histopreparations using monoclonal antibodies. 600
Source: photographed by the authors

The presence of lymphocytes was also noted in
the intestinal villi (Fig. 6). In chickens of older age
groups, after vaccination, T-lymphocytes with surface
markers CD4* had an analogous location as in a poul-
try aged 40 days, and they also formed clusters in lym-
phoid nodules.

Figure 6. CD4* lymphocytes in the caecal tonsils of
vaccinated chicken aged 40 days: 1 - villi
Note: Histopreparations using monoclonal antibodies.
x600
Source: photographed by the authors

Analysis of the quantitative study of lymphocyte
subpopulations in CTs showed clear cytomorphomet-
ric manifestations of changes in CD4* lymphocytes in
vaccinated chickens compared to control ones. Thus,
in experimental chickens aged 8 days, an increase
(P<0.05) in the number of T-helpers was observed by
1.19 times compared to the control. Analogous results
regarding the increase in the number of CD4* lympho-
cytes were also observed in experimental chickens of
a different age (Fig. 7).
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Figure 7. The number of CD4* lymphocytes in caecal tonsils of vaccinated chickens, pcs.

Note: * - P<0.05 for chickens in the control group

The results of immunohistochemical studies indi-
cate that the placement of CD8* lymphocytes in the
CTs area of vaccinated chickens aged 8 and 20 days is
analogous to the control group. A part of lymphocytes
with CD8* surface markers in the CTs of chickens aged
40 days, after threefold vaccination, is diffusely located
in the mucous membrane (Fig. 8), while other cells form
clusters in lymphoid nodules. In vaccinated chickens
aged 90 and 110 days, subpopulations of lymphocytes
with CD8" clusters in lymphoid nodules form clusters of
4-10 cells on their periphery.

Figure 8. CD8'- lymphocytes in the caecal tonsils of a
vaccinated chicken aged 40 days: 1 - villi
Note: Histopreparations using monoclonal antibodies. x600
Source: photographed by the authors

Subpopulations of lymphocytes with CD45RA" clus-
ters in the CTs area of chickens aged 8 and 20 days
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are individually localized between crypts and in a diffuse
cluster of lymphoid cells, their small number was also
noted in the villi. In addition, CD45RA* lymphocytes were
found in almost every lymphoid nodule of vaccinated
chickens aged 40, 90, 110 days. Such cells were also
found in the apical region of the epithelial cell cytoplasm,
the villi stroma, and the mucosa’s own plate (Fig. 9).

Figure 9. CD45RA* lymphocytes in the caecal tonsils of a
vaccinated chicken aged 90 days: 1 - crypt; 2 - villi
Note: Histopreparations using monoclonal antibodies.

x400
Source: photographed by the authors

According to the results of studies, it was found that
the number of cytotoxic cells (CD8") in the CTs area of
experimental chickens with an increase in the frequency
of vaccination changed. Therewith, vaccinated chickens
of different age periods showed their growth (Fig. 10).
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Figure 10. Number of CD8S* lymphocytes in the caecal tonsils of vaccinated chickens, pcs.
Note: * - P<0.05 for chickens in the control group
Source: compiled by the authors

The growth of CD8* lymphocytes also affected the  poultry. This indicator significantly decreased (P<0.05)
immunoregulatory index of the CTs of the experimental  in all age groups relative to the control (Fig. 11).
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Figure 11. Immunoregulatory index in the amygdala of vaccinated chickens
Source: compiled by the authors

Cytomorphometric studies also established a sig- At the same time, in vaccinated chickens aged 8, 20, and
nificant (P<0.05) increase in the number of cells of the 90 days, only a tendency to an increase in the number
CD45RA* subpopulation after three- and five-fold vac-  of CD45RA" cells was observed compared to the control
cination against CIB compared to non-vaccinated ones.  (Fig. 12).
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Figure 12. Number of CD45RA* lymphocytes in the caecal tonsils of vaccinated chickens, pcs.
Note: * - P<0.05 for chickens in the control group
Source: compiled by the authors
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In the CTs of vaccinated chickens, a significant in-
crease in the number of CD20" cells (mature B-lympho-
cytes) was noted, the presence of which was observed
in all structural elements, including the mucous mem-
brane, villous stroma, around the crypts, diffuse lym-
phoid tissue, and in the LN. Furthermore, in chickens
aged 20 and 40 days (after two- and threefold vacci-
nation), B-lymphocytes were detected in the apical re-
gion of the cytoplasm of columnar epithelial cells of
the epithelial plate of the mucous membrane, as well
as in LN. In experimental chickens aged 90 and 110
days, mature B-lymphocytes were localized in LN, the
cytoplasm of columnar cells that formed crypts, and a
significant number were located in the interfollicular
lymphoid tissue (Fig. 13).

At the same time, in vaccinated chickens of all age
groups, the number of CD20* cells increased signifi-
cantly (P<0.05) compared to intact ones (Fig. 14).

Figure 13. CD20" lymphocytes in caecal tonsils of a
vaccinated chicken aged 110 days: 1 - crypt
Note: Histopreparations using monoclonal antibodies. x600
Source: photographed by the authors
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Figure 14. Number of CD20*- lymphocytes in the caecal tonsils of vaccinated chickens, pcs.

Note: * - P<0.05 for chickens in the control group
Source: compiled by the authors

According to the results of histological studies of
the caecal tonsils in chickens aged up to 20 days, there
were no lymphoid nodules, only diffuse lymphoid tissue
was noted, which indicates their functional immaturity.
These results confirm the data of B. Song et al. (2021)
that the immune system of chickens is not developed
until 34 days of age. Studies on the morphological
characteristics of chickens caecal tonsils at the cellular
and tissue levels to some extent complement the data
of other authors. The detected postvaccinal morpho-
functional changes in the chicken organ depended on
the frequency of immunization and their age. According
to N.Nagy et al. (2022), T-lymphocytes in the tonsils are
located mainly in the interfollicular space, but some of
them are also in the germinal centres. After hatching,
the number of lymphocytes increases, CTs are observed
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already in the second week of life, and they increase
with age. The composition includes specialized epithe-
lium, subepithelial zone, lymphoid nodules and inter-
follicular areas. In the subepithelial zone, apart from
plasma cells, there are also CD4* and CD8* lymphocytes,
and the interfollicular T-cell-dependent zone consists
mainly of CD4* (Nagy et al.,2022). U.Ayman et al. (2021)
in chickens aged 1 day, only a small infiltration of lym-
phocytes was detected in the area of caecal formations;
however, in chickens aged 14 days, they already noted
the presence of lymphoid nodules, whereas in chick-
ens aged 28 days, encapsulated lymphoid nodules and
diffuse lymphoid tissue in the lamina propria and sub-
mucosal layer. Caecal tonsils of chickens acquire mor-
phofunctional maturity gradually up to 35 days of life
(Udoumoh et al., 2021).




The study results complement the data of
A. Hussein and A. Reshag (2019), which indicate that
the caecal tonsils contain many B cells. Results of im-
munohistochemical studies by V. Khomich et al. (2021)
indicated that the highest number of mature B lym-
phocytes was observed in poultry aged 180 days. Ac-
cording to the results of the study B. Song et al. (2021),
the highest levels of specific cellular immunity compo-
nents, namely the activity of T-and B-cells proliferation,
are observed from 30 to 34 life days of broiler chickens.
According to A. Hussein and A. Reshag (2019) the size
of the caecal tonsils increases with age. In poultry aged
2 months, the presence of mature B-lymphocytes was
clearly noted. In Hisex Brown chickens, according to re-
search results, the highest indicators of T-lymphocytes
with surface markers CD4* CD8* were noted precisely
at the age of 40 days, while the indicators of mature
B-lymphocytes (CD20*) - at the age of 90 days.

To estimate humoral immunity, it is necessary to
consider the level of T-lymphocytes with the surface
marker CD4*. CD4* and CD8* lymphocytes can have
suppressive activity (Dai et al., 2021). According to
Lee et al. (2019), CD4* lymphocytes act as regulatory T
cells.CD8" is particularly important for antigen recog-
nition (Liu et al., 2020). According to the study results
of E. Aston et al. (2019), when immunizing chickens
against CIB, the amount of CD8* lymphocytes grows
in relation to unvaccinated poultry. M. Dai et al. (2021)
point out the importance of cytotoxic T cells in the
immune response specifically to the chicken infec-
tious bronchitis virus. These data are confirmed in
our research results because starting from the 20-
day age of chickens, the number of CD8* lymphocytes
prevailed over CD4* lymphocytes in caecal tonsils.
Thus, if in vaccinated chickens aged 40 days the num-
ber of lymphocytes in the CTs with surface markers
CD8*was 69.83%£1.11 pcs., then CD4* lymphocytes -
46.72%0.94 pcs. Based on the results of immunocy-
tochemical studies by R. Zegpi et al. (2019), vaccina-
tion can induce elevated levels of CD4* lymphocytes,
CD8* lymphocytes. The presence of CD8 lymphocytes
is clearly expressed in young poultry (Hussein & Re-
shag, 2019). When investigating the cell clusters, re-
sults were obtained that indicated a certain dynamics
in the development of the immune response, which
depended on the age of the poultry, the frequency of
vaccination, and the characteristics of the organ under
study. Any infection can destroy post-vaccination de-
fences and adversely affect the immune system.

The T-system of poultry is involved in the forma-
tion of the immune response and regulates its duration
(Hussein & Reshag, 2019). Although an increased num-
ber of CD4*, CD8* T-cells was observed in the periph-
eral blood during viral infections, according to M. Dai
et al. (2021), their role, functions, and biological signif-
icance are still understudied. An increase in the ratio
of CD4*/CD8" in the thymus of chickens was observed

Huralska et al.

in the studies of T. Kannan et al. (2017): at four weeks
to 0.67 and at eight weeks of age to 0.72. According to
our research, the ratio of CD4*/CD8" in the CTs of vac-
cinated chickens at 40 days of age was 0.67, and at 90
days it was 0.73. Therewith, K. Acevedo-Villanueva et al.
(2021) did not note substantial changes in the ratio of
CD4*/CD8" in CTs of immunized and intact poultry.

The investigation of the immune system organs
morphology helps fully understand the immunol-
ogy of poultry (Nagy et al, 2022). As indicated by
T. Mazurkevych et al. (2022), it is by determining both
the quantitative and qualitative composition of the
immune protection organs lymphoid cells subpopula-
tions that the immune status of an animal can be de-
termined at different age periods. Understanding the
morphology of caecal tonsils in poultry is particular
importance because they perform a protective func-
tion (Saleh et al., 2022).

Thus, as a result of the conducted studies, data were
obtained indicating the feasibility of using immunohis-
tochemical methods to determine the immune state in
vaccinated chickens against infectious bronchitis.

CONCLUSIONS

During histological examination of experimental chick-
ens’ aged 110 days caecal tonsils, the size of lymphoid
nodules decreases, which may indicate physiological
involution. Thus, if at the age of 90 days in vaccinated
chickens the nodule diameter was 173+0.83 pm, then
at the age of 110 days this indicator decreased to
140.4%£2.07 pm. In the control group of chickens, this
indicator was 156.6£1.02 ym and 127.03+1.13 um, re-
spectively.

Immunohistochemical studies of caecal tonsils
helped establish the localization and number of lym-
phocytes with CD4*, CD8*, CD45RA* and CD20* differ-
entiation clusters in the structural elements of the
organ, which directly depended on the age of the poul-
try and the frequency of vaccination. Thus, by the age
of 20 days, T-lymphocytes with surface markers CD4*
(T-helpers), CD8* (cytotoxic cells) dominated over ma-
ture B-lymphocytes (CD20%).

In vaccinated chickens aged 40 and 90 days, there
was a considerable dominance of cytotoxic cells over
T-helper cells. Therefore, in the 40-day age of experi-
mental chickens, the number of CD8+ lymphocytes in
caecal tonsils was 69.83%1.11 units, and CD4* lympho-
cytes - 46.72%0.94 units. As a result, this was reflected
in a decrease in the immunoregulatory index of the or-
gan, which in this age period had the lowest indicators
and amounted to 0.67.

As the analysis of the immunocytomorphomet-
ric study showed, a significant increase in mature
B-lymphocytes (CD20*) and naive T-helpers, B-lym-
phocytes, and monocytes (CD45RA*) was noted in
vaccinated chickens aged 40, 90 and 110 days, both
in relation to the previous age groups and to control
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group. Thus, in control chickens aged 90 days, the num- In the future, it is planned to conduct a histochem-
ber of lymphocytes with the surface marker CD20* was ical study of the immune defence organs of chickens for
93.44+6.48 units, while in vaccinated chickens this  comparative characterization of morphological features.
indicator reached 128.33%3.79 units. It follows from

this that stimulation of the immune system through ACKNOWLEDGEMENTS

vaccines affects the growth of mature B cells, and the  None.

increase in the number of CD45RA* can indicate the

presence of an active immune response in the body of CONFLICT OF INTEREST

the poultry. None.
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AHoTauif. BuByeHHs MOphODYHKLIOHANBHOMO CTaHY OpraHiB iMYHHOI CMCTEMWM Kypel O3a€E MOXAMUBICTb OLiHWUTU
KPUTUYHI Nepioam X pO3BUTKY Ta OPraHiaMy B LLIJIOMY, @ TaKOX eeKTUBHICTb METOLIB BakLMHOMNPOdinaktmku. Metoto
LoCnimKeHHs B6yno BUSBNEHHS MOPdONOTiYHMX Ta iIMYHOTICTOXIMIYHMX 3MiH CTINOKMLIKOBMX MUrAanukis kypen 8, 20,
40, 90, 110-go60BoOro Biky 3a BakLMHONPO®diNakTMKK iHbeKLiHOro 6poHXiTy. B xomi poboTn BUKOpUCTAaHO MeToaM
[OCNIAKEHHS: LMTO-, FICTONONiYHI, iIMyHOriCTOXIMiYHI, MOPHOMETPUYUHI, CBITNOONTUYHI, CTAaTUCTUYHI. [poaHanizoBaHo
Ta LOCNIAKEHO MiCTONOMIYHI NpenapaTi CNiNOKUWKOBMX MUTrAaNuKiB nTuui sikom 8,20,40,90, 110 ni6 BakuMHOBaHOI
Ta HeBakUMHOBaHOI rpynu. [lo 20-1060Boro Biky Kypei, Ik BaKLMHOBAHOI, TaK i HEBAaKLMHOBAHOI rpynu, NiMboiaHMX
BY3/IMKIB B LiNSHLI CNiNOKMLIKOBUX MUIOANUKIB He BUSBNEHO. byno npoBeneHO ricTonoriyHi Ta MopboMeTpuYHi
[OCNIOKEHHS, SKi NOKa3anu, Wo BakKuMHaLig NTULI NPUCKOPHE PO3BUTOK NiMBOIAHUX YTBOPEHb Ha PaHHIX eTanax
NOCTHATaNbHOrO nepiofly OHTOreHesy, ocobnueo y kypei 20-0060BOro BiKy, WO MNPOSBASETbCS 30iNbLUEHHAM
KiNIbKOCTi Ta po3MipiB NiMPOifHUX BY3NMKIB CNINOKMILKOBUX MUAANUKIB CTOCOBHO KOHTPOJIO. IMYHOFICTOXIMIYHUMMU
[OCNiMKEHHAMKM OyNno BCTAHOB/EHO, WO PO3MillleHHS Ta ckynyeHHa T-nimdouuTtie 3 Mapkepamu CD4* CD8', a
TakoxX B-nimdouuTtie (CD20%) Ta kNiTMH-CD45RA"y CNinOKMWKOBMX MUTAANMKAX, @ CaMe Yy NiMPOiAHMX BY3/MKaX Ta
OMdY3HOMY CKYNYeHHI NiMPOifHUX KNITUH 3anexaTb Bif, BiKy Kypern Ta KpaTHOCTI BakUMHaLii. byno aoBeaeHo, wo y
Kypei 8-0060BOro Biky nepeBaxana Kinbkictb cybnonynauiit T-nimbounTis 3 noBepxHeBMMU Mapkepamu CD4+CD8*
Hapn CD45RA* Ta CD20". I3 3poCTaHHAM KiNnbKOCTi MpoBefeHMX iMyHi3auUii (Micns TpbOXKPaTHOI BakUMHaLii npoTu
iHbeKuinHoro BpoHXITY Kypen) iMyHOLUUTOMETPUYHMMU OOCAIOKEHHAMU MOKA3AHO, WO Y BaKLMHOBAHUX KypeWn
BikoM 40 1a 90 Aib BigbYyNnoCh YiTKe 3pOCTaHHS KinbKoCTi 3pinux B-nimdbouumtie y 1,58 Ta 1,37 pasu BianosigHo.
3BakatouM Ha Te, WO Yy BaKUMHOBAHMX Kypei 40-poboBoro Biky Kinbkicte CD8*-nimbouutie nepesaxana y 1,49
pa3u 3a Kinbkictb CD4*-KniTWH, e Npu3Beno A0 Pi3KOro 3HMXKEHHS iIMYHOPErynsTopHOro iHAEKCY CMiNnOKMLLKOBUX
MWTAANKKIB, WO HEOOXiAHO BPaxOBYBATH NPWU NPOBEAEHHI NPOPiNAaKTUUYHMX LLENIEHb

KntouoBi cnosa: nT1ug; ricTonorivyHi 3MiHuW; NiMpoigHi yrBopeHHs; T-nimboumntu; B-nimbountu; BakumHonpodinaktmka
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of yield and resistance against potato blight in the western region of Ukraine. The study was conducted using
field (assessment of disease development), laboratory, analytical, and mathematical and statistical methods. The
paper provides a theoretical substantiation and a new solution to the important scientific task of establishing the
specific features of the use of Ukrainian and foreign varieties, intervarietal and multispecies hybrids by parental
forms in potato breeding. The study summarized the features of the manifestation of productivity components,
quality traits, resistance to potato blight, correlations between economic and valuable traits, selection of new
parent forms for intervarietal and interspecies hybridization, nature of high productivity, quality and potato blight
resistance of breeding material, and created genetically valuable varieties with great value in potato selection and
for agricultural production of Ukraine. Based on this, the possibility and effectiveness of the combination of the
transfer of traits to the offspring and their inheritance was proven, which will expand the existing base of initial
breeding material for further work on the creation of promising potato varieties of different maturity groups with
highly valuable economic traits

Keywords: potato; variety; intersort and interspecific hybrid; descendant; productivity; potato blight; correlation

INTRODUCTION

Different components of the potato gene pool have dif-
ferent adaptive potential, especially those controlled by
dominant genes, which are often highly efficient and
highly expressed rather than polygenic. This results in
different properties that are important for the farm (es-
pecially for different varieties), depending on the grow-
ing conditions and pathogenic pressure. Therefore, the
expressiveness of economically valuable properties in
potatoes, samples of cultivated and wild species should
be investigated in conditions that are as close as possi-
ble to the growing conditions of varieties created based
on the gene pool. This is the second stage of working
with the gene pool after its introduction. One of the
main requirements for the creation and introduction of
new competitive potato varieties in modern production
is not only their high productivity, but also their resist-
ance to major diseases and pests.

The real prospect of creating potato blight resistant
potato varieties becomes possible by introducing the
Mexican hexaploid species S. demissum into the crossing
combination, as the one that carries the main genes of
hypersensitivity, while providing full protection of back-
cross hybrids of S. demissum x ssp. tuberosum, but only in
the first years of their cultivation. Under the pressure of
hypersensitivity genes included in the created hybrids,
the causative agent of the disease begins to form its new
races. Research (Hnitetskyi, 2021) found severe damage
to hybrids created with the participation of S. demissum,
which were previously considered resistant.

Numerous studies (Gryn et al.,2019) led to the cre-
ation of an international gene-for-gene system, within
whichthedominantR-genesofthehostplantcorrespond
to certain pathogen virulence genes, and 11 R-genes
are known.A potato variety with R-genes or a combina-
tion of them stays stable until a common race appears.

However, potato breeding for hypersensitivity
did not solve the problem of potato blight. Research
(Pankova et al., 2019) indicated that the presence of the
R-gene or a combination of both in the genotype of the
variety stimulates the selection of suitable fungal races.

Their insufficient role becomes noticeable when com-
paring the degree of resistance of varieties with and
without R-genes. Thus, 64% of varieties with R-genes
are assigned to the group with a score from 1 point
(high) to 5 (medium). The same group includes almost
the same number of varieties (62%) without R-genes.

In this regard, increasingly more attention has been
paid to field sustainability in recent years. The authors
(Whitworth et al., 2019) showed that field resistance is
the result of several protective mechanisms: a long in-
cubation period, slow spread of infection on the plant,
and reduced sporulation. In plants with high field re-
sistance, damage occurs much later and occurs more
slowly; sporulation of the fungus is inhibited. This type
of resistance equally protects against all races of potato
blight; however, as the disease develops, plants begin
to be affected with varying intensity.

Apart from the resistance of potatoes to potato
blight, tuber resistance is of great importance, especially
recently. As with tops, selection for tuber resistance is
based on field resistance, which is controlled by small
genes. Inheritance of tuber resistance in the field was
studied by (Kelling et al., 2019). Thus, in the offspring
from the crossing of resistant original forms, almost all
F, hybrids had resistant or mildly affected tubers. When
crossing resistant and susceptible forms, a small num-
ber of hybrids with susceptible tubers were found, but
the main part belonged to resistant ones. Crossing of
susceptible forms resulted in hatching only single gen-
otypes that were highly resistant to tubers.

Studies (Furdyga, 2022) found that the proportion
of highly resistant backcrosses valuable for breeding
based on these characteristics was 16.9% and 86.3%,
respectively. Analysis of the origin of backcrosses of
interspecific hybrids created based on wild species
(5. acaule, S. bulbocastanum, S. phureja, S. demissum,
S.andigenum) established the resistance of hybrids
against ring rot, and the sources of resistance to
Ditylenchus destructor Thorne are wild species S. acaule,
S.andigenum, S. Demissum.
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Tubers of potato varieties should be well stored in
the autumn-winter period. It is known that potato blight
and fusarium dry rot are among the most harmful and
common potato diseases in this period. It is caused by
soil fungi of the following species Fusarium sp. which are
assigned to the Tuberculariase genus. They are wound
parasites. Fungi penetrate only into tubers injured me-
chanically and by soil pests. The disease is common
wherever potatoes are grown. In terms of harmfulness, it
is second only to potato blight (Methodological..., 2018).

Numerous researchers (Diaz et al., 2018; Bomok,
2019; Tilahun & Israel, 2021) note that losses from po-
tato blight and dry fusarium rot when grown under op-
timal conditions can amount to 7.0-23.7%, at elevated
temperature and humidity — up to 50%. Apart from
losses caused by rotting tubers during storage, potato
blight and dry fusarium rot cause a decrease in yield
during the growing season. Damage to seed tubers
largely leads to crop shortages (up to 26.6%).

Researchers (Sydorchuk et al., 2018) state that there
are two types of resistance to potato blight: hypersensi-
tivity (vertical or specific) and field (horizontal or general)
resistance. Genotypes with hypersensitivity are charac-
terized by a necrotic reaction of infected and neighbour-
ing cells. Plant hypersensitivity is caused by the action of
the main independent genes, each of which is activated
by a specific race of the fungus. Field resistance is a com-
plex of certain factors that prevent damage to a plant by
a pathogen, and its inheritance occurs due to the action
of small genes. Both types of resistance appear together
in wild potato species S. demissum, S. bulbocastanum,
S. poliadenium, S. stoloniferum, S. vernei, S. verrucosum,
while non-hybridized pure forms of S. tuberosum have
only small field resistance genes.

The main purpose of this study was to identify plant
varieties that are characterized by a prominent level of
yield and resistance to potato blight in the western re-
gion of Ukraine.

MATERIALS AND METHODS

Breeding experiments were carried out on the fields of
the 4-field crop rotation of the crop selection depart-
ment of the Institute of Agriculture of the Carpathian
Region of the National Academy of Agrarian Sciences
in the village of Obroshyne, Lviv district, Lviv region.
The predecessor of potatoes was winter cereals, with
post-harvest sowing of green manure crops.

The study investigated varieties that were in-
cluded in the State Register of Plant Varieties (State
register..., 2020) and hybrids created based on sim-
ple and complex intervarietal crossings and hybrids
created based on species: 88.1450 c.2 - with the par-
ticipation of the species S. acaule, S. bulbocastanum,
S. phureja, S. andigenum, Aureliia variety; 81.386
¢4 - ((S. acaule x S. bulbocastanum) x S. phureja) x
(S. demissum = S. andigenum); 91.765/15 - with the
participation of the species S. acaule, S. bulbocastanum,
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S. phureja, S. demissum, Marko and Volovetska varie-
ties; 90.841 c.2 - with the participation of the spe-
cies S. acaule, S. bulbocastanum, S. phureja, S. demissum,
S. andigenum, varieties Poliska rozheva, Lvivianka, Gidra,
Gitte; 89.721 c.23 - with the participation of the species
S. demissum, S. bulbocastanum, S. andigenum, Biloruska 3
variety; 90.674/12 - with the participation of the species
S. acaule, S. bulbocastanum, S. phureja, S. demissum, Marko
and Volovetska varieties; 86.563 c.4 — with the participa-
tion of the species S. acaule, S. bulbocastanum, S. phureja,
S.demissum, varieties Poliska rozheva, Hibrydna 14, Gitte.

Involvement in the breeding work of various raw ma-
terials, namely, both cultural varieties and hybrids of in-
terspecies origin, helps create potato varieties with prom-
inent economic value and resistance to various diseases.

S.acaule (2n=48) is self-fertile. Samples of this spe-
cies have complex resistance to viruses x (extreme), S, L,
Y, cancer pathotypes, potato nematode (G. rostochiensis
and G. pallida), frost, common scab, oosporosis, alter-
nariosis, ring and brown rot. Tubers contain up to 23%
starch and up to 2.8% protein. Easily crossed with wild
species and varieties.

S. bulbocastanum (2n=24). Its samples are charac-
terized by high resistance against potato blight, rela-
tive resistance against Alternaria, blackleg, potato nem-
atode, rhizoctoniosis, Colorado potato beetle, X and Y
viruses (29, 30, 31).

S. phureja (2p=24). Samples of this species are dis-
tinguished by their resistance to potato cancer, Alter-
naria, scab, black leg, rhizoctoniosis, ring rot, viruses X,
S,M, Y, A, L, aphids, and nematodes. It has a high content
of dry matter and protein.

S.andigenum (2n=48) is self-fertile. Individual spec-
imens of the species are characterized by extreme re-
sistance to viruses X, Y and A, hypersensitivity and field
resistance to potato blight, resistance to potato cancer,
common scab, blackleg, alternariosis, potato and stem
nematodes, Colorado potato beetle.

S. demissum (2n=72) is self-fertile. Its samples are
resistant to viruses Y and L, characterized by hypersen-
sitivity and field resistance of 290 against potato blight,
resistance to cancer pathotypes, potato nematode (spe-
cies G. rostochiensis and G. pallida), Colorado beetle and
frost, common scab, ring rot, etc. Tubers of individual
samples have a high content of starch (22-33%) and
protein (2.5-5.4%). It is easily crossed with other spe-
cies and breeding varieties.

The study was conducted according to generally
accepted methods in potato growing (Sygareva, 1986;
Kutsenko et al, 2002; Trybel & Bondarchuk, 2013;
Bondarchuk & Koltunov, 2019), experimental data were
processed on a computer using the Microsoft Excel pro-
gram and methods of (Ehrmantraut, 2018).

RESULTS AND DISCUSSION

The correct selection of parent pairs for hybridization is
of crucial importance in the selection for potato blight




resistance of potatoes. For this, it is necessary to factor in
the degree of resistance against potato blight in particu-
lar climatic conditions and the combinational ability for
this feature. Comparison of field resistance against potato
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blight of parent pairs and offspring obtained as a result of
crossing, combinations were identified that, both in terms
of the average value and the number of hybrids, had dif-
ferent degrees of plant damage by potato blight (Table 1).

Table 1. The influence of parental forms on the resistance of offspring, obtained based on simple intervarietal
crossings, against potato blight

Distribution of genotypes (%)

Resistance of parent forms  pegjstance Correlation coefficient ) )
Combinations of against potato blight, of offspring between resistance of by potato blight resistance
crosses points against potato  parent forms and offspring classes, score
Q 3 average M#m blight M*m against potato blight,r 1-2 3.4 5.7 8-9
Arkhideia x Zakhidna 60 70 6.5+0.22 6.4+0.43 -0.026 0 357 64.0 0.3
Leleka x Alpinist 55 90 72+0.74 8.5+0.27 +0.876 0 39.0 50.3 10.7
Alpinist x Teteriv 90 85 8.7+0.16 8.9+0.23 +0.781 0 314 67.2 14
Bahriana x Teteriv 85 60 7.2+0.52 7.3+0.30 +0.457 0 46.3 53.2 0.5
Brihantina x Teteriv 60 85 72+0.16 7.8+0.28 +0.771 0 259 72.8 13
Teteriv x Bahriana 60 85 7.2+0.54 6.6+0.42 -0.703 0 31.0 68.5 0.5
Teteriv x Krynytsia 85 75 8.0+0.20 8.4+0.21 +0.486 0 230 75.6 14
Slava x Pamir 75 50 6.2+0.56 7.5+0.23 +0.899 0 313 64.9 3.8
Luhovska x Kristal 70 56 6.3+0.34 71+0.24 +0.580 0 23.8 63.6 126

Source: compiled by the author

The combinations Alpinist x Teteriv, Leleka x Alpin-
ist, and Teteriv x Krynytsia were the best in terms of
resistance to this disease in simple intervarietal cross-
ings.On average, the resistance of parental pairs against
potato blight in these combinations was 8.7, 7.2, and
8.0 points, respectively, and in offspring - in the same
combinations: 8.9, 8.5, and 8.4 points. The resistance of
the offspring to potato blight was associated with the
degree of manifestation of this trait in the parent forms.

The correlation between resistance of parent pairs
and offspring to potato blight, depending on the combi-
nation of crossing, was weak negative, medium, and high
positive. A high positive correlation coefficient was noted
in the hybrid populations of Leleka x Alpinist, Alpinist x
Teteriv, Brihantina x Teteriv, and Slava x Pamir - r=+0.771-
+0.899. There was a weak negative correlation coefficient
in only one population - Arkhideia x Zakhidna - r=-0.026.

The average percentage of genotypes obtained by
simple intervarietal crossings in 9 populations in the
resistance class of 3-4 points was 31.9%; 5-7 points -
64.5%,and 8-9 points — 3.6%. The largest number of off-
spring hybrids - from 50.3% to 75.6% — had a resistance

score of 5-7,from 0.5% to 12.6% - 8-9 points, and none
of the populations had low resistance to potato blight
(1-2 points). We believe that the high field resistance
against potato blight of the offspring of the combina-
tions Leleka x Alpinist, Alpinist x Teteriv, Brihantina x
Teteriv, Teteriv x Krynytsia is because in the pedigree of
one of the parental forms, there were disease-resistant
relatives of cultural varieties.

The potato blight resistance of offspring, created
by crossing complex intervarietal hybrids, primarily de-
pended on the selection of parental pairs for hybridiza-
tion. Therewith, both the paternal and maternal forms
played an important role. Two previously created hy-
brids, Sagitta x (Maritta x Igor) and Volovetska x Pamir
were used as the maternal form, and Petland Scwa-
jer, Zakhidna, Rakurs, Lybid, Suzorie and Vytok varie-
ties were used as the parental form. The most effec-
tive combinations for resistance against potato blight
were (Volovets x Pamir) x turn and (Volovets x Pamir) x
Suzorie. The average resistance against potato blight
in the offspring of these populations was 8.9 and 8.8
points, respectively (Table 2).

Table 2. Influence of parental forms on the resistance of offspring to potato blight, obtained based on complex
intervarietal crosses

Resistance of parental

o forms against potato
Combinations of crosses

Resistance of
offspring against

Distribution of genotypes
(%) by potato blight

Correlation coefficient
between resistance

blight, points potato blight of parental forms and resistance classes, score
Q d average M#m M#m offspring to potato blight,r 1.9 3.4 5.7 8-9
sagitta x (Maritta x 190r) - g5 59 65.0.62 6.80.27 +0.190 12 184 752 52

x Petland Scwajer
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Table 2, Continued

Resistance of parental
forms against potato

Combinations of crosses blight, points

Resistance of
offspring against
potato blight

Distribution of genotypes
(%) by potato blight
resistance classes, score

Correlation coefficient
between resistance
of parental forms and

Q 3 average M#m Mm offspring to potato blight,r 1.9 3.4 5.7 8-9

sagitta x (Maritta xlgon) x g5 75 7540.21 7.9+0.22 +0.483 0 219 644 137
Zakhidna

sagitta x (Maritta x Igon x g 5 74 75,033 7.8:+0.21 +0.361 0 75 702 223

(Komsomolets x X Naroch)

sagittax (Marittaxlgor) g g5 g240.15 8.5:0.20 +0.560 0 39 616 345
x Rakurs

(V°l°"et-‘|'_';f)i; Pamin* g5 75 80027 8.4+0.22 +0.638 0 124 496 380

(Volovetska x Pamir) x 85 87 8.6+0.10 8.8+0.12 +0.189 0 127 186 687
Suzorie

(Volovetska x Pamin x g5 g9 §7.0.1 8.9+0.24 +0.803 18 168 389 425

Vytok

Source: compiled by the author

Correlation dependence between resistance of pa-
rental forms and offspring to potato blight was positive
and high in the population (Volovetska x Pamir) x Vy-
tok (r=+0.803), positive and medium - in combinations
(Volovetska x Pamir) x Lybid, Sagitta x (Maritta x Igor) x
Rakurs (r=+0.560-+0.638), positive and weak - Sagitta x
(Maritta x Igor) x Petland Scwajer, (Volovetska x Pa-
mir) x Suzorie and Sagitta x (Maritta x Igor) x (Komso-
molets x Naroch) - r=+0.189-+0.361.

The distribution of genotypes according to potato
blight resistance classes indicated that 1.2-1.8% of hy-
brids of the two combinations were characterized by
low (1-2 points) resistance against potato blight. The
percentage of genotypes with resistance of 3-4 points
was 13.4%, 5-7 points - 54.1%, 8-9 points - 32.0% on
average across populations.

The combinations (Volovetska x Pamir) x Suzorie,
(Volovetska x Pamir) x Vytok were characterized by the
highest (8-9 points) resistance to potato blight and the
largest (from 38.0% to 68.7%) number of genotypes in
the class of 8-9 points, (Volovetska x Pamir) x Lybid.

Analysing the influence of parental forms on the re-
sistance of offspring against potato blight, obtained from
backcrossing of complexinterspecific hybrids,it was noted
thatthe main part of the source material that was included
in hybridization, except for interspecific hybrids 90.841
c.21 and 88.1450 c.2, 86.563 c.4 and variety Lybid was
characterized by average resistance against potato blight.

In terms of the resistance of offspring against late
blight, obtained based on backcrossing of complex in-
terspecies hybrids, where the second parental form was
the Lybid variety, only two populations stood out, the
average resistance of hybrids against potato blight in
which was 8.8 and 8.5 points. The correlation coefficient
between the stability of parental forms and offspring
was weak and on average positive (r=+0.253-+0.566).
When backcrossing complex interspecific hybrids, 0.7%
to 9.4% of genotypes had low resistance against pota-
to blight (1-2 points). The largest (53.3%) percent on
average for populations was occupied by genotypes in
the resistance class of 5-7 points and 15.6% - in the
resistance class of 8-9 points (Table 3).

Table 3. Influence of parental forms on the resistance of the offspring obtained by backcrossing complex interspecific
hybrids against potato blight

Resistance of parental forms

Combinations of against potato blight, points

Resistance of
offspring to

Distribution of genotypes
(%) by potato blight
resistance classes, score

Correlation coefficient
between resistance of

crosses potato blight  parental forms and offspring
Q a average M*m M*m to potato blight, r 1-2 3-4 5.7 8-9
88.1450c2x g4 5g 6.5+0.62 8.2+0.32 +0.868 15 25 656 304
Chernihivska early
Chernihivska early < ¢ 5 6.0+0.55 6.4+0.31 +0.367 78 507 393 22
90771 3 . : 0+0. 440, . : . . .
Chernihivska early x5 g4 6.5+0.61 7.6+0.32 +0598 07 400 570 2.3
5067412 . . 5+0. 6+0. . . . : .
Lybid x 90.841¢c.21 75 9.0 8.2+0.31 8.8+0.33 +0.566 0 284 469 247
91.765/15 x Lybid 7.5 7.5 7.5+0.12 7.7+0.35 +0.253 94 458 403 45
Lybid x 88.1450c.2 75 85 8.0+0.22 8.5+0.21 +0.538 0 170 594 236
86.563 c4xLybid 85 75 8.0+0.32 8.6+0.20 +0.416 17 124 646 213

Source: compiled by the author
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The manifestation of field resistance against po-
tato blight in the offspring depended on the origin of
the potato source material based on which the cross-
ing was carried out. The largest (32.1%) number of hy-
brids with resistance to potato blight (8-9 points) was
obtained in populations when crossing complex in-
tervarietal hybrids, while based on simple intervarie-
tal crossings - only 3.6% and upon backcrossing com-
plex interspecific hybrids - 15.6%, which indicates the

llchuk et al.

possibility of obtaining breeding material resistant to
potato blight when parental forms use source material
of different origins and different types of crossing. It
should be noted that saturating crosses played a role
in the effectiveness of intervarietal crossings for ob-
taining potato blight resistant offspring. Data on the
relationship between the resistance of the vegetative
mass against potato blight and productivity are pre-
sented in Table 4.

Table 4. Relationship between the resistance of vegetative mass against potato blight and the productivity of offspring
of different origins

Resistance of offspring
to potato blight,

Combinations of crosses .
points

MZm

Productivity of hybrid  Correlation coefficient between
populations, g/bush productivity and resistance to
M#£m potato blight, r

Simple intervarietal crosses

Archideia x Zakhidna 6.4%0.43 524+29 -0.116
Leleka x Alpinist 8.5+0.27 92947 -0.556
Alpinist x Teteriv 8.9+0.23 1,067£29 +0.810
Bahriana x Teteriv 7.3%0.30 553%27 +0.351
Brihantina = Teteriv 7.8%0.28 967+10 +0.532
Teteriv x Bahriana 6.6%0.42 65919 -0.688
Teteriv x Krynytsia 8.4+0.21 598+14 +0.643
Slava x Pamir 7.5+0.23 1,203+10 +0.403
Luhovska x Kristal 7.1+0.24 1,058+27 +0.764
Complex intersort crosses
Sagitta x (Maritta = Igor) x Petland Scwajer 6.8+0.27 433+48 -0.196
Sagitta x (Maritta x Igor) x Zakhidna 7.9+0.22 565%11.6 -0.106
Sagitta x (Maritta x Igor) x (Komsomolets x X 78+0.21 877425 40924
Naroch)
Sagitta x (Maritta x Igor) x Rakurs 8.5+0.20 695+48 -0.538
(Volovetska x Pamir) x Lybid 8.4+0.22 62239 -0.254
(Volovetska x Pamir) x Suzorie 8.8+0.12 897+28 +0.215
(Volovetska x Pamir) x Vytok 8.9+0.24 1,026%25 +0.670
Backcrossing complex interspecific hybrids
88.1450 c.2 x Chernihivska early 8.2+0.32 676+28 +0.768
Chernihivska early x 89.721 ¢.23 6.4%0.31 59611 +0.265
Chernihivska early x 90.674/12 7.6%0.32 457%29 +0.464
Lybid x 90.841 c.21 8.8%0.33 569+32 -0.705
91.765/15 x Lybid 7.7+0.35 504+16 -0.088
Lybid x 88.1450 c.2 8.5%0.21 903+35 +0.296
86.563 c.4 x Lybid 8.6+0.20 700+23 +0.232

Source: compiled by the author

The established correlation coefficients between
the resistance of vegetative mass to potato blight and
productivity indicate independent inheritance of these
traits. With different types of crossings used in this
study, the correlation coefficients primarily depended
on the selection of parental pairs. A high positive cor-
relation between the resistance of the vegetative mass
to potato blight and the productivity of offspring was
found in combinations involving starting material of

different origins in hybridization. Specifically, upon
crossing the following varieties: Alpinist x Teteriv, Lu-
hovska x Kristal, Teteriv x Krynitsia, correlation coef-
ficients were r=+0.643-+0.810, complex intervarietal
hybrids: Sagitta x (Maritta x Igor) x (Komsomolets x Na-
roch), (Volovetska x Pamir) x Vytok - r = +0.670-0.924,
and complex interspecific hybrid 88.1450 c.2 x Cherni-
hivska early - r=+0.768. In the remaining populations,
the relationship between potato blight resistance and
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productivity was weak, moderately positive, the corre-
lation coefficient was from r=+0.215 to r=+0.532, and
weak and moderately negative, the correlation coeffi-
cient was from r=-0.088 to r=-0.705.

The largest number of genotypes with high resist-
ance to potato blight (8-9 points) was obtained based
on complex intervarietal crossings (32.1%), when back-
crossing complex interspecific hybrids (15.6%). The ab-
sence of a correlation between potato blight resistance
and productivity in a number of combinations indicates
independent inheritance and the possibility of combin-
ing high indicators of these traits.

Combinations were found in the offspring that
combine high resistance against potato blight (7.1-8.9
points) with high productivity (700-1203 g/bush). These
include Alpinist x Teteriv, Leleka x Alpinist, Slava x Pa-
mir, Luhovska x Kristal, Sagitta x (Maritta x Igor) x (Kom-
somolets x Naroch), (Volovetska x Pamir) x Suzorie, (Vo-
lovetska x Pamir) x Vytok, Lybid x 88.1450 c.2. Thus, the
manifestation of productivity in offspring of different
origins depended on the parent pairs and was divided
into types: intermediate, heterosism, and depression.

To obtain breeding material with a yield of up to
1,000 g/bush, promising combinations are Leleka x
Alpinist, Alpinist x Teteriv, Brihantina x Teteriv, Slava x
Pamir, Luhovska x Kristal, Sagitta x (Maritta x Igor) x
(Komsomolets x Naroch), (Volovetska x Pamir) x Su-
zorie, (Volovetska x Pamir) x Vytok, Lybid = 88.1450
c.2. The productivity of offspring created from simple
intervarietal crossings was 524 to 1,203 g/bush and
exceeded the parental forms by 16.5%, from complex
intervarietal crossings — from 433 to 1,026 g/bush, or
by 17.6%, from backcrossing of complex interspecific
hybrids — 457-903 g/bush, or by 27.2%.

Analysis of the distribution of hybrids by perfor-
mance classes showed that the percentage of highly
productive hybrids primarily depends on the selection
of parent pairs and the origin of the source material
used in hybridization. In simple intervarietal crossings,
the highest percentage (42.0) of offspring with a yield
of up to 1,000 g/bush was obtained in the combina-
tion of Leleka x Alpinist, in complex intervarietal cross-
ings (45-58%) - in combinations (Volovetska x Pamir) x
Vytok, (Volovetska x Pamir) x Suzorie and Sagitta x
(Maritta x Igor) x (Komsomolets x Naroch), when back-
crossing complex interspecies hybrids (50%) - in com-
bination Lybid x 88.1450 c.2.

The highest average weight of tubers was obtained
from simple intervarietal crossings of 101-125 g, the
lowest — 48-72 g - from backcrossing of complex in-
terspecific hybrids. The identified combinations that are
promising for obtaining high-yielding offspring (700-
1,203 g/bush) together with high resistance to pota-
to blight (7.8-8.9 points) are Alpinist x Teteriv, Slava x
Pamir, Luhovska x Kristal, Sagitta x (Maritta x Igor) x
(Komsomolets x Naroch), (Volovetska x Pamir) x Suzorie,
(Volovetska = Pamir) x Vytok, Lybid x 88.1450 p.2.
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It was established (Borodai & Parthenyuk, 2018)
that potato blight, alternariasis, rhizoctoniosis, bacte-
riosis, and viral diseases dominate potato plants dur-
ing the growing season. The share of areas affected by
them varied between 6.1-91.5%, and in some regions it
reached 100%. The proportion of plants affected by po-
tato blight, alternariasis, and fomosis was 30.0-67.8%,
and the development of diseases — 2.1-42.3%. The
prevalence and development of other diseases varied
within 0.2-5.2 and 0.1-2.1%, respectively.

Scientists (Nevmerzhitska et al., 2019) conducted
experiments on the isolation and identification of the
species composition of phytopathogens from tubers
affected by fusariosis, studying the yield of potato
varieties of different maturity groups depending on
fusariosis damage during 2019-2020 at PE “Zherm” of
Chernyakhiv district of Zhytomyr region and in labo-
ratories of the department of plant protection of the
Polish National University. It was found that considera-
ble yield losses were observed in the susceptible temp
variety in the variant where potato tubers affected by
fusarium rot were used as planting material. Thus, on
average, over the years of research from dry fusarium
rot, crop losses reached up to 5 t/ha, which is almost
37%. Relatively resistant varieties (Povin, Mavka) also
had crop losses, but they did not exceed 4 t/ha. The
damage to the planting material by fungi of the ge-
nus Fusarium had less effect on the productivity of the
Povin variety because its yield losses did not exceed
3.7 t/ha,which was only 18.1% compared to the control.

According to V. Martynenko (2016), based on re-
search carried out at the Educational Scientific Pro-
duction Centre of the V.V. Dokuchaev Kharkiv National
Agrarian University resistance to potato blight, based
on the study of varieties of the world assortment, it was
found that about 40-45% of them are distinguished by
field resistance to a certain degree, and the vast major-
ity of them are intervarietal hybrids, where the parent
original forms have a sufficiently high resistance score
against potato blight.

The analysis of research carried out by scientists
made it possible to involve in crossbreeding some
potato varieties that stood out with high points of re-
sistance to such harmful diseases as potato blight and
fusariosis, namely Slava, Teteriv, Krynytsia, Bahriana,
Zakhidna, Luhovska, etc. Some varieties included in the
crossbreeding combination were created by breeders
of the Institute of Agriculture of the Carpathian Region
and the Lviv National University of Nature Manage-
ment, i.e., in the western region, which is characterized
by frequent epiphytotia of a disease such as potato
blight, and therefore the hybrid offspring obtained from
the crossbreeding was characterized by high resistance
scores against potato blight (from 6.6 points) in combi-
nation with high productivity (over 500 g/bush).

Some breeding scientists (Kravchenko et al., 2019)
claim that the resistance against potato blight of the




resulting hybrid generation results in the formation of
certain economic traits and culinary parameters in the
latter.An increase in the resistance score against potato
blight leads to an improvement in these signs.

Scientists (Podhaietskyi et al., 2019) revealed the
specific effect of crossbreeding components on the ger-
mination of hybrid seeds for 5-9 days and the subse-
quent resistance of plants against potato blight dam-
age. The best results were obtained among seeds with
the origin of 86.96s32 x S. andigenum - 28.3%. They
were quite high in three other populations of this spe-
cies. The exception was the use of the maternal form
of the six-species double backcross hybrid 89.721s81 -
9.2%.In 54.1% of combinations, laboratory seed germi-
nation was 90% or more, with the maximum manifes-
tation of Shchedryk x Podoliia hybrid seeds - 96.8%. In
another population involving the mentioned maternal
form, high results were also obtained - 95.4%.

The obtained research results indicate that carrying
out both simple and complex intervarietal crossings, as
well as backcrossing of complex interspecific hybrids
created involving the species S. acaule, S. bulbocastanum,
S.phureja, S.demissum, S. andigenum and cultural varieties
helps obtain hybrid offspring with high parameters of re-
sistance to potato blight (6.6-8.9 points) with economic
and valuable indicators (bush productivity - 457-1,203 g).

The difficulties that scientists face when breeding
potatoes for resistance to one of the most harmful dis-
eases — potato blight, and especially when highly viru-
lent and aggressive races of the fungus appear, and the
subsequent creation of varieties with high resistance
can be overcome, and the selection itself is well-achiev-
able. But for this, it is necessary to constantly replenish
the arsenal of breeders with a variety of source material
with effective genetic control of this trait and to im-
prove its evaluation methods in relation to the soil and
climatic conditions of breeding work.

CONCLUSIONS
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interspecies hybrids, their backcrosses, and therefore,
the practical absence of the possibility of combining
this and the selection area of research in one struc-
tural subdivision. The promising use of backcrosses of
three- and four-species and, especially, six-species hy-
brids in breeding practice was proven. According to the
methods of creation, they can be backcrosses, offspring
from self-pollination, or from crossing hybrids with
each other. The high adaptive potential of interspecies
hybrid varieties, created from the original selection
material according to certain agronomic characteristics,
was established.

The nature of the inheritance of resistance to pota-
to blight by offspring was established, and the possibil-
ity of combining high indicators of resistance to potato
blight and productivity was proven.

Combinations were identified, which are promising
for obtaining high-yielding offspring (700-1,203 g/bush)
in combination with high resistance to potato blight (7.1-
8.9 points): Alpinist x Teteriv, Leleka x Alpinist, Slava x
Pamir, Luhovska x Kristal, Sagitta x (Maritta x Igoer) x
(Komsomolets x Naroch), (Volovetska x Pamir) x Suzorie,
(Volovetska = Pamir) x Vytok, Lybid x 88.1450 c.2.

Using different types of crossings based on com-
plex interspecies and intervarietal hybrids, varieties of
Ukrainian and foreign selection,a new genetically diverse
selection material was created with a productivity ex-
ceeding 1,000 g/bush, a starch content of more than
20.0%, resistance to potato blight of 8.0-9.0 points,
high in crude protein, protein, amino acids, vitamin C,
low in reducing sugars and nitrates.

Therefore, one of the main factors of breeding work
with potato culture in different agro-climatic zones of
Ukraine is a sufficient amount of newly created highly
productive hybrid material, which enables the breeder
to select the best samples with high economic and val-
uable indicators for further work on the creation of new
potato varieties.

The difficulty of involving relatives of cultural vari- ACKOWLEDGEMENTS
eties in practical selection is based on the specificity None.
of carrying out research on the creation of initial se-
lection material on an interspecies basis, the duration CONFLICT OF INTEREST
of the process of obtaining primary and secondary None.
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CTBOpEeHHSA NOTOMCTBaA riépuais kapTonni (Solanum tuberosum)
3 BUCOKOIO NONbOBOIO CTiMKIicTIO NpoTu ¢pitoptoposy
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AHortauisa. CTBOpeHHs HOBMX COPTIiB KapTomn/i 3 BUCOKUMM FrOCMNOAAPCHKO LiHHMMM BNACTUBOCTAMM Ta KOMIMIEKCHOK
CTIMKICTIO NPOTM HanbinbW NOWMPEeHUX XBOPOO € OAHMM 3 OCHOBHWMX HaMpsMIB cenekuii CibCbKOrocnoaapcbkux
KYNbTyp Ha AaHui Yac. Hacamnepep Le MOBA3aHO i3 MOX/MBICTIO 306inblUeHHS BAasIOBOr0 BMPOOHULITBA KapToni,
NMOKpaLLLeHHIO i rocnofapCbKMX MOKa3HMKIB, @ TaKOX 3aBAAHHAMW OXOPOHWM HABKOMIMLLHBLOMO CEpefoBMLLA Bif
3abpyfHEHHS NecTMuMAaMu, WO CNpUSIE CYTTEBOMY MOKPALLEHHIO HABKOWLLIHBOIMO CepefoBMLLA i OTPUMAHHIO
eKonoriyHo 6e3neyHoi npoaykuii. MeTo UbOro AOCHIAKEHHS OGYyN0 BUAIAUTM COPTO3PA3KM 3 BUCOKUM PiBHEM
YPOXaNHOCTI Ta CTINKOCTI NpoTu @iTodTOpo3y B YMOBaX 3axigHoOro perioHy Ykpainu. [locnigkeHHs npoBeneHo 3
BMKOPWUCTAHHAM MOMbOBMX (OLLiHKA PO3BUTKY XBOPOO), 1abOpaToOpHMX, aHANITUYHMX i MAaTEMATUYHO-CTAaTUCTUUYHUX
MeTogiB. HaBegeHo TeopeTyHe 06rpyHTYBaHHS i HOBE BMPILLEHHS BaX/IMBOrO HayKOBOI0 3aBAAHHS BCTAHOB/IEHHS
0cobnMBOCTEN BWMKOPUCTAHHSA 6aTbKiBCbKMMM hOpMaMM BITUM3HAHMX | 3apybidKHMX COPTiB, MiXCOPTOBMX Ta
H6araToBMaoBUX ribpMAiB B cenekuii kaptonni.Y3aranbHeHo 0cobAMBOCTI MPOsBY CKNaA0BMX NPOLYKTUBHOCTI, IKiCHMUX
03HaK, CTINKOCTI NpoTu GiTodGTOPO3Y, KOpPEeNaLiMHUX 3B'3KiB MiX roCNoLapCTbKO-LiHHUMK 03HAKaMu, Migdopy HOBUX
6aTbKiBCbkMX (OPM AN MIKCOPTOBOI Ta MiXXBMAOBOI ribpmnamn3aLii, xapakTepy BMCOKOI NPOAYKTUBHOCTI, SKOCTI i
dITOPTOPOCTIMKOCTI CcenekuiinHOro Matepiany Ta CTBOPEHO FeHETUYHO LHHI COpPTHU, WO MAE BEMKE 3HAYEHHS B
cenekuii kapTonni Ta An9 CiNbCbKOroCnoAapcbKoro BUPoOHULTBA YkpaiHW. Ha OCHOBI LbOro fOBEAEHO MOX/MBICTb
i epeKTUBHICTb NOEAHAHHA Nepefayi 03HaK MOTOMCTBY Ta iX YCMAAKYBAHHS, WO pO3LWMPUTb HasBHY 633y BMXiLHOIO
cenekuiHoro matepiany Ang nodanblioi poboTH WoA0 CTBOPEHHS NMEePCNeKTUBHUX COPTIB KapTOnAi Pi3HMX rpynn
CTUINOCTI 3 BUCOKO-LLIHHMMM roCnoAapCbKMMU O3HaKaMM

KntouoBi cnoBa: kaptonns; copT; MiKCOPTOBMIM Ta MiXBUOOBUI ribpua; HALWA[OK; NPOAYKTUBHICTL; diTodTOpO3;
Kopensuis
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Ukraine. The following methods were used: field, laboratory, mathematical-statistical, calculation-comparative. It
was established that the highest productivity on the background without fertilizers (4.21-4.86 t-ha! of dry matter)
was provided by single-species crops of maize and white lupine, as well as their combined crops, which were formed
by continuous row and strip methods, which by 2.60-3.17 t-ha~* of dry matter or 1.8-2.6 times more compared to crops
of oats and its mixture with white lupine and by 1.13-1.58 t-ha* or 1.4-1.5 times more compared to crops of Sudanese
sorghum and its mixture with white lupine. Through the accumulation and use of symbiotic nitrogen fixation, the
productivity of lupine-oat mixtures increased from 1.90 to 2.70-3.21 t-ha! of dry mass or 1.4-1.7 times, and that of
lupine-sorghum - from 3.17 to 3.43-3.47 or 1.1 times. The most effective ratio of each cereal component to legume
in binary intercropping was 25:75% of the sowing rate in single-species agrocenoses when dry biomass productivity
was the greatest. Compared to the variant without fertilizers, the most significant (by 1.3-2.0 times) increase in the
productivity of all fodder agrocenoses under study was ensured by the application of N,.P, K. , while the application
of P, K., or humigran organic fertilizer at a dose of 250 kg-ha™* - only by 1.2-1.3 times. The research results can be
used in the development of scientific and methodological recommendations and the education about the formation
of highly productive agrophytocenoses for conveyor production of high-quality grass fodder for animal feeding

Keywords: solid and strip agrocenoses; mineral and organic fertilizers; annual cereals; crude protein; compatible

and single-species crops; dry mass; grass fodder

INTRODUCTION

In creating a strong fodder base for animal husbandry
in Ukraine, a major role belongs to improving the ef-
ficiency of using legumes as a source of cheap symbi-
otic nitrogen. They are a source of cheap grass fodder
(hay, silage, green fodder, artificially dried grass fodder),
which is well-balanced in terms of protein, minerals,
and vitamins (Demidas & Prorochenko, 2018; Demidas
& Galushko, 2018; Kurhak et al., 2020). Improving the
efficiency of using cheap symbiotic nitrogen of legumes
by enriching them with cereal coenoses is not only an
important reserve for increasing fodder production, but
is aimed at reducing energy costs, reducing environmen-
tal pollution with nitrogen fertilizers, improving soil fer-
tility, etc. The need for fodder production in the Polissia
and Forest-Steppe of Ukraine can be provided at least by
half through using the potential of perennial and an-
nual leguminous crops when grown in both single-spe-
cies and combined crops (Kurgak & Karbivska, 2020).

In Western European countries, the dependence of
fodder production on mineral nitrogen is also already
decreasing by using the potential of lequminous peren-
nial and annual grasses, the need to partially replace
mineral nitrogen with symbiotic ones is increasing be-
cause the production of nitrogen fertilizers is a very en-
ergy-intensive and expensive process, the introduction
of elevated doses of mineral nitrogen pollutes the en-
vironment, production, and the application of nitrogen
fertilizers to fodder lands is insufficient. Therefore, it
is not by chance that within the framework of the In-
ternational Biological Program of UNESCO and the In-
ternational Society of Soil Scientists, nitrogen fixation,
along with photosynthesis, is highlighted as one of the
main physiological processes on which the production
of agricultural products largely depends. Increasing
the use of leguminous perennial and annual grasses
in forage production is the most important component
of the program for the introduction of energy-saving

technologies in the world (Nilsdotter-Linde et al., 2016;
Hannaway et al., 2018).

Legumes, thanks to their positive consortial rela-
tionships with symbiotrophs (rhizobia), not only feed
themselves with symbiotic nitrogen, but also accumu-
late nitrogen in the soil. This has a positive effect on
cereals that grow together with them in phytocenoses
(Hetman et al., 2019; Kurgak & Karbivska, 2020).

When creating models of mixtures of annual forage
crops, it is necessary that their components are com-
patible in terms of morphological characteristics and
biological features of their growth and development,
while simultaneously increasing productivity and im-
proving the quality of feed in terms of crude protein
content. These requirements are met by legume and ce-
real agrophytocenoses (Demidas & Proroshenko, 2018;
Kurhak et al., 2020).

The studies of various scientists have developed
and recommended legume-cereal fodder agrophyto-
cenoses with a productivity of 5-6 t/ha of fodder units,
which ensure the production of high-quality fodder
crude materials to produce herbal fodder for animals
and the production of ecologically safe animal hus-
bandry products for humans, namely, milk and meat
(Hetman et al., 2019; Ratoshniuk, 2020; Dzyubaylo et al.,
2020). In this context, it is important to obtain complete
feeds from leguminous-cereal mixtures not only of per-
ennial grasses, but also of potential with an expanded
assortment and the use of conventional crops and new
introducers of annual crops in early intermediate crops
and crops involving highly productive drought-resist-
ant late-ripening crops in the chain of green or raw
material conveyor. To create stable, highly productive
fodder agrocenoses in the conditions of aggravation
of arid phenomena in the Northern Forest-Steppe
of Ukraine, growing attention is being paid to crops
that form high productivity in conditions of a lack of
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atmospheric precipitation and a deficit of moisture in
the soil, namely, maize and Sudanese sorghum, which
are characterized by high production potential not only
in single-species crops, but also in mixtures. Sudanese
sorghum tolerates a lack of moisture in the soil better
than low average daily temperatures. Even during fre-
quent dry periods, it generates prominent yields of fod-
der biomass (Slyusar, 2017; Slyusar & Oksymets 2018).

However, until recently, the issues of the optimal
ratio and methods of placing the components of lu-
pine-cereal mixtures under different fertilization sys-
tems (organic and mineral) and the influence of these
factors on the forage productivity of crops and the
quality of grass fodder are still understudied. In the
green or raw material conveyor system, it is necessary
to substantiate the wider use of lupine-cereal binary
mixtures along with oats for sowing drought-resistant
corn and sorghum, which is vital in the modern con-
ditions of aggravation of drought phenomena due to
aridization of the climate. These are the questions that
the present study is aimed at, the results of which are
presented in this paper.

The purpose of this study was to establish the fea-
tures of the formation of one-year highly productive fod-
der agrophytocenoses with different ratios and methods
of placement of cereal components with white lupine
when sowing in binary compatible crops under different
fertilization systems for conveyor production of highly
nutritious grass fodder in the Forest Steppe of Ukraine.

MATERIALS AND METHODS

A study on the fodder productivity of white lupine,
oats, maize, and Sudanese sorghum in single-species
crops and lupine-cereal mixtures with different ratios
and methods of placement under different fertilizer
systems (organic and mineral) was conducted during
2016-2018 in the Forest-Steppe zone of Ukraine on
dark grey podzolized coarse-pollinated-light loamy soil
in the National Research Centre “Institute of Agricul-
ture of the National Academy of Agrarian Sciences of
Ukraine” (Chabany village, Kyiv region). Humus content
in the 0-20 cm soil layer is 2.4%; pH (saline) - 5.2; the
content of alkaline hydrolyzed nitrogen - 13.1, mo-
bile phosphorus - 17.1 and exchangeable potassium
12.9mg-100g-* of soil. The depth of the humus horizon is
35-40 cm,and the groundwater occurrence is about 3 m.

The climate of the region where the study was con-
ducted is temperate continental. The average annual air
temperature is 6-7°C, while the maximum temperature
in the summer months reaches 37-39°C, and the lowest
temperature is 36°C in winter. Precipitation averages
480-620 mm per year,and 423 mm during the growing
season. Weather conditions during the research years
were favourable for the vegetation of perennial grasses.
The least favourable year was 2017, when the least pre-
cipitation fell during the growing season (335 mm) and
when the lowest fodder productivity of all the crops and
their mixtures under study was formed. The scheme of
the experiment is presented in Table 1.

Table 1. Experiment scheme

Sward factor - crops and their mixtures and seed sowing rate, kg-ha-* (%)

White lupine, 300 (100)

Seed oats, 160 (100)

Seed oats, 80 (50) + white lupine, 150 (50) - strip sowing*

Seed oats, 40 (25) + white lupine, 225 (75)

Seed oats, 80 (50) + white lupine, 150 (50)

Seed oats, 120 (75) + white lupine, 75 (25)

Maize, 70 (100)

Maize, 35 (50) + white lupine, 150 (50) - strip sowing*

Maize, 17.5 (25) + white Lupine, 225 (75)

Maize, 35 (50) + white lupine, 150 (50)

Maize, 52.5 (75) + white lupine, 75 (25)

Sudanese sorghum, 30 (100)

Sudanese sorghum, 15 (50) + white lupine, 150 (50) - strip sowing”

Sudanese sorghum, 7.5 (25) + white lupine, 225 (75)

Sudanese sorghum, 15 (50) + white lupine, 150 (50)

Sudanese sorghum, 22.5 (75) + white lupine, 75 (25)

Note: * Strip sowing method with a strip width of 1.5 m. On the remaining agrocenoses, there was a continuous sowing
of components in one row with row spacing of 0.15 m. The experiment was conducted on four fertilizer backgrounds:

without fertilizers; N,,R. K., P, K.,

Source: compiled by the authors

Mineral fertilizers were introduced for pre-sow-
ing cultivation in the form of ammonium nitrate, su-
perphosphate, and potassium chloride, while organic
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P. K., Humigran - 250 kg-ha™?

fertilizer humigran (granulated vermicompost) was ap-
plied to the rows when sowing annual grasses.The area
of the sown plot is 30 m?, the accounting plot is 25 m2.




The repetition of the experiment was fourfold. Agricul-
tural techniques for growing mixtures were generally
accepted for the Right-Bank Forest-Steppe. Pre-sowing
soil treatment was carried out with the Europak-600
combined unit to a depth of 6-8 cm, which ensured lev-
elling and crushing of the soil to a fine-grained state.

The crops under study and their mixtures were sown
in optimal agrotechnical terms with a mounted Seeder
CH-16Ain an aggregate with a tractor t-25A in the usual
lowercase way with row spacing of 15 cm, including
sowing during the formation of strip agrocenoses. The
seeding rate of forage crops is consistent with the ex-
periment scheme in the corresponding variants. During
sowing, the experiment used zoned varieties of annual
crops, mainly selected by the NSC “Institute of Agricul-
ture of the National Academy of Sciences”.

Harvest accounting was carried out differentially,
as the harvest maturity of the dominant crops of the
corresponding agrophytocenoses, namely, the phase
of milky maturity of cereals (oats, maize, and Sudanese
sorghum) and in the phase of physiological maturity of
the seeds in the lower tier of white lupine, continuous
mowing of the green mass with accounting area fol-
lowed by weighing.

Field studies were conducted according to gen-
erally accepted methods in feed production (Methods
of conducting experiments on feed production, 1994).
Harvest accounting was carried out by continuous
mowing of biomass in the accounting area at the time
of harvesting maturation for harvesting grass fodder in
fourfold repetitions, and the determination of the con-
tent of dry matter in biomass during harvest accounting
was carried out by drying biomass in a drying cabinet at
105°C (DSTU 8044:2015, 2018).

In the dry plant mass, the content of crude protein,
crude fat, crude fibre, digestibility of the dry matter of
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feed was determined in vitro - according to the method
of infrared spectroscopy per (DSTU 4117:2007, 2008);
the content of nitrogen-free extractive substances
(NFES) - by calculation (DSTU 4674:2006, 2008). The
agrochemical parameters of the soil were determined
before starting the experiment in the 0-20-cm layer
of the soil according to generally accepted methods,
namely: humus - according to Tiurin (DSTU 4289:2004,
2006); nitrogen that is easily hydrolyzed by alkali - ac-
cording to Cornfield (DSTU 7863:2015, 2018); mobile
phosphorus and potassium - according to Kirsanov and
Machygin (DSTU 4115-2002, 2004); pH (saline) - po-
tentiometrically (DSTU 1S010390:2001, 2008). Math-
ematical processing of the obtained experimental
performance data in the experiment was carried out
according to the method of variance analysis.

RESULTS AND DISCUSSION

The results of the study on the formation of fodder
productivity of single-species (white lupine, seed oats,
maize, and Sudanese sorghum) and lupine-cereal binary
combined crops with different ratios and placement of
components upon sowing under different fertilizer op-
tions on average for 2016-2018 are presented in Table 2.
The analysis of the study results showed that against a
background without fertilizers, the productivity of these
agrocenoses ranged within 1.90-4.86 t-ha~! of dry matter
(mass) and 0.16-0.85 t-ha~! of crude protein. The highest
productivity (on the background without fertilizers, 4.21-
4.86 t-ha~! of dry matter) was provided by single-species
crops of maize and white lupine and their mixtures with
continuous row and strip sowing methods, which pre-
vailed over oats and their mixtures with white lupine by
2.60-3.17 t-ha~? of dry matter or 1.8-2.6 times, while Su-
danese sorghum and its mixture with white lupine - by
1.13-1.58 t-hat or 1.4-1.5 times.

35

Table 2. Productivity of mixtures of annual cereal fodder crops with white lupine depending on the ratio
and methods of placing components upon sowing

Average for 2016-2018

Crops and their Dry mass by year, t-ha*

s gy T "o 2016 2017 2018 Drymass,tha? Crude protein,that "¢ share of A
1 2 3 4 5 6 7 8
Without fertilisers ~ 4.84 3.63 5.08 4.52 0.88 94
White Lupine, 300 NP, K., 640 480 672 5.97 1.24 95
(100) P, K, 6.15 461 646 5.74 1.16 94
Humigran 558 419  5.86 5.21 1.07 94
Without fertilisers  2.04  1.53  2.14 1.90 0.16 -
NP K. 330 248 347 3.08 0.29 -
Seed oats, 160 (100) P.K. 264 198 277 2.46 0.21 -
Humigran 249 187 261 2.32 0.23 -
Without fertilisers  3.44 2.58 3.61 321 0.45 66
S\?\/ehdi t‘e’aﬁ’;?n%ﬁ%)(; N,.P. K. 485 364 509 453 0.68 63
(50) - strip sowing" P.K. 440 330 462 411 0.60 67
Humigran 4.14 3.11 4.35 3.87 0.58 67
Without fertilisers 340  2.55  3.57 3.17 0.45 68
Seed oats, 40 (25) + NP, K., 482 362 506 4.50 0.70 65
white lupine, 225 (75) P, K., 441 331 463 412 0.61 69
Humigran 4.10 3.08 4.31 3.83 0.61 69

Scientific Horizons, 2023, Vol. 26, No. 6




36

Forage productivity of combined crops of seed...

Table 2, Continued

Crops and their

Dry mass by year, t-ha!

Average for 2016-2018

’“"‘t“{(‘;f;fae_f‘(’;:f' rate,  Fertilizer 2016 2017 2018 Drymass,that Crude protein, t-ha-! Th?nsl‘,f‘;ecr":r},“;"“e
1 2 3 4 5 6 7 8
Without fertilisers  3.04 228  3.19 2.84 0.41 55
Seed oats, 80 (50) + NP K. 468 351 491 437 0.68 52
white lupine, 150 (50) P.K., 426 320 447 3.98 0.59 57
Humigran 388 291 407 3.62 0.58 56
Without fertilisers  2.89 217  3.03 2.70 0.37 43
Seed oats, 120 (75) + N,.P. K., 4.52 3.39 4.75 4.22 0.64 41
white lupine, 75 (25) P.K., 402 302 422 3.75 0.54 44
Humigran 3.71 2.78 3.90 3.46 0.54 43
Without fertilisers  5.21 3.91 5.47 4.86 0.53 -
. N,.P. K. 9.00 675 945 8.40 1.02 -
Maize, 70 (100) P. K., 636 477 668 5.94 0.68 -
Humigran 6.87 515 721 6.41 0.81 -
Without fertilisers  5.03 377 5.8 4.69 0.76 43
ma:;: ﬁ 65((;)0; Wshtirtie N,.P. K., 770 578  8.09 7.19 1.19 40
P coming' T P.Ky 626 470 657 5.84 0.93 44
Humigran 629 472  6.60 5.87 0.95 44
Without fertilisers  5.00 375  5.25 4.67 0.85 42
Maize, 17.5 (25) + N,.P. K. 833 625 875 7.78 1.51 38
white lupine, 225 (75) P.K., 6.00 450 6.30 5.60 1.04 45
Humigran 6.35 476  6.67 5.93 1.18 45
Without fertilisers  4.70 353 4.94 4.39 0.72 36
Maize, 35 (50) + N,.P. K. 802 602 842 7.49 1.32 33
white lupine, 150 (50) P.K., 567 425 595 5.29 0.89 38
Humigran 6.01 451 631 5.61 1.01 38
Without fertilisers  4.51 3.38 4.74 4.21 0.67 30
Maize, 52.5 (75) + N,.P. K., 769 577 807 7.18 1.24 27
white lupine, 75 (25) P.K., 553 415 581 5.16 0.86 31
Humigran 568 4.26 5.96 5.30 0.95 30
Without fertilisers ~ 3.40 2.55 3.57 3.17 0.28 -
Sudanese sorghum, 30 N,.P. K., 6.83 5.12 7.17 6.37 0.64 -
(100) P.K., 400 300 420 3.73 0.35 -
Humigran 433 325 455 4.04 0.43 -
Sudanese sorghum, _Without fertilisers 372 2.79 391 3.47 0.53 53
15 (50) + white Lupine, NP K. 6.58 494 691 6.14 1.02 50
150 (50) - strip P.Ke. 457 343 4380 427 0.68 54
sowing* Humigran 455 341 478 425 0.69 54
Sud A Without fertilisers  3.68 276  3.86 343 0.55 52
udanese sorgnum
75 (29) + whit eglupm’ e NP K. 6.34 476 666 5.92 1.02 48
225 (75) P. K., 4.33 3.25 4.55 4.04 0.66 55
Humigran 501 376 526 4.68 0.83 55
Sudanese sorghum, Without fertilisers 369 277  3.87 3.44 0.52 46
15 (50) N,.P. K. 600 450 6.30 5.60 0.92 43
+ white lupine, 150 P.K. 401 301 421 3.74 0.59 48
(50) Humigran 473 355 497 442 0.75 48
Without fertilisers  3.68 2.76 3.86 343 0.49 40
SUdagezsg 5;’5@““”" N,.P.K.. 635 476 667 5.93 0.92 37
+ white mpi(ne,@ 5 (25) P.oKs, 434 326 456 4.05 0.60 4
Humigran 5.00 3.75 5.25 4.67 0.70 40
LSD,, by factors
Sward 027 022 029 0.26
Fertilizer 023 020 025 0.23
Share of factors, %
Sward 59 61 63 61
Fertilizer 41 39 37 39

Note. * Strip sowing method with a strip width of 1.5 m. On the remaining agrocenoses, there was a continuous sowing
of components in one row with row spacing of 0.15 m
Source: compiled by the authors
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Compared with single-species agrocenoses of cereal
crops, the productivity of fodder biomass of lupine-oat
mixtures increased from 1.90 t/ha to 2.70-3.21 t-ha? of
dry weight or by 1.4-1.7 times, and of lupine-sorghum -
from 3.17 to 3.43-3.47 t-ha! or 1.1 times. The excep-
tion was the productivity of lupine-maize agrocenoses,
which did not have an advantage over single-species
maize sowing in terms of yield from 1 ha of dry mass.
However, in terms of yield from 1 ha of crude protein,
lupine-maize agrocenoses prevailed over one-species
sowing of maize by 1.3-1.6 times.

According to these data, the best ratio of the ce-
real component to the legume in the continuous row
method of sowing the mixture was 25:75% of the sow-
ing rate in single-species sowing, when the productivity
of dry biomass was the highest upon growing white
lupine with seeded oats and maize. With this ratio, the
productivity of 1 ha of dry biomass and crude protein
of these lupine-cereal mixtures increased by 1.1-1.3
times compared to the ratio of cereal to lequme compo-
nent as 75:25%. With the ratio of these components as
50:50%, the productivity of these coenoses occupied an
intermediate position. In lupine-sorghum mixtures, an
increase in the proportion of the lequme component in
the ratio during sowing considerably increased produc-
tivity in terms of the yield of crude protein from 1 ha.

For the ratio of the cereal component to the legu-
minous component at 25:75%, the share of white lupine
in the harvest was the largest, which varied between
65-69% in the lupine-oat agrocenosis, 38-45% in lu-
pine-maize, and 48-55% in lupine-sorghum, which is 12-
26% more than for a ratio of 75:25%.The largest share of
the legume component in the harvest was in lupine-oat
mixtures, and the smallest - in lupine-maize mixtures.

According to these data, the method of sowing (strip
method with a strip width of 1.5 m with alternating
placement and continuous sowing in one row of cereal
and leguminous components with a ratio of 50:50% of
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leguminous-cereal mixtures had little effect on the pro-
ductivity of the fodder agrophytocenoses under study. In
most cases, there was a tendency to prefer strip agro-
cenosis over continuous agrocenosis when growing in
compatible lupine crops with oats and maize.

According to the data of this study, the share of the
leguminous component in lupine-cereal mixtures de-
creased by 3-7% from the introduction of N,, against
the background of P, K, . Compared to the option with-
out fertilizers, the most significant (1.3-2.0 times) in-
crease in the productivity of all fodder agrocenoses un-
der study was provided by the application of N,.P, K,
while the application of P, K, or organic fertilizer hu-
migran at a dose of 250 kg/ha - only by 1.2-1.3 times.

According to these data, the cultivation of cereal crops
in mixtures with white lupine, in comparison with sin-
gle-species sowing of cereal crops in the variant with-
out fertilization, increased the content of crude protein
in dry fodder biomass from 8.6-11.1 to 14.0-18.1 or by
5.4-7.0% (Table 3). At the same time, the content of pro-
tein and crude fat increased and the content of crude
fibre and nitrogen-free extractive substances (NFES)
decreased, as well as the digestibility of the dry weight
of the feed improved, which increased from 47-54% to
57-61% or by 7-10%. With an increase in the amount of
the leguminous component in fodder agrocenoses, the
content of crude protein and protein in the dry biomass
increased and the content of crude fibre and NFES de-
creased, as well as the digestibility of the dry mass in
vitro improved. The highest content of crude protein and
protein was characterized by a single-species sowing of
white lupine, where they accumulated 19.5% and 17.0%
in the dry mass in the version without fertilizers, respec-
tively. Among the fertilizers, the application of NP, K.,
had the greatest effect on the accumulation of crude
protein and protein. The amount of crude protein in the
dry mass of fodder in this case increased by 1.1-1.3%
compared to the option without fertilizers.

Table 3. Chemical composition of mixtures of annual cereal fodder crops with white lupine depending on the ratio and
methods of placement of components during sowing, % in dry weight (average for 2016-2018)

Crops and their mixtures,

seeding rate, kg-ha-* (%) Fertilizer options  Crude protein  Protein Crude fat Crude fibre NFES Digestibility
3 4 5 6 7 8
Without fertilisers 195 17.0 35 239 459 67
N,.PK 207 183 3.1 227 46.7 68

h' H 1 45 30 "50

White lupine, 300 (100) P.K. 202 183 30 2238 471 67
Humigran 205 185 33 220 46.3 69
Without fertilisers 8.6 78 3.0 31.0 51.1 47
NPK., 9.6 8.6 26 286 522 48
Seed oats, 160 (100) PK., 8.8 78 27 288 527 48
Humigran 10.1 8.9 2.7 28.5 51.3 49
Without fertilisers 140 1238 33 27.0 485 57
w:iigduf;tnsésfs(g?g 5) i NP, K, 151 136 2.9 257 495 58
Strip Sowing P K., 146 131 29 2538 49.9 59
Humigran 149 133 3.0 253 488 59
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Table 3, Continued

Crops and their mixtures,

seeding rate, kg-ha-* (%) Fertilizer options  Crude protein  Protein Crude fat Crude fibre NFES Digestibility
3 4 5 6 7 8
Without fertilisers 14.5 133 3.1 24.6 46.9 64
Seed oats, 40 (25) + NP Koo 15.8 14.1 3.0 23.2 47.6 66
white lupine, 225 (75) P. Ko 15.0 13.6 3.1 23.5 47.8 65
Humigran 16.3 14.8 31 229 471 67
Without fertilisers 14.6 134 3.3 26.8 45.0 64
Seed oats, 80 (50) + N,P. K, 15.9 14.2 3.2 254 45.7 65
white lupine, 150 (50) P. Ko 15.1 137 3.1 25.6 46.2 65
Humigran 16.4 14.9 3.3 25.1 45.2 66
Without fertilisers 14.1 13.3 3.3 24.9 47.1 64
Seed oats, 120 (75) + NP Ko, 15.4 14.1 3.3 23.6 476 65
white lupine, 75 (25) P. Ko 14.6 13.6 3.3 23.8 48.0 64
Humigran 15.9 14.8 3.0 23.2 47.6 66
Without fertilisers 11.1 10.4 3.4 26.8 49.3 54
N,.P. K 12.4 10.2 3.1 25.9 49.8 55
Maize, 70 (100) K. 116 9.7 32 260 50.1 55
WKeo . . . . .
Humigran 12.9 10.9 3.1 255 49.4 56
) Without fertilisers 16.3 14.7 3.5 254 47.6 61
Maize, 35 (50) + white N,.P.K., 166 145 31 243 483 62
upine, 150 (9) = strip P.K,, 15.9 14.0 31 244 486 61
g Humigran 16.2 14.2 3.2 23.8 479 63
Without fertilisers 18.1 16.6 3.7 24.8 42.2 71
Maize, 17.5 (25) + N,P.oKe 19.4 17.4 3.6 236 42.8 72
white Lupine, 225 (75) P.Ke 18.6 16.9 3.5 23.8 433 72
Humigran 19.9 18.1 3.4 23.2 42.7 73
Without fertilisers 16.6 144 3.8 25.9 42.8 69
Maize, 35 (50) + NP K., 17.9 16.2 3.6 24.9 432 70
white lupine, 150 (50) P..Kq 171 15.7 3.4 25.1 43.8 69
Humigran 184 16.9 3.5 24.5 43.0 71
Without fertilisers 16.0 14.5 3.6 22.9 46.6 67
Maize, 52.5 (75) + N,P. K, 173 15.3 3.8 21.6 47.0 69
white Lupine, 75 (25) P.Ke 16.6 14.9 3.7 21.8 474 68
Humigran 17.9 16.1 3.6 211 46.9 69
Without fertilisers 9.0 7.5 3.0 28.0 52.2 48
Sudanese sorghum, 30 N,.P. K, 10.3 9.3 29 27.8 51.7 49
(100) P.Kq 9.5 8.8 3.0 28.0 52.0 49
Humigran 10.8 10.0 3.0 274 51.3 50
sud hum. 15 Without fertilisers 15.3 13.3 33 24.0 49.1 58
udanese sorghum,
e
(50) (strip sowing) 3050 : : : : :
Humigran 16.2 14.8 3.2 24.7 48.8 60
sud N . Without fertilisers 16.2 14.5 3.1 24.6 45.1 68
udanese sorghum, 7.
(25) + white h?pine, 225 NP Koo 17.5 15.3 3.1 231 45.8 69
(75) P.Ke 16.7 14.8 29 23.2 46.4 69
Humigran 18.0 16.0 3.4 22.8 45.0 70
Without fertilisers 15.5 14.4 3.2 24.9 45.7 67
SUda”ese(;'g)rgh“m' 15 NP K. 16.8 152 32 235 463 68
+ white Lupine, 150 (50) P.Keo 16.0 147 3.1 236 46.9 67
Humigran 17.3 15.9 3.3 23.2 45.8 69
Without fertilisers 14.2 12.6 3.0 29.8 47.8 52
Sudanese ?;’Sr;-?h“m’ 225 NP K., 155 134 25 286 4838 53
+ white lupine, 75 (25) P. K 14.7 12.9 2.8 28.7 48.9 52
Humigran 14.9 13.0 2.9 28.1 48.1 54
Zootechnical norm 14 - 3.5 25-30 - 50-70
LSD,,, by factors
Sward 0.6 0.5 0.2 1.1 1.5 2
Fertilizer 0.5 0.4 0.2 1.0 1.2 2

Source: compiled by the authors
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Thus, the patterns of changes in the specific fea-
tures of the formation of the botanical composition and
fodder productivity of lupine-cereal agrophytocenoses,
as well as indicators of the chemical composition and
digestibility of dry biomass in vitro,which were obtained
under the researched factors and presented in this pa-
per, confirm the results of earlier studies by various au-
thors. The presented study confirmed the experimental
data obtained by Kurgak & Karbivska (2020), as well as
Kovtun et al. (2020) that the inclusion of leguminous
grasses in grass mixtures of perennial and annual crops
increases their productivity.

The studies conducted by Ratoshniuk (2020), Holodna
(2018) and Holodna & Stolyar (2018) indicate that a
prominent positive effect is ensured by inclusion of white
lupine in leguminous-cereal mixtures involving seed oats
or maize or Sudanese sorghum because white lupine acts
as a source of cheap symbiotic nitrogen, provides not only
an elevated yield of green mass and hay, but also enriches
the fodder with protein, vitamins, amino acids, etc.

Previous studies by Hetman et al. (2019), Senyk
(2020, 2021) and Kurhak et al. (2020) found that the
productivity of legume-cereal agrocenoses increases
with an increase in the share of the lequme component,
the amount of which can be adjusted by increasing its
share in grass mixtures. This is conditioned upon the
fact that, according to these authors, the optimal ratio
of legumes and cereals, both in early-and late-maturing
mixtures, contributes to more efficient use of moisture,
photosynthetically active radiation, soil nutrients, etc.

The study by Senyk (2020) proved that when grow-
ing grass mixtures of seeded oats with seeded peas,
the highest productivity (7.26 t-ha™! of dry matter)
is provided by the ratio of 75% leguminous and 25%
cereal components from the norm of sowing seeds in
single-species sowing combined with the use of other
intensification factors, including fertilizers.

Not only Ukrainian researchers, namely Kurhak
et al. (2020) and Demidas & Prorochenko (2018), as
well as foreign scientists (Hannaway et al., 2018) note
that in the conditions of a substantial increase in the
cost of mineral nitrogen, the maximum possible use of
elements of biologization of feed production due to the
increase in the efficiency of the use of symbiotic nitro-
gen of the best fodder legumes cultures has no alterna-
tive. This makes it possible to obtain high productivity
(6-8 t-ha™! of dry fodder biomass and more) of fodder
land, save 50-300 kg-ha-! of mineral nitrogen, preserve
and increase soil fertility, preserve the environment,
and produce organic fodder raw materials.

According to Petrychenko et al. (2018, 2020), cereal
mixtures are inferior in productivity to legumes and
cereals. The increase in the yield of green mass on leg-
ume-cereal grass mixtures in comparison with cereals
on average over the years of research is 6.27 t/ha.

Slyusar (2017) and Slyusar & Oksymets (2018)
noted that in the conditions of increasing aridity of the

Kurhak et al.

climate, it is advisable to expand the crops of not only
perennial, but also annual fodder crops when growing
them in mixtures with legumes. Such agrophytocenoses
make better use of ecological niches and do not react
so sharply with productivity to air drought and lack of
moisture in the upper soil layer.

Kurhak et al. (2020) and Senyk (2020) proved that
the use of leguminous grasses as components of leg-
ume-cereal grass mixtures not only increases the pro-
ductivity of forage land, but also improves the quality
of fodder. In comparison with cereal herbage, in this
case, the dry mass of feed increases the content of
crude protein by 5-9%. At the same time, the amount
of protein increases and its amino acid composition
improves, primarily in terms of the content of essen-
tial amino acids, specifically, the amount of lysine in-
creases, which is quite enough for balanced feeding
of cattle. Thanks to legume components in the fodder,
the concentration of metabolic energy increases and
the content of crude fibre decreases, as well as the di-
gestibility of dry mass improves. At the same time, the
mineral composition of the fodder improves, due to an
increase in the content of calcium and magnesium and
some trace elements.

CONCLUSIONS

On the dark gray soils of the Forest Steppe of Ukraine,
the fodder productivity of single-species (white Lu-
pine, seed oats, maize, and Sudanese sorghum) and
lupine-cereal binary combined crops with different ra-
tios and placement of components when sowing under
different options on a background without fertilizers
ranges within 1.90-4.86 t-ha-'t/ha of dry matter (mass)
and 0.16-0.85 t-ha™! of crude protein.

The highest productivity (on the background with-
out fertilizers, 4.21-4.86 t-ha™! of dry matter) is char-
acterized by maize and white lupine in single-species
sowing, as well as their combined sowing under con-
tinuous row and strip sowing methods. Oats and its
mixtures with white lupine in terms of productivity are
superior by 2.60-317 t-ha-! of dry matter or by 1.8-2.6
times, and Sudanese sorghum in single-species sowing
and its mixture with white lupine - by 1.13-1.58 t-ha™!
or 1.4-1.5 times. In comparison with single-species
agrocenoses of cereals, the productivity of fodder bio-
mass of lupine-oat mixtures increased by 1.4-1.7 times
and lupine-sorghum mixtures - by 1.1 times.

The best ratio of the cereal component to the leg-
ume (white lupine) in the continuous row method of
sowing the mixture is 25:75% of the sowing rate in sin-
gle-species crops, when the productivity of dry biomass
is the greatest. Compared to the option without ferti-
lizers, the most significant (1.3-2.0 times) increase in
the productivity of all fodder agrocenoses under study
is provided by the application of NP, K., while the
application of P, K. or organic fertilizer humigran at a
dose of 250 kg/ha - only by 1.2-1.3 times.
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Cultivation of cereals in mixtures with white lu-
pine in comparison with single-species crops of ce-
reals in the version without fertilization increases
the content of crude protein in dry fodder biomass by
5.6-8.0%. At the same time, the content of protein and
crude fat increases and the content of crude fibre and
nitrogen-free extractive substances (NFES) decreases,
as well as the digestibility of the dry weight of the
feed improves, which increased from 47-54% to 57-

family, has the prospect of continuing in different soil
and climatic conditions of Ukraine. This will contribute
not only to increasing the production of cheap grass
fodder and improving its quality, but also to reducing
energy and money costs, reducing environmental pol-
lution with nitrogen fertilizers and improving soil fer-
tility, and on this basis, strengthening the fodder base
of Ukrainian livestock breeding.

61% or by 7-10%. ACKNOWLEDGEMENTS
Research into ways to increase the efficiency of us-  None.
ing cheap symbiotic nitrogen in leguminous crops in
fodder production by enriching cereal phytocenoses CONFLICT OF INTEREST
with them, involving a larger number of species of this  None.
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AHoTauif. JocnigkeHb, CIPSMOBAHMX Ha HAKOMWYEHHS Ta edeKTUBHE BUKOPUCTAHHS a30Ty CMMOIOTMYHOI 1Oro
dikcauii 3 NnoBiTps pocanHaMK NONKHY 6inoro, WaSxoM Ao60pYy KpawWmxX 371aKOBUX KOMMOHEHTIB, ONTUMI3aLii ix
CMiBBiAHOLWEHHS Ta cnocobiB po3MilLeHHS NPY BUPOLLYBAHHI Y CYMiCHWMX MOCIiBaX 3 HUM 33 Pi3HMX CUCTEM YAOOPEHHS
B Jlicocteny we He npoBefeHo. MeTa — BCTAHOBWTM Kpalli 31aKOBi KOMMOHEHTH, iX CNiBBIAHOLIEHHS Ta CNocobu
pO3MillleHHs 3 NnMHOM BinnMM npu ciBbi B CyMicHMX MOCIiBaX 3a pi3HMX cucTeM ynobpeHHs Ans BMPOOHMUTBA
TpaB’saHMX kopMiB B Jlicocteny YkpaiHu. byno BUKOpUCTaHO HACTYNHi METOAM: NONbOBUIA, NaBOPATOPHUIA, MaTEMATUKO-
CTAaTUCTUYHUI, PO3PaxXyHKOBO-MOPIBHANBHMIA. byno BCTaHOBMEHO, WO HaMbinblWy NPOAYKTMBHICTL HA (OHI b6e3
nobpus (4,21-4,86 t-ha™! cyxoi peuoBuHu) 3abesneumnu OLHOBWMAOBI MOCIBM KyKypya3u Ta nonuHy 6inoro, a
TakKoX iX CyMiCHi nociBu, siki COOPMOBAHO CyLiNbHUM psSifOBMM Ta CMYroBMM cnocobamu, wo Ha 2,60-3,17 t-ha?
Cyxoi pe4yoBuHM abo B 1,8-2,6 pasu Ginblue NOPIBHAHO 3 NOCiBaMM BiBCa Ta MOro CyMmiwi 3 6inMM NONUHOM i Ha
1,13-1,58 t-ha abo B 1,4-1,5 pasu Ginblue B NOPIBHAHHI 3 NOCIBAMM COPro CYAAHCbKOrO i MOro cyMiwi 3 6inum
JIOMMHOM. 33 PaxXyHOK HaKOMUYEHHS Ta BMKOPWUCTAHHS a30Ty CMMOBIOTMYHOI dikcauii NpOAYKTUBHICTb NHOMMHO-
BIBCAHMX CyMillen 36inbwmnacs Big 1,90 o 2,70-3,21 t-ha! cyxoi macu abo B 1,4-1,7 pasu, a IONMHO-COProBUX —
Big 3,17 pno 3,43-3,47 abo B 1,1 pasu. Haibinbl epekTMBHUM CMiBBIAHOWEHHSAM KOXHOMO 3/1aKOBOr0 KOMMOHEHTA
[o 6060Boro B H6iHapHMX cyMicHMX nociBax 6yno sk 25:75 % Big HOpMM BMCiBY B OAHOBMOOBMX arpoLieHo3aXx,
KON NPOAYKTUBHICTb Cyxoi Biomacu byna Haibinbloto. [opiBHAHO 3 BapiaHTOM 6e3 fo6puB HalbINbLL CYTTEBO (B
1,3-2,0 pa3u) 36inbleHHs NPOAYKTUMBHOCTI BCiX A0CTIAXKYBaHUX KOPMOBMX arpoLleHO3iB 3abe3neynno BHECEHHS
N,.P.K., TMM Hacom sk BHeceHHs P, K. uun opraHiuHoro gobpusa rymirpa y nosi 250 kg-ha™ - amwe y 1,2-1,3
pasu. Pe3ynbtaTv foCnigkKeHb MOXYTb OYTM BMKOPUCTaHI NMpu po3pobiaeHHi HayKoBO-METOAMYHUX pEKOMEHAALIN
Ta HaBYaNbHOMY MpoLeCi CTOCOBHO (OPMYBaHHA BMCOKOMPOOYKTUBHMX arpodiTOLEHO3IB 3 METOK KOHBEEPHOMO
BMPOOHMLTBA AKICHUX TPaB'SHUX KOPMIB A4 FOAiBAI TBAPUH

KniouoBi cnoBa: arpoLeHo3m CyLifbHi Ta CMYroBi; MiHepasibHi Ta OpraHiuHi 4O6puUBa; OAHOPIYHI 31aKOBI KynbTypH;
CMPUI NpOTEiH; CYMiCHI Ta OAHOBWAOBI MOCIBM; CyXa Maca; TpPaBsHi KOpMM
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hybridization. In the study, the methods of conducting the examination of plant varieties are used for carrying
out phenological observations, morphological studies, evaluation of breeding material according to economic
and valuable characteristics. In the creation of new forms, methods of hybridization and individual selection were
used, and the TVEL method was used for pollination. The protein and gluten content were determined by infrared
spectrometry. Parental components were studied and selected to expand the forming process to obtain productive
grains from the main ear, thousand kernel weight, high grain quality, resistant to lodging, shedding of grain,
drought-resistant and resistant to fungal pathogens, hybrid forms, specifically as a result of involvement of the
source material Triticum aestivum L. and Triticum sphaerococcum Perc. in the hybridization. According to the results
of the hybridization of winter common wheat and Ethiopian wheat, it was possible to obtain and breed in F,
forms with a long ear (>10-11 cm), an increased amount of grain from the main ear (>55 pcs.) and a different
colour of grain from dark brown to purple, as an indicator of increased anthocyanin content and high antioxidant
capacity. The practical value of this study lies in the fact that the research results expand information on the use of
winter common wheat in the selection of productivity and quality of other types of wheat: Triticum sphaerococcum,
T. aethiop. var. decoloratum, and the developed proposals will allow considering the use of parental components of
wheat in research, help improve methods of hybridization and selection of new forms with desirable traits in the
system of interspecies crossings

Keywords: Triticum aestivum L.; Triticum sphaerococcum Perc.; T. aethiopicum var. decoloratum Jakubz.; selection for

productivity and quality; interspecific hybridization; new hybrid forms

INTRODUCTION
Genetic variability is the key to successfully improving
the quantitative and qualitative parameters of the har-
vest, which is important in the context of food security,
which involves not only sufficient food, but also its high
quality to ensure human health. Wheat is an important
agriculturalcrop,thegrain ofwhichisthe mainfood prod-
uct for humankind, especially in developing countries.

As noted by Curnd & Lacko-Bartodova (2017),
spelled grains produce groats for making high-tasting
porridge, also suitable for dietary food. L.A. Vecherska
et al. (2018) indicate that emmer wheat is widely used
in breeding programs, especially for the improvement
of durum and common wheat.

Scientists (Hospodarenko et al., 2018; Diordieva,
2018) note the positive effect of crossing common wheat
and spelled wheat, which results in the expansion of a
new genetic diversitythat combines the high proteinand
gluten content of spelled and the high productivity of
wheat (Liubych et al.,2019). The authors (Liubych, 2019)
note that spelled wheat has a high content of protein,
vitamins, macronutrients, carbohydrates and fats, which
are easily and quickly absorbed by the human body.

Manyscientists (Grausgruber et al.,2018; Morgounov
et al., 2020; Garg et al., 2022), based on many years of
research, report that it is relevant to use the biopoten-
tial of wheat varieties with blue and purple grains -
sources of anthocyanins, when consumed finished
products from which their antioxidant properties are
manifested, i.e., the absorption of free radicals, which is
important for the prevention of many human diseases.
According to studies (Lachman et al., 2017; Hrivna et al.,
2018; Tian et al., 2018), Ethiopian wheat grain is also
characterized by high cereal and pasta properties.

H.H. Kassegn (2018) notes that in the 1960s and
1970s, commercial varieties of wheat with purple
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grains were created in China, Australia, New Zealand,
and many European countries as part of a healthy diet.
Saini (2021) and Gupta (2021) report that the Plant Ge-
netic Resources Center of Canada has received constant
requests from breeders for the Ethiopian Valgiorgio
wheat genotype to be used in breeding for adaptability
and quality. Since then, work on the creation of wheat
with purple grain continues all over the world.

Specifically, in the Czech Republic, the scientific
program of winter wheat breeding is aimed at creating
productive genotypes in combination with high quality,
including an increased content of anthocyanins, the lat-
ter is achieved by the “transfer” of purple colour to grain
forms. Other scientists (Hong et al., 2019) created five
new mutations with purple grain colour using gamma
irradiation of the hexaploid line of purple wheat K4191
to improve its quality.

As noted by breeders (Leonov et al., 2022), samples
with blue and purple kernels were characterized by a
lower yield compared to common wheat, but were char-
acterized by a high content of phenols in the meal (over
800 ug/g of gallic acid equivalent), anthocyanins and
increased antioxidant activity (over 500 ug/g of chloro-
genic acid equivalent. Other scientists (Hong et al., 2019),
based on the results of the evaluation of wheat mutant
lines with variable grain colour, also note that anthocya-
nins and phenolic compounds in wheat grain contribute
to high antioxidant potential, and therefore, the purple
colour of the grain is associated with a higher anthocya-
nin accumulation and antioxidant capacity.

According to the literature review of scientific stud-
ies (Morgounov et al., 2020), anthocyanin pigmentation
in wheat is controlled by dominant alleles of the genes
Rc (coleoptile), Pc (culm), Plb (leaf plates), Pls (leaf
sheaths), Pp (grain pericarp), Pan (anthers) and Ra (ear




stigmas). Researchers (Ma et al., 2021; Moskalets et al.,
2022) recommend using classical or modern methods
of breeding and genetic engineering to increase the
content of phenols, essential amino acids in wheat
grains, which increase the nutritional value of cereals
and bakery products, which is important in the context
of healthy eating.

Triticum sphaerococcum Perc. is an endemic species
for southern Pakistan and northwestern India, where
it was one of the main crops, belonging to the group
of hexaploid whole wheats, forming a hemispherical,
with a shallow groove and high protein content and
gluten in grain (Szczepanek et al., 2020). As noted by
M. Skrajda-Brdak et al. (2019), Triticum sphaerococcum
grain is a source of common low molecular weight
phytochemicals, especially phenolic acids, ferulic acid
(93-95%), which was accompanied by higher quan-
titative and qualitative variability of homologs in
sterols. Therefore, the hexaploid wheat species Triticum
sphaerococcum, known as a source of grain quality traits,
is recommended for use in common wheat breeding.
H.S. Kolyucha (2011) indicates that lines with genetic
material from Triticum sphaerococcum have the highest
rates of sedimentation and gluten content.

The purpose of this study was to create new forms of
common winter wheat in breeding for productivity and
quality by using the gene pool of related wheat species.

Moskalets et al.

MATERIALS AND METHODS

The scientific research program provided for a compre-
hensive evaluation of the source material for produc-
tivity, resistance to lodging, resistance to diseases, as
well as for the created new forms of studying the laws
of inheritance and relationships of valuable economic
traits in the plant, selection of samples based on a com-
plex of economic and useful traits.

The total set of source material was formed due to
own efforts,as well as samples provided by the National
Centre of Plant Genetic Resources of Ukraine. Agrotech-
nics of wheat cultivation were carried out according to
the generally accepted for the Forest-Steppe zone of
Ukraine. The collection of source material was estab-
lished at the Nosivka Breeding and Research Station of
the V.M. Remeslo Myronivka Institute of Wheat the Na-
tional Academy of Agrarian Sciences of Ukraine (NAAS
of Ukraine) (southern part of Polissia of Ukraine) in 2016
and stationary of the Institute of Horticulture of NAAS
of Ukraine (Northern Forest Steppe of Ukraine) in 2017.

Parental forms for crossings were sown manually
in the crossbreeding nursery on plots of 2 m?, with a
row width of up to 20 cm. Parent pairs for paired (sim-
ple) crosses and hybridization were selected in 2018
(Tables 1, 2). The main methods of creating new forms
were hybridization and individual selection. Pollination
method - TVEL method. Seeds F, , were sown manually.

Table 1. Parental forms of winter common wheat, involved in crossing
with round-grained wheat of the Donor Kyivskyi variety

No. Name of parent forms Origin of parent forms

1. KS 22-04 (UA0108013%) QZoryana Nosivska (UA) x dMyronivska 61 (UA)

2. L 41-95 (UA0108030) ©Myrleben (DE&UA) x JPoliska 92 (UA)

3. KS 21 @ Zoryana Nosivska (UA) x Poliska 29 (UA)

4. Donzorna QDonska n/a x dZoryana Nosivska (UA)

5. KS 14-05 (UA0123342) (YMarishuntsman (GB) x &' (2Kyianka (UA) x $Pony (USA))

6. L59-95 (UA0108016) @Donska n/a x J[Q(PMarisMadler(GB) x JRona (USA)) x FDonska n/a]
7. Zoriana Nosivska (UA 0110603) Q (R0brii (UA) x dMarisYuntsman (GB)) x J'MarisYuntsman (GB)

8. Ariivka (a.c.171136")

QDonska n/a x 3K-6477/91

Note: * is the number of the national catalogue assigned by the National Centre of Plant Genetic Resources of Ukraine;
a.c.is the author’s certificate for a plant variety suitable for distribution in Ukraine

Source: compiled by the authors

Table 2. Combinations with participation in the crossing of Ethiopian wheat and winter common wheat
of the Chornobrova variety

No. Combination name

1. Triticum aethiopicum var. decoloratum (Vavilov) Filat. x Ariivka

2. Triticum aethiopicum var. decoloratum (Vavilov) Filat. x PKBRodika (Romania)
3. Triticum aethiopicum var. decoloratum (Vavilov) Filat. x L 41-95

4. L 59-95 x Triticum aethiopicum var. decoloratum (Vavilov) Filat.

Scientific Horizons, 2023, Vol. 26, No. 6

45



Extension of the forming process in the selection of winter common wheat...

Table 2, Continued

No. Combination name

5. Triticum aethiopicum var. decoloratum (Vavilov) Filat. x Donor Kyivskyi

6. Chornobrova x KS 22-04 (UA0108013)

7. (L 59-95 xTriticum aethiopicum var. decoloratum (Vavilov) Filat.) x Chornobrova
8. (Triticum aethiopicum var. decoloratum (Vavilov) Filat.x L 41-95) x Chornobrova

9. Chornobrova x Triticum aethiopicum var. decoloratum (Vavilov) Filat.x L 41-95)

Source: compiled by the authors

Hybrids (F, ,) were analysed for morphological
and economic characteristics (plant height, ear length,
ear density, weight of grain from the main ear, a thou-
sand kernel weight, protein, and gluten content in
grain). The density of the main spike was calculated
as the number of developed spikes per 10 cm of spike
length. In the fourth generation (F;), considering the
indicators of productivity and grain quality of previous
years, the best samples were selected, which are the
object of research.

Plants were previously selected to determine plant
height in laboratory conditions.

During the research, the weather conditions of
2016-2022 were characterized by contrast both in
terms of temperature and the level of moisture supply.
Notably, the 2016-2022 years of conducting research
on changes in meteorological factors during the grow-
ing season of wheat differed among themselves and
substantially deviated from the multi-year average
value in individual months. Specifically, 2016 was ex-
cessively humid, 2017 was abnormally dry, and 2018
was also hot. The analysis of weather conditions in
2017-2018 showed that the vegetation of wheat plants
took place during a moderately warm autumn, a long
winter period with a significant cooling at the begin-
ning of spring (the average monthly air temperature
in March was 1.8°C, which is 3.6°C lower above the
norm), a short-lived spring and a hot summer (the aver-
age air temperature was 18.8°C, which is 2.3°C higher
than the norm). Precipitation during wheat growth and
development was uneven. In autumn (October 2017),
precipitation fell 80 mm or 197% of the norm, in win-
ter - 130 mm or 290% of the norm, in summer (July) -
more than 160 mm or 150% of the norm. Dry conditions
were observed from mid-spring to the second decade of
June. The weather conditions of 2019-2022 were more
or less favourable for the development of wheat plants.
Specifically, the weather conditions in 2019 and 2022
at the beginning of the growing season were moderately
favourable for the development of winter crops, but the
second half of the growing season was hot and dry.

The above-mentioned weather conditions dur-
ing 2016-2022 helped comprehensively evaluate the
source material by a set of features and to single out
the most valuable samples adapted to the conditions
of the northern part of the Forest Steppe of Ukraine.
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The studies used generally accepted methods and
their modifications, which ensured high objectivity of
the obtained results. Phenological observations, visual
assessment of breeding material for disease resistance,
and laying were carried out pursuant to the Methods
of examination of plant varieties (Tkachyk et al., 2016).
The content of protein and gluten was determined
by infrared spectrometry (Chen et al.,, 2017). Harvest-
ing was carried out manually during the full ripeness
phase. The reliability of the research results and the
degree of variation of the signs were evaluated using
the MS Excel program.

RESULTS

The raw material of wheat was studied according to the
productivity of the ear and its elements. On average,
during the 2016-2017 research, the highest grain mass
of the head ear, its grain size was determined in sam-
ples of winter common wheat KS 22-04, L 41-95, L 59-
95, Zoryana Nosivska, Ariivka, KS 14 and KS 21, which
were involved in hybridization. In 2018, hybrid grains
were obtained, and in 2019 - the first generation, which
was impressive with its morphological features and
physiological features.

During the study of the source material, it was found
out that the Donor Kyivskyi round-grained wheat has a
number of positive economic characteristics: high heat
resistance, vertical type of placement of the flag leaf,
low stem, high resistance to lodging, high grain quality
and baking quality. However, there are some negative
signs, such as low grain mass from the main ear and
a thousand kernel weight, high ear density, fine grain.

Crossing hexaploid common wheat with durum
wheat, which also belongs to the group of hexaploid
wheats, makes it possible to obtain fertile offspring, etc.
Since this group of crosses (Triticum aestivum L. * Triticum
sphaerococcum Perc. and Triticum sphaerococcum Perc. x
Triticum aestivum L.) is characterized by normal seed
setting by hybrid plants, as viable gametes are formed
during normal chromosome conjugation in meiosis, the
fusion of which produces a viable hybrid seed.

To obtain competitive forms with good grain and
flour quality indicators based on the involvement of
this species in crossbreeding, high-yielding common
wheat samples with complex resistance to common
pathogens were used as parental forms (Fig. 1).
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Figure 1. Parental and hybrid forms (varieties, lines) of winter wheat involved in crossing: 1. Donor Kyivskyi;
2. Nosivochka (L 59-95); 3. F,(? Donor Kyivskyi x SKS 22); 4. F, (2 Donor Kyivskyi x SKS 21); 5. Zoriana Nosivska;
6.L 41-95; 7.KS 14-05; 8. Donzorna (KS 5); 9.KS 21; 10.KS 22-04; 11. Ariivka
Source: photographed by the authors

The Donor Kyivskyi round-grained wheat variety, as  and a rounded grain. In the second-third generations,
the mother form,was short (71.5-75.5 cm) and resistantto  plants were selected that were mostly close to com-
lodging (9 points), its ear is characterized as dense.Line KS ~ mon wheat in terms of morphotype (shape, density, and
22-04,which is characterized by high strength of the stem  length of the ear, number and weight and size of grain,
near the second and upper internodes, increased weight  thousand kernel weight, etc.) and were endowed with
of grain from the ear and a thousand kernel weight, high  the characteristics of round-grained wheat (strength of
winter hardiness (9 points), high resistance to lodging (9  the stem, vertical placement of the flag leaf, etc.).

points), high resistance to pathogens of brown rust, root The most vivid examples of the selected forms are
rot and powdery mildew (9 points) was used in the cross-  selection number 0271/18 (Donor Kyivskyi x Ariivka),
breeding as both the maternal and paternal forms. which forms an ear 11.8 cm long, white, pyramidal,

The analysis of the crop structure suggests that the  spiny, while the spiny spikes are lobed, their length
hybrids of the first generation of common wheat from  is 4.3-8 cm; the number of spikelets - 20-21 pcs., 4-6
round-grained wheat were represented by a low and grains per spike and up to 80 grains from the main
strong stem,a medium or short ear,a spherical ear scale  spike, weighing up to 3.6 g (Table 3).

Table 3. Indicators of comparative study of parental components and selected new breeding material

Selection number Name of the pacl;zrs\:if:;ms involved in h:li?_;?ltt, Ear lc?:gth, Ear density*** Z::r?se;:: vs;ia:_;i:t Tl;W’
cm ear,pcs.  perear,g

100/18 @Donor Kyivskyi 71.5 6.5 26.5 41 1.63 38.7
101/18 JKS 22-04* 88.5 9.3 17.5 52 2.37 51.2
0270/18 F, (2Donor Kyivskyi x 2KS 22) 90.3 8.4 14.8 45 1.85 46.8
0153/18/11 F(2KS 22 x dKyivskyi Donor) 80.2 9.8 16.6 57 2.28 49.4
0304/18 JL 41-95* 83.5 76 18.5 65.7 217 50.6
0288/18 F,(2Donor Kyivskyi x JL 41-95) 69.7 6.7 20.3 58.5 1.76 48.5
0272/18/1 F (2L 41-95 x dDonor Kyivskyi) 89.5 70 177 68.4 2.05 50.0
0272/18/2 F,(?L 41-95 x dDonor Kyivskyi) 77.5 7.5 18.0 60.5 231 52.6
103/18 J4L59-95* 85.8 79 18.4 45.6 211 50.5
0231/18 F,(?Donor Kyivskyi x JL 59-95) 80.2 8.3 16.5 47 2.30 51.1
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48 . . . . .
Extension of the forming process in the selection of winter common wheat...

Table 3, Continued

Selection number Name of the pacrrzr;:if:;ms involved in hiliag?:t, Ear lc?:gth’ Ear density*** grar‘i:)se;:rf vferiagllr:t TI;W’
cm ear,pcs.  perear,g

104/18 JdZoriana Nosivska 91.5 6.8 15.6 42 2.0 48.9
0230/18 F,(?Donor Kyivskyi x $Zoriana Nosivska) 78.5 6.4 19.6 39 1.89 448
0180/18 F,(?Zoriana Nosivska x ¢'Donor Kyivskyi) 84.5 7.2 17.7 46 2.14 49.6
105/18 JAriivka* (a.c. 171136) 82.0 77 16.9 56 2.28 50.5
0271/18 F,(2Donor Kyivskyi x JAriivka) 76.5 11.8 175 77 3.62 52.4
107/18 J3KS 14-05* 81.5 79 16.8 54 2.09 48.6
0227/18 F,(?Donor Kyivskyi x JKS 14) 76.3 7.5 18.5 44 1.88 46.4
0235/18/4 F(2KS 14 x dDonor Kyivskyi) 85.7 8.6 15.9 56 2.45 535
109/18 JKS 21 97.5 9.8 17.0 48 1.95 46.9
0233/18 F,(?Donor Kyivskyi x JKS 21) 86.5 8.2 19.4 53 2.22 48.2

Note: the variety is erytrospermum; ** variety is spikatum; **

Source: compiled by the authors

Table 3 shows that individual selection numbers
exceed the parental components in a number of fea-
tures. Specifically, the numbers 0153/18/11,0272/18/2,
0235/18/4 and 0233/18 exceed the number of grains
from the main ear. Breeding numbers 0235/18/4,
0233/18 and others exceed the parents by the thousand
kernel weight. Notably, the samples that substantially
exceed the parental forms in terms of the length of the
main ear were selected, namely, these are 0153/18/11,
0180/18,0271/18,0235/18/4, etc. Therewith, the com-
bination of common wheat and round-grained wheat
makes it possible to select samples with a lower ear
density in the formation.

The degree of heterosis in the first generation helps
predict the occurrence of transgressions in subsequent
generations, which increases the efficiency of selecting
samples with the desired traits in hybrid populations.

* pieces of ears of corn/10 cm of spike rod length

In 2019, the degree of dominance and the degree of
heterosis in the first generation were determined. The
dominance and super-dominance of the mother com-
ponent is established by the following characteristics:
ear length, amount and mass of grain from the main
ear. In terms of ear length, number and mass of grains
in the ear, plants in the first generation exceeded one
of the parent components. Therewith, the degree of
phenotypic dominance was 1.14%, 1.63%, and 1.54%,
respectively, which indicates positive over-dominance.

In the F, ., generations, plants that were similar in
phenotype to common wheat, but combined the char-
acteristics of round-grained wheat, but also character-
ized by different stem heights (59.5-92.7 cm), as well as
from spherical to the ovoid shape of the spikelet scale,
rounded, oval, and ovoid grains, glabrous, semi-spinous,
and spinous samples (Fig. 2).

Figure 2. Formation in F, according to the ear of the hybrid combination Donor Kyivskyi x L 59-95:
1-3 - hybrids of the second generation

Source: photographed by the authors

From one of the best combinations, it was possible
to get hybrid forms, namely 0153/18/1, 0153/18/62,
0153/18/18,0153/18/33, which inherited from the pol-
linator a strong stem of the semi-dwarf type, vertical
placement of the flag leaf. The formation of common
wheat and spherical wheat during hybridization helped

Scientific Horizons, 2023, Vol. 26, No. 6

select forms with gray and dark green colours of the
ground part, with an increased number and mass of
grains from the main ear, and different grain shapes
(Table 4). Through interspecific hybridization, forms with
increased productive bushiness were selected, namely,
selection number 0153/18/11 (Fig. 3). Hybrid forms of the
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donor KS 22 combination are also characterized by a dif- by increased resistance to fungal diseases, namely pow-
ferent ear morphotype (Fig.4). It is worth noting that the  dery mildew and fusarium head blight, as well as resist-
new forms of the above combination are characterized ance to grain shedding and lodging (Table 5).

Table 4. Indicators of comparative study of parental components and selected new breeding material

Plant height, Ear length, Number of grains from Mass of grain from

Variety/hybrid name m om Ear density the main ear, pcs. the main ear, g Grain shape
Winter common wheat 88.5 9.3 175° 52 223 ovoid
@v\v’:’]‘e”;telr)?n“o”rdkgir 35|E$|d 679 6.5 26.5 41 163 rounded

F,0153/18/1 60.9 6.7 215 48 171 rounded
F,0153/18/11 80.2 9.8 166 57 2.28 oval
F,0153/18/62 626 8.8 16.2 54 2.42 ovoid
F,0153/18/18 65.5 73 205 47 1.72 ovoid
F,0153/18/7 89.5 8.2 187 44 1.85 oval
F,0153/18/81 92.7 6.9 256 43 1.56 rounded
F,0153/18/33 79.5 9.1 17.2 49 1.94 ovoid

Note: *17-22 - ear of medium density; 23-28 - dense ear
Source: compiled by the authors

Figure 3. Crossbreeding scheme: QKS 22-04 x & Donor Kyivskyi, selection in the first-third generations and the result of
selection in the fourth generation (F,0153/18/11)
Source: photographed by the authors

Figure 4. Comparison of the parent forms with the original hybrid form according to the characteristics of the main ear:
1 - round-grained wheat of the Donor Kyivskyi variety; 2 - common wheat of the KS 22 line; 3 - F, (Donor Kyivskyi x KS 22)
Source: photographed by the authors
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Table 5. Results of field studies of indicators of economic suitability of new hybrid forms in comparison with parent

components
Resistance to adverse abiotic and biotic factors, score
Variety/hybrid name
lodging abscission droughts powdery mildew brown rust fusariosis winter hardiness
QWinter common wheat KS
22-04 (UA0108013) 8 ? 8 / 8 8 ?
JWinter round-grained wheat

Donor Kyivskyi 8 ? / 8 8 ? 8
F,0153/18/1 8 8 8 8 8 9 9
F,0153/18/11 8 9 8 8 8 9 9
F,0153/18/62 8 9 8 8 8 8 9
F,0153/18/18 8 9 8 8 8 9 9
F,0153/18/7 8 9 8 8 8 9 9
F,0153/18/81 8 9 7 8 8 8 8
F,0153/18/33 8 9 7 8 8 8 8

Source: compiled by the authors

It was found that through interspecies hybridiza-

tion of winter common wheat and round-grained wheat,

both through direct crossing and backcrossing, it is pos-
sible to increase the content of protein and gluten in
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new forms (Fig. 5) and to improve the properties of the
dough, namely elasticity, extensibility, and gas reten-
tion ability of the dough, which positively affected the
baking characteristics (Fig. 6).

M Protein content, %

m Gluten content, %
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Figure 5. Protein and gluten content in new wheat samples compared to parental components

Source: compiled by the authors

Figure 6. Comparison of loaves from the flour of the parent components and the hybr/d form F,0153/18/11:
1 - winter common wheat line KS 22-04; 2 - winter round-grained wheat of the Donor Ky/vsky/ variety;
3 - hybrid form F,0153/18/11

Source: photographed by the authors

For the second group of crosses, species of the
same genus, with a slightly different genomic composi-
tion, were selected: Q Triticum aestivum L. (genomic for-

mula AABBDD) and J&Triticum aethiopicum Jakubz. var.
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decoloratum (Vavilov) Filat. (genomic formula AABB),
but with the same A and B genomes, and therefore in
hybrid populations, plants with an intermediate num-
ber of chromosomes will be gradually eliminated, and




in the end, only two groups of plants will remain, ap-
proaching the original species in terms of phenotype.

The use of Ethiopian wheat as a pollinator had
certain difficulties. Firstly, Ethiopian wheat is of a
spring type of development, and to use it as a pollina-
tor as best as possible, the mother form was subjected
to vernalization and sown in the spring. This made it
possible to obtain conditioned parent components for
crossing. Second, Ethiopian wheat was sown in the fall
at different times (midterm - September 30, late - Oc-
tober 15, and very late - November 10). The following
growing year, the best ones were selected from the
surviving Ethiopian wheat plants for further use in
hybridization as pollinators. In such crossings, there
is a significant part of homologous chromosomes. In
F1 hybrids, during meiosis, many fertile gametes of
parental species with 14 and 24 chromosomes are
formed, which, during fusion, give rise to the forma-
tion of 28- and 42-chromosome parent species of
wheat with stable heredity. Therewith, a fairly high
percentage of seed set (248%) and field similarity of
23=65% was noted, depending on the combination of
crossing. In subsequent generations, among the main
mass of plants, hybrid variability was already observed
in the group of hexaploid and tetraploid wheat spe-
cies, which increased with each generation. Part of the
plants in F, and F, retained F, traits, which sharply de-
crease in subsequent hybrid generations. In this group
of hybrids, recombinations were noted according to
genetic morphological features and physiological
and biochemical properties. For example, increasing
the winter hardiness of plants morphologically simi-
lar to Ethiopian wheat, acquired from common winter
wheat, a change towards decreasing grain mass from
the main ear, the brown colour of the grain of common
wheat to dark brown and purple through the expres-
sion of genes in Ethiopian wheat, etc.

Thus, the type of crossing of wheat species with
different numbers of chromosomes is T. aestivum x
T. aethiopicum var. decoloratum is accompanied by split-
ting and a relatively quick return of the hybrid offspring
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to the original parental species in terms of morphoge-
netic structure. For instance, in some hybrids of hexa-
ploid wheat (T. gestivum) with tetraploid wheat (7. aeth.
var. decoloratum), 42- and 28-chromosomal wheats with
a stable species constitution of the parental species,
but not the original varieties, were isolated already in
F..In the F, and F, generations, the highest level of the
shape-forming process was noted, while a significant
range of variability was noted for several morpholog-
ical signs and physiological properties: plant height;
the length, shape, density, colour and grain size of the
ear; the degree of manifestation of thorniness; the col-
our and placement of the flag leaf, the shape, mass and
colour of the grains; the colour of spike scales, the du-
ration of the growing season and winter hardiness of
plants. Specifically, the forming process was dominated
by samples with a loose, mostly spindle-shaped ear, oval
in cross-section, while both spiny and semi-spiny forms,
which had a light threshing, were selected. We also se-
lected plants with a weak wax coating, a long ear (about
9 cm), spines with long and thin, almost parallel spike-
lets, with a clear sharp keel tooth on the spikelet scale,
elongated-oval, purple, rarely dark brown grain, which
was inherent in the paternal form,and with such features
as a thickened stem, high grain size, average density of
the ear, increased mass of grains from the main ear and
plant, etc., which are more inherent in the maternal form.

Below are breeding samples that substantially ex-
ceed their parent forms in terms of economic char-
acteristics. One of the interesting forms is selection
number 0260/18 (T. aethiopicum var. decoloratum x
Pekabe). The height of the plant exceeds 98 cm, the
ear is white, spiny, 11.2 cm long, the lobes are 3.5-
8 cm long, it contains 21 ears. Keel to the base, the
shoulder is narrow or very narrow and bevelled, the
tooth is straight up to 5 mm. The shape of the grain is
oval or elongated-ovoid, the colour is dark brown with
fragments of purple, the groove is of medium depth,
the hair is short. The number of grains from an ear is
62 pcs., the weight of grains from an ear is 3.18 g, the
thousand kernel weight is 52.0 g (Table 6).

Table 6. Indicators of comparative study of parental components and selected new breeding material

Plant . Ear Number of  Mass of grain : Winter
Variety/hybrid name height, buzrl:;g:gwecs length, grains from the  from the TKW, g c%rl%ltr:r hardiness,
cm » PCS. cm main ear,pcs. main ear, g points
QT aethiopicumvar. decoloratum ~ 85.7 1.8 8.2 27.2 1.12 36.8 purple 31
?Winter common wheat  gg g 24 9.3 521 2.23 446  brown 838
Pekabe variety
0260/18 98.2 2.6 11.2 62.0 3.18 520 bcrjgwn 6.5
0266/18 (T. aethiop. var.
decolor. x Donor Kyivskyi) 86.5 2.1 7.1 54 2.19 40.8 brown 5.5
0262/18 (T. aethiop.var. decolor.
x L 41-95) 88.3 3.5 10.8 61 248 50.4 brown 6.0
0143/18 (L 59-95 x T aethiop.  1gg 5 24 111 49 1.9 544  puple 63

var. decolor.)

Source: compiled by the authors

Scientific Horizons, 2023, Vol. 26, No. 6

51



52

Extension of the forming process in the selection of winter common wheat...

Another selection number 0266/18 (T. aethiopicum
var. decoloratum x Donor Kyivskyi), which in economic
terms substantially (p>0.05) exceeds the parent
forms. The specimen forms plants with a height of
86.5 cm, white, prismatic, 7.1 cm long, semi-spiny ear,
and the length of the spikelets is 3-3.6 cm; scales
are ovoid-rounded, the number of spikelets is about
19 pcs., the keel is clear, the tooth is bent, 1 mm long,
the shoulder is short, narrow and bevelled. The seeds
are brown, round-oval, the hair is medium, the groove
is not deep. Number of seeds - 54 pcs.,weight - 2.19 g,
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thousand kernel weight - 40.8 g. Sample 0262/18
(T. aethiop. var. decolor. x L 41-95) is 88.3 cm tall, has
a white, spiny spike, 10.8 cm long spike, 5.3-7.7 cm
long spikes, contains 22 ears. The keel of the spikelet
scale is distinct, the shoulder is medium, straight with
a hump, the tooth is straight up to 10 mm long. The
seeds are dark brown with a purple tint, elongated-ovoid
in shape, 7-9 mm long, the hair is medium, the groove
is not deep. The number of grains from an ear is 61,
the weight of grains from an ear is 3.48 g, the TKW is
60.4 g (Fig. 7).
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Figure 7. Comparison of parental components and hybrid forms by ear: 1. Q Triticum aethiopicum
var. decoloratum (Vavilov) Filat.; 2. & winter common wheat variety L 41-95; 3. F,0262/18 (Triticum
aethiopicum var. decoloratum (Vavilov) Filat. x L 41-95)

Source: photographed by the authors

Sample 0143/18 (L 59-95 x T. aethiopicum var.
decoloratum) forms productive plants 108 cm tall,
while the spike length is over 11 cm. The spikelet
is white, pyramidal, spiny, spikelets 3.7-9 cm long,
contains 22 spikelets. The keel is clear, the tooth
is straight, 4 mm long, the shoulder is narrow and
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straight. The sample is characterized by anthocyanin
on the stem under the ear. The seeds are brown, elon-
gated-ovoid, wrinkled. The number of grains from the
main ear is 49 pcs., the mass from the main ear is
1.82 g, the TKW is 54.4 g. The length of the upper
internode is 14 cm (Fig. 8).
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Figure 8. Comparison of parental components and hybrid forms by ear: 1.9 Triticum aethiopicum var. decoloratum
(Vavilov) Filat.; 2. & winter common wheat variety Nosivochka (L 59/95); 3. F,0143/18;
4.F,0143/18 (L 59-95 = T. aethiop.var. decolor,)

Source: photographed by the authors
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Notably, one of the disadvantages of the
above-mentioned hybrids is low complex resistance to
all adverse abiotic factors in the winter and early spring
periods, such as sharp temperature drops, long thaws,
i.e., the winter hardiness of winter-spring hybrids did
not exceed 6 points, which is determined by the strong
influence of the spring component, which was taken in
simple crosses as a pollinator. This fact is confirmed by
the research of scientists of the V.M.Remeslo Myronivka
Institute of Wheat of the National Academy of Sciences
of Ukraine (Vlasenko et al., 2012).

In this regard, selection numbers 0260/18, 0266/18,
0262/18, 0143/18, which are superior in terms of eco-
nomic characteristics, are involved in hybridization with
common wheat samples characterized by increased win-
ter and frost resistance. It was possible to expand the
forming process of obtaining winter-resistant and sam-
ples with purple grain due to the involvement of the
Chornobrova winter wheat variety in the crossbreeding.

DISCUSSION

According to the international organization 1GC (2021),
hexaploid bread wheat (Triticum aestivum L., 2 n=6
x=42, BBAuAuDD) accounts for about 90% of wheat
production in the world. Researchers (Kopecky et al.,
2022) note that the genetic diversity of cultivated
wheat is narrowing and increasingly becoming unsat-
isfactory in resistance to new pathogenic races and ad-
verse environmental factors. Therefore, in the breeding
of common wheat, the diversity of wheat species is a rich
source of useful genes that can expand the shaping pro-
cess and provide new forms with high nutritional qual-
ity and resistance to adverse abiotic and biotic factors.
J.Zhou et al. (2022) note that such breeding approaches
help introduce valuable genes from distant species into
cultivated species, and are an important driving force
for their improvement. In this context, the selection of
wheat varieties with better resistance to biotic and abi-
otic stresses is crucial and, therefore, as J. Laugerotte
et al. (2022) state, is a priority for agriculture.

The analysis of data on the quality of grain of round-
grained wheat and common wheat hybrids indicates an
increased content of protein and gluten, compared to
the parental form. This is also noted by J.B. Alvarez et al.
(2017) based on the results of an analogous research on
interspecies hybridization regarding the improvement
of grain quality in new forms of wheat. S. Michel et al.
(2018) are convinced that in this way it is possible not
only to influence the quality indicators of the grain, but
also to improve the baking quality of bread wheat. This
is also noted in the research. However, I.I. Motsnyi et al.
(2019), based on the results of research, demonstrated
that the increase in the protein content of the grain,
which is observed in distant crossings, is not always
associated with an improvement in the quality of flour.

Biologist, geneticist (Hughes, 2020) claims that the
yield of flour from hemispherical grains was higher
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in hybrids obtained by crossing common wheat and
round-grained wheat than in hybrids with more elon-
gated grains. W. Hughes (2020) also notes that the lo-
calization of the s gene, which is considered respon-
sible for the sphericity of the grains, was investigated
in the hybrids created by interspecies hybridization,
but this question is open. This is noted by Salina et al.
(2000), who mapped the S1, S2, and S3 genes of an
induced spherococcal mutation in common wheat
(Triticum aestivum) using the resulting F, hybrid pop-
ulations that were obtained with the participation of
round-grained wheat. And considering this difference,
W. Hughes (2020) identified the gene Tasg-D1, which is
responsible for the round grain phenotype, and allows
directing the future selection or genetic engineering
of round-grained wheat varieties, with the purpose of
obtaining high-yielding forms of wheat with increased
flour yield. Scientists (Cheng et al., 2020) isolated the
Tasg D1 gene (Ta - Triticum aestivum; sg — hemispherical
grain; D1 - the first sg gene identified in the D ge-
nome) in round-grained wheat, which is responsible for
the spherical or spheroid shape of the grain. Previous
studies by the above authors were also based on hy-
bridization of T. aestivum with T. sphaerococcum, where
they observed complete dominance of T. aestivum over
T. sphaerococcum, indicating that the inheritance of
T. sphaerococcum is controlled by a single pleiotropic
gene. The scientists noted the expression of the dis-
covered TaSG-D1 gene in various plant tissues, specif-
ically, it was clearly expressed in the meristem of the
shoot, roots, ear, grain, stem, and ovary tissue. There-
fore, based on the above, the effect of Tasg-D1 on plant
architecture associated with the s locus is pleiotropic.
As noted by Vlasenko et al. (2012), the corresponding
cleavage ratio corresponded to H. Mendel’s model - 3:1
(plants with elongated grains/plants with hemispher-
ical grains), indicating that the trait of hemispherical
grains is controlled by a single nuclear gene, which
is consistent with previous findings that the Tasg-D1
gene homologue in the A genome contributes to the
development of hemispherical grain.

Most researchers (Osmachko et al., 2020; Motsnyi
et al., 2021) note that as a result of introgressive hy-
bridization, i.e., in genetics, it is the transfer of a gene
from one species to the gene pool of another through
repeated backcrossing of an interspecies hybrid with
one of the parent species, it is possible to create val-
uable raw material for use in wheat improvement pro-
grams both in terms of quality and resistance to a com-
plex of pathogens.

Breeding work with Ethiopian wheat made it
possible to obtain valuable lines characterized by
disease resistance, dark brown and purple grain col-
our, but with medium and weak winter hardiness.
Interspecific hybridization between hexaploid and
tetraploid wheat species leads to the development
of pentaploid F1 hybrids with a unique chromosomal
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structure. But the hybrids obtained by crossing com-
mon wheat (Triticum aestivum L.) and Ethiopian wheat
(Triticum aethiopicum) can improve the genetic origin
of either parent through the transfer of interesting
traits in further selection. Genetic variability derived
from the two wheat species and transferred to pen-
taploid hybrids has the potential to improve disease
resistance, abiotic tolerance and grain quality, as well
as to improve agronomic traits. Therefore, as noted by
S. Padmanaban et al. (2017), interploid hybridization
can be a promising tool for the development of wheat
genotypes that can have high productive and adap-
tive potential under changing climatic conditions. To
obtain hybrids with increased winter resistance and
purple and high-quality grain, the Chornobrova variety
was used in the hybridization. According to Zhygunov
et al. (2018), from the grain of common wheat of the
Chornobrova variety, the yield of varietal flour ex-
ceeds 67%, which is 7% higher, and the yield of bran
is 32.5%, which is 15% less than that of the best Kui-
alnyk variety. Therewith, the Chornobrova variety has
even higher indicators of flour strength, indices of
stretchability and elasticity of the dough, the yield
of groats, compared to the above-mentioned variety.
Other researchers (Homichak et al., 2018) note that
it is possible to obtain modified flour from the grain
of the Chornobrova common wheat variety. As noted
by G.M. Hospodarenko et al. (2021), winter common
wheat wheat of the Chornobrova variety is promis-
ing for obtaining new types of modified wheat flour
with changed technological parameters. Additionally,
the grain of the common wheat variety Chornobrova
has an increased content of essential amino acids. The
following scientists, authors of the Chornobrova variety
(Rybalka et al., 2018) also claim that the Chornobrova
variety is also gaining popularity in technologies for the
production of nutritionally useful bread from sprouted
grain (without flour and yeast) and healing juice from
green 8-9-day sprouts. Therefore, the Chornobrova va-
riety is also recommended to be used in breeding pro-
grams to create new varieties of winter common wheat,
since modern breeding programs require constant en-
richment with new genetic plasma and this is a condi-
tion without which progress in breeding is impossible.

Summarizing the above, as a result of interspecies
hybridization, it is possible to obtain new forms of
common wheat with desirable economic characteris-
tics for further selection and crossings to obtain con-
stant lines with increased productivity and quality for
further breeding.

CONCLUSIONS

According to the results of interspecies hybridization,
it was possible to expand the form-making process of
obtaining hybrid populations and select the best forms
of wheat with desired economic characteristics such as
productivity and quality.
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With the participation of selected types of
wheat T. aethiopicum var. decoloratum and Triticum
sphaerococcum Perc., new semi-dwarf (up to 85 cm tall)
and short (over 85-105 cm tall) forms of winter wheat
with purple grain, high resistance to lodging,and prom-
inent protein content were created. The scientific pro-
visions regarding the effectiveness of involving in the
selection process of common wheat the related species
of wheat - T. aethiopicum var. decoloratum and Triticum
sphaerococcum Perc. - found further development.

The hybrid forms of the parent forms - common
wheat x round-grained wheat are characterized mostly
by a strong stem, short and semi-dwarf type, loose or
medium-density ears, rounded spike scales and grains.
Furthermore, the forms of the above combination are
characterized by increased resistance to fungal diseases,
in particular powdery mildew and fusarium head blight,
as well as resistance to grain shedding and lodging.

Through the hybridization of winter common wheat
and Ethiopian wheat, it was possible to form and select
the best selection numbers 0260/18, 0266/18, 0262/18,
0143/18, which differ from the parental forms in the
length of the ear, the number and mass of grains from
the main ear, thousand kernel weight, increased drought
resistance. Their lower winter hardiness compared to
winter common wheat prompted to continue the selec-
tion work with them and involve them in hybridization
with more winter- and frost-resistant varieties (lines).
Specifically, this was achieved due to the involvement of
the Chornobrova winter wheat variety in the crossbreed-
ing, which helped obtain from combinations (L 59-95 x
Triticum aethiopicum var. decoloratum (Vavilov) Filat.) x
Chornobrova; Triticum aethiopicum var. decoloratum
(Vavilov) Filat.x L 41-95) x Chornobrova; Chornobrova x
(Triticum aethiopicum var. decoloratum (Vavilov) Filat.x L
41-95) winter-hardy hybrid forms with purple and dark
brown grains. A promising direction of further research is
the involvement of new forms of winter common wheat
in the breeding process to create adaptive, high-yielding
varieties with high grain quality.
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Po3wmnpeHHs1 POpMOTBOPYOIro Npouecy B cenekuii nweHuui M'aKoi 03MMoi Ha
NPOAYKTUBHICTDb i AKICTb LUNSIXOM BUKOPUCTaHHA reHodpoHAY cnopigHeHUX BuaiB
nweHuUb Y paMKax NpoaoBoNbY0oi 6e3neKkun
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AHoTauis. Po3wmpeHo tdopMoTBOpYUMIA MpoLEeC Yy cenekuii NeHnLi MAKoi 03MMOi Ha NPOOYKTUBHICTb i SIKICTb LUNSAXOM
BMKOPUCTaHHS reHooHAY CnopifHeHWX BMAiB. MeToro gocniaxeHb 6yno po3wmnput GopMOTBOPUMIA NPOLLEC B CeNeKLii
Triticum aestivum L. 03MMOro TNy po3BWUTKY 3 MOAANbLUMM OTPUMAHHSM FEHOTUNIB 3 MIABMLLEHOK aJANTUBHICTIO,
NPOAYKTUBHICTIO POC/IMH i AKICTIO 3epHA 3@ paxXyHOK BUKOPUCTAHHS B ribpuam3aLlii nieHmLi Mskoi 03MMoi 3 dhionetoBuMm
3epHOM, MLUeHML Wapo3epHoi i nweHuui edioncbkoi. B poboTi BUKOpUCTaHi METOAMKM NPOBELEHHS eKCNepTU3un COpTiB
pOC/AMH 3 NPOBeAeHHS PEHONMOMYHMX CrocTepexeHb, MOPMONOriYHUX AOCNILKEHb, OLIHKM CeneKuiiHoro Matepiany
3a rocnoAapcbKo-LiHHMMKM 03HaKaMu. B cTBOpeHHi HOBMX GOPM BMKOPUCTaHi MeToau ribpuamnsauii i inaMBigyanbHoro
no6opy, LWOAO 3anuneHHs — TBen-MeToA. BMicT 6inka, kneikoBUHKU BU3HaYanu MeToaoM iHhpavepBOHOi CNeKTpoMeTpii.
BuBueHo i nifibpaHo 6aTbKiBCbKi KOMMOHEHTH, W06 PO3WMPUTH GOPMOTBOPUMIA NPOLLEC 3 OTPUMAHHS MPOAYKTUBHMX
3a KifIbKiCTIO i Macoto 3epeH 3 rofioBHoro konocy, Macoto 1000 3epeH, BUCOKOH KiCTHO 3epHa, CTIMKUX A0 BUASITAHHS,
06CMNAHHSA 3epHa, NOCYXOCTIMKMUX | pE3UCTEHTHUX L0 30YAHMKIB rPUBHMX XBOpOb ribpuaHi Gopmu,30KkpemMa y pesynbrarti
3aNy4yeHHs o ribpuamsauii BuxigHoro matepiany Triticum aestivum L. i Triticum sphaerococcum Perc. 3a pe3ynstatamu
ribpuamnsaii nweHULi MaKoi 03MMOi | NweHuLi edioncbkoi BAANOCSA OTpUMaTH i 4OOpaTH B F, ®opMu 3 LOBIMM KOJIOCOM
(>10-11 cm), NiABMLLEHOID KiNbKICTHO 3epHa 3 rofIOBHOMO Kosnoca (>55 wrt) i pi3HMM 3abapBneHHsAM 3epHa Bif, TeMHO-
KOpMYHEBOro A0 (i0NEeTOBOro, 1K NOKA3HMKA MiABULLEHOr0 BMICTy aHTOLAHY Ta BUCOKOT aHTUOKCMAAHTHOT 34aTHOCTI.
MpaKTMYHa LiHHICTb POBOTM MONSATAE B TOMY, O pe3ynbTaTh JOCAIAKEHD PO3LWMPIOOTH BiAOMOCTI NPO BUKOPUCTAHHS B
cenekuji nweHuLi MaKoi 03MMOI Ha MPOAYKTUBHICTb i SKICTb iHLUWX BMAIB NweHuub: Triticum sphaerococcum, T. aethiop.
var. decoloratum, a po3pob6neHi Npono3uuii f03BONATb Y39TU A0 yBarv BMKOPUCTAHHI B LOCNIKEHHAX OaTbKiBCbKi
KOMMOHEHTU MNLEHULL, MOKPaLLMTH cnocobu npoBeaeHHs ribpuansauii Ta 4o6opy HoBUX GOpM 3 BakaHMMM 03HaKaMK
B CUCTEMI MDKBUOOBUX CXpeLLyBaHb

Kntouosi cnosa: Triticum aestivum L.; Triticum sphaerococcum Perc.; T.aethiopicum var. decoloratum Jakubz.; cenekuis
Ha NPOAYKTUBHICTb i 9KiCTb; MiXKBMA0BA ribpuaunsauis; HoBi ribpuaHi dopmu
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Article’s History: Abstract. The climate of the southern steppe zone of Ukraine in recent years has been
Received: 27.03.2023 characterized by substantial warming, with a low, uneven amount of precipitation
Revised: 27.05.2023 during the growing season of plants, which leads to a decrease in the reserves of
Accepted: 16.06.2023 productive moisture in the soil,and hydrothermal stress occurs in plants. Opportunities

to increase the adaptation of plants to adverse factors are the use of plant growth
regulators and the use of various methods of tillage aimed at preserving moisture. The
purpose of this study was to investigate the influence of the plant growth regulator
AKM+Ca on the operation of the photosynthetic apparatus of sunflower hybrids against
the background of various methods of basic tillage in the conditions of the Southern
Steppe of Ukraine. The following methods were used during the study: field, chemical
(to determine qualitative indicators), and statistical (to assess the reliability of data).
Field studies were conducted during 2017-2019 on southern heavy loamy chernozems.
In the experiment, modified plant growth regulator AKM+Ca was used for pre-sowing
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seed treatment and foliar spraying of sunflower plants (beginning budding phase) of Talento and Colombi hybrids
against the background of deep loosening or ploughing. It was found that the use of deep loosening, in contrast to
ploughing, helps increase the dry matter content in sunflower plants and the net productivity of photosynthesis due
to better preservation of moisture in the soil. The use of plant growth regulator AKM+Ca, regardless of the method
of soil cultivation, contributes to the increase in the leaf surface area up to 31.2%, increases the photosynthetic
potential of plants to 21.6% and the net productivity of photosynthesis to 15.9% during the growing season,
and also increases the content of dry matter, compared to the control. The proportion of influence of the plant
growth regulator AKM+Ca on the formation of the leaf surface area is 54.2%. The maximum positive effect was
obtained with the combined use of AKM+Ca for pre-sowing treatment and spraying of sunflower plants during
the growing season against the background of deep loosening of the soil. The research results can be used to
adjust elements of agricultural technologies for growing sunflower seeds, increase crop productivity and conduct
profitable agribusiness

Keywords: photosynthetic potential; net photosynthesis productivity; sunflower; plant growth regulator; ploughing;

deep loosening

INTRODUCTION

Sunflower (Helianthus appiis L.) is the main oilseed crop
in Ukraine. In the Steppe zone of the country under the
cultivation of this crop, the main cultivated areas are
concentrated. This is a drought-resistant crop that can
withstand soil and atmospheric droughts for a long
time. The oil from this crop is biologically and tech-
nically valuable. It has a prominent caloric content; it
has good taste properties. According to the Ministry
of Economic Development, Trade, and Agriculture of
Ukraine, in 2021, the sown area of sunflower amounted
to 6.5 million ha. The growth of acreage allocated for
sunflower indicates a prominent level of its profita-
bility. New varieties and hybrids of sunflower, which
are more resistant to drought, broomrape, diseases,
etc., are being intensively introduced into production
in Ukraine. Therewith, the yield of sunflower seeds in
Ukraine is significantly lower than in European coun-
tries (Germany, France, the Czech Republic, etc.). There-
fore, studies of modern sunflower hybrids to improve
the elements of cultivation technology through plant
growth regulators and various methods of tillage are
relevant and of practical interest.

Another reason for the need to reduce sunflower
crops is the imbalance of scientifically based crop ro-
tations and a rather sharp decrease in soil fertility.
Non-observance of crop rotation is a consequence of
violation of the phytosanitary condition, use of large
reserves of water from the soil (Tsyliuryk et al., 2021;
Degani et al., 2022). Against the background of the de-
terioration of the crop structure, the characteristic fea-
tures of the Steppe zone of Ukraine are increased water
and wind erosion. This limits the use of fertilizers (due
to insufficient precipitation), leads to soil degradation
and loss of organic substances on chernozems. Galliano
et al. (2018) and Fedchyshyn et al. (2022) believe that
such issues point to the need to normalize the action of
anthropogenic factors by introducing certain elements
of technologies aimed at minimizing soil cultivation
and moisture conservation.

Chaika et al. (2019) and Kolesnikov et al. (2022)
believed that the aggravation of the ecological situa-
tion in agriculture and the gradual loss of soil fertility
led to a rethinking of the essence of the formation of
the agricultural landscape. This was prompted by the
consequences of the catastrophic scale of maximum
loosening and turnover of the soil slice during con-
ventional cultivation.

Yeremenko et al. (2018) pointed out that the reason
for the low realization of the genetic potential of new
sunflower hybrids is also the imperfection of techno-
logical measures for plant adaptation to unfavourable
growing conditions. This is compounded by the high
cost of energy resources (fuel, fertilizers, pesticides)
and the need to further increase crop productivity. The
solution to this issue is possible by using preparations
to regulate growth and production processes. In their
works, the authors (Khan et al., 2020) described that
plant growth regulators stimulate the germination
process, protect seeds during their prolonged stay in
adverse conditions, increase the field germination of
seeds, contribute to the active development of the root
system, and improve mineral nutrition.

Kohut et al. (2020) noted that the photosynthesis
that occurs during the growing season of plants is one
of the key biological processes. Thanks to photosynthe-
sis, organic substances are formed from carbon dioxide
and water under the influence of light. It is known that
80-90% of solar radiation is absorbed by the green leaf
surface and only 1-2% of this energy is used for pho-
tosynthesis, the rest goes for transpiration (very rarely
this indicator reaches 5-8%) (Aslam et al., 2021; Shafiq
etal.,2021).The use of the latest elements of technolo-
gies, including growth regulators, allows for better for-
mation of the photosynthetic apparatus of agricultural
plants. They help regulate individual stages of plant
ontogenesis to mobilize the potential capabilities of
the plant, and their effectiveness has been proven in
several studies (Jan et al.,, 2019; Novytska et al., 2020).
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At the same time, research on the influence of
growth regulators on plant growth and development
in conditions of unstable moisture supply and high air
temperatures against the background of various tillage
is extremely insufficient, which determined the area of
the present study. The purpose of this study was to es-
tablish the effect of the plant growth regulator AKM+Ca
on the photosynthetic activity of sunflower hybrids us-
ing various methods of basic tillage in the Steppe zone
of Ukraine.

MATERIALS AND METHODS

The experiment was conducted during 2017-2019
in the Melitopol District of Zaporizhzhia region. The
Southern Steppe zone is substantially different from
other zones of the country in terms of climatic and soil

conditions and, accordingly, has its specific features for
growing agricultural crops.

The weather conditions that developed during the
experiment were marked by prominent amounts of ac-
tive temperatures during the growing season (Table 1).
Precipitation for the year falls about 480 mm, of which
during the growing season - 253 mm (according to long-
term data). In 2017 and 2019, humidification conditions
were close to the long-term average values and are more
favourable for growing oilseeds. The hydrothermal coeffi-
cient (HTC) over the years of research ranged within 0.46-
0.85,which indicates that the area belongs to an arid zone.
Notably, in 2018, against the background of high amounts
of active temperatures, low precipitation (147 mm) was
observed, and the hydrothermal coefficient was 70-85%
lower than the other growing seasons under study.

Table 1. Weather conditions of the experiment (2017-2019)

Year of research HTC Precipitation during the growing season,mm  Sum of active temperatures, °C
2017 0.78 218 2,801
2018 0.46 147 3,223
2019 0.85 257 3,037

Source: compiled by the author

The soils of the experiment site are southern heavy
loam chernozems with a humus content of 3.1%. Soils
have a close to neutral reaction (water pH 7.1). The avail-
ability of easily hydrolyzable nitrogen in the arable layer
is low (103 mg/kg according to Cornfield), mobile phos-
phorus is high (114 mg/kg according to Chirikov), ex-
changeable potassium is high (139 mg/kg according to
Chirikov). However, uneven and insufficient precipitation

during the growing season blocks the full use of nutri-
ents by plants. In the experiment, mid-early high-oleic
hybrids of Colombi and Talento sunflowers were stud-
ied under conditions of different main tillage and dif-
ferent methods of application of plant growth regulator
AKM+Ca. The sunflower hybrids under study are recom-
mended for growing in the Steppe zone of Ukraine. The
scheme of the experiment is presented in Table 2.

Table 2. Experiment scheme

Tillage Sunflower hybrid

Experiment variant

Control (pre-sowing treatment of seeds with water)

Pre-sowing treatment of seeds with AKM+Ca

Talento

Spraying plants with AKM+Ca in the budding phase

Pre-sowing treatment of seeds with AKM+Ca + spraying of plants with AKM+Ca in the budding phase

Control (pre-sowing treatment of seeds with water)

Deep loosening

Pre-sowing treatment of seeds with AKM+Ca

Colombi

Spraying plants with AKM+Ca in the budding phase

Pre-sowing treatment of seeds with AKM+Ca + spraying of plants with AKM+Ca in the budding phase

Control (pre-sowing treatment of seeds with water)

Pre-sowing treatment of seeds with AKM+Ca

Talento

Spraying plants with AKM+Ca in the budding phase

Pre-sowing treatment of seeds with AKM+Ca + spraying of plants with AKM+Ca in the budding phase

Control (pre-sowing treatment of seeds with water)

Ploughing

Pre-sowing treatment of seeds with AKM+Ca

Colombi

NN (RN WIN R DN WD R DN WN e

Spraying plants with AKM+Ca in the budding phase

3 Pre-sowing treatment of seeds with AKM+Ca + spraying of plants with AKM+Ca in the budding phase

Source: compiled by the author
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AKM is included in the list of pesticides and agro-
chemicals permitted for use in Ukraine as a plant
growth regulator (Yashchuk et al.,, 2016). It is a sem-
isynthetic film-forming anti-stress preparation. The
formulation includes distinol 0.015 g/l (dimethylsul-
foxide + ionol), PEG - 1500 (440 g/l) and PEG - 400
(190 g/l), the rest — water (Kalytka et al., 2011). Accord-
ing to laboratory studies, the plant growth regulator
AKM was modified by adding Ca*ions (1.0 g/l). The re-
sulting preparation seed material was inlaid a day be-
fore sowing (200 ml/t). The total volume of the working
solution is 10 I/t of seeds. The plants were sprayed with
AKM+Ca (500 ml/ha) in the phase of the inflorescence
emergence (BBCH 50-51) based on the calculation of
the consumption of the working solution of 200 l/ha.

The technology of growing sunflower seeds was gen-
erally accepted for this soil and climatic zone and was the
same for all variants of the experiment, except for the
factors under study. The seeds were sown at the begin-
ning of the third decade of April, when the soil warmed
up to 10-12°C. The seeding rate is 55 thous. pcs./ha with
a row spacing of 70 cm. Predecessor — winter wheat.

The beginning of each phase of growth and de-
velopment of sunflower was established after its on-
set in 10% of plants, complete - in 75% of plants, and
the BBCH scale was used. During the studies, the leaf
surface area was determined using the gravimetric
method. The gravimetric method relates the weight
of leaves from 10 plant samples to the weight of leaf
cuttings (D=10 mm). Knowing the area of the leaf cut-
tings, the area of the leaf surface was calculated, and
the area was given in thous. m? per 1 ha of the sown
area (Hrytsaenko et al., 2003).

The photosynthetic potential was defined as the
total leaf surface that participated in photosynthesis
from the beginning of vegetation to the end of photo-
synthesis (Hrytsaenko et al., 2003) and was calculated
according to the following formula (1):

Onyshchenko et al.

where PhSP is the photosynthetic potential, thous.
m’/ha x days; S ,S,,S, ...S, is the area of leaves per 1 ha
of sowing in the corresponding terms of determination,
m?/ha; n,n, ...n_is the number of days between the two
corresponding definitions.

The net photosynthetic productivity (NPP) was cal-
culated as the ratio of the growth of plant dry mass over
a certain period of time to the half sum of the leaf sur-
face areas at the beginning and at the end of the period.

The NPP was calculated using the following formula (2):

B,—B;
where NPPis the net photosynthesis productivity, g/m?-
day; B, and B, are the dry matter mass of plants in the
beginning and at the end of the accounting period, g;
(B, - B,) is the growth of the dry matter mass of plants
inndays,g; S, and S, are the leaf areas in the beginning
and at the end of the accounting period, m? 0.5(S, + S))
is the average working leaf area during the experiment;
n is the period between two observations, days.

The dry mass of the substance was determined
gravimetrically according to generally accepted
methods (Hrytsaenko et al., 2003). Statistical assess-
ment of the data was carried out according to the
Yeshchenko (2005) method and the Agrostat program.

RESULTS AND DISCUSSION

The onset and duration of phenological phases primar-
ily depends on the weather conditions of the year. In
shaping the productivity of sunflower and other agri-
cultural crops, it is important that plants undergo all
phenological phases in full because this, first of all, af-
fects the indicators of seed quality and the yield of this
crop (Zimaroieva et al., 2021).

During 2017-2019, it was found that the rate of de-
velopment of sunflower plants was mainly influenced by
ambient temperature, and in some interphase periods
and humidification conditions, the general picture of the

Phsp = CrtS it (SZ+S3)XZ"2+'”+(S”‘1+S")X”" : (1)  duration of interphase periods is presented in Table 3.
Table 3. Duration of interphase periods of sunflower plant development, days
2 Sowing - Development  Development Development of Asterisk Flowering- Duration of the
Ye 5 A of 4-5 true of 6-7 true stage . .
‘ear 9 germination leaves leaves 8-9 true leaves (BBCH 50- full ripeness  growing season
I - - - -
(BBCH 00-12) (BBCH 14-15)  (BBCH 16-17) (BBCH 18-19) 51) (BBCH 63-99)  (BBCH 00-99)
2017 4 15 28 7 7 17 35 109
2018 S 12 25 7 7 23 32 106
o
2019 14 28 8 9 22 31 112
2017 -z 13 28 7 7 17 41 113
€
2018 2 12 26 7 7 20 38 110
2019 ~ 17 25 7 7 16 43 115

Source: compiled by the author
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The growing season of 2018, unlike other years un-
der study, was characterized by a low amount of pre-
cipitation and a higher sum of active temperatures, which
somewhat affected the reduction in the duration of the
growing season of sunflower hybrids Columbi and Talento.
In general, the duration of the mid-early hybrids under
study in the conditions of the Southern Steppe of Ukraine
was 111%5 days. Thus, in the conditions of the Southern
Steppe of Ukraine, when growing sunflower seeds, it is
advisable to pay special attention to tillage technologies
for better accumulation and preservation of moisture.

A fundamental element in plant productivity is
photosynthetic activity, which is mainly determined by
the area of the leaf surface, the number and mass of
leaves, and the mesostructural composition of the leaf.

In the experiment on the investigation of the ef-
fect of tillage and methods of using the modified plant
growth regulator AKM on the dynamics of the forma-
tion of the sunflower leaf surface area, the dependence
of this indicator on the factors of the variety and the
method of treatment with the plant growth regulator
was observed (Table 4).

Table 4. The dynamics of the formation of the leaf surface area of sunflower hybrids depending on the methods of soil
cultivation and the use of plant growth regulators, thous. m*/ha (2017-2019)

BBCH plant development phase

. Sunflower hybrid  Experiment
Tillage (A) N
(B) variant (C) 12-14 18-20 39-41 50-51 63-65
1 12.0 16.7 19.8 27.8 45.2
2 134 19.9 236 30.2 50.1
Colombi
3 - - - - 487
) 4 - - - - 53.9
Deep loosening
1 11.9 17.0 20.0 27.3 40.0
2 13.2 20.2 221 29.7 46.8
Talento
3 - - - - 432
4 - - - - 52.5
1 12.6 16.7 216 27.4 477
2 131 18.8 24.5 29.7 50.7
Colombi
3 - - - - 49.1
4 - - - - 55.8
Ploughing
1 11.9 16.6 209 25.4 39.1
2 13.5 18.6 23.3 27.6 438
Talento
3 - - - - 417
4 - - - - 51.1
A 13 24 29 3.5 76
LSD,, B 13 14 2.8 2.2 4.6
C 0.6 13 11 1.2 4.0

Source: compiled by the author

Already from the BBCH 12-14 development phase,
an increase in the area of the leaf surface is observed.
The gradual growth of this indicator reaches a maxi-
mum in the flowering stage (BBCH-63-65). Substantial
changes occur in the variant with pre-sowing seed treat-
ment with the PGR AKM+Ca for both hybrids under study,
where the growth of this indicator was by 4-18%, com-
pared to the control, regardless of the method of tillage.

Additional spraying of sunflower plants of Columbi
and Talento hybrids with AKM+Ca in the inflorescence
emergence phase (BBCH 50-51) contributes to the
growth of the leaf surface area to the mass flowering

Scientific Horizons, 2023, Vol. 26, No. 6

phase (BBCH 63-65) by 18-31%, compared to the con-
trol. This is especially true for the Talento hybrid with
the maximum increase in this indicator, where the influ-
ence of the variety factor is very well traced. Therefore, it
should be expected that an increase in the leaf surface
area will contribute to the growth of photosynthetic ac-
tivity and increase the productivity of sunflower plants.
In general, the formation of the leaf apparatus by plants
directly depends on the amount of precipitation (BBCH
00-65). A close correlation is established here (r=0.87).
The share of the effect of AKM+Ca on the formation of
this indicator was 54.2% (Fig.1).
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Interaction AB
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Interaction BC
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Figure 1. The share of influence of the factors under study on the dynamics of the leaf surface area of sunflower, %

Source: compiled by the author

The dry matter content of sunflower plants varies
widely depending on the phase of hybrid development,

hydrothermal conditions of the year and elements of

cultivation technologies (Table 5).

Table 5. Dynamics of dry matter accumulation by sunflower plants, g/ m?

BBCH plant development phase

. Sunflower Experiment
Till A . N
age () hybrid ()  variant (C) 1514 18-20 39-41 50-51 63-65
1 26.9 453 154.7 245.6 752.3
2 29.3 56.7 180.7 270.7 790.7
Colombi
3 - - - - 763.8
5 l ) 4 - - - - 816.0
eep loosening
1 26.5 51.1 143.8 244.1 707.6
2 28.4 59.2 175.2 271.3 746.5
Talento
3 - - - - 725.6
4 - - - - 798.0
1 27.8 45.8 167.2 2439 712.6
2 29.7 56.1 186.5 266.7 795.5
Colombi
3 - - - - 775.0
4 - - - - 804.1
Ploughing
1 25.0 46.8 153.6 207.0 695.0
2 289 53.8 184.1 2431 741.2
Talento
3 - - - - 721.8
4 - - - - 789.4
A 0.3 6.7 211 26.8 29.3
LSD,,
B 0.3 3.5 13.5 17.0 15.7
C
13 3.5 16.4 9.9 57.5

Source: compiled by the author

Already at the beginning of the development of
sunflower plants (BBCH 12-14), a more intense accu-
mulation of dry matter occurred in the variants of the
experiment with the pre-sowing treatment of seeds
with the PGR AKM+Ca, where this indicator was higher

than the control by 6.8-15.6%, depending on the hybrid
and the method of soil cultivation. In the subsequent
growing season, this indicator gradually increased, and
during the flowering phase, the dry matter content
reached a maximum in all variants of the experiment.
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The Columbi sunflower hybrid in the flowering phase
had higher indicators of dry matter content with both
methods of main tillage by 2.5-6.3%, compared to the
Talento hybrid. Notably, with deep loosening as the
main method of tillage, the Columbi hybrid has signifi-
cantly higher values of dry matter content compared to
ploughing, which can be explained by better preserva-
tion of moisture in the soil. Plants of this variant of the
experiment were able to better use moisture and nutri-
ents dissolved in it to form a more powerful phytomass.

Interaction AC
2%

Interaction AB
0%

Factor C

Additional spraying of sunflower plants with the
plant growth regulator AKM+Ca has the maximum
positive effect on changes in the dry matter content.
Thus, spraying plants with this preparation in the
BBCH 50-51 phase significantly increases the dry mat-
ter content of the hybrids under study in both variants
of tillage by 8.5-13.6% (BBCH 63-65). The general pic-
ture of the dependence of the dynamics of dry matter
accumulation on the factors under study is presented
in Fig. 2.

A\
39% \ ’,’

1% Interaction ABC
1%

Residual
39%
Factor A
1%
Factor B
17%

Figure 2. The proportion of influence of the factors under study on the accumulation of dry matter by sunflower plants, %.

Source: compiled by the author.

The process of photosynthesis is the main source
of formation of plant biomass, provides energy to all
growth processes, and energy is exchanged. It is the
size and productivity of the photosynthetic apparatus

that determines the yield of agricultural plants. The dy-
namics of photosynthetic potential of sunflower plants
depending on the factors under study is presented in
Table 6.

Table 6. Photosynthetic potential of sunflower plants depending on the main tillage and the use of the PGR,
million m?-days/ha

BBCH plant development phase (for the period)

Tilage () pupnove GbeMe  (BBCH1214)  (BBCH18-20  (BBCH39-41)-  (BBCH 50-51)-
(BBCH 18-20) (BBCH39-41)  (BBCH50-51)  (BBCH 63-65)
1 0.10 0.24 0.38 0.40
2 0.12 0.28 043 0.4
Colombi
3 - - - 0.41
4 - - - 0.46
Deep loosening
1 0.10 0.24 0.38 0.37
2 0.11 0.28 041 0.42
Talento
3 - - - 0.38
4 . . . 045
1 0.10 0.25 0.39 0.41
2 0.11 0.27 0.43 0.4
Colombi
3 . - - 0.42
4 . - . 047
Ploughing
1 0.10 0.24 0.37 0.35
2 0.11 0.27 041 0.39
Talento
3 . - . 0.37
4 - - . 041
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Table 6, Continued

BBCH plant development phase (for the period)

. Experi
Tillage (A) f,;;‘,?,g“(’;; V’;’;ﬁ;,',';‘fc';‘ (BBCH 12-14)- (BBCH 18-20)-  (BBCH 39-41)-  (BBCH 50-51)-
(BBCH 18-20) (BBCH 39-41) (BBCH50-51)  (BBCH 63-65)
A 0.01 0.04 0.03 0.06
LSD,,
B 0.01 0.01 0.02 0.04
C
0.01 0.02 0.02 0.02

Source: compiled by the author

Thus, the pre-sowing treatment of the seeds of the
sunflower hybrids under study contributes not only to
the increase in dry matter in plants, the leaf surface, but
also increases the photosynthetic potential of plants
during the growing season.This is especially true for the
BBCH 39-65 period, where there is a significant increase
in this indicator. For the Columbi sunflower hybrid during
the BBCH 39-51 period, the increase in photosynthetic
potential under the action of the plant growth regulator
was 10.3-13.1%, for the Talento hybrid - by 7.9-10.8%,
compared to the control. In further development during
the BBCH 50-65 period, this growth was, respectively,
by 7.3-10.0% and 11.4-13.5%. Additional treatment of
AKM+Ca plants at the inflorescence emergence contrib-
uted to an even greater increase in photosynthetic po-
tential for the Colombi sunflower hybrid by 14.6-15.0%,
and for the Talento hybrid - by 17.1-21.6%, compared to
the control variant of the experiment. Therefore, the use

of a modified plant growth regulator AKM+Ca contrib-
utes not only to the growth of plant biomass, but also
to the activation of photosynthesis of sunflower plants,
energy exchange for obtaining a high yield.

In the period of the inflorescence emergence-full
flowering, varietal differences between hybrids can
be traced on ploughing, where the Colombi sunflower
hybrid had a higher photosynthetic activity by 17.1%,
compared to the Talento hybrid. In general, the method
of basic tillage did not substantially affect the photo-
synthetic potential.

During photosynthesis, approximately 95% of the
total plant biomass is formed. Therefore, the indicator
of the net productivity of photosynthesis is essential
because when the dry mass of the plant changes, it
characterizes the work of the leaf apparatus, reflects
their assimilation activity and conditions the plant’s
potential for crop formation (Table 7).

Table 7. Net photosynthetic productivity of sunflower plants under the conditions
of the factors under study, g/m? per day

BBCH plant development phase

Tillage (A) f;‘;gﬁ}g“{;; EV’;':f;,',ch"; (BBCH 12-14)-  (BBCH 18-20)- (BBCH 39-41)- (BBCH 50-51)-
(BBCH 18-20)  (BBCH 39-41) (BBCH 50-51) (BBCH 63-65)
1 0.77 3.99 3.34 8.66
, 2 0.90 419 3.82 9.16
Colombi
3 8.93
e loocert 4 10.04
ee oosenin
P E 1 1.20 3.50 3.73 10.21
2 1.29 3.83 424 10.92
Talento
3 10.85
4 10.82
1 0.80 421 2.95 8.21
. 2 0.85 4.44 3.13 8.34
Colombi
3 8.43
- 4 8.50
ou n
gning 1 1.07 3.99 2.29 9.55
2 1.09 436 2.28 9.68
Talento
3 9.78
4 9.91
(5D, A 0.05 024 0.53 1.48
B 0.04 027 0.23 0.78
¢ 0.03 0.17 0.29 0.76

Source: compiled by the author
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Already at the beginning of leaf development
(BBCH 12-20) in the experiment, the dependence of the
NPP on the method of soil cultivation in the sunflower
hybrid Talento was observed. The use of deep loosen-
ing, in contrast to ploughing, allows for better forma-
tion of phytomass and an increase in the NPP indicator
by 12.1%. Such dynamics in this hybrid is observed dur-
ing the BBCH 12-51 period, and the maximum growth
of NPP is observed in the phase of the inflorescence
emergence (62.9%).

Between the hybrids of sunflower Columbi and
Talento, there are varietal features that are especially
clearly traced in the variant of the experiment with
deep loosening of the soil. Thus, during the BBCH
18-41 period, the Columbi hybrid had a higher NPP
value than the Talento hybrid by 14.0%. However, in
the next period (BBCH 39-65), the situation changes
in the opposite direction and the Talento hybrid ex-
ceeds the Columbi hybrid in the indicator under study
by 11.7-17.9%. In the version of the experiment using
ploughing, the Talento hybrid also had advantages

Factor B
54%

Factor A
21%

over the Colombi hybrid in the period of the inflores-
cence emergence-full flowering, where the indicator
under study was higher by 16.3%.

When investigating the influence of the factor of
using a plant growth regulator, certain features were
also established, especially in the variant of the experi-
ment using deep loosening of the soil. Thus, pre-sowing
treatment of seeds with the PGR AKM+Ca significantly
increases the NPP index during the entire study period
by 5.0-26.9% in both hybrids under study.

Additional spraying of sunflower plants of the
Columbi with the PGR AKM+Ca hybrid in the phase of
the inflorescence emergence in the variant of the ex-
periment with deep loosening of the soil contributed
to the activation of the net photosynthesis productivity
during the BBCH 50-65 period, where the NPP index
was higher than the control by 15.9% and higher than
the variant with pre-sowing treatment of seeds by 9.6%.
The general picture of the dependence of changes in
the indicators of net photosynthesis productivity on the
factors under study is presented in Fig. 3.

Interaction AB
0%

Factor C

Interaction AC

6%
? 2%

Interaction BC
1%

Interaction ABC
1%

Residual
15%

Figure 3. The proportion of influence of the factors under study on the net photosynthesis productivity
of sunflower plants, %

Source: developed by the authors

The variety factor (54.0%) has a substantial influ-
ence on the net photosynthesis productivity from the
factors under study. Therefore, with the observance of a
high level of agriculture, the use of the latest elements
of crop cultivation technology, namely, the use of plant
growth regulators and methods of soil cultivation, it is
possible to adjust the yield of sunflower well, because
sunflower is still an economically attractive crop for
growing in the Steppe of Ukraine.

During the growing season, weather conditions
have a substantial impact on the formation of the sun-
flower crop: ambient temperature, the amount, and
uniformity of precipitation (Hilwa et al., 2019). In the
arid zone of the Steppe, in the early stages of their de-
velopment, sunflower plants use the moisture of the
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arable layer accumulated in the winter-spring period.
Due to the further development of the root system and
its penetration into the soil, sunflower plants use the
moisture of groundwater (Vozhegova et al., 2021). This
contributes to the normal development and survival
of plants during the period of harmful effects of air
drought, which is most dangerous during the period of
flowering of plants and seed ripening.

Turning the ploughed layer affects the redistribu-
tion of nutrients enriched with available nutrients of
the entire ploughed layer at the expense of the upper
part, as a result of which the overall productivity of the
soil increases. However, this process can be harmful, es-
pecially in arid zones, because when the wet layer is
turned over to the soil surface, it dries quickly. Research




(Liabah, 2022) found that when growing sunflowers
on sod-podzolic soils with a light granulometric com-
position, the use of disc tillage tools to a depth of 10-
12 cm is not substantially inferior to a deep loosener
to a depth of 40-45 cm. Therefore, to solve the problem
of reducing erosion processes, destroying the compacted
subsoil, improving the infiltration properties of agricul-
tural lands and preserving soil fertility, it is advisable to
use deep loosening. Deep loosening of the soil involves
loosening, crumbling, partial mixing, but without rota-
tion of the layer, resulting in loosening of the soil aimed
at preventing water erosion.When using a deep loosener,
the stubble stays on the surface, which fixes the surface
of the soil and does not allow it to be blown away by
the wind (Yeremenko et al., 2020). The positive effect
of deep loosening on the NPP indicator, compared to
ploughing, is confirmed by the conducted studies.

One of the factors for obtaining stable yields is
a well-developed photosynthetic apparatus, which
has an optimal area and dynamics of functioning
(Domaratskyi, 2021; Ma et al., 2022). According to scien-
tists, the optimal area of the leaf surface of agricultural
crops, due to which the formation of maximum produc-
tivity is achieved, is 40 thous. m%/ha. Other researchers
(Gamayunova et al.,2019; Melnyk et al., 2020) found that
for varieties and hybrids of the intensive type, which
currently prevail in agricultural production, the opti-
mal leaf area is within 50-60 thous. m%/ha. The higher
the coefficient of energy utilization for photosynthesis,
the more completely dry phytomass is formed, and the
smaller amount is spent on water transpiration.

For optimal formation of the photosynthetic ap-
paratus of agricultural plants, regulation of individ-
ual stages of ontogenesis and mobilization of their
potential, it is recommended to use growth regula-
tors (Almashova et al., 2022; Kolesnikov et al., 2022;
Bielashov et al., 2022). The published data are in good
agreement with the conducted studies. Scientists also
claim that plant growth regulators have a wide positive
spectrum of action, which not only stimulates growth
processes at various stages of ontogenesis, but also re-
duces the effect of the pesticide load on the plant, in-
creases the yield of crops, improves the quality of grain
and seeds, and strengthens the resistance of crops to
adverse agroclimatic conditions, which is especially
valuable in arid regions of the country (Karpenko et al.,
2018). The use of Ca** with the AKM growth regulator
contributed to the increase in the leaf surface area of
sunflower, which is probably explained by the fact that
calcium ions, as a structural component of photosys-
tem I, improve the efficiency of photosynthesis, stim-
ulate the links of plant antioxidant protection, which
was proven when using exogenous calcium chloride
(Sadak et al., 2023). Stimulation of the formation of
the photoasimilation apparatus of sunflower plants
under the action of calcium ions occurs through the
effect on the pigment complex. Since, with calcium
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deficiency, a decrease in the rate of photosynthesis and
transpiration, the productivity of photosystem Il was
shown (Sitko et al., 2019).

Thus, the research results confirm the data of other
scientists on the influence of growth regulators on the
formation of the photosynthetic surface of plants and
its activity in arid conditions in the south of Ukraine.

CONCLUSIONS

The duration of sunflower interphase periods depends
on environmental conditions: the sum of active tem-
peratures and precipitation. The plants of sunflower
hybrids under study, upon using deep loosening, have a
high dry matter content and an indicator of net photo-
synthesis productivity, which is explained by the better
preservation of moisture in the soil. The use of plant
growth regulator AKM+Ca for pre-sowing seed treat-
ment increases the leaf surface area by 4.0-18.0%, in-
creases the indicators of the photosynthetic potential
of plants during the growing season by 7.3-13.5% and
the net photosynthesis productivity by 5.0-26.9%, com-
pared to the control, regardless of the method of tillage.

The combined use of pre-sowing seed treatment
and spraying of plants with AKM+Ca at the beginning
of budding (BBCH 50-51) increases the area of the
leaf surface by 18-31%, contributes to the growth of
the dry matter content in both tillage options by 8.5-
13.6% (BBCH 63-65) and photosynthetic potential by
14.6-21.6%, compared to the control. The combination
of pre-sowing treatment and treatment of sunflower
plants of the Colombi hybrid with the AKM+Ca against
the background of deep loosening of the soil contribut-
ed to an increase in the net photosynthesis productivity
(BBCH 50-65) by 15.9%, compared to the control,and by
9.6%, compared to the pre-sowing treatment seed.

In the period of the inflorescence emergence-full
flowering, varietal differences between hybrids can
be traced on ploughing, where the Colombi sunflower
hybrid had a higher photosynthetic activity by 17.1%,
compared to the Talento hybrid. The method of ba-
sic tillage did not substantially affect the photosyn-
thetic potential. In addition, varietal features can be
traced between hybrids according to the NPP indi-
cator against the background of deep loosening of
the soil. The influence of the variety factor is 54.0%.
The obtained data confirm the prospects for further
research into the crop structure, the biological yield
of sunflower hybrids and the quality of products un-
der plant growth regulators in the conditions of the
Steppe zone of Ukraine, which will provide the popu-
lation with high-quality food raw materials.
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AHotauisa. Knimat niBoeHHoi 30HM Creny YkpaiHM 3a OCTaHHi pOKM XapaKTepU3YETbCS CYTTEBMM MOTEMAIHHAM, 3
HW3bKOI, HEPIBHOMIPHOK KiNbKiCTIO ONafiB MpOTAroM BereTauii poCauH, WO MPU3BOAMTb A0 3HWXKEHHS 3anacis
NPOAYKTUBHOI BOMOIM B IPYHTI, Y POCAIMH BUHUKAE FAPOTEPMIUHUIA CTpeC. MOXAMBOCTAMM NiABULLEHHS adanTauii
POC/IMH A0 HECMPUATAMBUX (DAKTOPIB € BUKOPUCTAHHS PEryasaTopiB poCTy POC/IMH Ta 3aCTOCYBaHHS Pi3HMX Cnocobis
006po6iTKy I'pyHTY, HanpaBieHMX Ha 30epexxeHHs Bonoru. Meta focnifxeHb — AOCNIANTY BNAUB perynsTopy pocTy
pocivH AKM+Ca Ha poboTy (OTOCMHTETMUYHOIO anapaTy ribpuaiB COHAWHMKY Ha GOHI pi3HMX CNOCO6IB OCHOBHOMO
006pobiTKy rpyHTY B yMoBax nisaeHHoro Creny YkpaiHu. Mpy BMKOHAHHI AOCNIAXEHb BUKOPUCTOBYBANM HACTYMHI
METOAM: NOMbOBUM, XIMIYHMI (019 BU3HAYEHHS SKICHMX MOKA3HMKIB) Ta CTaTUCTUYHWMIA (AN OLIHKM AOCTOBIpHOCTI
naHux).MonboBi gocniaxeHHs nposoamav Bnponosx 2017-2019 pokiB HaYopHO3eMax NiBAEHHUX BAaXKKOCY/TUHKOBMX.
Y nocnini BUKopuctoByBanu MoamdikoBaHui perynatop pocty pocand AKM+Ca ans nepennociBHoi 06pobku HaCiHHS
Ta NO3aKOPEHEBOro OOMPUCKYBAHHA POCAMH COHALWHMKY (Pa3a noyatky OyToHi3auii) ribpuais TaneHTo i Konombi
Ha (OoHi rMbokoro puxneHHs abo opaHku. BctaHOBNEHO, WO 3aCTOCYBAHHS MMOOKOrO pUX/EHHS, HA BiAMIiHY Bif
OpaHKK, CNPUSE 30iNbLIEHHIO MOKA3HWKIB BMICTY CyXOi PEHOBMHM B POCAMHAX COHSLLIHMKY i YUCTOI NPOAYKTUBHOCTI
($OTOCMHTE3Y 33 PaxyHOK KpaLLOro 36epexeHHs BONOMM Y IpyHTi. BukopuctaHHs perynatopa pocty pocivH AKM+Ca,
He3anexHo Bif, cnocoby o6pobiTKy IPYHTY, CNPUSE HAPOCTaHHIO MIOLLI IMCTKOBOI noBepxHi Ao 31,2 %, 36inblye
(HOTOCUHTETUYHMIA MoTeHuian pocanH go 21,6 % Ta uucTy NpoayKTvBHICTb doTocuHTe3y Ao 15,9 % npotsarom
BereTauii, a TaKoX NiABMLLYE BMICT CyXOi pevyoBMHM, MOPIBHSHO 3 KOHTponeM. Yactka BRAAMBY perynstopa pocty
pocivH AKM+Ca Ha (opMyBaHHS NAOLLi IMCTOBOI NOBEPXHi CTaHOBUTL 54,2 %. MakCcMManbHUI NO3UTUBHUIA edekT
OTPMMaHO NpU CyMicHOMY 3acTocyBaHHi npenapaty AKM+Ca ans nepesnnociBHoi 06po6ku i 06nMpucKyBaHHS poCanH
COHSILHMKY MO BereTauii Ha GOHI rMMBOKOro pUXNEHHS FPyHTY. Pe3ynbTaT AOCAILKEHb MOXYTb BYTU BUKOPUCTaHI
LN KOPEryBaHHS eNeMeHTIB arpoTeXHONOriM BUPOLLYBAHHS COHAWHMKY, NiABULEHHS NPOAYKTUBHOCTI KYNbTypW Ta
BeLEeHHs NpmbyTKOBOro arpobisHecy

KniouoBi cnoBa: GOTOCMHTETUYHMI MOTEHLiaN; YMCTa NPOLAYKTUBHICTb DOTOCUHTE3Y; COHSILLHWMK; PEFYNSTOP POCTY
POC/IMH; OpPaHKa; IMMBOKE PUXIEHHS
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rootstock varieties, respectively. Transpiration intensity (after 10 min) decreased by 1.7-1.8 times. On the control
Murashige and Skoog nutrient medium, plants evaporated a larger amount of water during the corresponding
period of time: from 0.006 g to 0.079 g (technical varieties) and from 0.008 g to 0.086 g (rootstock varieties); the
intensity of transpiration was higher. After cultivation of grape microclones on structured nutrient media, they
were characterized by a higher content of dry matter in the tissues of leaves and shoots (14.6-15.0%) and better
survival rates in vivo (76.3-98.5%, at 58.5-65.2% in control). The reliability of the results obtained is confirmed
by the results of multivariate analysis of variance. The obtained results expand the understanding of dynamic
changes in the indicators of the water regime of the vegetative mass of grape microclones in vitro, their influence
on plant survival under in vivo conditions

Keywords: in vitro; water retention capacity; transpiration intensity; survival rate; phytohormones; biologically

active preparations; mineral substrates

INTRODUCTION

Today, the method of tissue and organ culture in vitro is
widely used in agricultural practice for accelerated re-
production of valuable genotypes. This method is based
on the activation of organogenesis from various types
of initial explants, on artificial nutrient media, under
sterile conditions. This process of plant reproduction
consists of several stages: the introduction of initial
explants into in vitro culture; propagation of shoots in
culture in vitro; obtaining plants with roots and their
preliminary adaptation to open soil conditions; trans-
fer of plants to in vivo conditions (Riabovol & Riabovol,
2019). The final stage in this process is the adaptation
of test tube plants to non-sterile and uncontrolled en-
vironmental conditions. It was established that at this
stage the largest number of microclones dies. This is
because in vitro culture plants are in conditions that
differ from natural ones in terms of physico-chemical
parameters: water, light, temperature regimes, gas com-
position of air in culture containers, nutrient medium
consistency, etc. Cultivation of plants in vitro in closed
culture containers also requires compliance with the
sterility regime, a certain gas environment, and ensures
constant maintenance of the relative humidity of the
air inside the containers. All this in a complex leads to
a change in the course of many morphophysiological
processes and functional changes of plants in vitro: they
are characterized by an underdeveloped waxy cuticle
of leaves, a damaged stomatal apparatus, weak photo-
synthetic activity, vitrification, a weak vascular connec-
tion between the root and the shoot, an unbranched
root system and underdeveloped root hairs (Gritsak &
Drobyk, 2020). Therefore, for the successful acclimatiza-
tion of microclonal plants to ex vitro conditions, on the
one hand, it is necessary to ensure a number of optimal
physical factors (suitable substrate, air humidity, ven-
tilation, acid-alkaline balance (pH), etc.), on the other
hand, the plants must be in such a physiological bio-
chemical state to gradually adapt to new, uncontrolled
environmental conditions, i.e., it is necessary to opti-
mize the conditions of plant growth and development
at the stage of in vitro cultivation.
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One of the determining factors that affects the phys-
iological-biochemical, anatomical-morphological state
of microclonal plants, specifically, general watering, wa-
ter-holding capacity, transpiration intensity, the content
of leaf pigments, dry matter in shoots and leaves is the
composition and quality of the nutrient medium.

Studies by many authors have established that
plants can react differently to the composition of the
nutrient medium in vitro. Therefore, it must be selected
considering the specific and varietal specifics. This was
manifested in changes in anatomical indicators (Martins,
2018), growth and development indicators (Coelho et al.,
2021), reproduction coefficient (Vujovic et al, 2020),
the course of physiological and biochemical processes
(Manocari et al., 2023). And this is understandable be-
cause the nutrient medium provides plants with the
necessary macro- and microelements, vitamins, phyto-
hormones and removal of metabolic products. Therefore,
the issue of determining the influence of the nutrient
environment on the course of physiological processes of
grape microclones in vitro, their regulation to increase
the adaptation potential is relevant and timely.

The purpose of this study was to determine the in-
dividual physiological indicators of grape microclones of
rootstock and technical varieties under the conditions of
cultivation on different nutrient media in vitro; to estab-
lish their influence on the viability of microclones in vivo.

To fulfil the purpose, the following tasks were set:
to determine indicators of water-holding capacity, tran-
spiration intensity, dry matter content in the tissues
of leaves and shoots of grape microclones in vitro on
different types of nutrient media and with different
content of phytohormones; to determine the viability
of grape microclones in vivo, after cultivation on dif-
ferent types of nutrient media; to determine the share
of influence of factors - grape variety, content of phy-
tohormones in the Murashige and Skoog nutrient me-
dium (MS) and its structured base on the physiological
indicators of grape microclones in vitro; to establish the
dependence of the viability of grape microclones in vivo
on the physiological state of plants in vitro.




LITERATURE REVIEW

Few scientific works have investigated the physiological
and biochemical state of plants in vitro and in vivo. And
all of them are considered mainly from the standpoint
of modelling, impact of abiotic stress and screening of
resistant genotypes. The most common abiotic stresses
that affect plant growth and productivity are drought
and salinity. They cause enormous economic losses as
a result of reduced agricultural productivity. In such
conditions, plants face a violation of osmotic potential,
nutrient transport, and a decrease in photosynthesis.
Conventional breeding methods do not always lead
to the desired result in the selection and evaluation
of stress-resistant plant forms and species. However,
thanks to the application of in vitro methods of tissue
and organ culture, in a short period of time and with a
small amount of plant material, it is possible to inves-
tigate the mechanism and carry out screening of resist-
ant forms and varieties of plants.

Martinez-Santos et al. (2021) evaluated the phys-
iological and biochemical status of Vanilla planifolia
Jacks. ex Andrews under conditions of in vitro water
stress induced by polyethylene glycol (PEG). Micro-
clonal plants of Vanilla planifolia Jacks. were cultivated
on the semi-solid Murashige and Skoog nutrient me-
dium (MS) with the addition of PEG-6000 (0%, 1%, 2%
and 3% w/v). After 60 days, the height of the plants was
determined, in the tissues of leaves and shoots - the
content of dry matter, chlorophyll, soluble proteins, pro-
line, glycine, stomatal index and the number of open
stomata per unit area of the epidermis. The obtained re-
sults showed that with an increase in the concentration
of PEG-6000 in the nutrient medium, plant height, the
content of chlorophyll, soluble proteins, and the num-
ber of open stomata decreased, while the content of
dry matter and amino acids, on the contrary, increased.

Hernandez-Pérez et al. (2021) using similar con-
centrations of PEG-6000 in the MS nutritional medium
based on the determination of biometric growth indica-
tors, the content of dry matter in tissues, total protein,
proline, glycine-betaine, performed in vitro screening
of Saccharum spp. Hybrids, varieties Mex 69-290, Mex
79-431,CP 72-2086 and MOTZ Mex 92-207 resistant to
water stress. Based on the results obtained, the water
stress-tolerant Mex 69-290 variety was established. As
the microclonal plants of this variety met the biome-
tric parameters of development with an increase in
the concentration of PEG in the nutrient medium, an
increase in dry matter and amino acids was observed
in the tissues.

Gao et al. (2020) investigated the effect of os-
motic stress on tissue hyperhydration of microclones
of Dendrobium officinale L. The latter were cultured on
a solid MS nutrient medium supplemented with plant
growth regulators, various concentrations of sucrose
and agar. The level of hyperhydration was assessed by
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water regime indicators, relative electrical conductivity,
and enzyme activity. The results indicated that high
concentrations of sucrose, agar, PEG-6000 in the nu-
trient medium considerably increased the total water
content, free water content, relative electrical conduc-
tivity, peroxidase activity, and reduced the content of
bound water, proline, soluble protein, and sugars.

According to Khalid et al. (2021), who investigated
changes in the physiological and biochemical state and
biometric growth indicators of Camelina sativa L. under
model drought MS+PEG-6000 (1-7%), it was shown that
with an increase in the concentration of PEG to 2.0%,
the ability of seeds to germinate, the content of water,
chlorophylls, and carotenoids in the leaves increased
significantly, and the processes of cotyledons unfolding
and the appearance of true leaves accelerated. Subse-
quently, increasing the concentration of PEG led to a
decrease in these indicators compared to the control.
This is evidence that Camelina sativa L. can tolerate
moderate water stress without any adverse impact on
growth and physiological and biochemical parameters.

Bareera et al. (2019) conducted in vitro screening
of drought-resistant varieties of Brassica napus L. For
this, callus cultures of varieties B-56, B-18, ZMR-4,
ZM-21,KM-256, ZMR-10, Punjab Sarsoon, Cyclon, Rain-
bow and UAF-11 were obtained on nutrient media
with PEG-6000, the viability of which were evaluated
by the content of dry matter, proline, glycine, betaine,
total content of soluble sugar. The authors showed that
when exposed to low concentrations of PEG-6000 in
the tissues of callus cultures, all the above indicators
increased. The exception was the mass index of wet
callus, which, on the contrary, decreased.

Kovalikova et al. (2020) investigated the reac-
tion of microclonal plants of five varieties of Malus
domestica L.(“Malinové holovouské”,“Fragrance”, “Rubin-
step’, “Idared”, “Car Alexander”), five varieties of Prunus
avium L. (‘Regina”, “Napolenova’, “Kastanka”, “Sunburst”,
“P-HL-C") to osmotic stress simulated by increased con-
centrations of PEG-6000 in the medium. Stress, similar
to drought, negatively affected the total water content,
chlorophyll content, and leaf area of both plant species.
Overall results indicate a wide range of water deficit
tolerance among Malus domestica L.and Prunus avium L.
cultures in vitro.

In separate scientific works, the salt tolerance of
plants in vitro was evaluated based on physiological-bi-
ochemical, biometric indicators of microclonal plants.
Thus, Putnik-Deli¢ et al. (2019) investigated the effect
of different concentrations of NaCl (0.2,0.6,and 1.2 g/l)
in the MS nutrient medium on the intensity of transpi-
ration of microclones of Brassica napus L. of the Slavica
cultivar. They proved that the intensity of transpiration
decreased with increasing NaCl concentration in the
nutrient medium.Al-Khateeb et al. (2020) investigated the
effect of different NaCl salt content (from O to 300 mM)
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in the composition of the nutrient medium on photo-
synthesis, transpiration intensity and stomatal conduct-
ance of Phoenix dactylifera L. in vitro. The results showed
that an increase in the salt concentration in the nutri-
ent medium reduced the intensity of these processes.
Cioc et al. (2019) investigated the effect of red and
blue spectrum light (in a ratio of 7:3), different concen-
trations of 6-benzyladenine (BA) (1, 2.5, and 5 uM) in
growing microclones of Gerbera jamesonii Bolus. They
proved that an increase in the concentration of BA con-
tributed to an increase in the height of plants, the num-
ber of leaf blades, and a modification of lighting - the
area of leaf blades. However, the authors noted that an
increase in the concentration of BA was accompanied
by a decrease in the content of dry substances in the
vegetative mass, an increase in the intensity of light-
ing - an increase in the content of leaf pigments. Ki
Young Choi et al. (2022) determined the effect of the in-
tensity of white LED light on the growth of microclones
of Malus domestica (M-9). Microclones were grown for
30 days under the influence of five white light-emitting
diodes (LEDs) of different intensities: 100-500 (L1), 250-
500 (L2), 500-500 (L3), 250-250 (L4) and 100-100 (L5).
The authors stated that the number of leaves, stem di-
ameter, wet mass of shoots, roots, and dry mass of shoots
under white LED light 500-500 (L3) were significantly
greater than those cultivated under other light intensi-
ties. Furthermore, a positive correlation was established
between stomatal conductivity and transpiration rate.
These results indicate that the light intensity of PPFD
500-500 was favourable for microclone growth in vitro.
Ergasheva et al. (2022) indicate the need to deter-
mine the physiological and biochemical state of micr-
oclonal plants when transferring them to uncontrolled
environmental conditions. This will determine their
survival rate and the yield of standard seedlings. Thus,
scientists of Gulistan State University (Uzbekistan) de-
termined the general watering of leaves and the inten-
sity of transpiration of Punica granatum L. in the pre-ad-
aptation period in vitro and when transplanting plants
into non-sterile soil of local varieties - “Qora qayim”,
“Qizil anor”, “Oq dona (Tuyatish)”, “Achchiq dona”. As a
result, they proved that when microclonal plants were
transferred to uncontrolled conditions, a high intensity
of transpiration was observed, a substantial decrease in

the water content in the leaves, i.e., a water deficit was
observed. Therefore, the author recommends increasing
the level of humidity to 90-95% at the stage of in vitro
pre-adaptation, and then gradually reducing it to 50%,
to ensure optimal mechanisms of plant adaptation to
in vivo conditions.

The University of Bonn (Germany) investigated the
influence of different growing conditions of Populus ca-
nescens L.- conditions in vitro, ex vitro, climate chamber,
greenhouse on the development of the leaf apparatus,
the composition of cuticular wax and transpiration of
detached leaves. Studies have shown that when plants
are transferred in vitro to other conditions, they quickly
dehydrate, regardless of the amount of cuticular wax
(Grunhofer et al., 2021).

Thus, a brief review of the literature shows that
there are very few scientific studies providing the re-
sults of research on the determination of the main
physiological indicators of plants in the culture of tis-
sues and organs in vitro,depending on the modification
of the mineral and phytohormonal basis of the MS nu-
trient medium. And for grapes, such studies were gen-
erally not conducted.

MATERIALS AND METHODS

The study was conducted in the Department of Grape
Seeding, Propagation and Biotechnology of the National
Scientific Centre “V.E. Tairov Institute of Viticulture and
Winemaking” (NSC V.E. Tairov IVW) during 2018-2022.

The object of research was microclones of grapes -
Yarylo, Zagrei (technical varieties), Dobrynia, Harant
(rootstock varieties). Physical parameters of cultivation:
air temperature - 24-25°C, air humidity 60-70%, pho-
toperiod - 16 hours, lighting 2500-3000 lux. ALl works
were carried out under sterile conditions of laminar
flow and culture boxes equipped with ultraviolet irra-
diators.

To cultivate grape microclones in the culture of
tissues and organs in vitro, a modified Murashige and
Skoog nutrient medium (MS) was used. The modifi-
cation of the environment consisted in changing the
amount of phytohormones (indolylacetic acid (IAA),
6-benzylaminopurine (6-BAP), adding biologically ac-
tive preparations (Radifarm, Klonex gel) and mineral
substrates (agroperlite, vermiculite) (Table 1).

Table 1. Research scheme

Composition of the nutrient medium

Experiment variants

phytohormone content, mg/l

basis IAA 6-BAP additional components
Control 1 MS 0.3 0.2 -
Control 2 MS 0.6 0.5 -
Variant 1 MS 0.3 0.2 Radifarm (2.5 ml/)
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Table 1, Continued

Composition of the nutrient medium

Experiment variants

phytohormone content, mg/L

basis IAA 6-BAP additional components

Variant 2 MS 0.6 0.5 Radifarm (2.5 ml/l)
Variant 3 MS 0.3 0.2 Clonex gel

Variant 4 MS 0.6 0.5 Clonex gel

Variant 5 MS 0.3 0.2 agroperlite

Variant 6 MS 0.6 0.5 agroperlite

Variant 7 MS 0.3 0.2 vermiculite

Variant 8 MS 0.6 0.5 vermiculite

Variant 9 MS 0.3 0.2 agroperlite + vermiculite (1:1)
Variant 10 MS 0.6 0.5 agroperlite + vermiculite (1:1)

Source: compiled by the authors

The MS medium was prepared as prescribed, after
which other components were added, except for Clonex
gel. It was applied by immersing the basal part of mi-
cropropagules before planting on a nutrient medium.
Agar-agar was used for gelation of modified nutrient
media. In nutrient media for the first-fourth variants of
the experiment, it was used in the amount of 7.0 g/, for
the fifth-tenth variants of the experiment - 6 g/l.

Nutrient media were autoclaved under a pressure
of 1 atm. for 15 min. After autoclaving and solidification
of modified nutrient media with mineral substrates,
two-layer (structured) nutrient media were formed in
glass culture containers. The nutrient medium: mineral
substrates ratio was 1.0:0.5. The Radifarm preparation is
an extract of plant origin, which contains amino acids,
steroids, glycosides, polysaccharides, betaine, vitamins,
and trace elements. It promotes rapid rooting of plants,
uniform growth, development of vegetative mass, root
system, reduces the stress caused by transplanting plants.

The Clonex gel preparation is a complex of sub-
stances: indolylbutyric acid, vitamins, hormones, trace
elements, nutrients necessary for the development and
growth of the root system of plants. Mineral substrates
agroperlite, vermiculite are minerals of the hydromica
group, the use of which helps increase the aeration
properties of nutrient substrates (nutrient media).

After 90 days of cultivation, the following were deter-
mined in the vegetative mass of grape microclones: wa-
ter-holding capacity (%), transpiration intensity (gx(m?xh)),
dry matter content (%) (Sherer, 2011); plant viability was
determined 30 days after planting in the greenhouse.

RESULTS AND DISCUSSION

In cells and tissues, there are two forms of water - free
and bound. Free water is characterized by sufficient

mobility, is a solvent that ensures the course of all
physiological and biochemical reactions. The action
of the stress factor, first of all, leads to evaporation
and reduction in the cells of this particular form of
water. Bound water is divided into osmotically bound
and colloidal bound, it is located either in the middle
of the colloidal system or on the surface of the colloids,
between them.

The ability of plants to retain a certain part of
water due to osmotic forces and increased hydro-
philicity of biocoloids is a universal reaction of the
body to the deterioration of environmental condi-
tions. Therefore, under any stressor, a decrease in
water loss occurs due to an increase in the water re-
tention capacity of tissues.

Water-holding capacity is an indicator that charac-
terizes the loss of water by the vegetative organs of
plants over a certain period of time. In the technology
of in vitro reproduction of grapes, it is important from
the standpoint of transferring plants to uncontrolled
conditions in vivo and their survival.

Analysis of the dynamics of water loss by leaves
and shoots of grape microclones in vitro (pre-adaptation
stage) of rootstock and technical varieties cultivated on
modified nutrient media with agroperlite, vermiculite
and their mixture (fifth-tenth variants) showed that
they decreased in relation to the control values (con-
trol 1, control 2).

Thus, grape microclones of rootstock varieties lost
0.003 g after 5 min, 0.008 g after 10 min, 0.011 g af-
ter 15 min, 0.022 g after 20 min, 0.032 g after 30 min
and 0.053 g after 60 min of water, which is 50.0% (af-
ter 5 min), 36.3% (after 10 min), 33.3% (after 15 min),
26.6% (after 20 min), 32.0% (after 30 min) and at 37.2%
(after 60 min) less than control values (Fig. 1).
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Figure 1. Dynamics of water loss by grape microclones of rootstock and technical varieties
on different types of nutrient media (average for 2018-2022)
Source: compiled by the authors

Scientific Horizons, 2023, Vol. 26, No. 6




Microclones of technical varieties lost 0.006 g,
0.007 g, 0.009 g, 0.014 g, 0.020 g, 0.034 g of water af-
ter the indicated time intervals, which was also less
than the control values by 16.6%, 22.2%, 46.6%, 44.0%,
56.8%, 58.2%.

In grape microclones on nutrient mediums with
Clonex gel and Radifarm (first-fourth variants), the wa-
ter loss rate was at the control level. On average, plants
of these variants lost from 0.007 g to 0.082 g of water
(rootstock varieties) and from 0.006 g to 0.088 g of wa-
ter (technical varieties) after 5-60 minutes.

Therefore, the results of the determinations indi-
cate that the water-holding capacity of the tissues of
grape microclones on structured nutrient media was
the greatest, which indicates a potentially greater
stability of these microclones in changing conditions.

Zelenianska et al.

Furthermore, the indicator of water-holding capacity
was generally higher in the experimental and control
variants, where the content of phytohormones in the
composition of the MS was equal to 0.2 mg/L 6-BAP,
0.3 mg/L 1AA (first, third, fifth, seventh, ninth variants).
After analysing the experimental material, multiple
analysis of variance was performed. The main influenc-
ing factors were the grape variety (factor 1), the content
of phytohormones in the MS nutrient medium (0.2 mg/L
6-BAP, 0.3 mg/l 1AA) (factor 2) and the structured base
of the MS (addition of BAP or mineral substrates) (fac-
tor 3). According to the results obtained, the revealed
differences in the results of the experiment are reliable,
since the factual values of the Fischer criterion (for all the
main factors of influence) at the significance level of P -
0.05 were greater than their tabular values (Table 1-2).

Table 2. Results of dispersion analysis on the effect of the type of nutrient medium
on the water-retaining ability of grape microclones

gﬂﬂtheun

Share of influence of factors, %

Factors of influence

Water evaporation

5 min 10 min 20 min 30 min 60 min
Factor 1 314.23/2.69 591.66/2.69 523.34/2.69 476.35/2.69 439.83/2.69
20.14 24.72 2711 31.84 26.22
Factor 2 887.63/3.94 960.05/3.94 887.02/3.94 681.06/3.94 769.04/3.94
18.96 13.37 17.58 15.17 15.28
Factor 3 356.00/2.30 557.59/2.30 278.83%/2.30 338.37/2.30 465.00/2.30
38.03 38.83 31.63 3770 46.20
Factor 1 x Factor 2 30.40/2.69 130.24/2.69 20.00/2.69 19.13/2.69 24.53/2.69
1.94 5.44 1.18 1.27 1.46
Factor 1 x Factor 3 14.76/1.77 52.37/1.77 32.35/1.77 17.46/1.77 20.62/1.77
473 10.94 9.61 5.83 6.14
N 98.05/2.30 34.64/2.30 42.77/2,30 14.42/2.30 8.87/2.30
Factor 2 x Factor 3 10.47 241 423 1.60 0.88
Factor 1 x Factor 2 x 11.35/1.77 14.04/1.77 22.59/1.77 13.19/1.77 6.33/1.77
Factor 3 3.63 293 6.71 4.40 1.88
Error 2.10 1.36 1.95 2.59 1.94

Source: compiled by the authors

This method of research helped establish the
share of the influence of each factor on the wa-
ter-holding capacity of the vegetative mass of grape
microclones from their total population. Thus, Factors
3 (structured basis of MS) and 1 (grape variety) had
the most significant share of influence. Depending on
the variants, they were within 31.63-46.20% (factor 3)
and 20.14-31.84% (factor 1) of the total 100% of the
population. The influence of Factor 2 (the content
of phytohormones in the nutritional medium of MS)
slightly decreased and was within 13.37-18.96%, the
interaction of these factors was within 1.18-10.94%.

The share of unaccounted factors was small and
amounted to 1.36-2.59%.

Transpiration is the process of evaporation of water
from the surface of plants over a certain period of time.
The amount of transpiration depends on many factors,
including temperature, lighting, water supply, etc. De-
termining the intensity of transpiration of grape micr-
oclones in vitro showed that it depended on the struc-
tured basis of the nutrient medium and the content of
phytohormones in it. It was the largest in control plants
(C1) and after the use of biologically active prepara-
tions (first, second, third variants) (Fig. 2).
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Figure 2. The intensity of transpiration of grape microclones of grafted and technical varieties on different types of
nutrient media (average for 2018-2022)

Source: compiled by the authors

Thus, for microclones of grape rootstocks, the in-
tensity of transpiration in the first variant (MS + Radi-
farm + 1AA 0.3 mg/L; 6-BAP 0.2 mg/l) was the highest
among the experimental variants and was equal to
1.6 gx(m?xh) after 5 min, 8.3 gx(m?xh.) after 10 min.
Compared to the control values,a decrease of 1.1% (after
5 min) and 1.6% (after 10 min) was noted. In the second
variant (MS + Radifarm + |AA 0.6 mg/l; 6-BAP 0.5 mg/l)
the intensity of transpiration was equal to 1.5 gx(m?xh)
after 5 min, 7.3 gx(m?xh) - after 10 min, which was more
than the control (C2) by 1.3%, 2.7%. In the third vari-
ant, where Clonex gel was used (IAA 0.3 mg/l; 6-BAP
0.2 mg/l), the transpiration intensity was less than the
control values by 1.5%, 2.7%. For grape microclones of
technical varieties, according to the indicated experi-
mental options, a similar pattern was noted, although
the level of transpiration intensity was lower, and was
within 5.5-6.8 gx(m?xh), while for microclones of root-
stock varieties — within 7.3-8.3 gx(m?2xh).

After cultivation of grape microclones on struc-
tured nutrient media (the fifth-tenth variants), the inten-
sity of transpiration of the vegetative mass was lower,
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compared to both the first-fourth variants (MS+BAP)
and the controls (C1, C2). In microclones of rootstock
varieties, this difference with controls was equal to 1.5
(after 5 min) - 3.4 (after 10 min) gx(m?xh), with vari-
ants where BAP was applied - 0.4 (after 5 min) - 1.9
(after 10 min) gx(mZ?xh), in microclones of technical
varieties — 0.8-2.5 gx(m2?xh) and 0.3-1.3 gx(m?xh) ac-
cording to variants.

The results of the variance analysis indiciated that
the difference between the experimental and control
variants was reliable only after determining the inten-
sity of transpiration of the vegetative mass of plants
after 10 min (F__ >F__ ); after determining this indica-
tor, after 5 minutes, the value of F_ was smaller than
F.... Data were also obtained that helped determine
the proportion of influence of each factor on the inten-
sity of transpiration. The substantial influence of Factor
3 (structured basis of MS (adding BAP or mineral sub-
strates)) was proved - 52.7% and Factor 1 (grape vari-
ety) - 21.5%; the influence of Factor 2 (the content of
phytohormones in the MS nutritional medium), albeit
substantial, was estimated at 5.4%.




During preparation and transfer of microclonal
grape plants from in vitro conditions to in vivo condi-
tions, the tissue structure of leaves and shoots plays
an important role. It is usually evaluated by dry matter
content or total hydration. The determination of the
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mass of wet and dry growth of grape microclones fol-
lowed by the determination of the content of dry sub-
stances showed that most of them were synthesized in
the leaves and shoots of plants that were cultivated on
structured nutrient media (Fig. 3).
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Figure 3. The content of dry matter and water in the tissues of leaves and shoots of grape microclones of grafted
and technical varieties on different types of nutrient media (average for 2018-2022)

Source: compiled by the authors

Thus, in the indicated versions of the experiment, the
dry matter content was equal to 12.0-15.2% (rootstock
varieties), 11.0-14.9% (technical varieties). On nutrient
media with the use of biologically active preparations
Radifarm and Clonex gel, this indicator was equal to,
on average, 6.8-8.7% (rootstock varieties) and 7.3-9.1%
(technical varieties). In plants of control variants, the
dry matter content in the tissues of the vegetative mass
was 6.7-7.5% and 6.6-7.8%, respectively, in rootstock and
technical grape varieties. Thus, in microclones of the first
and fourth variants, the dry matter content was 0.8-1.2%
higher than the control values,and in microclones of the
fifth and tenth variants — by 5.6-7.8%.

The analysis of the results of the multiple variance
analysis indicated that the identified differences in the
results of the experiment are reliable (F__>F,_ ) atthe
significance level P - 0.05.The factor structured MS ba-
sis had the greatest influence on the accumulation of
dry matter in the vegetative mass of grape microclones
during in vitro cultivation - 90.5%. Other main factors
of influence (grape variety, hormonal basis of MS), albe-
it significant, were estimated at 2.2%.

Engraftment of grape microclones in vivo.The results of
the study proved that the largest number of such plants
were after cultivation of grape microclones in vitro on
nutrient media with mineral substrates, but mainly on
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those where the content of phytohormones in the com-
position of the MS was equal to 0.3 mg/L IAA, 0.2 mg/L
BAP (fifth, seventh, ninth,and tenth variants). The viability
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of microclones of grape rootstock varieties was at 85.5%
(Dobrynya) - 92.5% (Garant), microclones of technical
varieties - at 82.4% (Zagrei) and 85.5% (Yarylo) (Fig. 4).
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Figure 4. Viability of grape microclones of grafted and technical varieties in vivo (average for 2018-2022)

Source: compiled by the authors

Compared to Control 1, the difference was between
12.0% and 40.0%. After the use of biologically active
preparations, the survival rate of grape microclones
was at the level of control values. In similar variants,
but with a higher content of phytohormones - 0.6 mg/l
IAA, 0.5 mg/L BAP (second, fourth, sixth, eighth variants),
the survival rate of microclones decreased and was at
the level of Control 2.

A multiple correlation-regression analysis was con-
ducted to establish the dependence of the viability of
grape microclones in vivo on their physiological state
formed in vitro (water regime, transpiration intensity,
dry matter content). The results indicated that the mul-
tiple correlation coefficient between the independent
variables water-holding capacity, transpiration inten-
sity, dry matter content and the dependent variable
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microclonal survival in vivo was equal to 0.82, which
indicates a high multiple correlation, according to the
Chaddock scale. According to the coefficient of multi-
ple determination R?, the viability of grape microclones
depended on the indicated independent variables by
70.0%. Determination of the standardized regression
coefficient $ helped compare the relative contribution
of each independent variable to the prediction of the
dependent variable. As evidenced by the received pre-
dictors, dry matter content and water-holding capacity
are statistically significant and important - 3(dry mat-
ter) = 1.04, B(water-holding capacity) = 0.36.

For in vitro plants to successfully take root in
non-sterile conditions, they must be ready to overcome
the stresses to which they are exposed during the ad-
aptation process. According to the data of the authors




(Bag, 2019; Leite, 2021), to increase the percentage of
survival of plants in vivo, it is necessary to start pre-
paring them for new conditions in vitro, including
a decrease in air humidity. In this regard, the quality
and physical properties of the nutrient medium are of
paramount importance. Research by many authors has
established that different agricultural plants, their va-
rieties, and forms react and manifest themselves dif-
ferently in in vitro culture on different types of nutrient
media, and therefore, the quantitative and qualitative
composition of the nutrient medium should be selected
considering varietal specificity. For the reproduction of
grapes with the use of in vitro tissue and organ culture,
modified nutrient media based on Murashige and Skoog
medium are used. Its composition includes macro- and
microsalts, calcium chloride, iron chelate, vitamins, in-
doleacetic acid, 6-benzylaminopurine, sucrose, agar
(Zelenianska, 2022). According to the results of the
research in this paper, for better growth and develop-
ment of grape microclones of rootstock and technical
varieties, the course of physiological processes in the
tissues of leaves and shoots, optimal is the Murashige
and Skoog nutrient medium with a minimum content
of phytohormones in the composition: 0.3 mg/l 1AA,
0.2 mg/l BAP. Analogous results were obtained (Sota,
2019; Okello, 2021) on the culture of Aspilia africana
(Pers.) C.D.Adams and Rosmarinus officinalis L.).

At the moment of transfer of in vitro plants to in
vivo conditions, they are exposed to a strong influence
of water stress. As a result, this leads to dehydration of
tissues, destruction of membranes. Plants are espe-
cially sensitive to dehydration immediately after their
removal from culture containers, which is associated
with non-functioning stomata, reduced water absorp-
tion, and high transpiration. The main water loss occurs
in the first 10-14 days due to non-functional stomata.
Therefore, it is important that before transferring the
plants to invivo conditions, they have functioning leaves.
It is known that stomatal closure occurs at an air humid-
ity of 65%, but at such humidity, rapid wilting and death
of plants occur. Therefore, (Grytsak, 2020; Hannachi,
2021) recommend initially maintaining (in vivo) hu-
midity within 99-95%, then reducing it to 50-60%. But
without expensive temperature and humidity control
systems, this is very difficult to achieve (Chen, 2021).

To obtain functional leaves from microclonal
plants, it is necessary to achieve a balance of water
exchange (optimize water exchange and transpiration)
even in vitro. This can be done by reducing the temper-
ature at the base of the culture containers, applying a
thin layer of lanolin paste, vegetable oil, paraffin, poly-
ethylene glycol, on a nutrient medium. However, exper-
imental plants under such influences were character-
ized by weak growth and development. Based on this
information, the authors suggested that adding agrop-
erlite and/or vermiculite to the MS nutrient medium
(creating structured nutrient media) would also help
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reduce humidity in the culture tanks and promote ad-
ditional aeration of the nutrient medium. The obtained
experimental results on indicators of the water regime,
including the intensity of transpiration, confirmed our
assumption. It was established that on structured nu-
trient media (MS + agroperlite, MS + vermiculite, MS +
agroperlitetvermiculite) grape microclones were char-
acterized (compared to the control, MS by prescription)
by higher water-holding capacity and lower intensity of
transpiration of leaf and shoot tissues. It is known that
the greater the water retention capacity of plant leaves,
the better they will tolerate the adverse impact of abi-
otic environmental factors (Gupta, 2020). In our case,
the greater the water-holding capacity of grape micr-
oclones, the better they will take root in uncontrolled
conditions. The obtained results proved that on struc-
tured nutrient media, which the authors of this paper
determined to be the most effective (MS + agroperlite,
MS + vermiculite, MS + agroperlite+vermiculite), the tis-
sues of leaves and shoots of grape microclones had a
higher water-holding capacity, a lower intensity of tran-
spiration, and their viability in vivo was at 76.3-98.5%.
For comparison; in the control, the viability of grape mi-
croclones in vivo was at 58.5-65.2%. This is explained
by the fact that on the indicated nutrient media, grape
microclones, already in vitro, used water more economi-
cally. Such savings are associated with structuring, add-
ing mineral substrates to the nutrient medium. This, on
the one hand, improved the aeration of the substrate,
on the other hand - modelled more natural cultivation
conditions. Comparable results were obtained (Hoang,
2020) upon cultivating Eutrema japonicum, on a nutri-
ent medium with agroperlite.

Before planting grape microclones in vivo, the
authors also determined the content of dry matter in
leaves and shoots. According to our results, their largest
number was synthesized on structured nutrient media.
According to the data (Grytsak, 2020), it was established
that at the maximum values of the indicators of wet
and dry mass growth, plants form new leaves much
faster in vivo.

As a result of the conducted multiple dispersion
and correlation-regression analysis, the authors noted
a prominent dependence of the formation of indicators
of the water regime of grape leaves and shoots, the
content of dry substances on the composition of the
nutrient medium, and a high correlation between the
indicators of the water regime of microclones and their
viability in vivo.

CONCLUSIONS

To increase the adaptation potential of grape micro-
clones in vitro, it is advisable to cultivate them on struc-
tured nutrient media with mineral substrates - MS (IAA
0.3 mg/L + 6-BAP 0.2 mg/l) with the addition of agrop-
erlite or vermiculite (MS + agroperlite, MS + vermiculite,
MS + agroperlite + vermiculite).
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On structured nutrient media, grape microclones
were characterized (compared to the control) by higher
water-holding capacity and lower transpiration inten-
sity of leaf and shoot tissues. Drying the plants and
determining the amount of moisture that evaporated
after short intervals of time (after 5, 10, 15, 20, 30, and
60 min) showed that the water-holding capacity in-
creased (on average for the variants) by 0.5-8.1% (tech-
nical varieties) and by 0.6-3.0% (rootstock varieties).

On the contrary, the intensity of transpiration (af-
ter 10 min) of grape microclones decreased, which
was typical for both technical and rootstock varieties.
Compared to the control, this indicator decreased by
1.8 times in plants on MS + agroperlite, MS + vermicu-
lite nutrient media and by 1.6 times in plants on MS +
agroperlite + vermiculite nutrient media. In the tissues
of leaves and shoots of microclones of grapes, a larger
amount of dry substances was synthesized. Compared
to the control, microclones of technical varieties accu-
mulated 6.0% (MS + agroperlite), 5.9% (MS + vermic-
ulite), 7.4% (MS + agroperlite + vermiculite) more dry
matter; in microclones of rootstock varieties - by 6.9%,
6.6%, and 8.1%, respectively.

The largest number of plants that took root in vivo
and were further characterized by active growth and
development was after in vitro cultivation on structured
nutrient media. Compared to the control, this indicator
increased by 19.8-26.5% in the MS + agroperlite vari-
ants, by 21.0-21.3% in the MS+vermiculite variants, and
by 25.1-40.0% in the MS + agroperlite + vermiculite
variants.

The reliability of the obtained results was con-
firmed by the results of multiple variance and corre-
lation-regression analysis. It has been proved that fac-
tors such as the structured basis of MS (27-52%) and
grape variety (20-30%) had the greatest influence on
indicators of water-holding capacity, intensity of tran-
spiration of the vegetative mass of grape microclones
in vitro, only factor of the structured base of MS sub-
stantially influenced the indicator of dry matter content
(90%). A positive correlative dependence of the viability
of grape microclones in vivo on the physiological state
formed in vitro (R=0.82) was established.

The perspective of further research is to determine
the anatomical structure of the stomatal apparatus of
the lower epidermis of leaves of microclones of grafted
and technical varieties of grapes under the conditions
of cultivation in vitro and in vivo, establishing its influ-
ence on the water regime and adaptation potential of
plants.
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BnnumB NOXXMBHUX cepenoBuLl Ha ¢isionoriuyHi NoKasHUKU MIKPOKJIOHIB BUHOrpaay
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AHoTauis. YcnilHe npuK1MBaHHA MiKpOK/IOHIB BUHOTpaay B HEKOHTPOIbOBAaHMX YMOBAX A0BKINAS (in Vivo) 3anexuTb
Bif, PiBHS CTIMKOCTI, AKMIM GOPMYETHLCS LU HA eTani iX MacaxyBaHHS i poCTy in vitro.Baxnuey ponb Npu LLbOMY BifirpatoTb
MOKa3HMKM BOLHOIO peXxmMy BeretaTMBHOI Macu. MeToto poboTu Byno 03HaMoMNEHHS 3 pe3ynbTaTaMu BU3HAUYEHHS
BOA03aTPUMYIOYOI 3[4ATHOCTI, IHTEHCMBHOCTI TpaHCnipauii MiKpOKNOHIB BWMHOrpagy in Vitro Ta BCTAaHOBMEHHS
4acTKM iX BMAMBY Ha ajanTauilMHMIA noTeHuian in vivo. Y poboTi BUKOpWUCTOBYBanu BioTexHONOriYHi, nabopaTopHi,
BereTauiMHi Ta MaTEMATUYHO-CTaTUCTUYHI MeToaM AocnigkeHb. OTpUMaHI pe3ynbTaTi NoKasanu, Wo AN onTuMisauii
dizionoriyHmx NpoLeciB y TKAHUHAX JIMCTKIB Ta NAroHiB MiKPOKJIOHIB BUHOrpaay, NiABULLEHHS iX MPUKMBAOBAHOCTI
B YMOBAX in Vivo OOLINbHUM € X KYNbTUBYBAHHS /N Vitro Ha CTPYKTYpOBaHMX MOXMBHWUX cepeposuilax (MC +
arponepnit, MC + BepmikyniT, MC + arponepnit + BepMikyniT) i3 BMicToM ditoropmonis I0K - 0,2 mr/n, i 6-BAIT -
0,3 Mmr/n. CTpyKTypOBaHi MOXWBHI CepefoBuLLa CNPUSAN NIABULLEHHIO BOAO3AaTPUMYHOUOT 34aTHOCTI Ta 3HUXEHHIO
IHTEHCMBHOCTI TpaHCNipaLii TKAHWH NUCTKIB | NAroHIB MIKPOKJ/IOHIB SIK TEXHIYHUX, TaK i NiawenHux copTis. [poTdrom
60 xB. BOCNIAXEHb Y MIKPOK/IOHIB TeXHiYHMX copTiB Bunaposysanock Big 0,006 r no 0,034 r Boau, y MiKpOK/IOHIB
nigwenHux coptis — BignosigHo Big 0,003 r go 0,053 r. IHTeHCUBHICTL TpaHcnipauii (4epe3 10 xB.) 3MeHwWyBanach B
1,7-1,8 pa3u. Ha KOHTpO/IbHOMY NOXMBHOMY cepefoBuLli Mypacire-Ckyra 3a BiANOBIAHWI NPOMIXOK Yacy pOC/IMHU
BMNapoByBanu BinbLy Kinbkictb Boau: Big 0,006 r no 0,079 r (texHiuHi copTu) Ta Big 0,008 r no 0,086 r (migwenHi
COpPTH); IHTEHCUBHICTb TpaHcMipaLii 6yna BuLLot. Micns KynbTMBYBAHHS MiKPOKJ/IOHIB BUHOTPAZy Ha CTPYKTYpOBaHUX
NOXWBHUX CEPefOBULLAX BOHU XapaKTepun3yBanmca BifiblUMM BMICTOM CyXMX PEYOBUH Y TKAHWHAX IMCTKIB i NaroHis
(14,6-15,0 %) Ta KpalwMMM NOKA3HMKAMW MPUXKMBIKOBAHOCTI B yMOBax in vivo (76,3-98,5 %, npu 58,5-65,2 % y
KOHTpONi). [JOCTOBiIpHiCTb OTPMMAHUX pe3ynbTaTiB NiATBEPAXEHO pe3ynbTaTaMu 6araTodakTopHOro AMCNepCinHOro
aHanizy. OTpuMaHi pe3ynbTaT pOo3WMPIOOTb YABAEHHS NPO AMHAMIYHI 3MiHM MOKA3HMKIB BOAHOIMO pexXuMmy
BereTaTMBHOI MacU MiKPOKJ/IOHIB BUHOTPAAy /n Vitro, iX BNAMB HA NPUXMBAIOBAHICTb POC/IMH B YMOBAX in vivo

KniouoBi cnoBa: in vitro; BOA03aTpMMytOUa 30aTHICTb; IHTEHCMBHICTb TPAHCNipaLii; NPUMXKMBOBAHICTb; GiTOrOPMOHY;
6ionoriyHo aKTMBHI NpenapaTu; MiHepanbHi cybcTpaTy
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laboratory, statistical (correlation and regression analysis). Field studies were conducted during 2019-2021 in the
agroecological zone of the Southern Steppe within the Kakhovka Irrigation System. Features of the growth and
development of soybean varieties of different maturity groups were established: fast crops — Monarkh, Arnika,
early crops - Pysanka, Sofia, mid-early - Sviatohor, Evridika. The yield of soybean varieties varied depending on the
timing of sowing, plant density, and varietal characteristics. The maximum productivity of crops of early varieties
Arnika and Monarkh at 2.81-3.39 t/ha was formed during the sowing period of May 1 and the optimal sowing
density of 700 thous. plants/ha. In the group of early crops, Sofiia and Pysanka varieties showed the maximum
yield of 3.17-3.22 t/ha during the sowing period of May 1 and plant density of 700 thous. plants/ha. Varieties of
the mid-early crops Sviatohor, Evridika gave the maximum yield of 3.76-4.28 t/ha for sowing on May 1 and a
density of 500 thous. plants/ha. To obtain the maximum yield of soybeans under irrigation conditions, there is an
optimal sowing period and an optimal density of coenosis for each maturity group of varieties: fast crops showed
the maximum yield when sowing on May 1 and with a density of 700 thous. plants/ha, early and mid-early crops -
when sowing on May 1 and with a plant density of 500 thous. plants/ha. The results of this study can be used in
production conditions to adjust the elements of agricultural technology of soybean seed production and obtain

high yields with a prominent level of profitability

Keywords: sowing period; plant density; yield; dry matter weight; thousand kernel weight

INTRODUCTION

Soybeans have the potential to increase the sustaina-
bility of agricultural production systems, and therefore
more attention is needed to spread this crop, specifi-
cally in the EU. A more profound understanding of the
key determinants that affect soybean germination and
rooting is the first step to facilitate its implementation
in agricultural systems.

The yield of soybean grain is determined by the
interaction of the plant, the external environment and
the growing technology. In agrotechnical activities, re-
search focuses on crop density and row spacing. Hlupak
(2020) found that increasing the density of coenosis to
certain parameters of plant density leads to an increase
inyield, but a further increase in the density of coenosis
causes shading of plants and a decrease in the yield of
individual varieties of different genotypic origin.

Furman et al. (2022) established that in thinned
crops, plants branch intensively, form an excessive
number of leaves, beans, and seeds, under the weight
of which and under the influence of wind gusts, the
branches often break off. Beans in such crops are at-
tached low on the stem and ripen unevenly, which
leads to a decrease in the overall yield, despite the usu-
ally high individual productivity of the crops.

Research conducted in Sichuan Province (China)
established that it is possible to achieve the maximum
accumulation of biomass and its redistribution in favour
of beans and grain during the soybean sowing period,
specifically, the early periods contribute to a greater de-
velopment of biomass and productivity (Ahmed et al,,
2018). In the climatic conditions of Korea, it was found
that the density of soybean crops can regulate the mor-
phometric characteristics of plants and promote more
efficient use of light energy, which can improve the
photosynthesis and increase yield (Lee et al,, 2019).

Janczak-Pienigzek et al. (2021) noted that the cor-
responding variety of soybean crop density is the main
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intangible and environmental factor of agricultural
technology. Studies in Poland proved that the yield was
more affected by weather conditions. Strong plant den-
sity reduced the parameters of the productivity struc-
ture, increased the height of plants.

Lamichhane et al. (2020) carried out field stud-
ies for three sowing periods from mid-March to mid-
April in the northern climatic zone of France to es-
timate the possibility of expanding soybean areas in
the northern part of the country in the future due to
climate changes. Their study indicated that the main
reasons for the decrease in field germination included
soil crust, low-temperature soil, drying of the upper
soil layer. These results necessitate the creation of
soybean varieties with increased cold resistance for
early sowing periods.

Markovska et al. (2023) found that a large amount
of precipitation, a cold, prolonged spring, high humidity
and low soil temperature lead to the lengthening of
individual phenological phases of soybean plant devel-
opment, the occurrence of stressful conditions and, as
a result, a general weakening of soybean plants and
pathogen damage.

Didora et al. (2022) in the conditions of Polissia and
Milenko et al. (2022) in the conditions of the Poltava re-
gion, established the response of fast-growing soybean
varieties to improved elements of cultivation technol-
ogy under conditions of natural moisture availability.
Varietal responses were established for each region,
the best genotypes and improved technology elements
were recommended, which indicates the need to im-
prove varietal technology in each agroecological zone.
The early sowing period (at 10-15°C) led to a delay in
germination and seedling. Early sowing resulted in
more nodes, but shorter internodes. The delay in sow-
ing after May 1 led to a significant linear decrease in
seed yield, which indicates the importance of early




sowing for unleashing the yield potential of the variety
and efficient use of moisture.

Rybalchenko (2018) proved that one of the crucial
elements of soybean plant productivity that affects the
formation of real yield is the thousand kernel weight.
The parameters of this indicator are controlled by
the genotype of the variety, as well as technological
methods of cultivation.

Fellahi et al. (2020) indicate that grain size is an
important feature that determines the yield of a vari-
ety for grain crops. Therewith, selections based on a
set of attributes calculated using index ratios provide
a more reliable assessment. Bizari et al. (2017) found
that index scores for multiple traits when evaluat-
ing the productivity of soybean varieties were more
informative than estimates for individual traits and
yields. For the genotypic characteristics of grain va-
rieties, it is proposed to use several indices, among
which one of the most informative and widespread is
the grain yield index, which is determined by the ratio
of useful products to total biomass. Batashova et al.
(2020) proved that the index characterizes the level of
attraction of useful nutrients from the leaf-stem mass
to the reproductive organs and can be an indicator of
the intensity of the variety and the effectiveness of
cultivation technology under various agroecological
conditions. According to Morgun et al. (2019) a prom-
inent positive correlation of plant biomass with yield
can occur at certain stages of organogenesis, which
can be an additional index indicator for determining
the productivity of promising varieties.

Mazur (2019) studies have found that the assess-
ment of soybean varieties based on indices and corre-
lations of relationships provides an opportunity to as-
sess the productivity potential for plant biomass, yield
index, and the thousand kernel weight in greater detail.
The use of indices to search for valuable genotypes is
widely discussed in scientific circles. Céron-Rojas &
Crossa (2018) proved that the use of correlation-regres-
sion analysis of several quantitative traits helps more
effectively determine the selection value of genotypes,
compared to the assessment of individual indicators.

The purpose of this study was to establish the in-
fluence of sowing time and coenosis density on the
correlation and regression dependences of seed yield
of modern soybean varieties of different ripeness
groups with yield index, biomass, and seed size in the
conditions of irrigation of the Southern Steppe, to es-
tablish the optimal type of variety for unlocking the
potential of productivity with unlimited cultivation
technologies.

MATERIALS AND METHODS

The study was conducted according to the thematic re-
search plan of the State Higher Educational Institution
“Kherson State Agrarian and Economic University” under
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the task “Modern aspects of informatization of agricul-
tural production based on modelling and forecasting of
production processes in agroecosystems” (state regis-
tration number 0120U100997). Field experiments were
conducted during 2019-2021 at the base of the university
on the territory of the “VYKO” Farm in the Novotroitsk
District of the Kherson Region in the agro-ecological
zone of the Southern Steppe (HTC,_,=0.50-0.60) of the
Kakhovka Irrigation System.

The soil of the experimental plot is medium loamy,
dark chestnut. Agricultural techniques for growing soy-
bean varieties in experiments were generally accepted
for the southern zone of Ukraine. Predecessor - corn.
The study was carried out pursuant to the methods of
research on irrigated land described in the studies of
Vozhehova et al. (2014), Ushkarenko et al. (2008). Sta-
tistical processing of research results was performed
using the Agrostat computer software package.

In a three-factor experiment, the following were
studied: sowing dates (factor A) — April 15, May 1, May
15; soybean varieties (factor B); plant density (fac-
tor C) - 500, 700, 900 thous. plants/ha. The material for
the study was modern soybean varieties of Ukrainian
selection of different maturity groups: fast crops -
Monarkh (originator - Institute of Irrigated Agriculture
of the National Academy of Agrarian Sciences, Kherson),
ArniKa (originator - NSC “Institute of Agriculture of
the National Academy of Agrarian Sciences”, Kyiv);
early crops - Pysanka (originator V.Ya. Yuryev Institute
of Plant Breeding of the National Academy of Agrarian
Sciences, Kharkiv), Sofiia (originator - Institute of Irri-
gated Agriculture of the National Academy of Agrarian
Sciences, Kherson); mid-early crops - Sviatohor (origi-
nator - Institute of Irrigated Agriculture of the National
Academy of Agrarian Sciences, Kherson), Evridika (orig-
inator - Breeding and Genetics Institute - National
Center for Seed Science and Varietal Research).

Repetition was fourfold, the sowing area of the
sub-subplot - 200 m?, the accounting area - 150 m2
Irrigation was carried out by a VALLEY sprinkler with
a pre-irrigation soil moisture level in the soil layer of
0-50 cm - 75% field capacity.

RESULTS AND DISCUSSION

A review of literature sources and studies conducted
during 2019-2021 indicates that the yield value de-
pends on the factors under study: the sowing period,
the genotype of the variety, the density of coenosis. One
of the indicators that depends on the genotype of the
variety and the elements of the technology is the thou-
sand kernel weight (TKW).

Over the years of research, the TKW of soybean
seeds on the variants for studying the influence of the
first ultra-early sowing period on April 15 averaged
156.0 g, the second sowing period on May 1 - 158.8 g,
the third sowing period on May 15 - 156.4 g (Table 1).
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Table 1. TKW of soybean seeds depending on the technology elements, g (average for 2019-2021)

Sowing period for

Soybean plant density, thous. plants/ha

I . (factor C) Average by Average by
soybeantva:etles Soy variety (factor B) factor A factor B
(factor 4) 500 700 900
Monarkh 149.9 147.7 145.3 147.6
Arnika 145.6 143.9 140.9 143.5
Pysanka 158.7 155.7 153.7 156.0
April 15 156.0
Sofiia 161.6 158.7 156.7 159.0
Svyatohor 168.7 165.7 161.3 165.4
Evridika 167.7 164.5 160.4 164.2
Average by factor 158.7 156.0 153.1
Monarkh 153.8 150.7 148.8 1511
Arnika 151.8 148.7 145.8 148.8
Pysanka 162.3 159.8 155.7 159.3
May 01 158.8
Sofiia 163.9 160.8 157.8 160.8
Svyatohor 171.8 166.8 162.7 167.1
Evridika 170.4 165.8 161.4 165.9
Average by factor 162.3 158.8 1554
Monarkh 148.9 146.1 144.2 146.4
Arnika 147.7 144.9 143.8 145.5
Pysanka 156.7 155.5 153.4 155.4
May 15 156.4
Sofiia 159.8 157.7 155.6 1577
Svyatohor 170.8 169.7 161.9 167.4
Evridika 169.8 167.5 160.8 166.0
Average by factor 159.0 156.9 153.3

LSD.. g

Factor A - 1.31; factor B - 2.16; factor C - 2.45

Source: compiled by the authors

Therewith, the genotype of the soybean variety had
the maximum effect on the TKW trait. For all sowing pe-
riods and density options, fast-growing varieties Arnika
and Monarkh showed a TKW from 140.9 to 148.8 g,
early crops Pysanka and Sofia - 153.4-155.6 g, mid-
early crops Evridika and Sviatohor - 160.4-161.3 g, i.e.,
the difference between fast and mid-early crops was
12.5-19.5 g. The density of the coenosis also had a sub-
stantial impact on the TKW. In varieties of all ripeness
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groups, the maximum TKW was observed at a density
of 500 thous. plants/ha, with an increase in density to
900 thous. plants/ha, the trait under study tended to
decrease for all sowing periods.

One of the main tasks of the study was to determine
the level of influence of individual elements of soybean
plant productivity on the formation of real yield. There
is a positive correlation of moderate strength between
the TKW sign and yield (Fig. 1).
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Figure 1. Correlation and regression models of the dependence of seed yield of soybean varieties and the TKW at
different sowing dates

Source: compiled by the authors

Between TKW and grain yield of soybean varieties for
the sowing period on April 15, the correlation coefficient
was 0.426, the optimum TKW was within 161-163 g; for
the sowing period of May 1, the correlation coefficient
was 0.301, the optimum TKW was within 163-167 g; for
the sowing period of May 15, the correlation coefficient
was 0.318, the optimum TKW was within 160-165 g.

The capacity and duration of dry matter accumu-
lation depend to an important extent on the genetic

characteristics of the variety, the intensity of plant
growth and the intensity of photosynthetic potential.
With the intensity of growth processes, the formation of
the assimilation surface of leaves accelerates, the pho-
tosynthetic activity of plants increases, and their real
yield increases. The conducted studies have indicated
that the formation of aboveground dry matter of mod-
ern soybean varieties largely depends on both the time
of sowing and the density of plants (Table 2).

Table 2. The mass of dry matter of soybean plants of different genotypes in the phase of bean ripening depending
on the elements of agrotechnology, t/ha (average for 2019-2021)

Sowing period for soybean

Plant density, thous. plants/ha (factor C) Ayerage by Average by

varieties (factor A) Soy variety (factor B) 500 700 900 factor A factor B
Monarkh 7.13 721 721 7.19
Arnika 6.05 6.10 6.17 6.11
Pysanka 6.52 6.56 6.62 6.57
April 15 6.58
Sofiia 6.77 6.48 6.35 6.53
Svyatohor 6.80 7.00 6.87 6.89
Evridika 6.22 6.13 6.20 6.18
Average by factor C 6.58 6.58 6.57
Monarkh 722 721 7.20 721
Arnika 6.34 6.11 6.09 6.18
Pysanka 6.60 6.30 6.42 6.44
May 01 6.86
Sofiia 6.57 6.48 7.02 6.69
Svyatohor 7.78 7.77 7.60 7.72
Evridika 6.96 6.83 6.98 6.92
Average by factor C 6.91 6.78 6.89
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Table 2, Continued

Sowing period for soybean

Plant density, thous. plants/ha (factor C) Average by Average by

Soy variety (factor B)

varieties (factor A) 500 700 900 factor A factor B
Monarkh 7.07 707 711 7.08
Arnika 6.02 6.17 5.87 6.02
May 15 Pysanka 6.79 6.61 6.77 6.72
Sofiia 6.93 6.79 6.93 6.75 6.88
Svyatohor 7.49 7.20 7.27 7.32
Evridika 6.56 6.45 6.38 6.46
Average by factor C 6.81 6.72 6.72

LSD,., t/ha

052

Factor A - 0.20; factor B - 0.31; factor C- 0.16

Source: calculated by the authors

It was established that the dry matter mass of fast
crops Arnika and Monarkh reached their maximum
values when sowing on May 1 and a density of 500
thous. plants/ha, early crops Pysanka and Sofiia - on
May 15 at a density of 500 thous. plants/ha, mid-early

4.5

crops Evridika and Sviatohor - on May 1 at a density of
500 thous. plants/ha.

A positive correlation of moderate strength was ob-
served between the dry matter mass and the yield of
soybean grain (Fig. 2).

sowing on May 1

y=0.1185x2 - 0.8249x + 3.368

r=0.636
3.5
©
=
=
h-)
L e e
s _ e
5 e
2.5 sowing on May 15
y =0.093x2 - 0.6264x + 3.0815
r=0.691
2
6 6.2 6.4 6.6 6.8

sowing on April 15 \
y =-0.7598x2 + 10.504x - 33.075

r=0.449

7 7.2 74 7.6 7.8

Dry matter weight, t/ha

Figure 2. Correlation and regression models of the dependence of soybean seed yield
and dry matter biomass on different sowing dates

Source: compiled by the authors

During the sowing period of May 01 and May 15,
the correlation coefficients were of moderate strength.
During the sowing period of April 15, the relationship
was positive, but it had a clear curvature, which indi-
cates a certain limited seed yield by excessive biomass.

The productivity index determines the ratio of grain
mass to the total mass of the aerial part of the plant

and characterizes the targeted use of assimilation prod-
ucts for the formation of the grain part of the crop. The
indicator “yield index” of the soybean varieties under
study ranged from 0.39 to 0.55 on average. This indica-
tor of the yield index shows the physiological efficiency
of the plant and its ability to convert the resulting dry
matter into an economic crop (Table 3).

Table 3. The “yield index” indicator of soybean plants of different genotypes in the bulk phase depending on
the elements of agrotechnology (average for 2019-2021)

i i Plant density, thous. plants/ha (factor C
Sowmg.pe.rlod for soybean Soy variety (factor B) ty, P (f ) Average by factor Average by factor
varieties (factor A) 500 700 900 A B
April 15 Monarkh 0.40 0.42 0.43 0.46 0.42
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Table 3, Continued

Sowing.pe.riod for soybean Soyvariety (factor B) Plant density, thous. plants/ha (factor C) Average by factor Average by factor
varieties (factor A) 500 700 900 A B
Arnika 0.39 0.40 0.42 0.40
Pysanka 0.42 0.43 0.45 0.43
April 15 Sofiia 0.43 0.46 0.48 0.46 0.46
Svyatohor 0.51 0.52 0.55 0.53
Evridika 0.50 0.53 0.54 0.52
Average by factor C 0.44 0.46 0.48
Monarkh 0.45 0.47 0.44 0.45
Arnika 0.44 0.46 0.43 0.44
May 01 Pysanka 0.48 0.47 0.45 0.48 0.47
Sofiia 0.49 0.48 0.44 0.47
Svyatohor 0.55 0.53 0.52 0.53
Evridika 0.54 0.53 0.51 0.53
Average by factor C 0.49 0.49 0.47
Monarkh 0.43 0.44 0.46 0.44
Arnika 0.41 0.42 0.45 0.43
Pysanka 0.42 0.46 0.43 0.44
May 15 0.46 -
Sofiia 0.43 0.47 0.44 0.45
Svyatohor 0.49 0.54 0.51 0.51
Evridika 0.50 0.53 0.52 0.52
Average by factor C 0.45 0.48 0.47

Source: calculated by the authors

To find a relationship between the productivity highest yield of soybeans was observed with a produc-
indicators of soybean plants, correlation coefficients tivity index of 0.49 to 0.53.There is a direct dependence
were calculated between the grain yield of soybean between these indicators of significant strength - the
varieties of different origins and the yield index. The correlation coefficient was 0.882-0.894 (Fig. 3).

4.5
sowing on May 15
y =54.765x2 - 42.393x + 10.929
4 r=0.882

3.5
(o]
K=
>
3 sowing on May 1
= 5 y =\8.1782x - 0.6865, r = 0.894

= sowing on Aprtil 15
= =-9.4011x2 + 15.215x - 1.9594 r = 0.882
25 =

0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55
Yield index

Figure 3. Correlation and regression models of the dependence of grain yield of soybean varieties
and the yield index at different sowing dates
Source: compiled by the authors
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The grain yield of soybean varieties of different mat-
uration groups is the main indicator of the effectiveness
of the developed elements of cultivation technology. The

formation of grain yield of soybean varieties is substan-
tially influenced by the genotype of the variety, the sow-
ing period, and the density of plants (Table 4).

Table 4. Yield of soybean seeds depending on the technology elements, t/ha (average for 2019-2021)

Sowing period for

Plant density, thous. plants/ha (factor C)

o . Average by Average by
soybeantva:etles Soy variety (factor B) factor A factor B
(factor 4) 500 700 900
Monarkh 2.85 3.03 311 3.00
Arnika 2.36 2.44 2.59 2.46
Pysanka 2.74 2.82 2.98 2.85
April 15 3.03
Sofiia 291 298 3.05 2.98
Svyatohor 3.47 3.64 378 3.63
Evridika 3.11 3.25 3.35 3.24
Average by factor C 291 3.03 3.14
Monarkh 3.25 3.39 3.17 3.27
Arnika 2.69 281 2.62 271
Pysanka 3.17 2.96 2.79 2.97
May 01 3.30
Sofiia 3.22 311 3.02 3.12
Svyatohor 4.28 4.12 3.95 4.12
Evridika 3.76 3.62 3.46 3.61
Average by factor C 3.40 3.34 3.17 3.30
Monarkh 3.04 311 3.27 3.14
Arnika 2.37 2.59 2.64 2.53
Pysanka 2.75 3.04 291 2.90
May 15 311
Sofiia 2.88 3.19 3.05 3.04
Svyatohor 3.57 3.89 371 3.72
Evridika 3.18 342 3.32 3.31
Average by factor C 2,97 3.21 3.15
LSD,,, cm over the years of research Factor A- 0.11; factor B - 0.15; factor C- 0.12

Source: calculated by the authors using the program Agrostat

It was established that the highest grain yield
was formed in the mid-early crop variety Sviatohor
during the sowing period of May 01 and the density
of 700 thous. plants/ha - 4.28 t/ha. Fast crop varie-
ties Arnika and Monarkh gave the highest grain yield
at 2.59-3.11 t/ha with a sowing period of April 15 and
a sowing density of 900 thous. plants/ha. During the
sowing period on May 15, they also showed a maxi-
mum yield of 2.64-3.27 t/ha with a density of 900 thous.
plants/ha. The maximum yield at 2.81-3.39 t/ha was
obtained during the sowing period on May 01, the opti-
mal sowing density was 700 thous. plants/ha.

The increase in grain yield was substantially af-
fected by both the sowing period and the density of
plants.Theincrease in productivityatthe optimalsowing
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date of May 1 and a density of 700 thous. plants/ha and
in comparison with the minimum productivity shown
by Arnika and Monarkh varieties for sowing on May 15
and a density of 500 thous. plants/ha was 11.5-13.7%.

Sofiia and Pysanka varieties in the early crops group
showed an average soybean grain yield of 2.85-3.14 t/ha
over the years of research. The maximum yield of varieties
of this group was shown during the sowing period on May
1 and the plant density of 700 thous. plants/ha - 3.17-
3.22 t/ha. During the sowing period of April 15, the max-
imum yield was observed with a density of 500 thous.
plants/ha - 2.98-3.05 t/ha, for sowing on May 15 and a
density of 700 thous. plants/ha - 3.04-3.19 t/ha.

The increase in yield for the sowing period of May
1 and the density of 700 thous. plants/ha compared to




the minimum vyield for the sowing period of April 15
and the density of 500 thous. plants/ha was 10.6-15.6%.
The maximum yield in the experiment was shown
by varieties of the mid-early Sviatohor and Evridika
groups sown on May 01 and a density of 500 thousand
plants/ha - 3.76-4.28 t/ha. Upon sowing on April 15,the
maximum yield was observed at a density of 900 thous.
plants/ha - 3,353.78 t/ha, upon sowing on May 15, the
maximum yield of these varieties was observed at a den-
sity of 700 thous. plants/ha - 3.42-3.89 t/ha.

The yield increment during the optimal sowing pe-
riod of May 1 and plant density of 500 thous. plants/ha
compared to the minimum yield during the sowing pe-
riod of April 15 and the density of 500 thous. plants/ha
was 17.1-19.8%.

For each group of maturation of soybean varieties,
the optimal sowing time and optimal plant density
were determined to obtain the maximum yield under
irrigation conditions. Fast varieties of crops showed
the maximum yield upon sowing on May 01 and with a
plant density of 700 thous. plants/ha, early and medi-
um-early varieties of crops sown on May 01 and with a
density of 500 thous. plants/ha.

Notably, the established patterns of influence of
the timing and density of coenosis on the yield of in-
novative soybean varieties under irrigation conditions
are not sufficient, and this issue requires further scien-
tific research. According to the results of the conducted
studies, a substantial increase in soybean grain yield
depends on the maturation group, sowing time, and
plant density. This is consistent with the data of other
researchers, namely, Ivaniv & Hanzha (2021) observed
that the maturity group of soybean varieties has the
greatest influence on the trait “TKW”, while the differ-
ence between fast and mid-early crops is 18-19 g. Plant
density and TKW had a substantial impact on soybean
yield under irrigation conditions. Rybalchenko (2018)
established the relationship between the TKW and soy-
bean yield at the genotypic level. The study conducted by
Naydenova & Georgieva (2019) on non-irrigated lands in
Bulgaria, on the contrary, shown that soybean genotypes
with a shorter growing season have a higher seed yield,
which may be explained by better seed filling.

In laboratory and field experiments to determine
the characteristics of seed germination and growth as
a function of temperature, moisture, and soil structure,
Lamichhane et al. (2020) observed that upon sowing in
mid-April, seedling death due to drought was higher,
compared to earlier sowing dates. This is also con-
firmed by our study, when we observed certain risks of
early sowing to unlock the productivity potential of va-
rieties. Grabovsky’s et al. (2023) showed that sowing in
unheated soil can affect a decrease in field germination
due to damage to seeds by fungal pathogens, which is
quite consistent with our study results. Early sowing
dates can also lead to changes in the habitus of soy-
bean plants. This is confirmed by Carciochi et al. (2019),

Ivaniv et al.

who found changes in morphological parameters, an
increase in the number of nodes and shorter inter-
nodes.Vozhehova et al. (2020) observed the effect of in-
creasing the thickening of crops from 600 to 800 thous.
plants/ha on improving the photosynthetic potential,
but already 900 thous. plants/ha led to a decrease in
this indicator. Our research has confirmed this, but only
in certain varieties. Thus, soybean varieties in the early
sowing period had a sufficiently high dry matter mass
at a density of 500 thous. plants/ha, but the yield was
considerably higher at a density of 900 thous. plants/ha,
which indicates excessive branching in the early peri-
ods and a decrease in the attraction of assimilation
products to reproductive organs from lateral branches.
This response to sowing dates and coenosis density is
specific for individual genotypes, which should be es-
tablished by field studies.

In the studies of Fellahi et al. (2020) superior breed-
ing lines showed higher yield compared to control vari-
eties due to TKW, biomass and yield index. Naydenova
& Georgieva (2019) claim that among the important
utilitarian characteristics of soybean varieties, the TKW
is the main one that determines the productivity of the
variety. This trait changes little under different growing
conditions and is caused by 75-80% by the genotype of
the variety and the cultivation technology, the size of
seeds indirectly determines the yield. Our experiments
partially confirm this, but the dependence of the yield
of soybean varieties on the TKW was not linear. For
each variety and sowing period, there is an optimum
seed size,and this indicator is mainly regulated by plant
density and varietal characteristics. In general, the pres-
ent study confirms the findings of previous studies by
Didora et al. (2022) regarding the need to improve va-
rietal technologies to reveal the genotypic potential of
soybean productivity.

Analysing the results obtained, it can be argued
that the authors do not have a common opinion on the
optimal timing of sowing and density of plants, so the
research conducted on Ukrainian modern varieties in
the conditions of the agroclimatic zone of the south of
Ukraine is relevant and quite suitable for further imple-
mentation in production.

CONCLUSIONS

Based on the results of studies of the influence of tech-
nology elements on the productivity of modern soy-
bean varieties of different maturation groups, it was
found that each group of soybean maturation varieties
under irrigation conditions has its own optimal sowing
time and optimal cenosis density to obtain the maxi-
mum vyield.

It was established that the dry matter mass de-
pends on the density of the coenosis and the timing of
sowing: fast crops Arnika and Monarkh reached their
maximum values when sowing on May 1 and a den-
sity of 500 thous. plants/ha, early crops Pysanka and
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Sofiia - on May 15 at a density of 500 thous. plants/ha,
mid-early crops Evridika and Sviatohor - on May 1 at a
density of 500 thous. plants/ha.

The maturity group of soybean varieties showed the
maximum influence on the “thousand kernel weight” trait,
and the mid-early crops Evridika and Sviatogor varieties
showed the maximum values of the indicator - 160.4-
161.3 g. In soybean varieties of all maturity groups, the
maximum TKW was observed at a density of 500 thous.

linear relationship was established between yield indi-
cators and the yield index (correlation coefficient was
0.882-0.894). In the experiment, the mid-early variety
Sviatohor showed the highest grain yield of 4.28 t/ha for
the sowing date of May 1 and a density of 700 thous.
plants/ha, which is related to the genotype of the variety
and optimized technology under irrigation conditions.
Therewith, additional studies are needed to deter-
mine the influence of sowing dates and plant density

plants/ha, with an increase in density to 900 thous.
plants/ha, the TKW decreased during all sowing periods.
Fast varieties of crops showed the maximum yield

on the quality indicators of soybean grain, especially on
protein content.

upon sowing on May 01 and with a plant density of 700 ACKNOWLEDGEMENTS
thous. plants/ha, early and medium-early varieties of None
crops - sown on May 01 and with a density of 500 thous.
plants/ha. The maximum yield of soybean crops was ob- CONFLICT OF INTEREST
served with a yield index of 0.49 to 0.53. A significant  None
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CopToBi 0CO6MBOCTI eNleMeHTIB TeXHOJOorii BUPOLLYBaHHS COi NPU 3pOLUEHHI

Mukona OnekcaHapoBuu IBaHiB
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AnoTtauis. Baxnmsoto nepesaroto coi (Glycine max (L.) Merr)) Hap iHWKWMK KynbTypaMu € BUCOKMIM BMICT Binka Ta
30a1aHCOBaHICTb aMiHOKMCIIOTHOIO CK1aAy, Yy 3B'13Ky 3 UMM aKTyaNbHOCTi HabyBa€E CTBOPEHHS LUIMPOKOro Habopy CopTiB,
BMPOLLYBaHHSA SIKMX 3MOr1o 6 3abe3neuntu notpebu nepepobHUX BUPOOHULTB, @ TAaKOX po3pobKa onTUMANbHUX
COPTOBMX TEXHOMOTIN BMPOLLYBAHHS, WO L03BONAOTb PO3KPUTU FEHOTUMOBMIA MOTEHLiaN NPOAYKTUBHOCTI. MeToto
[OCNimKeHHS 6yno 06rpyHTYBaHHS 0cobnmBocTelt GOPMYBaHHA MPOAYKTUBHOCTI Cy4aCHMX COPTIB COi 3aNeXHO
Bif, eneMeHTiB TeXHONOrii BUPOLLYBaHHS B YyMOBax 3pOLlUEHHs. MeToau O0CNiAKEHHS: NOonboBi, MOPHOMETPUYHI,
NabopaTopHi, CTAaTUCTUYHI (KOpensauiiHo-perpeciiHuii aHanis). NonboBi gocnifxeHHs nposeneHo nporarom 2019-
2021 pp. B arpoekonoriyHii 30Hi MiBaeHHoro Creny B Mexax Aii KaxoBCbKOi 3poLyBanbHOi cuctemu. BctaHosneHo
0COB/IMBOCTI POCTY | PO3BUTKY COPTIB COi Pi3HWUX FPyn CTUIOCTI: CKOPOCTUINIMX — MOHapXx, ApHika, paHHbOCTUIIUX —
Mucanka, Codis, cepenHbopaHHix — Ceatorop, EBpiaika. YpoxarnHicTb COpTiB COi 3MiHIOBaNacs 3anexHo Bif CTPOKiB
ciBbu, ryctotTM pocivMH Ta COpTOBMX 0COBAMBOCTeN. MakcMManbHa MpPOAYKTUBHICTb POCAMH CKOPOCTUININMX COPTIB
ApHika Ta MoHapx Ha piBHi 2,81-3,39 1/ra cdopmyBanach 3a cTpoky ciBbu 01 TpaBHS M ONTMMaNbHOI LWiNbHOCTI
nocisy 700 Tuc. pocnut/ra. B panHbocturnin rpyni coptu Codist i MucaHka MakcMManbHy ypoxkanHicTb 3,17-3,22 1/ra
nokKasanu 3a cTpoky ciBbu 01 TpaBHa Ta ryctotv pocimH 700 Tuc. pocamH/ra. MakcnManbHy ypoxanHicTb 3,76-
4,28 1/ra copTu cepefHbopaHHbOI rpynu CesTorop, EBpigika panu 3a cisebu 01 TpaBHs Ta ryctotv 500 TMC. pocnuH/ra.
[ng OTpMMaHHS MaKCMManbHOrO BPOXal 3epHa COi B YMOBAX 3pOLUEHHS A9 KOXHOI rpynu CTUIIOCTI COpTiB
iCHYe onTUManbHWI CTPOK CiBOM 1 ONTMMANbHA LWiNbHICTb LLEHO3Y: CKOPOCTUII COPTU MAKCUMAJIbHY YPOXKarHICTb
NMoKasanu 3a cTpoky cieou 01 TpaeHs Ta ryctotn 700 TUC. pOCAMH/ra, paHHBbOCTUINI Ta CepefHbOPaHHI COpPTM — 3a
ciBbm 01 TpaBHs Ta ryctoti pocamH 500 Tuc. pocnnH/ra. Pe3ynbtatv OOCNIOXEHHS MOXYTb 6YTM BMKOPUCTaHI y
BMPOOHWUYMX YMOBAX AN KOPUTYBAHHS €/1EMEHTIB arpoTeXHiKM HACiHHMLTBA COi M OTPUMaHHS BUCOKMX BPOXKAiB 3
BMCOKWMM piBHEM peHTabenbHOCTi

KniouoBi cnoBa: cTpok ciBOM; rycToTa poC/IvH; YPOXKanHiCTb; Maca cyxoi pe4oBuHM; Maca 1000 HacCiHWH
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The purpose of this study is to summarise various aspects of the impact of greenhouse
gas emissions on climate change in the Republic of Kazakhstan and the possibilities of
reducing greenhouse gas emissions through Kazakhstan’s transition to a new economic
model based on the use of renewable energy sources. During the study, various methods
of analysis were used - analytical selection based on a given or identified feature,
comparative analysis of similar characteristics of various objects, statistical analysis
of dynamic series, synthesis, representing the primary theoretical generalisation of
empirical data. As a result of the study, a noticeable dependence of changes in average
annual temperature and precipitation on total greenhouse gas emissions was identified.
Moreover, the identified similarity of the dynamics of the main climatic indicators with
the dynamics of individual greenhouse gases in Kazakhstan requires further research.
It is also concluded that individual innovations in the form of individual renewable
energy power plants or a Quota trading system determined by the highest values will
not lead to a noticeable reduction in greenhouse gas emissions. Only the transition to
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a green economy, which should become a state priority, and its principles and main characteristics should be the
reference when making any government decisions. This study can become a starting point for many theoretical and
practical studies and show the need to reduce greenhouse gas emissions not as a purely mechanical process, but
in conjunction with other phenomena, which can be useful in making managerial decisions

Keywords: air temperature change; precipitation and the threat of desertification; emissions monitoring; green

economy; alternative energy

INTRODUCTION
Climate change has become one of the most acute
problems of humankind. The anthropogenic factor
with the development of industrial production and the
growth of emissions into the atmosphere has caused
global warming. Back in the 70s, the UN drew attention
to the potential threat of climate change and in 1992
adopted The Rumour Convention of the United Na-
tions on Climate Change (1992), and subsequently The
Kyoto Protocol to the United Nations Frame Convention
on Climate Change (1997) to it, The Paris Agreement
(2016) as documents containing mechanisms for re-
ducing emissions and preventing the irreversibility of
climate change. Solving problems related to climate
change has become one of the global Sustainable De-
velopment Goals up to 2030 (2015).

The development and adoption of these documents
have intensified the efforts of countries to reduce emis-
sions in a coordinated manner. Greenhouse gases such
as carbon dioxide CO,, methane CH4, nitrous oxide N,O,
hydrofluorocarbon compounds, perfluorocarbon com-
pounds, sulphur hexafluoride SF, should be noted among
the emissions most affecting climate change (The Kyoto
Protocol..., 1997). Most countries of the world, includ-
ing the Republic of Kazakhstan, have joined these doc-
uments, committing themselves to reduce greenhouse
gas emissions, which most affect the process of global
warming. Pursuant to the Paris Agreement, the Republic
of Kazakhstan has committed to reducing greenhouse
gas emissions by 15-25% by 2030 compared to 1991, and
to achieve carbon neutrality by 2060 (Luomi et al., 2020).

Numerous studies conducted in the Republic of
Kazakhstan due to the increased attention to the prob-
lem of climate change, as a rule, pay attention to certain
aspects of the problem or solving problems of reducing
greenhouse gas emissions in a particular industry. Thus,
for example,A.Maldynova et al.(2022), M. Bekturganova
et al. (2019), and a number of other researchers con-
sider and justify possible transformations of the en-
ergy sector of Kazakhstan on the way to decarbonisa-
tion, based on industry positions. S.B. Kenenbayev and
G.L. Yesenbayeva (2020), associate the success of the
development of agriculture in Kazakhstan with adap-
tation to climate change through new technologies.
K. Kaimuldinova et al. (2022) devoted their study to
the inclusion of climate change and sustainable devel-
opment issues in the educational programmes of the
Republic of Kazakhstan.
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This allows for accumulating a database, doing
their primary analysis, and providing a basis for gen-
eralisations and further consideration of a specific
problem in a complex. For example, the EU countries
have gone through the evolution of approaches from
environmental protection and reducing polluting emis-
sions to linking these emissions with the problem of
climate change, and seeing the main way to eliminate
or stop the problem by reducing greenhouse gas emis-
sions with a dominant carbon group, they came to the
need to recognise the inevitability of replacing carbon
energy sources with renewable sources. This has led to
the fact that a whole revolution is taking place in the
world in the field of energy and transport, supported
by the course of transition to a new economic model -
a model of sustainable economic development (other
names, less capacious, but popular, are circular econ-
omy, green economy).

The main purpose of this study was to show the
problem of the impact of greenhouse gas emissions
on climate change in the Republic of Kazakhstan with
its possible solution by changing the approach to the
problem itself and moving to a new economic model
that would maximally stimulate the reduction of emis-
sions and eliminate the substantial detrimental effect
of anthropogenic factors on the climate. In it, based on
the analysis of international documents, legislation of
the Republic of Kazakhstan, scientific publications and
statistical materials of RSP “Kazhydromet”, the Bureau
of National Statistics of the Republic of Kazakhstan, the
tasks were set to show the relationship of the prob-
lem of climate change in the Republic with the global
problem of climate change; to indicate natural and
economic factors of climate change at the level of
primary generalisation; identify unresolved problems,
show the connection between the desire of the Republic
of Kazakhstan to decarbonise the economy and the de-
velopment of alternative energy as the material basis
for the transition of the economy to a new model.

Since 2013, the Republic of Kazakhstan has set a
course for the transition to a green economy, adopt-
ing The concept of the transition of the Republic of
Kazakhstan to the “Green Economy” (2013). However,
the lack of a systematic approach is causing the tran-
sition to be slow and inconsistent. The attempt at pri-
mary generalisation and the application of an integrated
approach to the problem undertaken in this study can




serve as a basis for further theoretical research, and the
identified unresolved problems - become the subject of
practical management decisions.

MATERIALS AND METHODS

In the course of this study, the initial international
documents were analysed, such as “Agenda 217, (1992),
The Framework Convention of the United Nations
on Climate Change (1992), The Kyoto Protocol to the
United Nations Frame Convention on Climate Change
(1997), The Paris Agreement (2016), Sustainable De-
velopment Goals up to 2030 (2015), reports of the UN
working groups preparing analytical information and
conclusions for subsequent decision-making. These
documents show and record the existing relationship
between the changes that occur with the climate and
greenhouse gas emissions. The Environmental Code of
the Republic of Kazakhstan (2021), The concept of the
transition of the Republic of Kazakhstan to the “Green
Economy” (2013), Strategy “Kazakhstan-2050" (2019-
2022) adopted by the Republic of Kazakhstan were also
analysed as documents showing what actions the Re-
public of Kazakhstan assumes to implement The Kyoto
Protocol to the United Nations Frame Convention on
Climate Change (1997) and The Paris Agreement (2016).

After establishing a proven relationship between
greenhouse gas emissions and climate change, docu-
ments containing quantitative data on climate change
parameters such as atmospheric temperature, precipita-
tion, extreme weather events and their frequency, green-
house gas emissions according to the list defined by the
Kyoto Protocol and in terms of carbon dioxide emissions
(CO,) were analysed. This is the National Report on the
state of the Environment and on the use of Natural Re-
sources of the Republic of Kazakhstan for 2021 (2022),
The annual bulletin of monitoring the state and climate
change Kazakhstan/RSP Kazhydromet. (2008-2021),
which allowed making their statistical analysis. Based on
these quantitative indicators, dynamic series of fluctua-
tions in the average annual temperature and the average
annual precipitation level by year were compiled, showed
in Figures 1 and 2. Each of these figures shows the norm
calculated by RSP “Kazhydromet” based on long-term
data. This allows seeing both the trend in temperature
and precipitation fluctuations and all deviations from the
norm over the years simultaneously. Figure 3 shows the
dynamic series of greenhouse gas emissions (in terms of
CO,) and greenhouse gas emissions from energy industry
to trace their similarity/dissimilarity.

Based on the data of RSP “Kazhydromet”, the dy-
namics of emissions of all greenhouse gases according
to the list of the Kyoto Protocol for two-year periods
and in general for 12 years (2010-2022) is calculated
so that it is possible to compare the dynamics for each
of the greenhouse gases with the dynamics of fluctu-
ations in average annual temperatures. The analysis
of such comparisons and a factor-by-factor analysis of
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the effect of each of the gases on the average annual
temperature can be the subject of further research. The
analysis of study materials by various authors contain-
ing a primary analysis of greenhouse gas emissions in
certain industries based on the collection of arrays of
primary empirical information gave the author the op-
portunity to identify common features of processes oc-
curring in various industries.

That is, the use of various methods of analysis from
an analytical selection of characteristics for sampling,
statistical methods of analysis to the method of com-
parative analysis of process parameters in previously
selected periods and regions became a preparatory
stage for the initial theoretical generalisation of em-
pirical materials selected by the author using analyt-
ical methods. The selected characteristics of the im-
pact of greenhouse gas emissions on climate change
were compared with the characteristics of new eco-
nomic models of the economy, in particular, the green
economy, which the Republic of Kazakhstan plans to
transition to. Ultimately, the similarity and differences
between the model of a sustainable economy, a green
economy, a low-carbon,and a circular economy can also
be an impetus for a new study.

RESULTS

For the Republic of Kazakhstan, about ninety per cent of
the territory of which is located in the desert, semi-de-
sert, and arid steppe zone with a predominance of flat
terrain, the problem of climate change is very acute. In
the last seventy-five years, an increase in surface air
temperature has been recorded, and the deviation of
the average annual air temperature in some years from
the norm has increased to 2°C. (Seventh national com-
munication..., 2017). Moreover, out of the ten warmest
years in the period from 1936 to 2020, seven fall at
the beginning of the 21% century. The average annual
values for the period of 1961-1990, which are 5.4°C
in air temperature and 317.7 mm in precipitation, are
used as normative climatic indicators in the Republic
of Kazakhstan.

According to the RSP “Kazhydromet”, there has been
a persistent warming trend since the 1960s. During the
estimated period of 1976-2021, the average annual
temperature increased by 0.32°C every ten years. The
highest rate of warming was observed in the western
and south-western regions (from 0.44°C/10 years to
0.54°C/10 years), the lowest - in the central, northern,
and eastern regions (from 0.23°C/10 years to 0.29°C/10
years). Over the last decade of 2012-2021, the aver-
age annual air temperature was +6.61°C, exceeding
the norm by 1.19°C, whereas, in the previous decade
of 2001-2010, the average annual excess of the norm
was 1.09°C. The warmest was the five-year period of
2017-2021 with an average annual air temperature of
+6.69°C, exceeding the norm by 1.27°C. (The national
report on the state..., 2022).
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After the accession of Kazakhstan to the Kyoto Pro-
tocol, climate change and greenhouse gas emissions
(primarily CO,) began to be monitored in the repub-
lic, which is important for investigating their impact
on climate change. The reasons for the reduction to
the norm of average annual temperatures and their
sharp increase in some years should be the subject of

separate research. Moreover, it can be a combination
of the influence of global climatic fluctuations and the
anthropogenic factors on the territory of the republic it-
self. Figure 1 shows the changes in the average annual
temperature for the period of 1990-2021, with the first
two decades shown as single periods, and since 2010
annual values are given.
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= Average annual temperature
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Figure 1. Average annual temperature for 1990-2021 in the Republic of Kazakhstan, °C

Note: Norm - 5.4°C

Source: The annual bulletin of monitoring the state and climate change Kazakhstan/RSP Kazhydromet (2008-2021)

In 2021, the average annual precipitation in
Kazakhstan amounted to 85.5% of the norm or 272 mm.
Thus, the greatest shortage of precipitation was ob-
served in the Mangystau and Kyzylorda regions, where
an average of 29.9% and 64.1% of the norm fell, re-
spectively. A 20-40% precipitation deficit of the norm
was observed in Atyrau, Kostanay, North Kazakhstan,
Akmola, Karaganda, Turkestan, Zhambyl, and Almaty
regions. In the last two decades, there has been a ten-
dency to increase the monthly precipitation deficit in
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April-May and August-October, and to exceed the norm
in February and March. An increase in the proportion of
liquid precipitation creates problems with snow accu-
mulation and the creation of a moisture charge for the
soil for the growing season, which is important for the
development of agriculture (Annual Bulletin of monitor-
ing the state and climate change of Kazakhstan: 2021,
2022).1n the period 2011-2021, six out of ten years were
marked by a deficit of the average annual precipitation
in relation to the climatic norm, as shown in Figure 2.
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Figure 2. Average annual precipitation for 1990-2021 in the Republic of Kazakhstan, mm

Note: Norm - 317.7 mm

Source: The annual bulletin of monitoring the state and climate change Kazakhstan/RSP Kazhydromet (2008-2021)
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In addition, precipitation has increasingly become

extreme. The number and frequency of extreme weather
events have also increased, which was highlighted by
The national report on the state of the environment
and the use of natural resources of the Republic of
Kazakhstan for 2021 (2022). Moreover, Almaty and the
Almaty region account for 38.7% of all registered cases,
Zhambyl region - 7%.The most frequent natural hydro-
meteorological phenomena in Kazakhstan are heavy
rainfall, strong wind, heavy blizzard and heavy snow,
floods, abnormal cold, abnormal heat, drought, ice, hail,
and dust storms. There were 46 more cases of such
phenomena in 2021 than in 2020. The abundance of
heavy rainfall, the rapid melting of glaciers due to the
increase in average annual temperatures pose a threat
of mudslides and landslides. Thus, over the past five
years, the number of landslide-prone areas amount-
ed to 390 and increased by 43%, and the number of
mudslide-prone areas increased by 80% and amount-
ed to 729 in 2021 (Almaty region - 243, Almaty - 195,
Zhambyl region - 140, Turkestan region - 100, East
Kazakhstan region - 23, Shymkent - 28).
An increase in average daily temperatures and a short-
age of precipitation in early spring are also one of the
main causes of forest and steppe fires that cause sub-
stantial material damage. In 2021, it amounted to KZT
6.138 million, which is almost three times more than
in 2020. The same reasons create conditions for the
occurrence of spring and autumn droughts. A precipita-
tion deficit of 80-100% with an air temperature exceed-
ing 1.6-3.7°C compared to the norm caused an autumn
drought in Almaty, Zhambyl, Turkestan regions in 2021
(The national report on the state...,2022; Kaimuldinova
et al, 2022). All these phenomena and the increase in
their intensity indicate the existence of a persistent
trend towards climate change in Kazakhstan.

Since climate change is a global problem, re-
searchers from many countries have been investigating
its causes. The results of the work of specially created
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intergovernmental working groups showed that the
intensity of climate change is a consequence of an-
thropogenic activity, pointing to one of the main fac-
tors - greenhouse gas emissions. The physical mech-
anisms of impact and models of possible scenarios
are presented in the Reports of these working groups.
The same issues of the impact of greenhouse gases
on atmospheric air circulation in global and regional
aspects are also considered in the long-term studies
of S. Manabe (2019), in which, based on modelling, a
direct link between greenhouse gas emissions and cli-
mate change is proved.

Documents adopted within the framework of the
UN, such as The Rumor Convention of the United Na-
tions on Climate Change (1992), The Kyoto Protocol
to the United Nations Frame Convention on Climate
Change (1997), Strategy “Kazakhstan-2050" (2016) have
become binding documents on reducing greenhouse
gas emissions for countries that they were joined. The
Republic of Kazakhstan is one of them. Kazakhstan
is one of the thirty countries - the largest sources of
greenhouse gas emissions in the world, ranks eleventh
in the world in terms of the carbon intensity of GDP and
is one of the 15 countries with the highest CO, emis-
sions per capita. The main sources of greenhouse gases
in the Republic of Kazakhstan are energy, industry,
and transport. 82% of all greenhouse gas emissions in
Kazakhstan are related to energy production, of which
31% is the result of fuel combustion directly in the en-
ergy sector, 9% in manufacturing and construction, 7%
in transport (Barlybaeva et al.,, 2021). In addition, spe-
cific sources of influence on the climate are deserts, as
a source of dust storms, and the Aral Sea, from where
millions of tonnes of aeolian dust, consisting of fine
particles of sand and salt, rise in strong winds. The di-
rect relationship between the total amount of green-
house gas emissions without land use, land use change,
and forestry (LULUCF) in Kazakhstan and the amount
of emissions from energy industry is shown in Figure 3.
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Figure 3. Total greenhouse gas emissions (without LULUCF) and emissions from energy industry for 1990-2020 by
sector in the Republic of Kazakhstan, thousand tonnes CO -eq
Source: The national report on the state of the environment and the use of natural resources of the Republic of Kazakhstan

for 2021 (2022)
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For example, the lack of monitoring associated
with global databases makes it impossible to include
most cities of Kazakhstan in global air quality ratings.
The differences between WHO air quality standards
and standards in the Republic of Kazakhstan make
existing national indicators incomparable with inter-
national ones, which makes it difficult to really assess
the situation with atmospheric air, and in general with
the trends of anthropogenic impact on climate change
in the country. Kazakhstan uses only one-time maximum
values for PM 10 (PM is a term for a mixture of solid
particles and liquid droplets in the air), PM 2.5,and NO,
to assess air quality and does not use the average annual
MPC, whereas WHO uses average daily and annual limit
values, which implies constant monitoring of the entire
spectrum of emissions in the atmosphere. For example,
the standard of the maximum one-time value for PM 2.5
applied in Kazakhstan is sixteen times higher than the
average annual WHO standard (Assanov et al., 2021).

The monitoring system needs to be expanded, es-
pecially in cities and at facilities that are major sources

of emissions. The lack of the necessary amount of in-
formation distorts the real picture. Examples of the
shortcomings of the existing monitoring system are
given by D. Assanov et al. (2021). They note that all
coal-fired power plants in Kazakhstan (except one) do
not use installed emission control equipment. Mon-
itoring stations are located 3 and 30 km from the
largest power plants in Aksu and Ekibastuz, respec-
tively, and record relatively low levels of atmospheric
air pollution there, and the Pavlodar aluminium plant
with CHP-1 is not included in the monitoring network.
In addition, reports of the Republic of Kazakhstan on
the implementation of international commitments to
reduce greenhouse gas emissions are given according
to one universal indicator - emissions recalculated
by CO, equivalent, whereas The Kyoto Protocol to the
United Nations Frame Convention on Climate Change
(1997) assumes monitoring and reduction of emis-
sions for the entire list of greenhouse gases defined
in it. The importance of such detail is demonstrated
in Table 1.

Table 1. Dynamics of greenhouse gas emissions 1990-2020 by period

2000 2010 2012

2014 2016 2018 2020 2020

in%to in%to in%to as%of as%of as%of in%to in % to 2,?02(1)480%
1990 2000 2010 2012 2014 2016 2018 2010

Carbon dioxide (CO)) 529 167 9876 12202 10242 10885 839 11272  99.86
Nitrous oxide (N,0) 8161 1094 9271 10159 10612 10812 1055 1140 10152
Methane (CH,) 6032 6733 9731 10505 10313 10927 10612 12223  49.64
531.1

HFC - 41064 10854 11377 10669 9776 10043 12934 STel
24955

PFU ; - 10952 8416 11243 1097 10259 11663 U0

. 140

Sulphur hexafluoride (SF,) - - 10578 10984 10249 10437 10744 13353 Yo

Total emissions (in CO, equivalent)  ¢¢ o7 43915 9829 11887 102.68 10882 873 11397  88.92

excluding LULUCF

Source: The annual bulletin of monitoring the state and climate change Kazakhstan/RSP Kazhydromet (2008-2021)

The key year is 2010, as from this year emissions of
certain greenhouse gases are monitored by The Kyoto
Protocol to the United Nations Frame Convention on
Climate Change (1997). The table shows that the emis-
sions of hydrofluorocarbon (HFC), perfluorocarbon (PFC)
compounds, and sulphur hexafluoride SF, for the period
2010-2020 have greater dynamics compared to carbon
dioxide, whose emissions were monitored in previous
periods. It was this decade that was recognised as the
warmest in the history of observation.

The relationship between the increase in the num-
ber of emissions of these compounds and their impact
on climate change in Kazakhstan (Figures 1 and 2, re-
flecting the main climate parameters - air tempera-
ture and precipitation), and identification of their main
sources require further special studies. The need for

Scientific Horizons, 2023, Vol. 26, No. 6

detailed monitoring of emissions in all regions of the
Republic of Kazakhstan can be shown by comparing the
emission situation for 2021 in two neighbouring re-
gions — Almaty and Zhambyl. Notably, despite the prox-
imity, their very geographical location has an impact
on the features of climate change. A substantial part of
the territory of the Zhambyl region is occupied by the
Betpak-Dala and Moyinkum deserts, therefore, the al-
ready arid region undergoes rapid desertification with
climate warming. More protected by the Alatau moun-
tains, the Almaty region, due to intensive economic ac-
tivity, is more susceptible to extreme weather events.
Thus, Almaty and Almaty region account for 38.7% of all
registered cases, Zhambyl region - 7%.

The main sources of atmospheric air pollution in
Zhambyl region are stationary sources - power plants




and industrial enterprises. There are 5,380 of them
in the region, with total emissions of 30.8 thousand
tonnes per year. The structure of emissions in the cit-
ies of Taraz, Zhanatas, Karatau, Shu and the village of
Kordai consists mainly of suspended particles of PM5
and PM10, sulphur dioxide, gaseous compounds not in-
cluded in the list of greenhouse gases under the Kyoto
Protocol, and particles of heavy metals. This indicates
that the main sources of atmospheric air pollution are
industrial enterprises of the region and power plants.
The transport factor is present but does not play such
a substantial role as the two above-mentioned sources
of pollution. The emission monitoring system in the
Zhambyl region does not cover all sources of pollution.
It has only ten units, of which there are five observa-
tion posts in Taraz, including one automatic station,
one automatic station in Zhanatas, one automatic sta-
tion in Karatau, one automatic station in Shu, and one
automatic station in Kordai (Newsletter of the state of
the environment of the Zhambyl region 2021). With
existing emission standards focused on the highest
possible level and insufficient monitoring, the emission
data provided in the bulletin cannot be called such that
they record all emissions produced even by stationary
sources. Thus, unlike the Almaty region, the Zhambyl re-
gion does not fall under the effect of heat supply emis-
sions. Exceeding the maximum permissible concentra-
tions of pollutants in five positions were recorded in
Taraz, assumably, due to the larger number of monitor-
ing stations than in other cities of the region. However,
this issue requires additional research. Greenhouse gas
emissions in the Zhambyl region are not monitored by
monitoring stations.

The Almaty region is home to the metropolis of
Almaty, which affects the structure and volume of
emissions of pollutants into the atmosphere. The main
sources of emissions are stationary sources - power
plants and industrial enterprises. Motor transport pro-
vides a substantial part of emissions. Thus, there are
25,380 stationary sources of emissions in the Almaty re-
gion, of which 10,359 are in Almaty. The total emissions
of enterprises in Almaty amounted to 46,060 tonnes.
In Almaty, 151 sources of heat supply are among sta-
tionary sources of emissions. Such information is not
recorded for the region. Kazhydromet calls the thermal
power plants, road transport, and agricultural and con-
struction facilities the main sources of air pollution in
the Almaty region. The total emissions of pollutants in
the Almaty region amounted to 2,800 tonnes in 2021.
Motor transport in Almaty amounted to 517,500 units
in 2021, and annually its number increases by more
than 1,700 units. Motor transport in the Almaty region
amounted to 119 thousand units in 2021. Monitoring of
atmospheric air pollution in Almaty is conducted at 16
observation stations, 11 of which are automatic. In ad-
dition, there is a mobile environmental laboratory that
occasionally monitors the state of the air at ten points.
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There are four observation stations in the Almaty re-
gion in Taldykorgan, Talgar, and Zharkent (Information
Bulletin of the State of the Environment of the Almaty
region 2021). The monitoring is conducted according to
the list of substances,among which there are no green-
house gases, named in the Kyoto Protocol.

The analysis of the list of indicators that are regu-
larly monitored by the observation stations of the RSP
“Kazhydromet” showed that greenhouse gas emissions
from these observation stations are not included in
the area of their constant attention. Greenhouse gas
emissions are also not included in the nomenclature
of environmental statistics indicators and even green
economy indicators, which are regularly monitored and
submitted in their bulletins by the Bureau of National
Statistics of the Republic of Kazakhstan. Information on
greenhouse gas emissions appears only in the section
on the implementation of the Sustainable Development
Goals up to 2030 (2015) of the Bureau of National Sta-
tistics, and regular information on primary observations
in the data of Kazhydromet and the Bureau of National
Statistics is not identified.

The Strategy “Kazakhstan-2050" (2019-2022)
and The concept of the transition of the Republic of
Kazakhstan to the “Green Economy” (2013), adopted in
the Republic of Kazakhstan, involve the development
of energy-saving technologies, carbon capture and
storage, and the transfer of the electric power industry
to renewable energy sources. In the context of decar-
bonisation, they aim to increase the share of renewable
energy sources in the Republic of Kazakhstan to 10%
by 2030 and to 50% by 2050 of the total electricity
production. Therewith, these documents suggest a re-
duction in greenhouse gas emissions in Kazakhstan by
2030 by 31% below the level of 1990, by 2060 - by
97%. However, in fact, these documents are more of a
tribute to involvement in international processes, and
not strategic documents for the development of the Re-
public of Kazakhstan, on the implementation of which
all government activities would be based. Apparently,
there is still inertia in the attitude towards the envi-
ronment as something secondary, to which attention
is paid according to the residual principle. Therewith,
climate change has become an acute problem for the
whole world and for Kazakhstan itself. Fixing the pa-
rameters of climate change and the factors influenc-
ing this process, and the adoption of legislative and
regulatory documents in the Republic of Kazakhstan
in the context of fulfilling international obligations
are certainly positive phenomena. However, in prac-
tice, there is a lack of actions to implement them.
Some positive examples only emphasise this trend.

As such small examples, the work on decarboni-
sation and reduction of greenhouse gas emissions in
the Zhambyl region in 2019 can be noted. Kazphos-
phate LLP, disposing of 21-22 thousand tonnes/ “boil-
er” dust per year. The processing of “boiler” dust yields

Scientific Horizons, 2023, Vol. 26, No. 6

103



104

The impact of greenhouse gases on climate change

1-1.5 thousand tonnes/year of phosphorus-potash fer-
tilisers. There is also the introduction of a GHG emis-
sions accounting system, thanks to which emissions are
reduced by 18-21 thousand tonnes of carbon dioxide
per year by reducing the consumption of natural gas
during the production of phosphorite agglomerate
(Abdildin et al.,, 2021).The general trend, with the excep-
tion of some positive examples, is generally opposite to
the objectives set in the Strategy and other documents,
which does not contribute to reducing greenhouse gas
emissions. Thus, D. Assanov et al. (2021) note that in-
vestments in atmospheric air protection decreased 2.6
times in 2018 compared to 2013. The main reason for
the lack of systematic work to reduce greenhouse gas
emissions is the low degree of interest of enterprises in
implementing green technologies. Thus, for enterprises
in Kazakhstan, the MPC (maximum permissible concen-
trations) of emissions are set based on the highest level
of emissions measured during the maximum produc-
tion volume. This allows enterprises not to reduce the
amount of emissions, and to preserve outdated tech-
nological processes without violating legislation. The
Republic of Kazakhstan was the first in Central Asia to
introduce an emissions trading system (ETS) and sug-
gests its improvement to stimulate the transition to a
low-carbon economy (decarbonisation) or green economy
(which is similar, but not identical). The introduction of
a carbon tax is currently being discussed.

Thus, relying on the research of other authors con-
cerning certain issues of climate change, reduction
of greenhouse gas emissions, transition to the green
economy and its parameters, and transition tools, the
author in this study made an attempt to show a holistic
picture consisting of the relationship of physical and
meteorological processes with the state and structure
of the economy of Kazakhstan today and the transition
to new models of the economy of the future (sustaina-
ble, green, low-carbon). This paper can become the ba-
sis for higher-level generalisations in further investiga-
tions. Conventional models of economic development
are focused mainly on the consumption of natural re-
sources and do not have built-in mechanisms to stimu-
late the reduction of greenhouse gas emissions, which
is noted in some fragments of this study. At this stage, it
is of utmost importance to develop a step-by-step plan
for the transition from the existing technologically and
economically outdated model of the economy to the
model of sustainable development of the Republic of
Kazakhstan, based on the analysis of the experience of
the European Union and individual European countries,
its adaptation to the conditions of the republic.

DISCUSSION

The link between greenhouse gas emissions and cli-
mate change towards its warming is considered sci-
entifically proven by the work of Intergovernmental
Groups under the auspices of the United Nations and
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numerous independent researchers. This resulted in a
number of international documents obliging the sig-
natory countries to reduce greenhouse gas emissions,
mainly of carbon origin. The reduction of emissions has
inevitably led to the emergence of new technologies
and concepts for the development of energy based on
renewable energy sources.

Greenhouse gas emissions are the result of human
economic activity. Recognising this indisputable fact and
the need to reduce greenhouse gas emissions, a number
of researchers raise the question of the need for further
investigation of greenhouse gas emissions and suspend-
ed particles of natural origin, for example, as a result of
volcanic activity, and natural cycles of climate change.
This will allow for the further evaluation of the ratio of
all factors and correctly choosing methods to mitigate
the consequences of their negative impact on human life
(Hegerl et al., 2019). They also highlight the fact that the
issue of other products of anthropogenic impact, for ex-
ample, aerosols, remains poorly investigated.

Chinese researchers Y. Sun et al. (2022), analysing
the anthropogenic impact on climate change, note
that so far it is possible to talk about a clear relation-
ship between the impact of greenhouse gas emissions
and urbanisation on the increase in air temperature.
However, a clear correlation between human activity
and the total amount of precipitation has not yet been
established, although the results of numerous exper-
iments indicate the connection of extreme precipita-
tion with human activity. The question of the impact of
the anthropogenic factor on the extreme wind remains
poorly investigated. There is also no comprehensive vi-
sion of the human impact on the various manifestations
of climate change, which makes it difficult for govern-
ments to make the right policy choices regarding the
mitigation of the consequences of such changes. Each
country solves these issues based on the current situa-
tion and the degree of understanding of the problems
related to climate change.

In the Republic of Kazakhstan, the main sources
of greenhouse gas emissions are energy, industry, and
transport. The basis of the energy of the Republic of
Kazakhstan consists of thermal power plants operating
on local coal and generating 60.5% of electricity. The
burning of coal as the main fuel for the production of
electric and thermal energy is the main source of green-
house gas emissions and a factor of climate change
in Kazakhstan. Naturally, it is impossible to solve this
problem without radical reform of the entire energy
sector. Despite the fact that the production of electricity
at gas turbine power plants is growing, and the share of
its production at hydroelectric power plants, wind, solar,
and biogas power plants increased from 9.1% in 2011
to 10.4% in 2019, coal-fired power remains the back-
bone of the industry. Moreover, the capacity of power
plants commissioned more than 30 years ago is 54.3%
of the total installed capacity (Maldynova et al.,, 2022).




Outdated equipment for burning high-ash coal
gives the bulk of greenhouse gas emissions, and the
system of standards and regulations that currently
exists in the Republic of Kazakhstan, inherited from
the USSR, gives little incentive to economic entities
to reduce emissions and use new technologies in the
electric power industry and metallurgical industry
(Assanov et al,, 2021). The need for a more stringent
approach to the establishment of MPC and the provi-
sion of emission quotas to enterprises is also indicated
by M. Bekturganova et al. (2019), A. Barlybaeva et al.
(2021). The application of strict emission standards for
coal-fired power plants has been successful in China,
which has largely similar climate change trends (Sun
et al,, 2022). After the introduction of ultra-low emis-
sion standards for coal-fired power plants in China in
2014, almost all coal-fired power plants in 2017 were
equipped with emission management equipment, pri-
marily CO,. In the period from 2014 to 2017, annual
emissions by Chinese power plants of all types of pol-
lutants, including particulate matter, decreased by 60-
72%, depending on the type of emissions.

Quite rightly, the above-mentioned researchers talk
about the need for an inventory of emissions, analysis
of their sources, expansion and optimisation of the
monitoring system, harmonisation of all indicators and
standards with international analogues. The transport
sector is one of the largest sources of direct green-
house gas emissions, accounting for about a quarter of
global greenhouse gas emissions, which are still rising.
In Kazakhstan, greenhouse gas emissions in the trans-
port sector account for 7% of the total. With the current
trend towards an increase in the number of motor vehi-
cles, this share may increase, especially in large cities.In
such densely populated cities as Almaty and Astana, the
largest number of cars are registered, respectively, more
than 500 and 300 thousand. The increase in the num-
ber of motor transport in Kazakhstan is largely caused
by the inefficiency of public transport and the lack of
alternatives for the population (Assanov et al, 2021).

The spread of electric vehicles covers all countries
of the world. Many states aim to gradually replace cars
with internal combustion engines with electric cars. For
example, there is no federal policy in the United States
to encourage the introduction of electric vehicles, but
some states have set a goal of reducing greenhouse gas
emissions from vehicles to zero by 2050. Japan intends
to sell only electric vehicles by 2050. India has pledged
to stop selling fossil fuel-powered cars by 2030. China
is developing a plan to stop the production and sale
of vehicles with internal combustion engines. Noting
this global trend as mitigating the intensity of climate
change, researchers R.Zhang and S. Fujimori (2022) ar-
gue that the development of electric transport without
the transition of the electric power industryto renewable
sources does not solve the problem of the total amount
of greenhouse gas emissions affecting global climate
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change. The combination of electrification of transport
with an energy policy to reduce carbon emissions can
contribute to the transition to a low-carbon future.

Even though the Republic of Kazakhstan is located
mainly in arid climatic zones, it is one of the largest
producers and exporters of grain in the world. Climate
change is seriously affecting agriculture. The main
grain-producing regions of Kazakhstan are increasingly
covered by severe droughts, leading to a decrease in
grain yields by more than 50%. They are especially often
repeated in the Aktobe, West Kazakhstan, Karaganda,
and Kostanay regions (Kaimuldinova et al, 2022). The
increase in average annual temperatures, droughts, in-
creased winds and dust storms creates conditions for
land desertification and undermines the functioning of
one of the most important sectors of the economy of
the republic, threatening not only the food security of
Kazakhstan but also the whole world. The main prob-
lem of crop production in Kazakhstan has always been
the lack of moisture in the soil, which has worsened
due to climate warming. The availability of water will
become a serious limiting factor in the development of
the economy of Kazakhstan in the future, so it is nec-
essary to make every effort to adapt crop production
to the changed conditions. This can be achieved by re-
source-saving technologies with the most rational use of
moisture, soil,and energy. The main direction should be
the transition to the development and implementation
of adaptive landscape farming systems (ALFS) in agri-
cultural production (Kenenbayev & Yesenbayeva, 2020).

The waste management sector is in fourth place
in the list of global greenhouse gas emissions sources
since solid household waste accounts for 5% of such
emissions. Mainly this is about such greenhouse gases
as CH, and N, 0, formed at landfills without gas utilisa-
tion and open landfills, where the final disposal of solid
household waste takes place. This is currently the main
waste management practice in Kazakhstan.As a positive
example, in 2017, the amount of greenhouse gas emis-
sions (in CO, equivalent) generated daily in Tehran as a
result of incineration became almost 17 times less com-
pared to the practice of waste disposal. The EU example
also shows that efficient waste management can reduce
greenhouse gas emissions (Temireyeva et al, 2022).

Having joined international documents such as
Agenda 21, The Rumor Convention of the United Na-
tions on Climate Change (1992), The Kyoto Protocol
to the United Nations Frame Convention on Climate
Change (1997), and The Paris Agreement (2016) since
1992,the Republic of Kazakhstan has adopted a number
of laws and programmes for implementation of com-
mitments, such as Environmental Code of the Republic
of Kazakhstan (2021), Strategy “Kazakhstan-2050"
(2019-2022), and The concept of the transition of the
Republic of Kazakhstan to the “Green Economy” (2013).
Kazakhstan became the first country in Central Asia
and Asia to introduce a system of trading quotas for
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greenhouse gas emissions (Bekturganova et al., 2019).
Decarbonisation implies a reduction in carbon dioxide
(CO,) emissions per unit of GDP (tonnes/USD/capita) for
the economy in general and reduction of CO, emissions
per unit of energy produced (kg/barrel) for the economy
of the energy system. Such decarbonisation directions
as electrification, decarbonisation, electricity produc-
tion, and energy efficiency were identified to achieve
progress on these targets in the Republic of Kazakhstan
(Maldynova et al., 2022).

Currently, Kazakhstan exceeds the level of carbon
intensity of the gross domestic product of the Organisa-
tion for Economic Cooperation and Development by 3-5
times (Bekturganova et al,, 2019). In 2018, the produc-
tion of environmentally friendly products in Kazakhstan
decreased by 4.4% compared to 2014. A. Kazhmuratova
etal. (2020) indicate the low efficiency of investments in
environmental innovations, despite the actualisation of
this problem in Kazakhstan. Therewith, the share of en-
vironmental innovations from 2014 to 2018 decreased
from 12.7% to 7.8% in the total number of innovations.
A study on the introduction of green technologies by
enterprises of Kazakhstan in the context of industries
and regions conducted by Abdildin et al. (2021) showed
that the main sources of emissions (mining, metallur-
gical, oil, and gas industries) reduced the number of
green technologies used.

Freshwater sources, food security, ecosystems, hu-
man habitat and infrastructure are most affected by the
climate risks of global warming, according to S. Fawzy
et al. (2020). This can cause an increase in poverty and
changes in the social structure of society. Ultimately,
climate change affects the physical and psychological
health of a person, which in the future will require not
only work on reducing emissions but also preparing the
entire healthcare sector for new conditions and needs
(Ebi et al., 2021). The risks are primarily associated with
extreme weather events, which are becoming more fre-
quent, and the consequence of which is a tendency to
increase the number of victims.

Reducing emissions and decarbonising the economy
are necessary, but not the only measures to mitigate
climate change. The second promising method is the
method of capturing and binding CO, The third method
that can be applied without reducing the concentra-
tion of greenhouse gases is the use of geoengineer-
ing technologies to stabilise or reduce air temperature
(Fawzy et al., 2020). The latter method is applicable for
a short period since it does not eliminate the causes
of temperature rise inherent in the first two methods.
Governments should prepare appropriate tools for the
possibility of their application and promotion of their
application to apply various measures to mitigate the
effects of climate change.

In addition to the efforts of governments, various
non-state subjects are also involved in reducing emis-
sions and mitigating the effects of climate change -
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cities, regions, entrepreneurs, and public organisations,
the actions of which should complement national policy.
A study by T. Kuramochi et al. (2020), conducted in ten
countries, showed that the actions of non-state actors
can reduce emissions by 3.8-5.5% more compared to
the envisaged irrational programmes by 2030. However,
the effectiveness of their actions, especially in cities
and regions, depends on the accuracy of information on
emissions (Gurney et al., 2021). This is especially impor-
tant for cities where the main sources of emissions are
concentrated. Therewith, it should be considered that
the established technological and managerial order of
things can slow down the necessary changes.

CONCLUSIONS

The Republic of Kazakhstan is one of the largest pro-
ducers of grain crops, has a developed mining and met-
allurgical industry, and is among the countries with the
highest greenhouse gas emissions in absolute terms
(CO,-equivalent) and in terms of emissions per capita
and per unit of GDP. Provoked by emissions from large
enterprises, climate changes occur towards warming,
snow cover decrease in winter, and extreme droughts,
winds, and rains become more frequent. Frequent sand-
storms together with desert sands carry small salt par-
ticles. All these phenomena pose a threat to the agri-
culture of Kazakhstan and cause great damage.

The fixation of greenhouse gas emissions is poorly
organised. The most well-established is the system for
monitoring CO, emissions But this system also does not
cover many large sources of emissions (power plants,
large enterprises). Emissions of other greenhouse gases
are even more insufficiently monitored. Accordingly, in
the reports of the Republic of Kazakhstan to interna-
tional organisations, greenhouse gas emissions are rep-
resented by the only calculated indicator of CO,. The dy-
namics of emissions of other greenhouse gases and their
impact on climate change remain little-known, incom-
plete,and poorly investigated. The main source of green-
house gas emissions in Kazakhstan is thermal power
plants powered by local coal, equipped mainly with phys-
ically and morally obsolete equipment installed more
than thirty years ago. Technical re-equipment of these
facilities with just more modern equipment is imprac-
tical. There is a need for a complete technical reform of
the energy industry and its transfer to renewable energy
sources. This will also be a conceptually novel approach
to the construction of energy networks.

Since 1992, the Republic of Kazakhstan has signed
a number of international documents on climate
change and environmental protection, adopted docu-
ments, such as Strategy “Kazakhstan-2050". The concept
of the transition of the Republic of Kazakhstan to the
“Green Economy’, indicates intentions to join the global
processes of changing the economic model from one
based on the consumption (burning) of non-renewable
resources to a model based on its energy and industry




on renewable resources, a model of waste-free produc-
tion when it returns to the natural environment a min-
imum of substances that do not pose threats to peo-
ple and the environment. Naturally, this represents a
change in all sectors of the economy, management sys-
tems, and social life. This process will take place grad-
ually, and its speed depends not only on the objective
need for changes but also on the degree of awareness
of the importance of the transition to a new economic
model for the survival of humanity in general, each na-
tion, and each locality.

In the meantime, the accepted documents are poorly
executed. According to the old Soviet approach, envi-
ronmental issues, and other issues of the environment
and human living conditions, were considered some-
thing secondary, optional, and even frivolous, which can
be ignored. Inertia has persisted, and the introduction
of green technologies is slow, especially in polluting
industries. Even a promising emissions trading system
suffers from this approach. Quotas are set at the high-
est level of emissions, not at the lowest, which creates
little incentive to change anything in production tech-
nologies. Until the subject of sustainable development
(green economy, decarbonisation, circular economy as
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its sides) becomes the main one for the government of
the country, through the prism of which all processes will
be considered - not a single issue of a seemingly tech-
nical nature can be solved, including the issue of re-
ducing the emission of greenhouse gases, which most
provoke climate warming in arid Kazakhstan.

This study is an attempt to summarise the materi-
als of various researchers concerning various aspects of
the problems of climate change, reducing greenhouse
gas emissions, and stimulating economic entities to re-
duce emissions, into a more holistic picture on the ex-
ample of the Republic of Kazakhstan. It may become the
subject of other studies concerning the development of
elements of a new model of the economy or a higher
level of generalisation. In addition, this study may be of
interest to people making managerial decisions, as it
shows the relationship of many processes that are not
apparent at first glance.
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AHoTauis. 3MiHa knimMaTy cTana 3arpo3nBoto NpobaemMoro Ans BCix KpaiH cBiTy.ns KasaxcraHy, 04HOM0 3 HanbinbLmx
CBITOBMX EKCMOPTEPIB 3epHa, 3 MOro paHille nepeBaXKHO MOCYLUIMBUM K/1IMAaTOM, PO3BUHEHOK FipHUY0L00YBHOK
NPOMMWCOBICTHO, METANYPIIEID | MEPEBAXHO BYriZIbHOK reHepaLi€ro Tena0BOi Ta eN1eKTPUYHOT eHeprii, yNoBiNbHEHHS
NOTENNiHHA CTA€E HarasbHUM 3aBAAHHSAM. MeTo0 LbOro AOC/IAXKEHHS € yY3araibHEHHS Pi3HUX aCNeKTiB BNMBY BUKMULIB
NapHUKOBMX rasiB Ha 3MiHy KniMaTy B Pecnybniui KasaxcraH i MOXAMBOCTEN CKOPOYEHHS BUMKMAIB MAaPHUKOBUX
rasis Wwngaxom nepexony KasaxcraHy 4o HOBOi €KOHOMIYHOT MOAENi, 3aCHOBAHOI Ha BUKOPWUCTAHHI BiAHOBAOBAHMX
Lxepen eHeprii. lig yac gocnigkeHHs OynM BUKOPUCTAHI pi3Hi METOAM aHanisy — aHaniTMYHWiA Biabip Ha OCHOBI
3apaHoi abo ineHTMdhIKoBaHOI 03HAKK, MOPIBHSANbHMIA aHaNi3 CXOXMX XapakTepUCTUK Pi3HUX 0B'EKTIB, CTAaTUCTUYHUNA
aHani3 AMHAMIYHUX pSAAiB, CUHTE3, WO NPeaCTaBNse OO0 NepBUHHE TEOPETUYHE Y3araJibHEHHS eMMipUYHUX AAHUX.
B pe3ynbrati pocnigxeHHs 6yno BUSBAEHO MOMITHY 3aN€XHiCTb 3MiH CepefHbOPiYHOI TeMMNepaTypu Ta KiNbKOCTi
ONaaiB Bif 3arafbHUX BUKMAIB NAPHUKOBKX rasie. Kpim TOro, BUsIBIEHa CXOXIiCTb AMHAMIKM OCHOBHMX KNiIMATUYHUX
NMOKa3HMUKIB 3 AMHAMIKOK OKpeMMX MapHWMKOBMX rasie B KasaxcTaHi BMMarae nopanblunx AOCAISKeHb. Takox
3p06s1eHO BUCHOBOK, LU0 OKPEMi iHHOBALLIT Y BUMNSLI OKpEMUX €NEKTPOCTAHLIM Ha BiZHOB/IOBAHMX [Xepenax eHeprii
abo cucteMu TOpriBAi KBOTaMM, WO BM3HAYAKOTLCA 33 HaMBINbWKMMK 3HAYEHHSAMU, HE MPU3BELYTb A0 MOMITHOrO
CKOPOYEHHS BMKMAIB NAapHMKOBMX rasiB. Jlvwe nepexin 4O 3e1€HOT EKOHOMIKM, KM Ma€ CTaTu LEePXKABHUM
NpiopuTETOM, @ MOr0 NPUHLMMK T3 OCHOBHI XapaKTePUCTUKU — OPIEHTUPOM MpU NPURHATTI ByAb-IKMX AepPXKABHUX
piweHb. Lle gocnifkeHHs MOXe CTaTu BifNpaBHOK TOYKOK A1 6araTboX TEOPETUYHMX i MPAKTUUYHMUX LOC/IOKEHD i
NMOKa3aTh HeobXiHICTb CKOPOUYEHHS BUKMAIB NAPHUKOBMX ra3iB He sIK CyTO MEXaHIYHOro nmpoLecy, a B KOMMAeKci 3
IHWWMM SBULLAMM, LLLO MOXKE BYTU KOPUCHUM NPU MPUAHATTI YNPaBAiHCbKMUX pilleHb

KntouoBi cnoBa: 3miHa TeMnepatypu NOBITPS; ONaaM Ta 3arpo3a OMyCTeNOBAHHSA; MOHITOPUHI BUKUAIB; 3eneHa
€KOHOMIiKa; anbTepHaTUBHa eHepreTuka
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considering possibilities of the efficiency improvement of raising pigs was conducted. They were conventionally
divided into two categories: connected with management processes and directly caring for animals. Thus, the author
concludes that by using some methods of raising animals, a better quality of meat can be achieved, and therefore
receive higher profits from its sale. During the study, possibilities connected with diet regulation, animals living
conditions (temperature, enclosures, etc.), genetics and some others were directly considered. As for management
tips, they are also analysed and provided by the authors: in particular, it was determined that cost reduction plays
a huge role in such enterprises. In addition, the work considers the features of these enterprises work in terms of
environmental safety and mentions the state role in the industry development

Keywords: agriculture; Ukraine economy; entrepreneurship; management; livestock breeding

INTRODUCTION

Agriculture plays a key role in the development of any
country (Praburaj, 2018; Till, 2022). This opinion is
now held by most researchers in the world (Mundlak
et al., 2004), but it was not always so. Thus, in the 20%"
century, it was believed that the agricultural sector had
a passive role, the essence of which was the redistri-
bution of labour and part of investments (Lewis, 1954).
This led to a certain neglect of the industry, which could
cause huge losses in the long-term. The main reason
for the agriculture importance is that it plays an impor-
tant role for the economy and in terms of strategic se-
curity: being able to grow its own resources at least to
meet most of the domestic population needs, the coun-
try can be protected from external price fluctuations of
agricultural products, supply restrictions, etc. (Steven &
Wiebe, 2021). This is very important, especially in the
realities of ongoing globalisation (Nugroho et al,, 2021;
Assaoui & Fabian, 2021).

Now, the agricultural sector is one of the princi-
pal areas of activity in Ukraine (Dmytriieva & Sviatets,
2021). There are many reasons for this: a significant
role in the country’s international trade in agricultural
products (Kholoshyn et al, 2021), a large share of the
sector in the country’s GDP (Kaminskyi et al, 2021), a
significant role in job creation etc. Therefore, creating
the most favourable conditions for enterprises in this
industry stays relevant. Crop production is widespread
in Ukraine, considering the placement of chernozem
soils on its territory (Pozniak, 2019). Nevertheless, live-
stock breeding also stays a critical component of devel-
opment within the framework of Ukrainian agriculture.
In addition, it is currently becoming even more relevant,
considering the crisis phenomena that began to appear
in the pig farming in Ukraine after the full-scale inva-
sion of russia (reduction of livestock, decrease in the
competitiveness of local enterprises, increase in pork
imports, etc.) (Maksym et al,, 2022). Thus, it is still im-
portant to assess the economic efficiency of raising dif-
ferent types of animals. In this work, the assessment
was conducted for pigs.

A substantial number of scientists were engaged
in the study of the productivity improving of livestock
breeding. S. Millet et al. (2018) assessed the efficiency
of raising pigs (namely, their protein absorption),

considering the managing features by some processes
connected with animal care. In the work, the authors
mention the role of proper fattening, selection,and cas-
tration. However, attention is not paid to other essential
elements that are also present during the management
of a pig-raising farm.V. Maksym et al. (2022) conducted
a study on the assessment of the current state of pig
farming in Ukraine (sharp changes in which occurred
primarily due to the beginning of the full-scale inva-
sion of russia) and the possibility of increasing the ef-
ficiency of pig farming. Attention should be also paid
to the works that evaluated the cultivation industries
in different countries. Thus, G. Wang et al. (2021) con-
ducted a study within China. Scientists clearly indicated
the main threats facing meat producers and provided
advice for minimising them in the future. In addition,
the work of AK. Ruckli et al. (2021) should be noted,
who assessed the features of pig farms in terms of their
negative impact on the environment.

Thus, the purpose of the work was to assess the
possibilities for increasing the efficiency of pig raising.
This can make it possible to increase the incomes of
farmers all over the world (including in Ukraine), and
therefore to increase the strength of the country in the
face of external crises and create more added value.

MATERIALS AND METHODS

During the study of the economic efficiency increasing
analysis of pigs raising for meat, the author assessed
the general industry state in Ukraine. For this, some
data were used on the number of pigs in the country by
year, slaughtered animals, and pork exports in general.
To assess the possibilities and methods of the efficiency
increasing of pig raising, data from various scientific
sources were used. The existing methodology was as-
sessed for its efficiency, after which the conclusions
were made of which of them is the most effective, how
they can be used in a single system, and how it will help
in terms of pigs raising for meat.

As part of the study, the author used some statistical
data sources. Among them, the official website of the
State Statistics Service of Ukraine should be noted, the
data of which made it possible to consider in more detail
some inbuilt tendencies connected with the pig farming
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development in the country (the number of raised and
slaughtered animal units, etc.) (Ukrstat Agriculture,
2023),as well as statistical data from International Trade
Centre, namely the TradeMap platform (2023). These
data made it possible to assess the situation in terms of
international trade in pig meat by the country. In addi-
tion, the author used some data from the Ukrainian legal
and regulatory framework, namely the Law of Ukraine
“On State Support of Agriculture of Ukraine” (2004).
During the study, the author used an analytical ap-
proach. It made it possible to conduct an analysis of a
substantial number of various sources and to identify
patterns in pig farming, as well as to find opportunities
to improve the efficiency of this process. A quantitative
approach was also used, because the statistical data de-
scribing the functioning features of the pig farming in
Ukraine were also used during the work. In addition, the
author used a considerable number of scientific study
methods. The main among them can be considered the
analysis considering the information volumes that had
to be processed during the work. In addition, the his-
torical study method was used, which made it possi-
ble to assess the functioning features of pig farming
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in Ukraine and some other countries (China, Nigeria,
etc.), their features of conducting business. Statistical
study methods were also used in the work, which were
used to process quantitative data; at the same time,
the graphical method made it possible to depict all
of them in an understandable form. The deduction
method was used to assess the general state of pig
farming in Ukraine, considering the known data on in-
dividual indicators that characterise it. Modelling also
became important, which was used in assessing the
impact of the advice provided in the work to increase
the economic efficiency of pig farming. For more quali-
tative conclusions about the future state of such farms,
forecasting was used. The comparison made it possible
to assess various methods of assessing the efficiency
improvement of pig raising and to make conclusions
about which of them should really be used.

RESULTS

To begin with, authors will consider some data about
the pig farming development in Ukraine. Thus, Figure 1
below shows information about the number of pigs in
the country from 1990 to 2022.
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Figure 1. Number of pigs in Ukraine from 1990 to 2022, million animal units
Note: The data are provided without considering the temporarily occupied territory of the Autonomous Republic of
Crimea, the city of Sevastopol and part of the temporarily occupied territories in the Donetsk and Luhansk regions.
Source: created by the author based on data from the State Statistics Service of Ukraine (Ukrstat Agriculture, 2023)

As it can be seen from Figure 1, the number of pigs
in Ukraine has a gradual downward tendency: the de-
cline was most active until 2000, after which it slowed
down; however, it accelerated again after 2014. All
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this indicates on the existing problems in the industry.
However, it is interesting to note that the pig slaugh-
ter data, shown in Figure 2 below, provides evidence of
something different.
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Figure 2. The number of pigs slaughtered in Ukraine in 2011-2021, thousand animal units
Note: The data are provided without considering the temporarily occupied territory of the Autonomous Republic of
Crimea, the city of Sevastopol and part of the temporarily occupied territories in the Donetsk and Luhansk regions
Source: created by the author based on data from the State Statistics Service of Ukraine (Ukrstat Agriculture, 2023)

As Figure 2 shows, the number of animal units for
slaughter in Ukraine is increasing every year on average,
while the number of pigs being raised is decreasing. It
is possible to calculate the difference between the data
on the number of pigs in the country in general and the
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number of animals slaughtered in 2011-2021: this fig-
ure drops sharply from 3.9 thousand to only 0.6 thou-
sand animal units. This may indicate a gradual increase
in the agriculture efficiency. Figure 3 shows data on this
product export.

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 3. Pig meat export by Ukraine in 2002-2021, million dollars
Source: created by the author based on data from the State Statistics Service of Ukraine (Ukrstat Agriculture, 2023)

As it can be seen from Figure 3, the pig meat trade
in Ukraine is quite unstable and can vary greatly from
year to year. Thus, the average values for all this time
reached the level of up to 10 million dollars, however,
in some years they reached 20-95 million dollars. As
of 2021, Ukraine’s meat exports have been gradu-
ally increasing since 2018. Data for 2022 is not cur-
rently available, but it can be assumed that it will be

significantly lower than in 2021 due to the full-scale
invasion of russia and the significant export capacity of
Ukraine. Thus, it can be concluded that pig farming in
the country is gradually declining, which can relate to
Ukraine’s greater direction towards trade in plant sector
products. There are quite a few indicators that can be
used to assess the economic efficiency of pig farming.
In general, they can be described as shown in Table 1.

Table 1. The list of indicators of economic efficiency of an enterprise

Seq. No. Factor class Factor name
1 Fodder
2 Fuel and lubricant oil
Costs
3 The rest of the material costs
4 For labour payment

Scientific Horizons, 2023, Vol. 26, No. 6



Analysis of the economic efficiency of growing pigs for meat and its improvement

Table 1, Continued

Seq. No. Factor class Factor name
5 Social contributions
6 Amortisation
Costs
7 Services payment to third-party organisation
8 Other general production costs
9 Fodder conversion
10 Sale price
11 Production of products per 1 average annual animal unit
12 Other Fodder cost
13 Marketability level
14 Maturity level
15 Average annual livestock at an enterprise

Source: created by the author based on data from the work of V. Maksym et al. (2022)

As Table 1 shows, 15 indicators of the economic ef-
ficiency of pig farming can be identified. Over 50% of
them (8/15) are in a certain way connected with the
expenditure side of the enterprise organisation, while
others can be of the most diverse nature: price, live-
stock volumes, production efficiency, etc. Thus, a par-
ticularly vital component of increasing the economic
efficiency of pig farming is the costs minimisation.

It should be noted that the efficiency of pig raising
can vary depending on the company size that wants to
start a business. Thus, in most countries of the world,
producers of agricultural products can be divided
into two groups: small (small farmers and SMEs) and
large (certainly, medium-sized enterprises can be dis-
tinguished, but they will have characteristics of both
small and large, therefore, it is more important to con-
sider these two groups) (Havlicek et al, 2020). They
have unique features within the production processes,
which affect the price and market relations. Thus, pro-
duction processes in large pig farms resemble those
typical of industry: they are precise, efficient, and nar-
rowly focused. Thus, animals raised by such producers
have a competitive advantage in the market. In turn,
small farmers have less favourable conditions, they of-
ten do not specialise in one production and are forced
to subsidise their own production with the help of ex-
ternal resources (although some modern studies come
to the opinion that small farms can show a better re-
sult than large ones, in developing countries, but this
statement needs a separate discussion (Delvaux et al,,
2020; Aragon et al., 2022). Thus, given their competi-
tive advantages and large production volumes, large
producers have the opportunity to influence the price,
which reduces the number of small enterprises and
leads to the actual agriculture monopolisation, which
negatively affects its further development. However, it
should be noted that how efficient production on the
farm will be depends also on a farmer’s capabilities.
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Thus, education and level of a manager’s knowledge
(especially in the agricultural industry) strongly affects
the efficiency of raising of any species plants or animal
species. Thus, especially in developing countries, it is
farmers fault for existing inefficiencies in their enter-
prises and could increase their income level by an av-
erage of 3% without involving innovative technologies
(Umeh et al,, 2015).

The diet chosen by a farmer plays a special role
in raising pigs, which is already a part of increasing
efficiency by optimising animal care. If possible, feed-
ing should be adapted for each animal individually
(Soleimani & Gilbert, 2021). In other words, the diet
choice should be determined based on the genetic line
features of certain breeds of pigs; this makes it im-
possible to offer a universal option of diets. It is also
important how much food the animals will consume
during the raising and in the last development stages.
Thus, reducing the food amount from the ad libitum
level (that is, when animals can eat as much as they
want) by 25% leads to a decrease in weight gain by 27-
35% (Lebret, 2008). Sometimes, this feature can be used
skilfully. For example, to regulate the amount of fat and
meat in a pig after slaughter (because fat begins to be
actively deposited at an older age).

Some manipulation of the future pigs’ weight can
be done using the compensatory growth response, that
is, a physiological phenomenon that accelerates the
final growth rate, which is achieved by initial food re-
striction and subsequent ad libitum feeding (Campbell,
1983; Menegat et al., 2020). The animal’s response to
such feeding strategy can vary depending on when
it is introduced and the feeding restriction duration:
for example, if restriction begins between 28 and 90
days of age, a response can be expected at slaughter
after approximately 140 days (Therkidsen et al., 2002).
In addition, this feeding strategy can improve muscle
protein absorption, which will improve pig tenderness,




especially in females (Kristensen et al., 2004); this strat-
egy leads to an increase in adipose tissue in pigs and the
growth of internal organs. It is possible to change some
meats quality and in the case of pigs feeding ad libitum.
This is made by changing animals’ diet. Thus, in the case
of decreasing the amount of proteins or lysine in the diet,
but with the provision of a sufficient energy amount, the
softness and juiciness of the meat in pigs improves, but
in this case the growth rate decreases (Lebret, 2008). At
the same time, if pigs are limited in terms of obtaining
amino acids for some time before slaughter, then the
volume of adipose tissue can be increased.

It is also important to consider how housing con-
ditions (amounts of free space, temperature, etc.) can
affect the carcass quality after slaughter. Thus, air tem-
perature affects the energy requirements and growth
performance of pigs: they grow if pigs are kept in colder
conditions and vice versa. Thus, the best temperature
(thermoneutral zone) was established, which is deter-
mined within the framework of 22-28 degrees Celsius
(Renaudeau et al,, 2008; Gourdine et al, 2021). Decreas-
ing the temperature to 17-22°C can lead to an increase
in the growth rate of pigs due to greater voluntary feed
consumption (Lebret, 2008; Schmitt et al, 2021). Even the
amount of free space provided to animals has a certain in-
fluence. Thus, if 0.76 m? was allocated per pig, the growth
rates of pigs were comparatively lower than in the case
when the area increased to 3.5 m? (Beattie et al., 2000).

It is interesting to compare the pigs raising under
the conditions of organic farming, that is, under active
enclosure and receiving their established organic diet
(which consists of at least 90% organic feed ingredients
per the European Union (EU) Directive) (Lebret, 2008).
In addition, the use of synthetic amino acids, antibiotics,
growth stimulants and products with GMO (genetically
modified organisms) is prohibited in organic raising. In
fact, the study results in this case can vary. As it was
shown in the works of some scientists (Hansen et al,
2006), pigs raised in organic conditions had a lower
daily gain and an increased content of lean meat in the
carcass compared to other studied groups. At the same
time, other scientists conclude that it is not too impor-
tant whether the animals are fed organic or chemical
food: the conditions of their keeping play a much greater
role (Millet et al., 2005).

Another key component that should be monitored
is the conversion of plant protein to animal protein,
which decreases under conditions of active nitrogen
release with pus (Millet et al,, 2018). In general, there
are three strategies connected with increasing nitrogen
efficiency: genetic selection, castration, and selection
of optimal animal weight. Nevertheless, the fact that
selecting genes (through gradual selection) that would
increase the efficiency of proteins absorption is rather
questionable. Even in the 20" century, J. Hammond
(1947) assumed that any selection of such genes would
only lead to an increase in the protein energy efficiency.
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However, more modern studies show that such an effect
can still be achieved (Moehn et al., 2004; Sarri et al,
2021). The next way to improve the efficiency of plant
protein conversion is castration (Tomasevic et al., 2020;
Weiler et al, 2021). Studies show that for males, cas-
tration does lead to better protein absorption (Moehn
et al., 2004). Regarding the last point, that is, the weight
loss efficiency for better protein absorption is not clear.
Thus, for a long time, scientists could not conclude about
whether such an effect is present at all: some studies
indicate its presence (Shirali et al, 2012), while others
did not notice it at all (Aymerich et al, 2020). In general,
scientists concluded that the animal weight at the end
of the feeding process should be within certain limits,
which are about 115.2 kg for fat breeds, and 96.6 kg for
lean breeds (Morel & Wood, 2005). Thus, the use of all
the abovementioned methods will be able to signifi-
cantly increase the efficiency of meat production on pig
farms. Nevertheless, it should be remembered that some
indicators can be individually distinguished for individual
breeds or differ due to external conditions. Therefore, it
is important to check all these methods in practice.

DISCUSSION

Within the framework of their study, V. Maksym et al.
(2022) assessed the efficiency of pig production at ag-
ricultural enterprises in Ukraine. In general, scientists
come to the conclusion that there are only a few effec-
tive directions for increasing the profitability of meat
production, these are: costs optimisation and sales pol-
icy improvement (reduction of all costs types due to the
use and involvement of material and technical, and la-
bour resources), finding new high-quality sales markets,
the development of a full-cycle vertically diversified
form of production organisation (with the help of the
use of self-grown fodder of the grain group for animal
feeding and the use of own capacities for their further
processing). Optimising products should become espe-
cially important in the realities of high electricity prices
caused by russia’s invasion of Ukraine. It is also should
be mentioned that the scientists built a rather complex
model for assessing the economic efficiency of pig rais-
ing, which used 15 indicators. This made it possible to
assess the possibilities and efficiency of growing this
animal type in different regions of Ukraine. Note that
some of these methods were also mentioned by the
author in the abovementioned work. They are really ef-
ficient in terms of increasing the efficiency of the eco-
nomic and management component of the process.

An interesting study on pig raising in Nigeria was
conducted by J.C. Umeh et al. (2015). This country as a
whole is quite special in terms of the economy manage-
ment, taking into account the geographical conditions
of its location. Scientists note that in Nigeria there are
inefficiencies in the way farmers manage at enterprises.
Therefore, they describe the following tips for improv-
ing the efficiency of pig farmers (primarily in terms of
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state regulation): optimising the use of available re-
sources; encouraging farmers to join together to share
knowledge, technology and practices; the policy of im-
proving credit opportunities for entrepreneurs; encour-
aging studies in the agriculture industry and creating
consultation services for such enterprises. Notably, as
mentioned above in the author’s study, similar methods
of influence should be relevant in Ukraine as well, as
one of the most promising opportunities for increas-
ing the activities efficiency in the agricultural sector,
including pig raising, is the improvement of scientific
potential. Studies on the state of this industry in China
was conducted by G.Wang et al. (2021). Scientists write
that there is certain inefficiency in the country con-
nected with the low return on costs of most enterprises
in the country’s agrarian sector. G. Wang et al. (2021)
note that production at the capacity limit could reduce
the production cost for different farmers from 21% to
47%, which is a large amount. The second thing the
authors pay attention to is the use of the latest tech-
nologies, which will, among other things, be aimed at
reducing farm waste. According to them, it can also im-
prove production efficiency. The main advice provided
by G.Wang et al. (2021) are the following: firstly, farmers
should actively adapt to the rapid changes in the envi-
ronment and quickly switch to organic fuels, waste-free
production, etc.; secondly, entrepreneurs should pay
more attention to the existing territorial advantages
they have to improve the competitive situation in the
market; thirdly, to more actively study modern world
trends within the framework of technological develop-
ment, quickly involve the latest technologies in produc-
tion; fourth, to use financial instruments to protect one-
self from external shocks (pandemics, world crises, etc.).
It should be noted that these approaches are also quite
applicable in the realities of Ukraine, however, their use
will be more relevant in the future, when enterprises
will find an opportunity to overcome more urgent prob-
lems connected with insufficient funding, insufficient
efficiency of growing technologies, etc.

B. Lebret (2008) in his study sufficiently shows a
large number of components that affect the business
efficiency and are primarily connected with the features
of animal raising. He describes feeding systems, raising,
pig care features, etc. In general, the main conclusion
from their study is that optimisation and quality use of
animal care processes (which was also described by the
abovementioned authors in the work) can significantly
increase the efficiency of pig raising and will allow en-
trepreneurs to receive significantly higher incomes in
the future. Unfortunately, they are often available pri-
marily to large enterprises, while the possibilities of
small farms, whose role in the economy is also high, are
extremely limited. In the framework of the abovemen-
tioned study, the author notes that large companies do
have comparative advantages in conducting activities
in agriculture; nevertheless, the increase in the SMEs
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number should remain a vital component of national
policy due to certain benefits they bring (higher mo-
bility, adaptation possibility, job creation, etc.).

Recently, the problems of sustainable development
are becoming more and more relevant, which is why
ensuring compliance with its principles and purposes is
important for any company,including farms (Kalinowska
etal, 2022; Herger, 2020), because it is one of the most
important components for achieving the country’s sus-
tainable development purposes (Laurett et al, 2021).
As noted by T. Soleimani & H. Gilbert (2021), the main
methods for reducing the influence of pig farms on the
external environment are the preparation of appropri-
ate rations in accordance with the genetic line require-
ments, as well as ensuring their ecological optimisation.
In turn, G. Samarin et al. (2021) study the features of the
EU countries attitude to this problem. They write that
the European Union already has an active program of
ecologically clean agriculture, which includes several
strategic areas, namely: protection of livestock and
people from harmful microorganisms; development of
ecological production of products; development and
improvement of equipment for waste disposal and
cleaning of livestock breeding emissions; development
of regulatory documents on environmental protection
and reduction of product losses during transportation.
According to scientists, the spread of such principles is
particularly important for the future agriculture devel-
opment as a whole. A.K. Ruckli et al. (2021) in turn as-
sessed how successful modern pig farms have been in
terms of ensuring sustainable development in terms of
‘green” energy production. Based on their study, it can
be concluded that on most farms (even in highly de-
veloped countries) there are still needs to improve the
performance of environmental sustainability. Moreover,
they show that improving farm and field management
is crucial to simultaneously reduce the environmental
influence and promote biodiversity of pig farming, at
least in European realities.

Thus, it can be concluded that pig farming in
Ukraine is currently in a long-term stagnation, which
only worsened with the beginning of a full-scale inva-
sion. However, to solve the existing problems, there are
many tools that can be used both by the entrepreneurs
themselves and by the state. From a farmer’s point of
view, a lot of advice has been given above on efficiency
improving of managing such an enterprise: from im-
proving some management components to making
some changes in animals’ diet. Nevertheless, it should
be noted that the state also has certain influence le-
vers. They can be found in the Law of Ukraine “On State
Support of Agriculture of Ukraine” (2004), which clearly
describes the possibilities of state support for the
country’s agriculture. Among them, the following can be
distinguished: providing financial support, reducing the
loans price, compensating leasing payments, opening
access to all the necessary information for conducting




business, etc. As it was shown above in the study, be-
cause the most critical component of the efficiency
of pig farming business management is the reduction
of the expenditure part, therefore, it can be assumed
that the financial support methods are the most effec-
tive for this industry. Thus, ensuring their more active
implementation could also have a positive impact on
Ukrainian pig farming in the long-term.

CONCLUSIONS

Thus, within the framework of this work, an analysis of
the economic efficiency of pig farming was conducted,
as well as ways to increase it. All methods described
in the study were divided into two types: those con-
nected with the change of the management features of
the enterprise, and those connected with the approach
change to animal care. It was shown that the most vital
role in efficiency increasing of the company’s manage-
ment is played by the reduction of the expendable part,
as it makes it possible to significantly increase the com-
petitiveness of products compared to other manufactur-
ers. In addition, the attention should be paid to pricing,
conducting a marketing campaign, production rates, etc.
In addition, a key role is often played by the of educa-
tion level of managers at enterprises, which indicates the
need for their constant self-improvement need.

If we consider the possibilities of increasing effi-
ciency in terms of animal care, special attention should
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be paid to the feeding features. By providing a compe-
tent diet, the final animals weight can be increased. In
addition, dietary restrictions can be applied. It allows
manipulating the final volumes of meat and fat that
will be in the pig carcass. In turn, the use of compen-
satory growth reaction (feeding reduction for a certain
number of days before slaughter and subsequent diet
according to the ad libitum method) makes it possible
to increase the final weight of the carcass. The atten-
tion should be also paid to the conditions in which ani-
mals live: the amount of free space, enclosures, temper-
ature, etc. In addition, the authors recommend adhering
to such conditions of enterprises operation, within the
framework of which they will fit into the framework of
sustainable development, primarily by minimising the
negative impact on the environment.

It is promising for further studies to conduct similar
studies (on the efficiency assessment of raising a par-
ticular breed or species) in the realities of Ukraine. In
addition, it is important to regularly conduct a general
assessment of the agriculture state in Ukraine and to
look for existing inefficiencies.

ACKNOWLEDGEMENTS
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

117

REFERENCES

[1] Aragon, F.M., Restucci, D., & Rud, J.P. (2022). Are small farms really more productive than large farms? Food
Policy, 106(2022), article number 102168. doi: 10.1016/j.foodpol.2021.102168.

[2] Assaoui, R., & Fabian, F. (2021). Globalization, economic development, and corruption: A cross-lagged
contingency perspective. Journal of International Business Policy, 5(1), 1-28.doi: 10.1057/s42214-020-00091-5.

[3] Aymerich, P, Soldevila, C., Bonet, J., Gasa, J., Coma, J., & Sola-Oriol, D. (2020). Increasing dietary lysine impacts
differently growth performance of growing pigs sorted by body weight. Animals, 10(6), article number 1032.
doi: 10.3390/ani10061032.

[4] Beattie, V.E., O’'Connell, N.E., & Moss, B.W. (2000). Influence of environmental enrichment on the behaviour,
performance and meat quality of domestic pigs. Livestock Production Science, 65(1-2), 71-79. doi: 10.1016/
50301-6226(99)00179-7.

[5] Campbell,R.G.(1983).Effects of feeding level from 20 to 45 kg on the performance and carcass composition of pigs
grown to 90 kg live weight. Livestock Production Science, 10(3), 265-272.doi: 10.1016/0301-6226(83)90061-1.

[6] Delvaux, PA.G., Riesgo, L., & Paloma, S.G. (2020). Are small farms more performant than larger ones in
developing countries? Science Advances, 6(41), article number eabb8235. doi: 10.1126/sciadv.abb8235.

[71 Dmytriieva, V., & Sviatets, Y. (2021). Turning points in agriculture development in Ukraine: Results of analysis
on the base of purified data. Agricultural and Resource Economics: International Scientific E-Journal, 7(1), 6-21.
doi: 10.51599/are.2021.07.01.01.

[8] Gourdine,lJ.L.,Rauw, W.M,, Gilbert, H., & Poullet, N. (2021). The genetics of thermoregulation in pigs: A review.
Frontiers in Veterinary Science, 8, article number 770480. doi: 10.3389/fvets.2021.770480.

[9] Hammond,J.(1947).Animal breeding in relation to nutrition and environmental conditions. Biological Reviews,
22(3),195-213.doi: 10.1111/j.1469-185X.1947.tb00330.x.

[10] Hansen, L.L., Claudi-Magnussen, C., Jensen, S.K., & Andersen, H.J. (2006). Effect of organic pig production
systems on performance and meat quality. ScienceDirect, 74(2006), 605-615.

[11] Havlicek,J.,Domeova, L., Smutka, L.,Rezbova, H., Severova, L., Subrt, T, Sredl, K., & Svoboda, R.(2020). Efficiency
of pig production in the Czech Republic and in an international context. Agriculture, 10(12), article number 597.
doi: 10.3390/agriculture10120597.

[12] Herger, M. (2020). What is the role of agriculture for sustainable development? Zurich: NADEL Center for
Development and Cooperation

Scientific Horizons, 2023, Vol. 26, No. 6



https://www.sciencedirect.com/science/article/pii/S0306919221001482
https://link.springer.com/article/10.1057/s42214-020-00091-5
https://www.mdpi.com/2076-2615/10/6/1032
https://www.sciencedirect.com/science/article/abs/pii/S0301622699001797?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0301622699001797?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0301622683900611?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/33036970/#:~:text=Net%20value%20and%20efficiency%20indicators,an%20inverse%20relationship%20(IR).
https://are-journal.com/are/article/view/396
https://www.frontiersin.org/articles/10.3389/fvets.2021.770480/full
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-185X.1947.tb00330.x
https://orgprints.org/id/eprint/10016/1/10016.pdf
https://orgprints.org/id/eprint/10016/1/10016.pdf
https://www.mdpi.com/2077-0472/10/12/597
https://ethz.ch/content/dam/ethz/special-interest/gess/nadel-dam/teaching/MAS/MASPapers2018-2020/Michael_Herger.pdf

118

Analysis of the economic efficiency of growing pigs for meat and its improvement

[13] Kalinowska, B., Borawski, P., Beldycka-Borawska, A., Klepacki, B., Perkowska, A., & Rokicki, T.(2022). Sustainable
development of agriculture in member states of the European Union. Sustainability, 14(7), article number 4184.
doi: 10.3390/5u14074184.

[14] Kaminskyi, A.B., Nehrey, M.V., & Zomchak, L.M. (2021). COVID-19: Crisis or new opportunities time for the
agricultural sector of Ukraine. /OP Conference. Series: Earth and Environmental Science, 628(2021), article
number 012031. doi: 10.1088/1755-1315/628/1/012031.

[15] Kholoshyn, I., Mantulenko, S.,Joyce, A.S., Sherick, D., Uvaliev, T., & Vedmitska, V. (2021). Geography of agricultural
exports from Ukraine.E3S Web of Conferences, 280(3),article number 11009.doi: 10.1051/e3sconf/202128011009.

[16] Kristensen, L., Therkildsen, M., Aaslyng, M.D., Oksbjerg, N., & Ertbjerg, P. (2004). Compensatory growth
improves meat tenderness in gilts but not in barrows. Journal of Animal Science, 82(12), 3617-3624.
doi: 10.2527/2004.82123617x.

[17] Laurett, R., Paco, A., & Mainardes, E.W. (2021). Sustainable development in agriculture and its antecedents,
barriers and consequences - An exploratory study. Sustainable Production and Consumption, 27(6), 298-311.
doi: 10.1016/j.spc.2020.10.032.

[18] Law of Ukraine “On State Support of Agriculture of Ukraine”. (2004). Retrieved from https://zakon.rada.gov.ua/
laws/show/1877-15#Text.

[19] Lebret, B. (2008). Effects of feeding and rearing systems on growth, carcass composition and meat quality in
pigs. Animal, 2(10), 1548-1558. doi: 10.1017/S1751731108002796.

[20] Maksym, V., Chemeris, V., Dushka, V., Dadak, O., & Martyniuk, U. (2022). Modelling of the economic efficiency of
pig breeding in agricultural enterprises. Agricultural and Resource Economics: International Scientific E-Journal,
8(3),178-199. doi: 10.51599/are.2022.08.03.09.

[21] Menegat, M.B., Dritz, S.S., Tokach, M.D., Woodworth, J.C., DeRouchey, J.M., & Goodband, R.D. (2020). A review of
compensatory growth following lysine restriction in grow-finish pigs. Translational Animal Science, 4(2), 531-
547.doi: 10.1093/tas/txaa014.

[22] Millet, S., Aluwe, M., Broeke, AV.D., Leen, F., Boever, J.D., & Campeneere, S.D. (2018). Review: Pork production
with maximal nitrogen efficiency. Animal, 12(5), 1060-1067. doi: 10.1017/51751731117002610.

[23] Millet, S., Raes, K., Van den Broeck, W., De Smet, S., & Janssens, G.P.J. (2005). Performance and meat quality
of organically versus conventionally fed and housed pigs from weaning till slaughtering. Meat Science, 69(2),
335-341.doi: 10.1016/j.meatsci.2004.08.003.

[24] Moehn, S., Ball,R.0., Fuller, M.F., Gillis,A.M., & Lange, C.F.M.D. (2004). Growth potential, but not body weight or
moderate limitation of lysine intake, affects inevitable lysine catabolism in growing pigs. Journal of Nutrition,
134(9),2287-2292.doi: 10.1093/jn/134.9.2287.

[25] Morel, P, & Wood, G. (2005). Optimisation of nutrient use to maximise profitability and minimise
nitrogen excretion in pig meat production systems. Acta Horticultura, 674(674), 269-275. doi: 10.17660/
ActaHortic.2005.674.31.

[26] Mundlak, Y., Larson, D., & Butzer, R. (2004). Agriculture dynamics in Thailand, Indonesia and the Philippines.
Australian Journal of Agricultural and Resource Economics, 48(1),95-126.

[27] Nugroho, A.D., Bhagat, PR., Magda, R., & Lakner, Z. (2021). The impacts of economic globalization on
agricultural value added in developing countries. PLoS One, 16(11), article number e0260043. doi: 10.1371/
journal.pone.0260043.

[28] Pozniak, S.(2019). Chernozems of Ukraine: Past, present and future perspectives. Soil Science Annual, 70(3), 193-197.

[29] Praburaj, L. (2018). Role of agriculture in the economic development of a country — An overview. International
Journal of Commerce, 6(3), 25-30.

[30] Renaudeau, D., Anais, C., Gourdine, J-L., & Kerdoncuff, M. (2008). Effect of temperature level on thermal
acclimation in Large White growing pigs. Animal, 2(11), 1619-26. doi: 10.1017/51751731108002814.

[31] Ruckli, AK., Dippel, S., Durec, N., Gebska, M., Guy, J., Helmerichs, J., Leeb, C., Vermeer, H., & Hortenhuber, S.
(2021). Environmental sustainability assessment of pig farms in selected European countries: Combining
LCA and key performance indicators for biodiversity assessment. Sustainability, 13(20), article number 11230.
doi: 10.3390/5u132011230.

[32] Samarin, G.,Vasilyev,A., Tikhomirov, D.,Normoy, D., Pavlov, A., Kokunova, I., Solovieva, M., & Dvoretckii, L.(2021).
The environmental impact of pig farming. KNE Life Science, (2021),932-941. doi: 10.18502/kls.v0i0.9031.

[33] Sarri, L., Balcells, J., De La Fuente, G., Tor, M., Gomez-Arrue, J., & Seradj, A.R. (2021). Evolution of viscera and
muscle fractional protein synthesis rate in lean meat selected hybrids and castrated Duroc pigs fed under
moderate crude protein restriction. Animal, 15(6), 100220. https://doi.org/10.1016/j.animal.2021.100220.

[34] Schmitt, O., Reigner, S., Bailly, J., Ravon, L., Billon, Y., Gress, L., Bluy, L., Canario, L., Gilbert, H., Bonnet, A., &
Liaubet, L. (2021). Thermoregulation at birth differs between piglets from two genetic lines divergent for
residual feed intake. Animal, 15(1), article number 100069. doi: 10.1016/j.animal.2020.100069.

Scientific Horizons, 2023, Vol. 26, No. 6



https://www.mdpi.com/2071-1050/14/7/4184
https://iopscience.iop.org/article/10.1088/1755-1315/628/1/012031
https://www.e3s-conferences.org/articles/e3sconf/pdf/2021/56/e3sconf_icsf2021_11009.pdf
https://pubmed.ncbi.nlm.nih.gov/15537783/
https://www.sciencedirect.com/science/article/abs/pii/S2352550920313725
https://zakon.rada.gov.ua/laws/show/1877-15#Text
https://zakon.rada.gov.ua/laws/show/1877-15#Text
https://www.sciencedirect.com/science/article/pii/S1751731108002796
https://are-journal.com/are/article/view/576
https://academic.oup.com/tas/article/4/2/531/5721154
https://www.sciencedirect.com/science/article/pii/S1751731117002610?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0309174004002104?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022316623030456?via%3Dihub
https://www.actahort.org/books/674/674_31.htm
https://www.actahort.org/books/674/674_31.htm
https://core.ac.uk/download/pdf/6627481.pdf 


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0260043
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0260043
http://archive.sciendo.com/SSA/ssa.2019.70.issue-3/ssa-2019-0017/ssa-2019-0017.pdf 


https://www.shanlaxjournals.in/journals/index.php/commerce/article/view/78
https://www.cambridge.org/core/journals/animal/article/abs/effect-of-temperature-level-on-thermal-acclimation-in-large-white-growing-pigs/CBE67EEDCBCEA027497635B6E58D6BE5
https://www.mdpi.com/2071-1050/13/20/11230
https://knepublishing.com/index.php/KnE-Life/article/view/9031
https://doi.org/10.1016/j.animal.2021.100220
https://www.sciencedirect.com/science/article/pii/S1751731120300719

Shahini et al.

[35] Shirali, M., Doeschl-Wilson, A., Knap, PW., Duthie, C., Kanis, E., Arendonk, J.AM.V., & Roehe, R. (2012). Nitrogen
excretion at different stages of growth and its association with production traits in growing pigs. Journal of
Animal Science, 90(6), 1756-1765. doi: 10.2527/jas.2011-4547.

[36] Soleimani, T., & Gilbert, H. (2021). An_approach to achieve overall farm feed efficiency in pig production:
environmental evaluation through individual life cycle assessment. The International Journal of Life Cycle
Assessment, 26,455-469.

[37] Steven, D., & Wiebe, PK. (2021). Strategic foresight for agriculture: Past ghosts, present challenges, and future
opportunities. Global Food Security, 28, article number 100489. doi: 10.1016/j.gfs.2020.100489.

[38] Therkidsen, M., Riis, B., & Karlsson, A. (2002). Compensatory growth response in pigs, muscle protein turnover
and meat texture: effects of restriction/realimentation period. Animal Science, 75, 367-377.

[39] Till,E.R.(2022). Agriculture for economic development in Africa evidence from Ethiopia. Cham: Palgrave Macmillan.
doi: 10.1007/978-3-031-07901-6.

[40] Tomasevic, I.,Bahelka, I., Candek-Potokar, M., Citek,J., Djekic, I.,Kusec,I.D., Getya,A., Guerrero, L., lordachescu, G.,
Ivanova, S., Nakov, D., Sotowiej, B. G., Szabo, C., Tudoreanu, L., Weiler, U., & Font-i-Furnols, M. (2020). Attitudes
and beliefs of Eastern European consumers towards piglet castration and meat from castrated pigs. Meat
Science, 160, article number 107965. doi: 10.1016/j.meatsci.2019.107965.

[41] TradeMap. (2023). List of importing markets for a product exported by Ukraine. Product: 0203 Meat of
swine, fresh, chilled or frozen. Retrieved from https://www.trademap.org/Country_SelProductCountry_
TS.aspx?nvpm=1%7c804%7c%7c%7c%7c0203%7c%7c%7c4%7c1%7c1%7c2%7c2%7c1%7c2%7c1%7c1%7cl.

[42] Ukrstat Agriculture. (2023). Agriculture data. Retrieved from https://www.ukrstat.gov.ua/.

[43] Umeh,).C.,Ogbanje,C., & Adejo,M.A.(2015).Technical efficiency analysis of pig production: A sustainable animal
protein augmentation for Nigerians. Journal of Advanced Agricultural Technologies, 2(1), 19-24. doi: 10.12720/
joaat.2.1.19-24,

[44] Wang, G., Zhao, C., Shen, Y., & Yin, N. (2021). Estimation of cost efficiency of fattening pigs, sows, and piglets
using SFA approach analysis: Evidence from China. Plos One. doi: 10.1371/journal.pone.0261240.

[45] Weiler, U., Font-i-Furnols, M., Tomasevic, |., & Bonneau, M. (2021). Alternatives to Piglet castration: From issues
to solutions. Animals, 11(4), article number 1041. doi: 10.3390/ani11041041.

Scientific Horizons, 2023, Vol. 26, No. 6

119


https://academic.oup.com/jas/article-abstract/90/6/1756/4764589?redirectedFrom=fulltext
https://link.springer.com/article/10.1007/s11367-020-01860-3
https://link.springer.com/article/10.1007/s11367-020-01860-3
https://www.sciencedirect.com/science/article/pii/S2211912420301425?via%3Dihub
https://www.researchgate.net/publication/235970554_Compensatory_growth_response_in_pigs_muscle_protein_turn-over_and_meat_texture_effects_of_restrictionrealimentation_period 


https://www.researchgate.net/publication/235970554_Compensatory_growth_response_in_pigs_muscle_protein_turn-over_and_meat_texture_effects_of_restrictionrealimentation_period 


https://link.springer.com/book/10.1007/978-3-031-07901-6
https://www.sciencedirect.com/science/article/pii/S030917401930169X?via%3Dihub
https://www.trademap.org/Country_SelProductCountry_TS.aspx?nvpm=1%7c804%7c%7c%7c%7c0203%7c%7c%7c4%7c
https://www.trademap.org/Country_SelProductCountry_TS.aspx?nvpm=1%7c804%7c%7c%7c%7c0203%7c%7c%7c4%7c
https://www.ukrstat.gov.ua/
http://www.joaat.com/index.php?m=content&c=index&a=show&catid=35&id=66
http://www.joaat.com/index.php?m=content&c=index&a=show&catid=35&id=66
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0261240
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8067991/

120

Analysis of the economic efficiency of growing pigs for meat and its improvement

AHani3 eKOHOMiUYHOi ePeKTUBHOCTI M’ICHOro CBUHapPCTBa Ta WNAXM ii NigBULLEHHSA

Epmip LaxiHi
Buknapau
[yppcbkuit yHiBepcuTeT iMeHi Onekcanapa Moiiciy
2001, Byn. Currila, 14, M. lyppec, AnbaHis
https://orcid.org/0000-0002-0083-1029

Mukona BacunboBuu Miclok

[lOKTOp eKOHOMIYHMX HayK, npodecop
3aknapg, BUWoi ocBiTM «IomiNbCbKMIA AePXKAaBHUM YHIBEPCUTET»
32316, Byn. LleBueHka, 12, M. KamaHeub-INominbCbkmi, YKpaiHa
https://orcid.org/0000-0003-2903-7715

MapuHa BonogumupisHa 3axoaum

KaHanoaT eKOHOMIYHUX HAyK, AOLEHT
3aknapg, BuLWoi 0CBiTM «0AINbCbKMIA AepXKAaBHUM YHIBEPCUTET»
32316, Byn. leByeHka, 12, M. KamaHeub-Iominbcbkmi, YKpaiHa
https://orcid.org/0000-0003-0010-8006

BanenTtuHa BiktopiBHa bopkoBcbKa

KaHaMpaT eKOHOMIYHUX HayK, AOLEHT
3aknag euwoi ocBiTH «MoAiNbCbKMI AepXKaBHWUIA YHIBEpPCUTET»
32316, Byn. LeByeHka, 12, M. KamaHeub-Toginbcbkmi, YKpaiHa
https://orcid.org/0000-0002-2983-2973
HonHa BacunisHa KoBanb
KaHamMpaT eKOHOMIYHUX HayK, AOLLEHT
3aknag Buwoi ocBiTH «MOAINbCbKUIA AepPXKaBHUI YHIBEPCUTET»

32316, Byn. LeBueHka, 12, M. KamaHeub-lNominbcbknii, YkpaiHa
https://orcid.org/0000-0002-1882-381X

AHoTauisa. CinbCbke rocnofapCTBO 3aBXAM BifirpaBano Bax/JuBy ponb B YKpaiHi, WO 3yMOBMEHO Hacamnepen
reorpadiyHMMM 0COBAMBOCTAMM pO3TallyBaHHA. HUHI arpapHuiA CeKTop € OCHOBOK MiXXHApOAHOI cnewuianizauii
KpaiHW. TaKMM YMHOM, MOLIYK MOX/IMBOCTEN MNiABULLEHHS eeKTUBHOCTI LbOro CEKTOPY 3a/MWAETLCS aKTyaNlbHUM.
Tomy MeTO pocnigXeHHs Byno 3HaNTU WASXM NiABULLEHHS ePEKTUBHOCTI AiSNbHOCTI OAHIEI 3 rany3en CinbCbKOro
rocnofapcrea, a CaMe TBApUHHMLTBA, B paMKaX BUMPOLLYBaHHS CBMHeW. OCHOBHUMM MeToAaMu Nif Yac poboTu 6ynu
aHani3, LefyKuis, MoLeNtoBaHHA, NPOrHo3yBaHHs Towo. Iig Yac gocnigxeHHs 6yno NpoBefeHO AOCUTb AeTaNbHUNA
pO3r/1A4 MOXAMBOCTEN MiABULLEHHA ePEKTUBHOCTI BUPOLLYBaHHA CBMHEN. IX YMOBHO po3ainuiun Ha ABi KaTeropii:
NoBA3aHi 3 NpouecaMun ynpaeniHHA Ta 6e3nocepefHbo LOMMAAATL 32 TBAPMHAMU. TaKUM YMHOM, aBTOP NPUXOAMUTb
[10 BUCHOBKY, LLLO 33 LOMOMOTO AesiKMX CNoCcobiB BUPOLLYBAHHSA TBAPUH MOXHA LOCATTM KPaLLOi IKOCTi MICa, @ OTXe,
OTPMMATU BiNbLUKMA NPUBYTOK Bif, Moro peanisauii. [ig Yac gocnioxkeHHs 6e3nocepeaHbO PO3rNAAANUCA MOXKIMBOCTI,
NnoB3aHi 3 peryntoBaHHSM paLioHy, yMOBaMK YTPMMAHHS TBapuH (TeMnepaTypa, BONbEPU TOLLO), FEHETUKOIK Ta iH.
LLlo cTocyeTbca ynpaBAiHCbKMX NOpaa, TO BOHM TaKOX NPOaHaNi3oBaHi Ta HagaHi aBTOpaMu: 30KpeMa, BUSHAYEHO, Lo
3HWXXEHHS BUTPAT BiAirpae BennyesHy posib Ha Takmx nignpuemcreax. Kpim toro, B poboTi po3rnsHyTo 0co6iMBOCTI
po60TH LMX NiANPUEMCTB 3 TOUKM 30pY €KONONiYHOT Be3mnekn Ta 3a3Ha4YeHO pofib AePXKaBM B PO3BUTKY ranysi

KniouoBi cnoBa: cinbCcbke rocnoaapcrso; eKOHOMIKa YKpaiHu; NiANPUEMHULTBO; YNPABAiHHS; TBAPUHHULTBO
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the hypothesis about the influence of several factors on the development of organic products, as well as to
determine the further strategy of the enterprise. For this, data from 75 Ukrainian enterprises that grew organic
products were analysed. The division of enterprises into groups depending on the volume and growth rate and
identification of factors affecting the future development of organic producers was carried out using cluster
and discriminant analysis. The factors that substantially affect the future development and allowed dividing the
enterprises under study into groups were the diversification of production, the replacement of crops, changes
in the volume of organic production, and changes in production efficiency. Whereas the factors “percentage of
new (or withdrawn from production or not certified) crops in the new year to the total volume of production
last year” and “change in the area of organic soil” did not show sufficient influence on the distributive capacity
of the model, and were excluded from further analysis. It is proposed to develop a strategy for enterprises
producing organic products based on a differentiated approach for three different groups of enterprises,
namely: those that potentially have high potential, speed of development and expansion of activities; those
that are potentially expected to reduce and decrease the production of organic products; those that develop
at moderate rates. The obtained equations can be used in practical activities for additional justification of the
development strategy of organic producers

Keywords: competitive advantages; sustainable development; competitiveness; success factors; organic products

INTRODUCTION

The world market of organic products has grown sub-
stantially over the past decades and continues to grow,
and therefore the formation of strategies for entering
such markets and functioning on them is becoming in-
creasingly relevant for Ukrainian enterprises.As a result,
the identification of competitiveness factors and the
development of winning strategies for agricultural pro-
ducers become a promising area of scientific research.
The trends that cause the need to research the compet-
itiveness of enterprises of all sectors of the economy in
modern realities are as follows: digital transformation
of relations between the consumer and the producer
(Kryshtal et al., 2022), between the producer and the
supplier and the restructuring of business processes of
enterprises and supply chains as a result. One of the
relevant studies is the work of Garcia et al. (2023), who
examines the sustainability of the agri-food supply
chain from small producer to consumer and proposes
its improvement, through a modelling approach for the
farmer and a digital counterpart.

The orientation of the world economy towards the
processes of resource conservation, green economy, Cir-
cular economy is highlighted by Yaremova et al. (2021),
where approaches to the possible development of soci-
ety in the production of goods based on renewable
biological resources are considered. The paper proves
that with the development of the circular economy, the
society will be able to overcome the modern challeng-
es and will help produce consumer products not only
by neutralizing the harmful effects of management and
minimizing industrial waste, but also ensure the resto-
ration of bioresources. Ostapchuk et al. (2020) suggests
that Ukrainian agricultural producers combine the con-
cept of lean production and “green logistics”, which can
rationally use the available resources of the enterprise
and environmental protection during both the produc-
tion and sale of food products.
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The transition of agricultural enterprises to the
principles of sustainable development is a reason for
scientific discussions. Thus, Shkuratov et al. (2021) pro-
posed a methodology for assessing the ecological ef-
ficiency of the spatial organization of rural areas. This
method will help use rural areas to increase the effi-
ciency of agricultural production and minimize adverse
consequences for the ecosystem.

A current trend is the investigation of the social re-
sponsibility of producers (Skydan et al., 2023) and the
formation and development of production, social, and
market infrastructure (Kravchuk et al., 2021). However, as
noted by Yatsiv & Yatsiv (2018), a considerable part of
agricultural enterprises in Ukraine do not consider their
own resource capabilities and their place in the compet-
itive environment. This is conditioned upon the lack of
consistency in the development of corporate strategies.

Peng (2019) and Sahota (2020) investigated the
development of organic production and consumption
markets at the level of the global economy, individual
countries, or regions. A study by Hou et al. (2022) proved
that the market for organic products in the USA is de-
veloping rapidly, and demand considerably exceeds
supply, which indicates the need to find ways to devel-
op organic agriculture. According to scientists, support-
ing scientific research in the field of organic production,
increasing the number of workers in the industry and a
strong consumer base are crucial for the development
of the organic production sector in the United States
and around the world.

Analysis of factors that can influence the purchase
of organic products showed that the key in this case
is the concern of the population for their health and
future generations. Mishra (2022) recommends raising
public awareness about the impact of organic food on
human health and on the planet, which will be an incen-
tive to buy more healthy foods. The study (Wang et al.,




2017) emphasized that the greater the investment in
organic production, the greater the competitiveness of
the producer.While the authors (Marasteanu & Jaenicke,
2018), on the contrary, considered the impact of the de-
velopment of organic farming on the economy and the
qualitative transformation of the economy based on the
principles of sustainable development through the de-
velopment of organic farming and organic production.

The state of development of the organic market in
Ukraine is analysed in the study (Bogomolova, 2021),
which states that organic agriculture is one of the most
promising areas of the country’s agricultural econo-
my. The transition to organic production will increase
the level of environmental awareness of the popula-
tion and improve the balance between environmental
and economic factors of society. The institutional en-
vironment of the production of organic products was
investigated by Kotsenko (2022) and the current state
of institutions supporting the activities of producers of
organic products in Ukraine was analysed, and it was
noted that the further development of organic agricul-
ture requires the development of regulatory documents,
national support using the practices of the countries of
the European Union.

Despite a significant amount of research on the
issue of environmentalization of agriculture, the de-
velopment of organic production and its competitive-
ness, it is necessary to investigate the issue of forming
a competitive strategy for the production of organic
products and their competitive advantages, which de-
termined the purpose of this paper.

MATERIALS AND METHODS

To solve the tasks set, general scientific and special
methods of cognition were used during the study. The
synthesis and comparison method was used to de-
velop recommendations on enterprise development
strategies, the generalization method was used to
form conclusions and recommendations, while tabu-
lar and graphical methods were used to visualize the
results obtained. The study of the results of efforts of
agricultural producers to achieve certain competitive
advantages allows assessing the prospects of existing
vectors of development of the Ukrainian agricultural
sector. To determine the impact of several factors on
the competitiveness of organic production enterprises,
it is proposed to use cluster analysis. The data of 75
agricultural enterprises of Ukraine, which entered the
European markets of organic products, according to
the data of the Ukrainian certification body “Organic
Standard”(n.d.), were studied.All the above-mentioned
enterprises are certified for organic production, which
means that the objects of observation have author-
ized technical documentation that meets the estab-
lished norms and standards for products, production
environment, materials and resources, environmen-
tal management, quality management system, waste
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disposal, etc. Factors used to evaluate the company’s
performance:

Diversification of production (X,) is a criterion that is
successfully used to determine the competitiveness of
enterprises in many sectors of the economy (Belenkova,
2020; Raj, 2022). This factor is quite informative, requ-
lated by the company’s managers, and it is also effort-
less to assess. The study evaluates the diversification
of production by the number of organic crops that are
grown. Among the enterprises under study, the number
of crops varies from one to thirteen.

Expansion (reduction) of certain types of production
(X,) is the percentage of new (or withdrawn from pro-
duction or not certified) crops in the new year to the to-
tal volume of production last year. This factor shows the
dynamism of production, the ability to adapt the enter-
prise to changes in market conditions. It differs from
the previous one in that it estimates the proportion of
organic crops that have been replaced by others, intro-
duced a new one, or reduced one, estimating the depth
of transformations. For the enterprises under study, the
factor varies from-1.37 to 10.16.

The turnover of crops (X,) is an indicator according to
which the replacement of crops with new ones was eval-
uated (in the analysis, it is marked as “1”), stability and
absence of replacements (marked as “07), the reduction
of the production nomenclature - (marked as ~1”), the
increase in the number of new cultures (mark “27).

Change in the volume of organic products (X,) is an
indicator that characterizes the increase or decrease in
the volume of production of organic products in rela-
tion to the volume of the previous year.

Change in the area of organic soil (X;) (Aceleanu,
2016) is an indicator that characterizes the increase or
decrease in the area of land that meets the require-
ments for organic farming and is certified to the area
used by the enterprise last year.

Changes in production efficiency (X,) (Zeru, 2018) is
an indicator that is calculated as an increase or de-
crease in the yield per 1 ha of certified land compared
to the previous year. Since the producers of various
crops, which carry out economic activities in different
regions of the country, are evaluated, it does not make
sense to evaluate the yield of each crop or the average
for each producer. However, the proposed relative indi-
cator characterizes how much more or less efficiently
the enterprise conducts business activities in compari-
son with its results in the previous period. This relative
assessment can be applied upon determining compet-
itiveness. If additional data are available on the per-
formance of producers of homogeneous products, this
indicator can be updated or replaced with yield.

Cluster and discriminant analysis was performed
using the TIBCO Statistica statistical analysis software
package (Statistica 10). Since different measurements
use completely different types of scales (thousand
square meters, percentages, units, fractions of a unit,
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etc.), the data needs to be standardized (normalized).
Standardization is performed according to Eq. (1) for the
mean square deviation o (Marets & Vilchynska, 2016):

_ xij—f
7 =", e
where z. is the normalized value; x, is the initial value
of the indicator; x is the average value of the indica-
tor; o is the mean square deviation. Ward’s method was
used for tree clustering.

RESULTS AND DISCUSSION

There were several stages in this research. At the first
stage, tree clustering was performed to find out whether
enterprises form groups and select the previous num-
ber of clusters, for which we use the Ward’s method. This

method is based on the results of variance analysis to
estimate distances between clusters. Based on the mini-
mum sum of squares (SS),groups of enterprises are formed
at each stage of the clustering process. As a measure of
the distance between enterprises, the Euclidian distance
was chosen, which is the geometric distance between
objects in a multidimensional space (Belenkova, 2019):

= JZFC =707 @

The results of this stage indicate that there are at
least two groups of enterprises that differ in size, business
strategy, and efficiency. The next result obtained from a
hierarchical clustering is a vertical dendrogram (Fig. 1),
the analysis of which helps visually identify the division of
enterprises into three groups (highlighted by a red line).

Tree Diagram for 75 Cases
Ward's method
Euclidean distances
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Figure 1. Dendrogram of hierarchical classification of the enterprises of Ukraine under study - producers of organic
products (Euclidean distance, Ward’s method)

Source: compiled by the authors

Determination of intersection points in Figure 1
revealed that according to the selected factors: diver-
sification of production (X,); expansion (reduction) of
certain types of production (X,); turnover of crops
(X,); change in volumes of organic products (X,);
change in organic soil area (X;); change in produc-
tion efficiency (X,), appropriate division of agricultural
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enterprises from organic production into three or five
clusters. As a result, it was assumed that the ana-
lysed enterprises form three clusters (highlighted by
a red line in Fig. 2). Considering the results of visual
analysis, further evaluation according to the k-mean
method was based on the distribution of data into 3
clusters (Table 1).
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Figure 2. Graphical representation of the ratios of standardized parameters in clusters 1-3

Source: calculated by the authors

Table 1.Characteristics of clusters of agricultural enterprises of organic crop production in Ukraine
obtained by the k-mean method

Parameter Cluster 1 n=31 Cluster 2 n=7 Cluster 3 n=37
X, 0.550099 -0.70018 -0.328427
X, 0.411856 -0.26930 -0.294119
X, 1.021662 -0.76076 -0.712060
X, 0.372646 -2.54692 0.169632
X, 0.276719 -1.80607 0.109843
X 0.300952 -1.68319 0.066292

Source: calculated by the authors

Enterprises of the first cluster are characterized
by the highest values of all analysed parameters. They
mostly expand the sown areas for organic crop pro-
duction, increase the volume of production of organic
products, mostly increase the efficiency of operational
activities, and also implement a policy of diversifica-
tion - although the number of cultivated plant species
of the enterprises of this cluster starts with two, but
the average value for the entire group is 5.06=5. This
is much more than in other groups. The volume of pro-
duction of certified organic products is 1.2-1.6 times
less than that of enterprises of the third group, and the
size of certified land plots is 1.2-2 times.

Therewith, the efficiency of enterprises in this clus-
ter increased the most among the analysed groups. The
increase in efficiency is the result of the fact that en-
terprises of this cluster are actively experimenting with
new plant species, actively introducing new ones (61% of
enterprises),or replacing already grown types of products
(32%),choosing the optimal product structure of the prod-
uct range to ensure competitiveness (Fig. 3). Therewith,
only 7% of the analysed enterprises reduced the types of
organiccropsgrown.In general,the strategy of enterprises
of this cluster can be described as active, innovative,
aimed at finding new more promising areas of activity,
as well as at developing and certifying new plant species.

Scientific Horizons, 2023, Vol. 26, No. 6
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magnifikacion
32%

replacement
61%

abbreviation
7%

Figure 3. Distribution of organic production enterprises
of the first cluster aimed at growth or reformatting the
strategy’s activities, %
Source: calculated by the authors

As a result of the analysis, enterprises with the
lowest X,-X, indicators were assigned to the second
cluster. Although there are only seven such enterprises,
they differ essentially from others in that they reduce
the area of organically certified land, reduce the vol-
ume of organic products, and the efficiency of all firms
in this group substantially decreased in the analysed
period. In addition, the analysed enterprises pursue a
fairly conservative development policy, since during the
analysed period they either did not change the plants
grown, or even reduced their number (Fig. 4). Therewith,
the reduction in the types of plants grown did not help
optimize production, as evidenced by a decrease in the
efficiency and market share of each of the group’s en-
terprises. A sharp reduction in the volume of organic
products of the enterprises under study can be caused
by several reasons. Firstly, the growing conditions or the
product itself may not meet the requirements for ob-
taining a certificate of conformity, which is determined
by current compliance control. Or the management of
enterprises decided to implement a cost-saving strat-
egy by increasing the volume of growing non-organic
products.

abbreviation
43%

there was no
replacement of
plants
57%

Figure 4. Distribution of organic production enterprises in
the second cluster survival or reduction strategies, %
Source: calculated by the authors

Enterprises of the third cluster pursue a fairly mod-

erate strategy, without sharply increasing the area of
certified land and the volume of organic production.

Scientific Horizons, 2023, Vol. 26, No. 6

The average number of organic products grown per en-
terprise is 2.8=3. Therewith, the group has a conserva-
tive approach to the implementation of activities, since
57% of enterprises did not change the plant species
they cultivated, did not try to expand their activities,
and 38% of enterprises generally reduced the number
of types of products subject to certification. In contrast,
only 25% increased the number of certified types of
products, and no company of the group made changes
in types of products (Fig. 5).

reduction
38%

no replacement of
plants
57%

increase
5%
Figure 5. Distribution of organic production enterprises
of the third cluster, strategies to preserve or reduce the
enterprises of the cluster, %
Source: calculated by the authors

For the possibility of classification of new enter-
prises engaged in the production of organic products,
we will create classification functions using discrimi-
nant analysis. The criteria for evaluating the quality of
the created models should be the following indicators:
Wilks’ Lambda (A); Partial Lambda AA; Fisher’s F test;
significance level of the F-criterion/p-level; tolerance
(toler), and the multiple correlation coefficient 1-Toler
(R-Sqr.) (Boedeker & Kearns, 2019; Tian et al., 2022; Kei
etal., 2023).

Wilks’s lambda (A) is a measure that suggests the
degree of distribution of a data set on a population. The
indicator is measured on a scale from 0 to 1. The more A
approaches the maximum value, the worse the relation-
ship of the resulting equation distributes data across
populations. The lower the value of A, the better the
separation capacity of the obtained equation (Boedeker
& Kearns, 2019). Partial lambda shows how much a sin-
gle variable contributes to general discrimination. By
analogy with Wilks’ Lambda, the partial lambda has a
greater effect on the distribution of data into separate
independent groups if its value approaches zero, and
if this measure is close to one, then the discriminating
power of an individual factor is small.

The value of the indicator “tolerance” (Toler.) indi-
cates a strongly separate variable affecting the sepa-
ration power of the model. The larger the given meter,
the smaller the contribution to the overall function of
the individual factor. As a result, the four most influential
and significant factors in terms of separation ability were
selected to create discriminative functions (Table 2).
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Table 2. Result of step-by-step discriminant analysis of organic production enterprises

Wilks’ Partial

F-criterion

Seq. No. N=75 Lambda Lambda (2.51) p-level Toler. 1-Toler.(R-Sqr.)
1 X, 0.112050 0.855867 5.64161 0.005440 0.539107 0.460893
2 X, 0.165672 0.578852 24.37312 0.000000 0.836891 0.163109
3 X, 0.139216 0.688859 15.13117 0.000004 0.829553 0.170447
4 X 0.118393 0.810013 7.85737 0.000860 0.475375 0.524625

6

Source: calculated by the authors

The number of model steps is 4, the number of
observations is 75, F(12,134)=24,102 p<.0000. The
analysis of tabular data helped determine that the
cumulative value of Wilks’ lambda () is 0.118, which
indicates a sufficiently strong separating power of the
model, since the value of the indicator is closer to zero
than to one. Notably, the level of discrimination will
improve if A is closer to 0. The review of the indicators
presented in Table 2 and the statistical characteristics
of these indicators showed that the presence of the
variable X, “increase in the production of organic prod-
ucts” in the discrimination procedure has the greatest
impact on the discriminating power of the model (has
the smallest value of partial lambda = 0.112 among

all the factors analysed, which shows the unit contribu-
tion of the factor to the separating power of the model).
Apart from X, variables X, (product strategy - increase,
reduction, replacement or long-term cultivation of se-
lected types of organic plants), X, (diversification of
activity - number of species certified as organic plants
grown by one producer), X, (change in activity effi-
ciency) contribute to general discrimination. Using
these variables, it is possible to divide new enterprises
into groups and determine the most successful strat-
egy for each group. During discrimination, two indica-
tors were discarded, since the level of statistical sig-
nificance of factor exclusion from the p-level analysis
exceeds 0.05 (Table 3).

Table 3. Factors that were discarded as a result of the analysis

Wilks’ Partial

F-criterion

Segq. No. N=75 Lambda Lambda (2.51) p-level Toler. 1-Toler.(R-Sqr.)
1 X, 0.104699 0.915955 3.07386 0.052818 0.352064 0.64793%6
2 X 0.104163 0.920672 2.88646 0.062736 0.858213 0.141787

2

Source: calculated by the authors

To estimate how accurately four factors were se-
lected for dividing different enterprises into separate
populations, 2 discriminant functions were calculated.
The number of functions is selected according to the
rule of the number of variables (75) or the number of

aggregates (3) minus one, depending on which of the
numbers is smaller.

Table 4 shows which of the roots are statistically
significant by consistently applying the significance
criterion.

Table 4. Results of canonical analysis with stepwise criterion for canonical roots

Chi-square is a criterion Canonical Number of Significance level
Removed roots for the sequence of . Wilks’ Lambda Chi-square degrees of 9
. correlation r (P)
removing roots freedom
0 3.393191 0.878849 0.095900 162.9393 12 0.000000
1 1.373569 0.760719 0.421306 60.0754 5 0.000000

Source: calculated by the authors

According to Table 4, it can be argued that one or
more roots are statistically significant, since the prob-
ability obtained in the first row of the table (before ex-
cluding canonical roots) is lower than the generally ac-
cepted criterion of statistical significance (0.001-0.05).
The same situation is observed after the removal of the

first root - the significance level p is many times lower
than generally accepted criteria, and therefore we can
conclude that both roots are statistically significant and
can be used to divide organic production enterprises
into groups based on the potential for future develop-
ment as a basis of the future strategy.
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Comparing the two functions with other meters,
we see that for the first one, the canonical correla-
tion coefficient is 0.8789. This value is close to unity,
which is the maximum value, which means that when
using the first function, 87.89% of the variance of
the dependent variable is explained by the proposed
model, and the second function explains only 7.607%.

According to the Wilks’ lambda metric, it can be con-
cluded that the first function has a higher resolution,
and therefore will be able to more accurately classify
new enterprises into one of the groups (leaders, con-
servatives, unstable enterprises). Individual equations
intended for the classification of enterprises are pre-
sented in Table 5.

Table 5. Classification functions for different groups of organic production enterprises

Variable G 11 G_2:2 G_3:3
X, 0.68791 -7.8781 0.91410
X, 1.84499 -0.5061 -1.45006
X, 1.25661 -1.7060 -0.73007
X 0.64416 -2.3878 -0.08795

Constant -2.19780 -15.1871 -1.29520

Source: calculated by the authors

Figure 6 presents the distribution of enterprises by
group. It can be seen that the enterprises of the 2nd
group are clearly distinguished from the enterprises
included in the 1st and 3rd groups, while the aggre-
gates of enterprises of the 1st and 3rd groups may
overlap. This is quite logical, since it is often difficult
to distinguish between enterprises that will have high
growth rates in the future and enterprises that expect

a moderate rate of development. Perhaps, to improve
the separation ability, it is advisable to search for ad-
ditional parameters or estimated indicators. However,
the resulting equations have sufficient discrimination
capabilities and can be applied in practice.

As a result, the equations for each of the groups are
obtained as follows:

Group 1 (leadership, success, development)

y; = 0.6879 - x, + 1.845 - x3 + 1.257 - x; + 0.644 - xc — 2.198 (3)

Group 2 (reduction of activity)

y, = —7.878-x, — 0.5061 - x5 — 1.706 - x; — 2.388 - x4 — 15.187 (4)

Group 3 (conservative policy, moderate development)

y; = 09141 x, — 1.45 - x5 — 0.73 - x; — 0.088 - x4 — 1.295 (5)
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Figure 6. Scatter diagram of canonical values for organic production enterprises of groups 1-3

Source: calculated by the authors
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Using the created equations, it will be possible to clas-
sify new cases in the future. The enterprise will be assigned
to that group, according to the equation of which the ob-
tained value will have the maximum indicator. To check

Kotsenko et al.

the accuracy of the created functions, we will use the clas-
sification matrix. The data in Table 6 indicate that the var-
iables for constructing the functions were chosen success-
fully, and the results have a sufficient level of adequacy.

Table 6. Classification matrix

Percent G 11 G 22 G_3:3
G 11 83.8710 26 0 5
G_22 100.0000 0 7 0
G_3:3 91.8919 3 0 34
Total 89.3333 29 7 39

Source: calculated by the authors

From the matrix, we can conclude that among the
enterprises of the 2nd group, 100% are assigned to the
group correctly. This means that those businesses that
are not functioning well enough and have insufficient
efficiency can be easily identified using the proposed
features. As for the enterprises of the third and first
groups, the classification functions showed themselves
quite well when grouping them (83.87% of the enter-
prises that are developing well and working efficiently
were correctly classified, and among the enterprises that
showed a moderate trend towards the development of
organic production, there were 91.89% of correctly clas-
sified cases). These data are visually confirmed in Figures
3, 5, which clearly shows that the enterprises of the sec-
ond group are at some distance from the enterprises of
the first and third groups, which made it quite easy to
classify the second group. While the set of points that
mark the enterprises of the first and third groups, al-
though they do not completely overlap, they are quite
close, which makes classification difficult. The equations
have sufficient accuracy, so they can be used to classify
new cases, namely, to identify enterprises that can po-
tentially achieve prominent growth rates, or, conversely,
those that are likely to reduce their activities.

Organic production is developing at an active pace
all over the world, it can help in solving many issues,
including food transformation, ensuring sustainable
development of territories and preserving the Earth.
The motives of consumers for buying organic products
in the world are quite different, it is concern for their
health, to be in the trend of the movement for a healthy
lifestyle, reasonable consumption, care for the environ-
ment and restoration of the Earth’s resources. The study
(Tandon et al., 2021) is based on the determination of
favourable and inhibitory intentions to purchase or-
ganic products, in which three different theories were
used to investigate the behaviour of consumers of or-
ganic products. It is established that the consciousness
of buyers is associated with facilitators and inhibitors,
which may mean that conscious consumers will choose
organic products, since they understand that the choice
of organic products will benefit not only for their own

health, but also for nature.The next step is environmen-
tal well-being, which also has a positive impact on the
purchase of organic products. An interesting factor that
can affect purchasing power is the gender factor, which
is manifested in the fact that housewives are more in-
clined to buy organic products, since they are aware of
the usefulness of such products for their health and the
health of their family. This study is quite significant for
scientists because it determines the main areas in the
work of the policy of advertising and distribution of or-
ganic products.

Based on the research materials, according to the
EFA model, four key factors that can positively influ-
ence the level of consumption of organic products were
determined, namely the naturalness of food products,
their quality, trust in the producer and marketing. The
developed model will allow manufacturers to de-
velop a specific strategy to increase market share and
profitability of the enterprise by satisfying consumers
(Sobhanifard, 2018).

Somewhat different research results regarding the
factors affecting organic production were obtained in
(Hou et al., 2022). They suggest identifying such factors
as macroeconomic, demographic, political, and agri-
cultural production factors. The macroeconomic factor
affects organic production directly through average
household income and average per capita income, i.e.,
the higher the average household income, the higher
the development of organic production in a certain
area. The political factor affects through the provision
of national support to organic producers, non-mone-
tary and monetary assets that can be provided by the
state, which can affect organic production directly and
indirectly. The next factors are demographic factors, the
scientists single out such factors as the percentage of
Hispanics, whites, the percentage of non-citizens, the
total population, the number of male farmers and their
average age. Equally important is the factor of agri-
cultural production, i.e., the size and number of farms,
the number of labour resources. Notably, the size of
the farm does not always affect the amount of organic
goods produced, since productivity is more important.
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Of great importance for the development of or-
ganic production are programs aimed at the regional
development of the industry. By studying the practices
of European countries, scientists (Ilhnatenko & Novak,
2018) managed to identify the main areas of national
support, ways of their implementation and ways of im-
proving them. They also allocated resources that can
influence the development of organic production in
the future. The program of implementation of national
support for organic production at the regional level
proposed by scientists can be proposed for implemen-
tation at organic enterprises, in rural communities, and
in government bodies. Such national programs for the
development of organic production are very relevant,
since they are based on strengthening regional, infor-
mational and advisory components and are aimed at
preserving and restoring resources and will be able to
implement employment of the rural population.

The search for ways to develop organic agriculture,
specifically, the determination of the best development
strategies for producers, is relevant. Thus, the study
(Aghasafari et al., 2020) determined the strategies for
the development of organic agriculture in Iran based
on SWOT analysis data. The study revealed 9 possible
strategies for the development of organic agriculture,
and scientists singled out the three most successful
strategies: the first is the development of a program
that would inform consumers about the benefits of or-
ganic products, the second is the creation of a compet-
itive market for organic products, while the third is the
implementation of organic education and teaching the
basic principles of organic farming.

The development of the market for organic products
and the interest in organic products on the European
market of the Ukrainian producer prove that Ukraine
has all the prerequisites for entering the world market
and meeting the needs of growing consumer demand
for environmentally friendly products around the world
(Bogomolova et al., 2021). The competitive environ-
ment of the market of organic products is one of the
areas of research of scientists, since the determination
of methods of ensuring competitiveness, specifically,
the determination of the competitive advantages of or-
ganic products will help develop organic production in
the correct vector. That is why it is advisable to research
and develop strategies for the competitiveness of pro-
ducers of organic products.

Mechanisms for ensuring the competitiveness
of the domestic organic agricultural sector should
be considered using evidence from the countries
of the European Union, since Ukraine, entering the
world economic arena, must consider the specifics
of the European organic market. Therefore, the study
(Hranovska, 2017) is quite informative, specifically, the
proposed mechanism for stimulating organic produc-
tion by agricultural enterprises and enterprises pro-
ducing organic products is important. The basis of the

Scientific Horizons, 2023, Vol. 26, No. 6

mechanism includes tools for stimulating organic pro-
duction, which are divided into four groups: subsidy
(tax concessions, loan concessions, certain compensa-
tions and subsidies); infrastructure (development of
rural areas, development of laboratories, marketing
research); informational; and legal.

In the study (Bilotkach, 2022), great importance for
the formation of a competitive strategy of organic pro-
duction is given to the institutional component, which
makes provision for the introduction of certain changes
to the legislative acts governing the production and cir-
culation of organic products of Ukraine. The main areas
of national support should be as follows: allocation of
subsidies from the state budget for producers of ag-
ricultural organic products; reimbursement to produc-
ers of part of the cost of seeds and certification costs.
Such steps, according to the scientist, can not only
strengthen the internal market of organic products, but
also increase the competitiveness of Ukrainian organic
products on international markets. The results of this
study prove that the main strategies for the develop-
ment of organic producers are three areas: the strategy
of re-profiling or expanding activities, diversification of
production, increasing the volume of organic produc-
tion and increasing the number of certified land.

CONCLUSIONS

Analysis of the activities of producers of organic prod-
ucts of Ukraine by dividing them into groups, depend-
ing on numerous factors, allows attracting additional
tools for the formation of a competitive strategy of an
organic agricultural enterprise. The factors that led to
the division of enterprises into groups were diversifi-
cation of production, turnover of crops, expansion or
reduction of certain types of production, changes in the
volume of organic products, changes in the area of or-
ganic soil, and changes in production efficiency. Using
the Ward’s method, it was possible to visually identify
the division of enterprises into three groups, resulting
in three clusters, respectively. The first cluster includes
enterprises that characterize the highest value from the
parallel used in the evaluation. The second cluster in-
cludes enterprises characterized by increased efficiency
of enterprises. Enterprises included in the third cluster
are characterized by a moderate strategy, while they do
not dramatically increase either the number of organi-
cally certified lands or the number of products.

The paper suggests a strategy for the competitive-
ness of organic products, considering the factors of the
company’s own activity. The proposed classification and
the created system of equations can serve as a basis for
developing strategies to ensure the competitiveness of
organic production enterprises.

A potential area for enterprises of the first and third
groups is to ensure competitive advantages through
differentiation, product expansion by varieties, types,
assortment, which, unlike other markets of agricultural




products that are focused mainly on the strategy of re-
ducing costs, should become the basis of progressive
development for enterprises that operate specifically
on the markets of organic products. Such a strategy is
quite logical, since organic products by their very na-
ture should stand out from other similar products on
the market due to higher quality, compliance with the
principles of sustainable development and green econ-

Kotsenko et al.

Prospects for further research are the search for
new success factors of the strategy of organic produc-
tion enterprises, the creation of new discrimination
equations based on them, as well as the development
of a number of economic and mathematical models for
enterprises of different sizes, types of activity, and re-
gional affiliation.
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AHoTauis. Y cTaTTi 3anponoHOBaHO AOAATKOBMIA iHCTPYMEHTApiN, AKUM [03BONAMUTL OBIPYHTOBYBATM (POPMYBAHHS
cTpaTerii ManbyTHbOrO PO3BWUTKY 3 YpaxyBaHHAM MOTEHLIMHOrO 3pOCTaHHA ab0 CKOPOYEHHS AiSNbHOCTI, WO €
aKTyanbHUM AN BUPOOHMKIB OpraHiyHOi NpoayKLii, OCKiNIbKM BpaxyBaHHS MOTEHLiMHOT TPAEeKTOPIii pO3BUTKY AACTb
MOX/IMBICTb y6e3neunTy NiaNpUEMCTBO Bif HEOOIPYHTOBAHMX pilleHb Y pPa3i CKOPOYEHHS LiSNIbHOCTI i LO3BOAUTD
3afigTV iCHYlOui pe3epBu y pa3i MakbyTHbOro 3pOCTaHHS, WO € aKTyasbHUM i JOCKUTb 3aTpebyBaHUM. MeTok poboTH
6yno [OBECTM YW CMPOCTYBATM TiMoTe3y Mpo BMAMB HA PO3BWUTOK OPraHiYyHOi NMpoAyKLuii pagy YMHHUKIB, @ TAKOX
BM3HAYEHHS MOAANbLIOT CTpaTerii AianbHOCTI nignpuemMcTea. a9 UbOro MpoaHanizoBaHO AaHi 75 yKpaiHCbKMX
NiANPUEMCTB, L0 34,iMCHIOBAIM BUPOLLYBAHHS OpraHivyHoi npoayKLuii.Po3noain nignpuemMcTs Ha rpynu B 3aneXHOCTI Big,
06cAriB Ta TEMNiB 3pOCTaHHS | BUSBIEHHSI YUHHUKIB, LLLO BMIMBAKOTb HA MalBOYTHI pO3BUTOK BUPOOHMKIB OpraHiyHO1
NPOAYKLii 34iMCHEHO 33 LONOMOrOH KACTEPHOrO Ta AUCKPUMIHAHTHOMO aHanisy. YuHHWKaMu, ki CyTTEBO BMNIMBAKOTb
Ha MaibyTHIlN pO3BMTOK Ta LO3BONWAM PO3MNOAINUTYU LOCNILXKYBAHI NIANPUEMCTBA HA IPynK, CTanun AMBepcudikaLis
BMPOOHULITBA, 3aMiHa KYNbTYpP, 3MiHA 06CAriB BUPOOHULTBA OpraHiuHoi NpoayKLii, 3MiHa epeKTUBHOCTI BUPOOHULITBA.
Tofi 9K YMHHUKM «BifCOTOK HOBMX (@60 BMBeLEHMX i3 BUPOOHMLTBA abo He cepTUdiKOBaHWX) Yy HOBOMY poOLi
KYyNbTyp A0 3arasbHOro 06csary BUPOOHULTBA MUHYIOMO POKY» Ta «3MiHa M/OLLI OPraHiYHOro IpyHTY» He MoKas3anu
[OCTAaTHbOrO BM/IMBY HA PO3MOLINbYY 34aTHICTb MOAENI, Ta BYNU BUKI/IOYEHI 3 MOAAbLIOIO aHai3y. 3anponoHOBaHO
dbopMyBaTH CTpaTerito NiANPUEMCTB-BUPOOHUKIB OpraHiuHOi NPOAYKLii Ha OCHOBI AndepeHLitoBaHOro NiAXo4y AN
TPbOX Pi3HWMX rpyn MiANPUEMCTB, @ CaMe: TUX, WO MOTEHLiIMHO MalTb BUCOKMI NOTEHLian, WBUAKICTb PO3BUTKY i
PO3LWMPEHHS AiSNbHOCTI; TUX, WO MNOTEHLIMHO YEKAE CKOPOYEHHS Ta 3MEHLUEHHS BUMYCKY OPraHivyHOT NpoayKLuii; TMX,
SIKi pO3BMBAOTbCS MOMipHUMU TeMnaMu. OTPUMaHi PiBHAHHS MOXHA BUKOPUCTOBYBATH Y NPAKTUYHIN AiSNbHOCTI AN
[00aTKOBOro 0BIpyHTYBaHHS CTpaTerii po3BUTKY BUPOOHWKIB OpraHiyHoi NpoayKuii

KniouoBi cnoBa: KOHKYpeHTHI nepeBaru; CTanuin pO3BUTOK; KOHKYPEHTOCMPOMOXHICTb; YUHHMKM YCNiXY; OPraHiyHa
npoaykuis
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an example. According to the obtained data, the impact of war on the agricultural sector is significant and has
various economic, social, and environmental consequences. The study shows that some commodity producers,
using farmers as an example, have adapted to the war and have been able to maintain their market positions, while
others have suffered significant losses and could not function properly. This research can be an important source of
information for the development of state policy on support for agricultural commodity producers, specifically farmers,
under the conditions of war and post-war recovery. It is necessary to consider the possibility of attracting investments
in the agricultural sector, supporting farmers through a credit system, and cooperating between farmers

Keywords: agriculture; farms; war; food security; efficiency; global challenges; European integration

INTRODUCTION
The russian invasion of Ukraine on February 24, 2022
poses a significant threat to food security and the ag-
ricultural sector in Ukraine and around the world. The
invasion has caused severe damage to the agricultural
sector, disrupted supply chains of Ukrainian agricultural
products, led to food shortages and increased prices.
The current state of the agricultural sector, the impact
of the war on it, and the adaptation of producers to
wartime conditions can be vividly seen in the example
of Ukrainian agricultural producers, specifically farmers.

The relevance of studying the current state of
Ukraine’s agricultural sector in wartime lies in its im-
portance for Ukraine, as 17% of the population works
in this sector, it generates 53% of foreign exchange
earnings and accounts for 20% of GDP (Data from the
Ministry of Agrarian Policy and Food of Ukraine, 2023).
It is also important for balancing global food security,
as Ukraine has the potential to provide food for over 1
billion people.

In a considerable number of studies, scientists have
identified the consequences of war on the agricultural
sector of Ukraine’s economy, particularly on the produc-
tion and export of agri-food products (Adekoya, 2022;
Campeanu, 2022). Researchers (Skydan et al., 2022) ar-
gue that the state of the agricultural sector in wartime
is complex and requires state support for balanced func-
tioning. Military actions and export restrictions have ne-
cessitated ensuring the stability of agriculture in Ukraine.

Fiott (2022) confirms that the deliberate destruc-
tion of agricultural infrastructure and the blocking of
logistical routes for food exports by russia have become
noticeable trends of the war. The analysis of russia’s
military aggression against Ukraine indicates signifi-
cant damage to the agricultural sector, the recovery of
which will require years and investments. According to
data from the Center for Food and Land Use Research of
the KSE Institute and the Ministry of Agrarian Policy and
Food of Ukraine (2022), indirect losses in the agricultural
sector because of russia’s aggression amount to 34.25
billion US dollars, and direct losses - 6.6 billion dollars.

Mamonova (2023) emphasizes that the agricultural
sector is actively adapting to the conditions of military
operations, especially in the context of small farms,
which have managed to adapt to the new manage-
ment realities. Scientists highlights the need to ana-
lyze farmers’ adaptation to war, their activities during

this period, and development prospects, particularly for
small farmers who ensure economic, social, and envi-
ronmental security in rural areas. In the conditions of
military operations, it is essential to provide access to
resources and funding for the development of small
agricultural enterprises. This can include support from
the state and international organizations, including
through financial loans, training programs, and other
support measures. Authors (Nykoluk, 2021; Vasylkovska,
2019) claim that it is necessary to develop a compre-
hensive strategy to support farmers in Ukraine, which
would take into account current challenges and trends
in the global agricultural sector, as well as contribute to
the recovery and stabilization of the Ukrainian agrarian
economy after military events.

Scientist (Béné, 2020) argues that the situation in
the agricultural sector of the economy has changed due
to global challenges, such as the COVID-19 pandemic
and russian aggression against Ukraine, which have af-
fected international logistics chains. The COVID-19 pan-
demic slowed down international logistics and demon-
strated the advantages of small producers focused on
the domestic market and less dependent on external
shocks (Gutierrez, 2022). Borodina (2022) emphasizes
the need to support farming households, which are the
basis for rural development.

At the moment, it is essential to assess the state
of development of the agrarian sector of the economy
in the conditions of war and to investigate specific
aspects of farmers’ adaptation to modern global chal-
lenges, the key of which is russian aggression against
Ukraine, in order to develop further proposals for the
post-war reconstruction of the agrarian sector of the
Ukrainian economy and to identify management forms
and production structures of agricultural products that
should be prioritized in post-war Ukraine, taking into
account socio-economic and environmental criteria.

The purpose of this study is to assess the current
state of the agrarian sector of the economy in the con-
ditions of war on the example of farmers, to explore the
specific features of organizing agricultural activities in
wartime conditions, and the specifics of farmers’ adap-
tation to new challenges.

MATERIALS AND METHODS

This study used data obtained from Ukrainian statistical
sources (State statistics of Ukraine, 2021, Agricultural
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export portfolio of Ukraine, 2023), including indicators
of land cultivation ease, agricultural and animal hus-
bandry production efficiency, as well as information on
farms and agricultural holdings. The study compared
data from different commodity producers to analyze
sown areas of agricultural crops and the number of
farm animals for the period spanning from 2000 to
2021.By using these data sources, the study was able to
gain insights into the relative performance of different
agricultural producers, as well as identify trends and
changes in production efficiency over the years studied.
This study is based on both data of Ukrainian statis-
tics and primary qualitative interview data collected in
Ukraine from October-November 2022.

The interview data were collected in the context of
the completion of the harvest and a partial summary of
the results of the 2022 agricultural year, in preparation
for 2023. The purpose of the interviews was to gather
information from farmers who have directly or indirectly
suffered from russian aggression and to determine the
features of adaptation of farmers to production activi-
ties in the conditions of war. When conducting the re-
search, ethical and methodological guidelines for con-
ducting ‘remote research” in conflict conditions were
used. A total of 15 semi-structured in-depth interviews
(approximately one hour each) were conducted with
farmers (“Kavetskoho”,“Yuran M”,“Veselivske”, "Agrotorg’”,
“Vladar”“Polish Geese” and others).

Selection of individuals for in-depth interviews in-
volved defining the research question, determining the
sample size, identifying the target population, develop-
ing a sampling strategy,screening potential participants,
and recruiting and scheduling participants. The sample
size was based on the research question and available
resources. The target population was selected based
on the research question, and a sampling strategy was
developed based on the characteristics of the target
population. Potential participants were screened based
on selection criteria, and the recruitment process was
transparent. Overall, a systematic approach was used
to ensure a representative sample that provided valu-
able insights into the research question. Authors used
these steps in our research to select participants for in-
depth interviews. These interviews were supplemented
by numerous chats, calls, and e-mails with representa-
tives of agrarian businesses and agrarian economists.

The interview was administered to farm managers
who were actively involved in livestock and crop pro-
duction in the Korosten district of Zhytomyr region, de-
spite the ongoing war.

The selection of respondents for the conversation
was carried out by the “snowball” method (each sub-
sequent person informs the researchers with whom
among his acquaintances he can talk on the same topic)
with elements of the “maximum variation” method (re-
spondents are selected in such a way that each case, if
possible, differed as much as possible from the previ-
ous one). As such the results of such a study cannot be
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considered as representative of the farming population
in the region. Instead, the purpose was to understand
the general context of the phenomenon and trace the
diversity of events and people’s views. This method is
most suitable for recording the subjective individual
experience of socio-historical processes and events
that have occurred. The field stage of the work was car-
ried out ten months after the beginning of the russian
aggression, in the conditions of the continued hostili-
ties on the territory of Ukraine. Before each interview,
the respondent’s consent was obtained verbally.

Authors used an in-depth interview method. The
semi-structured in-depth interview method was guided
by a small set of questions and a general conversation
plan. The sequence of questions and their wording
were not fixed and could change for each subsequent
respondent in accordance with the course of the con-
versation and the course of the respondent’s thoughts,
to which the interviewer adapted.

During the course of the scientific research, which
included surveys of farmers, the focus was on the fol-
lowing aspects: activity of agrarians in the first days
of the war, conducting the sowing campaign in condi-
tions of military conflict, compliance with technological
standards of production, storage of agricultural prod-
ucts, formation of farmers’ cooperatives, functioning of
dairy farms, analysis of price disparity, the problem of
providing labor resources, and changes in the structure
of sown areas.

RESULTS AND DISCUSSION

The impact of the war on the agricultural sector and
global food security. The agricultural sector of the econ-
omy has always played one of the most important roles
in Ukraine. Before the full-scale invasion of russia, for
many years, Ukrainian agricultural producers held lead-
ing positions in the world among product exporters.
Today, the damage caused to the agricultural sector
of Ukraine as a result of active hostilities is estimated
at billions of dollars, and it will take several years and
significant investments to restore the agricultural infra-
structure. It will take tens of years to overcome environ-
mental consequences and demining the territory.

The invasion of russian invaders into the territory
of Ukraine caused the destruction of well-established
agricultural processes and logistics chains. Many cul-
tivated areas are now mined or unusable due to the
consequences of massive bombings, there is no access
to part of the land, and the enemy is deliberately de-
stroying warehouses and agricultural machinery. All
these factors will fully influence the development of
the agricultural complex in the near future.

In connection with the fact that the agricultural
sector has been among the front-runners of advanced
news for the past five to seven years, at the beginning of
hostilities, most experts mistakenly believed that farm-
ers would suffer little from the criminal actions of the
invaders. However, very quickly, already in March 2022, it




became clear that this was a false assessment. When ex-
ports from Ukraine by sea stopped, it became clear that
there are huge volumes of grain that cannot be exported
and sold. This problem was eliminated by opening the
sea corridor. However, farmers currently have several re-
lated problems, such as mined fields, disrupted logistics,
high prices for diesel fuel, etc. (According to the Ministry
of Agrarian Policy and Food of Ukraine, 2023).

The complexity of these processes lies in the impos-
sibility of planning because there is no understanding
of how many areas will be sown and in what amounts.
But already today, having some data on the amount of
grain sown, authors can say that it is extremely insig-
nificant compared to last year’s indicators. In addition,
the situation with the weather conditions is disappoint-
ing. All this collectively allows us to draw conclusions
that the situation that has developed in the agricultural
sector is quite difficult both for the internal social and
economic security of Ukraine and for the global food
market. The grain agreement signed in July in Istanbul
by representatives of Ukraine, russia, Turkey, and the UN
has become a lifeline for Ukrainian farmers. However,
not all problems of the agricultural sector could be
solved by exporting the grain blocked by the occupiers.

The russian invasion of Ukraine shocked the world,
causing terrible suffering and destruction, and the dire
consequences are already being felt beyond the conflict
zone. The war disrupted global food security, causing
food prices for consumers and fertilizer prices for pro-
ducers to skyrocket. It is already clear that this crisis
requires immediate global action to provide relief in
the short term, as well as policy changes to diversify
global food markets in the long term to increase resil-
ience and avoid future crises.

According to FAO (2023) estimates, if the export of
wheat, fertilizers, and other goods from Ukraine and
russia is stopped for a long time, the number of mal-
nourished people worldwide may increase from 8 to 13
million in 2023. Food insecurity is most pronounced in
the Asia-Pacific region, followed by sub-Saharan Africa
and the Middle East. Commodity food prices have been
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rising steadily even before russia’s invasion of Ukraine,
according to the FAO's food price index, which reached
a record high back in early February. Grain and vege-
table oil prices reach levels exceeding the global food
price crisis of 2008-2009.

Russia’s invasion of Ukraine has slowed,and in some
cases stopped, the production and trade of russian and
Ukrainian grain and vegetable oils, which account for
a significant share of the global market - for example,
about 30% of global wheat and barley exports. Ferti-
lizer exports from russia and Belarus, which together
account for the main share of world production, have
also been suspended.

Examining the price dynamics of key agricultural
crops, specifically corn, soy, and wheat, from 2019
through mid-2020, a stabilization of prices for these
commodities is observed. Minimal price variability was
observed, indicating the absence of significant influ-
encing factors on the price or the effectiveness of the
market regulatory mechanism. The transformation of
price dynamics began in late 2020. Notable price fluc-
tuations, especially their growth, could be triggered by
several factors. Primarily, these could have been fac-
tors related to the COVID-19 pandemic, which affected
global agriculture and logistics. Another significant fac-
tor could have been unfavorable weather conditions,
which negatively affect crop yields. The price peak was
reached in mid-2021, which could indicate an increase
in demand for these products on a global level or prob-
lems with supplies (Fig. 1). In 2022, prices for the main
agricultural crops continued to be at a prominent level.

Prices for most grain and oil crops have risen sharply
since the beginning of the war. This is because russia
and Ukraine together supply about 12% of the world’s
export of agricultural products in caloric terms and
more than 30% of the world’s export of wheat (Gafarov,
2022). The two countries hold significant shares in the
wheat-dependent economies of the Middle East and
North Africa, where wheat prices have risen by more
than 30% from pre-war levels. Fertilizer and energy
markets also saw price increases and supply disruptions.
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Figure 1. Food prices in US dollars. per metric ton, 2022
Source: IFPRI
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The National Bank forecasts a decrease in the pro-
duction of cereals and legumes in 2023 by 15.2% to
45.6 million tons compared to 53.8 million tons in 2022.
Prices in global markets will show a decline. According
to the regulator’s data, grain production in 2022 de-
creased by 40%, although these figures are mainly due
to a significant reduction in harvested areas due to the
occupation and mining of some territories, as well as in
the context of record harvests in the previous year.

At the same time, thanks to the partial reorienta-
tion of spring crops in favor of rapeseed and soybeans
(which replaced part of the corn), their production even
exceeded last year’s indicators. The production results
of oilseeds turned out to be better than expected. Prices
for wheat in global markets in 2023 will decrease by
13.9% to $310.3 per ton, for corn - by 18.4% to $259.9
per ton. Notably, as a result of military operations or
due to the temporary occupation of territories, farmers
do not have access to 25% of the sown area. Global
food prices have been declining for the tenth consecu-
tive month. The FAO Food Price Index in January 2023
stood at 131.2 points, which is 0.8% less than in De-
cember and 17.9% lower than its peak reached in March
2022 (Data from National Bank forecasts, 2023).

The war in Ukraine affects not only food security,
but also has economic consequences for all countries.
Today, it is a question of environmental security and a
common future. Russia’s war in Ukraine is the first in-
ternational conflict in the last 20 years with such sig-
nificant and irreparable damage to the environment.
Authors can already account for more than 250 cases
of ecocide. These are also detonations of fuel and lu-
bricant warehouses, and oil product storages with cor-
responding consequences for the environment. (Data
from the Ministry of Environmental Protection and Nat-
ural Resources of Ukraine).

Military actions destroy the forests of Ukraine,
which will also affect the world’s food security as for-
ests perform protective functions. Their destruction
and damage will affect the climate of these regions
and may lead to significant erosion processes. In the
south of Ukraine, the consequences may result in wind
erosion and desertification. This, of course, will affect
agriculture and agricultural producers.

Researchers are convinced that the longer the war
lasts, the greater and more persistent its negative con-
sequences will be for global food security. At the same
time, there is currently little research that, using the
example of a specific type of commodity producer, such
as farmers, explores the current state of the war and
the adaptation of agrarians to modern challenges.

Today, many farmers find it difficult to purchase
fuel, which has become more expensive since the be-
ginning of the war. If we talk about spring field work,
then the situation is critical. Today, issues of logistics
and technology development are acute, because we are
entering a completely new level of competition with

Scientific Horizons, 2023, Vol. 26, No. 6

our partners. It makes sense in this period to rethink the
agrarian and economic policy of the state with the aim
of maximum adaptation of domestic commodity pro-
ducers to modern global challenges, the key of which is
russian aggression.

Farmers’ interviews. Conducting interviews with
farmers from the Korosten district of Zhytomyr region
allowed for a more detailed understanding of the cur-
rent state of agriculture, evaluating farmers’ adaptation
strategies to the current realities of the industry, iden-
tifying key challenges, and determining potential paths
for development in the context of post-conflict recov-
ery of the Ukrainian agrarian economy. The obtained
results were systematized in several directions: the
beginning of military operations, the sowing campaign,
production strategies, storage of products, cooperation,
problems of dairy farms, price disparity, etc.

Farmers who were interviewed recall the uncer-
tainty and insecurity in the first days of the war when it
was unclear whether to prepare for sowing and whether
the threat of occupation of their lands was real. On the
third week after the start of military operations, most
farmers who were on the territory controlled by Ukraine
resumed work and started sowing but faced several
difficulties with logistics and the possibility of timely
organization of the sowing campaign. As a result, only
70% of the planned volume of work was completed,
technological operations were not fully performed, and
the cost of resources increased 2-3 times.

Farmers took various measures to ensure pro-
duction under conditions of resource shortages, such
as sowing without prior processing, using alternative
sources of seed material, and cooperation. Some equip-
ment (tractors) was handed over by farmers to the
Armed Forces for the construction of military facilities,
resulting in a shortage of agricultural machinery.

Significant difficulties arose in connection with
the storage of agricultural products. The products are
stored in warehouses that were previously used by
collective farms. In doing so, the method of storage
on the floor without the use of dryers was applied.
Even though grain is best stored in elevators, this op-
portunity was absent. This problem was widespread
among farmers in the region. Buyers refused to visit
the Korosten district due to its proximity to Belarus,
which led to lower prices for products compared to
the all-Ukrainian indicators.

Small dairy farms faced a lack of a sales market for
their products during the first two months of the war,
leading to a loss of income and exhaustion of financial
resources. Farmers had to process milk into cheese, but
sales of this product also proved difficult. The availabil-
ity of funds for the spring sowing and harvesting period
was limited. The main challenges were and remain the
preservation of animal populations and providing them
with feed. The restoration of land for agricultural needs
is also complicated due to the mining of territories.




Farmers are concerned about the significant de-
crease in prices for agricultural products (by 30-40%),
while the costs of fertilizers, fuel, and plant protection
products, which are mainly imported, have increased. As
a result, an imbalance has arisen between the value of
products and the cost of their production. The increase
in product prices does not solve the problem, as the
purchasing power of the population still is low. Small
farms, dependent on the earned funds, are particularly
sensitive to this issue, unlike large agricultural hold-
ings, which have certain internal reserves.

Farmers noted that during the year of war, the struc-
ture of agricultural crops underwent minor changes in
favor of technical crops that are subject to processing
in the domestic market, such as soybeans and sunflow-
ers. This year there will be a decrease in the area sown
with wheat but an increase in peas and buckwheat.
Production of cereals and legumes may be reduced, as
well as the likely decrease in the production of wheat,
barley,and corn.The main reason is the complication of
exports. Currently, exports have been partially restored,
but numerous problems exist, including more expen-
sive logistics.

Farmers face problems in providing workers. For
family farms, the situation is ambiguous, as most of
them do not have legal status, independently cultivate
their land, and as a result, have no legal basis for re-
serving their workers. Moreover, a considerable number
of farm managers are now serving in the Armed Forces.
Therefore, the question of the future of agriculture be-
comes extremely relevant, as for most farms it depends
on one person.

Farmers pointed out that in the situation of war, sur-
vival is only possible due to state support, but state re-
sources are limited. Cooperatives have proven to be the
answer to the needs of small farmers. The 2022 planting
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season highlighted the complexity of independent man-
agement in difficult conditions, characterized by constant
threats and uncertainty. To ensure a successful harvest,
farmers need to implement new technologies, adhere to
crop rotation, and increase the amount of fertilizers. This
is only possible with the availability of appropriate re-
sources. The war has intensified the need for farmers to
unite and consolidate their resources.

Respondents noted that one of the key advantages
of small farmers is their flexibility and rapid adaptation
to challenges. While large agricultural enterprises (agro-
holdings) were forced to partially suspend operations
in the area, small farmers continued their activities.
Most stayed and tried to work, adapting to the difficult
conditions. However, there are numerous problems, es-
pecially for farmers working in frontline areas. In some
cases, the harvest was left in the field, and there are
also areas with landmine warnings. As a result, the har-
vest was not collected in such places. Moreover, there is
a threat from the Belarusian border, as a result of which
a significant part of the land is mined or cannot be used
due to potential dangers of attacks from Belarus.

Despite limited financial potential, farmers have
demonstrated high activity since the beginning of the
military conflict, providing significant assistance to mil-
itary personnel and internally displaced persons. They
provide support in the form of food products, including
vegetables, purchasing vehicles, and actively cooperat-
ing with volunteers and charitable organizations. Small
farms are still the axis of economic and social activity
in rural areas, surviving through their own efforts and
supporting the livelihood of the village. However, their
resource potential has its limits. Most resources are al-
ready close to exhaustion.

Systematized results of interviews with farmers are
presented in Table 1.

Table 1. Results of farmers’ interviews

Activity during the first days of the war (all 15 farmer respondents remained in their area)

¢ no one could predict how the events would unfold.

e the farmers decided not to remain under occupation.

e the farmers didn’t know if the Russian troops would march here.

¢ the move was difficult as they had to leave behind everything that had been earned over decades.
¢ everything was unfolding very quickly, and there was occasional panic.

Sowing campaign under wartime conditions (only 6 out of 15 respondents were able to fully carry out the sowing campaign)

e the biggest problem for farmers was logistics;

invasion from Belarus.

¢ three weeks after the war, the farmers began preparing for the planting season;
e 60-70% of the planned volumes of work for the planting campaign have been completed;
e prices for fuel, fertilizers, chemicals, and seeds have doubled or even tripled;

¢ there remains a significant amount of land that is either already mined or potentially unusable due to the possible threat of

Compliance with production technology (12 surveyed respondents noted that they saved on production technologies)

e farmers economized and minimized all technological operations;
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Table 1, Continued

Compliance with production technology (12 surveyed respondents noted that they saved on production technologies)

forms on the roads;

schedule;

¢ some of the farming equipment was handed over to the armed forces for the construction of checkpoints and defensive plat-
e farmers did not fully adhere to technological operations, they applied less fertilizer and were behind the planting campaign

¢ the biggest problem for farmers is working capital, they have spent all their savings.

Storage of agricultural products (7 respondents had problems with storing products)

e farmers are having significant problems with product storage;

e farmers store products in warehouses where a collective farm used to be;

e farmers use floor storage without installed dryers, products spoil, but there is no other option;

e itis understood that grain is better stored in elevators, but such possibilities are not available now;

e buyers do not want to travel to the korosten district for grain due to its proximity to the belarusian border.

Creating a farmer’s cooperative (4 respondents mentioned uniting for the sowing campaign)

e it's hard to survive in wartime conditions alone, especially to continue working on the farm;

e the war has further exacerbated the need for farmers to unite;

e for a good harvest,a modern farmer needs to: implement new technologies; adhere to crop rotation; increase the amount of
fertilizers. All of this can only be realized with the availability of the appropriate resources;

e certain field work was carried out by farmers using a single tractor, taking turns with neighboring farmers.

Dairy farm activities (4 farmers who produced milk lost the ability to sell their products for two months)

¢ farmers had nowhere to sell their produce. Dairy factories stopped, logistics stopped;

e farmers tried to process products, to make cheese. But there were difficulties with logistics;
e farmers were giving out milk, cream, and cheese to local people;

e the main question for farmers in times of war — how to save the animals;

e the problem of farmers - the issue of providing feed for the animals.

Price disparity (all 15 surveyed farmers confirmed the problem of price disparity)

¢ the key problem for farmers, as for everyone else, is that the price of agricultural products has effectively decreased by 30-40%;
e prices for plant protection means, mineral fertilizers, seeds, and fuel have increased;

e there was a period when farmers physically could not purchase fuel at any price;

e currently, farmers also need to increase the cost of the goods they sell, but who will buy them when people still have no money.

The problem with labor resources (6 surveyed farmers had problems with workers in wartime conditions)

e farmers are having problems with workers;

farms is suspended;

o large agricultural enterprises managed to “reserve” machine operators;

e sometimes for a farmer, the loss of a single worker means the cessation of the farm’s operation;
e asignificant number of farm managers are currently defending the country as part of the Armed Forces, the activity of the

e many machine operators from the farms have voluntarily joined the Armed Forces.

Change in the structure of sown areas (9 of the surveyed farmers changed the structure of sown areas)

sunflower;
e farmers sowed less wheat and more peas and buckwheat;
¢ the production of wheat, barley, and corn will decrease.

¢ due to the proximity of the border and the mining of a significant territory, the sowing area has decreased;
¢ the volumes of technical crops cultivation, which are processed on the domestic market, have increased. These are soy and

Source: conducted interviews with local farmers

Despite the enormous difficulties and danger to life,
the farmers have managed to cultivate their land and
then harvest. Admittedly, the harvest was different from
last year. They work themselves and give work to many
people in the village. Farmers had many problems. Most
of them did not have fuel (small owners did not have a
license to store fuel in reserve, and what they had was
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donated to the needs of the Ukrainian army), so they
used cart transport and manual labor. Small farmers be-
gan to cooperate, they shared seeds and equipment and
replaced chemical fertilizers with organic ones. Given
that they have small areas of agricultural land, they were
able to adapt to the market, namely the domestic market,
producing, for example, buckwheat instead of corn.




Farmers began to unite. On the initiative of agri-
cultural producers in Ukraine, the public union ‘Agro-
producers of Occupied Territories” was created, one of
the main tasks of which is to speed up work on dem-
ining agricultural lands. Today, 130,000 km? are mined
or damaged and the part of the production areas in
the agricultural sector are lost. Currently, it is needed
to find funding for demining the territories that were
under occupation.

Skydan et al.

Ten months of war showed that smaller holders could
better adapt and survive in extreme conditions by rely-
ing on short food chains, alternative resources of produc-
tion, mutual aid, and reciprocity. If there was still proper
support from the state, they would be able to be quite
competitive. War and uncertainty drove people back to
the land. It is a resource that can feed. The advantages
and problems of farmers’ activities in wartime conditions
highlighted in the research are presented in Table 2.

Table 2. Benefits and issues with farmers during wartime

Benefits

Issues

e flexibility and quick adaptation to challenges;

e if large farms and agricultural holdings partially stopped
working in the district, small farmers did not;

e farmers work on their land and this is their only income;

e now the advantage of the farmer is to be physically present
on his land;

e farmers also focus on the domestic market. They ensure
the food security of a specific area and support the Armed
Forces

e mining of large areas, including agricultural land;
proximity to the border with Belarus, constant danger of
attack;

problems with logistics and sale of agricultural products;
significant problems with working capital;

lack of workers, especially machine operators;

lack of opportunity to harvest (a significant portion of the
corn crop remained in the fields)

Source: conducted interviews with local farmers

Preparations for the 2023 planting year continue in
conditions of low financial capital for farmers. Prices in
the middle of the country for agricultural products are
below the market, while other services have become
more expensive, in particular, supply chains sometimes
take up to 80% of the value of exported products. Agri-
business also operates against the background of prob-
lems with energy carriers.

The war forced farmers to adapt to modern realities,
change the structure of cultivated areas, and reorient to
new logistics routes and new product sales markets. Be-
fore the war, most of the harvest was wheat, sunflower,
and corn, as a significant part of it was intended for ex-
port. The blockade of ports showed the disadvantages
of exporting a large volume of these goods, therefore
the demand for niche high-margin crops (peas, berries,
mustard, etc.) is growing, the transportation of which is
more variable. There are reasons to believe that such
trends will continue to develop in the coming years. In
rural areas, the trend towards food self-sufficiency can
be expanded by keeping birds and animals.

According to preliminary estimates by scientists,
the potential damage caused only to the agricultural in-
frastructure in Ukraine is about 6 billion US dollars, but
if we take into account the damage and loss of poten-
tial benefits associated with the disruption of work, dis-
ruption of supply chains, reduction of export opportu-
nities, etc., then the losses reach about 22-23 billion US
dollars according to various estimates (KSE Agrocenter,
2022). Although the exact value cannot be established
due to the complexity of calculations and the continu-
ation of hostilities.

Currently, it is necessary to review the state policy
in the direction of greater support for farms, which

have proven to be more adapted to modern global
challenges and ensure the economic, social, and envi-
ronmental sustainability of the rural areas where they
carry out economic activities. Small and medium-sized
farms have more opportunities to implement greener
practices and support local communities and economies.
In modern economic conditions, farmers face many risks
and challenges. In the course of the conducted research,
it was found that farmers face difficulties in privatizing
land that is temporarily used, there are difficulties in de-
veloping rural infrastructure, insufficient state support
for livestock development, they need an advisory system
and scientific-innovative support. In wartime conditions,
key issues became the necessity of surveying and demi-
ning fields and preferential lending for production activ-
ities. Based on an interview with farmers of the Zhytomyr
region, directions for supporting farms in the conditions
of the post-war reconstruction of the agrarian sector of
the Ukrainian economy are outlined (Fig. 2).

Support for farms should be carried out at the ex-
pense of accelerating the privatization of land that is
in temporary use, state support for the development of
animal husbandry, reducing taxation, loaning the fund
to farmers for the purchase of equipment, assistance in
surveying and demining fields, scientific and innovative
support for their activities and the introduction of in-
novations.

To minimize the negative consequences of russia’s
military invasion of Ukraine and to restore the agricul-
tural sector of the Ukrainian economy after the war,
it is necessary to introduce innovations and modern-
ize agricultural production. In the long term, provided
the war ends and Ukraine wins, the agricultural sector
will need investments for recovery. If they include a
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modernization component, Ukraine will have a chance
to reach a higher level of productivity and use new

technologies in the production, storage, processing, and
logistics of agricultural products with added value.

Privatization of land that is
in temporary use

Concessional lending for 18
production activities 3

Research and innovation
support

Advisory service

Assistance in surveying and
demining fields

Lending of agricultural
machinery

Development of cooperation

Development of rural
infrastructure

Government support for
livestock development

Reduction of taxation

State housing assistance

Figure 2. Areas of support for farms in the conditions of the post-war reconstruction of the agrarian sector of the
Ukrainian economy

Source: conducted interviews with local farmers

There are currently debates among scientists re-
garding the further consequences of the war on the ag-
ricultural sector and the country’s economy as a whole.
M. Banse (2022) in his scientific works notes that the
war will cause economic damage worldwide, leading to
an asymmetric shock, the consequences of which must
be dealt with over 15 years. G. Celi et al. (2022) consider
the asymmetric impact of war: resilience, vulnerability,
and implications for EU policy. Scientists equate rus-
sia’s military invasion of Ukraine with the financial cri-
sis of 2009 and the COVID-19 pandemic, as there is an
increase in uncertainty, which negatively affects con-
sumption and investment, and has a depressive effect
on GDP and employment.

The agrarian sector in Ukraine is characterized by
considerable complexity and multi-aspectuality, within
which the efficient use of land resources and their po-
tential plays a significant role. Research by L. Kurbatska
et al. (2023) emphasizes many factors influencing this
process, with which authors fully agree. However, a
critical challenge that confronted Ukraine’s agrarian
sector in 2022-2023 was the invasion by russia, which
caused targeted damage to this sector of the economy.
The impact of this situation on the global context is
also important to consider. According to A. Nimani and
D. Spahija (2023) the invasion provoked an intense rise
in prices on the global market, affecting the prices of
food products, which surged rapidly. In their research,
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Y. Wang et al. (2023) also draw attention to significant
fluctuations in agrarian markets following the onset of
russia’s invasion in Ukraine.

The topic of restoring Ukraine’s economic potential
in the post-war period and the role of different goods
manufacturers in this process is in the focus of research
by T. Borko et al. (2022). In this work, authors also focus
on this aspect and emphasize the importance of further
support specifically for farms.

Scientists V. Brown (2022) and co-authors highlight
the significant potential of farms in the context of mod-
ern global challenges. This demonstrates the need for
intensifying efforts to stimulate the development of
farms and maintain their competitiveness at the global
level.As evident from our findings, farms not only play a
key role in the development of Ukraine’s agrarian sector
but also have a great potential to withstand modern
challenges. Given this, their role and contribution to
restoring Ukraine’s economic potential in the post-war
period cannot be underestimated.

Itis important to provide adequate support for farms,
as they are capable of making a significant contribution
to the restoration and strengthening of the country’s
agrarian sector, stimulating rural development, improv-
ing food security, and affecting price stabilization on the
global market. Strengthening farms in Ukraine will con-
tribute to increasing productivity and stabilizing market
fluctuations caused by political and military challenges.




CONCLUSIONS

The conducted research allows us to conclude that the
war had a significant impact on the agricultural sector
of the Ukrainian economy. At the regional scale authors
found that the russian invasion of Ukraine has caused
the destruction of well-established agricultural pro-
cesses and logistics chains, including warehouses and
agricultural machinery. Many cultivated areas are now
mined or unusable from the bombings and there is no
access to part of the land. Disrupted logistics have in-
creased the prices for diesel fuel and other inputs. The
harvesting period occurred late, and a much smaller
area of grain was sown relative to the previous year.

The agricultural sector in Ukraine faces a challeng-
ing environment due to the impact of military actions
and export restrictions. In this context, it is essential
to achieve a balance between agricultural production,
diversification, and the development of both large
and small commodity producers to ensure sustainable
growth. This balance must consider both foreign and
domestic markets, as well as the environmental and so-
cial impact of agricultural activities. Achieving this bal-
ance will be crucial to ensuring the long-term success
of the agricultural sector in Ukraine.

Among the farmers interviewed, authors found
that the war has had a clear negative impact on their
farm. The interviews conducted with farmers from the
Zhytomyr region allowed an assessment of the state of
agriculture and adaptation of farmers to the conditions
of war. In the first days of the war, all 15 surveyed farm-
ers continued their activities in place. However, only 6
of them were able to fully carry out the sowing cam-
paign in the conditions of war. Most respondents (12)

Skydan et al.

noted that they economized on production technolo-
gies. Storing products became a problem for 7 farmers.
Four respondents joined a cooperative to carry out the
sowing campaign. Four dairy farmers lost the ability to
sell their products for two months. All surveyed farmers
faced the problem of price disparity. Six of them pointed
out issues with labor resources in wartime conditions.
Nine farmers changed the structure of sown areas.
During the research, it was established that diverse
agricultural production of farmers contributes to re-
ducing the negative consequences of war, providing for
self-consumption and ensuring food security in rural
areas. Currently, supporting small farms is especially
important for the socio-economic security of rural are-
as and creating conditions for internally displaced per-
sons. To achieve this goal, the following measures are
proposed: increasing state support for the development
of animal husbandry, preferential lending for produc-
tion activities, simplification of land privatization pro-
cedures, development of rural infrastructure, consult-
ing services, and scientific and innovative support for
farm enterprises. The mentioned changes will promote
the modernization of small farming enterprises in the
agricultural sector, allowing Ukrainian farmers to cope
with the negative consequences of war, contemporary
challenges, and continue to support food security more
effectively at both the national and global levels.
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AHoTauis. BificbkoBa arpecis pocii npoti YkpaiHu Ma€e 3HaYHMIM HEraTUBHUIM BNIMB HA arpapHU CEKTOP EKOHOMIKM,
KU € OOHI€E 3 KNOYOBMX rany3eit ana YkpaiHu. Cepepn HAcniaKiB Li€i arpecii — 3HMKeHHS 06cariB BUPOOHULTBA,
30inblleHHa BUTpPAT Ha Oe3neky Ta BiAHOBNEHHS iHPPACTPYKTYpW, 3POCTAHHA PU3MKIB BTPATU MNepcoHany Ta
BpOXato, @ TAaKOX YCKNAAHEHHS eKCnopTy NpoAykuii. MeTa uUbOro AOCAIOXEHHS — OLIHMTM CTaH arpapHoro
CeKTopy B YMOBaX BiliHWM Ta AOCNIAMTM 0COBAMBOCTI AiSNbHOCTI Ta aganTauii Ao BiMHM OKPEMUX arpOBUMPOOHMKIB
Ha npuknagi pepMepcbkux rocnogapcts. a9 AOCATHEHHS MOCTABAEHOI METU BUKOPUCTAHO LiaNeKTUYHUIA MeTonq,
Ni3HAHHS eKOHOMIYHMX NPOLLECiB, OCHOBHI NMONOXEHHS Cy4aCHOI EKOHOMIYHOT Teopil, HayKOBi MpaLi BITYUIHAHMX i
3apy6iXKHUX BYEHMX, SKi LOCNILKYHOTb BM/MB BillHM Ha PO3BWUTOK arpapHOro CeKTopy eKOHOMiKW. s fOCATHEHHS
METWU OOCNIIKEHHS BUKOPUCTAHO COLLIONOrIYHMIA MEeTOA, AOCNIAXKEHHS, 30KpeMa iHTepBl. Y CTaTTi AOCNIAXEHO ponb
arpapHoro cekTopy B eKOHoMiLi YKpaiHu Ta rnobanbHi npoaoBonbyiin 6e3newi, npoaHanizoBaHo BMMB BiiHW Ha
arpapHuii CeKTop, 0XapakTepn3oBaHO Cy4aCHMI CTaH CiflbCbKOroCNoAapCbKOi AisIbHOCTI B YMOBAX BiiHM HA NPUKNaA
depmepiB. 3rigHO 3 OTPUMAHUMKU OAHWUMMU, BMMB BIMHW HA arpapHMI CEKTOP € 3HAYHMUM | MAE Pi3Hi EKOHOMIYHi,
couianbHi Ta eKoNMorivHi Hacniaku. JocniokeHHs MOKa3ye, WO Aeski TOBapOBMPOOHUKM, HA NpuKnaai gepmepis,
afanTyBanmcs o BiMHM i 3Mornun 36epertu CBOi PUHKOBI NO3MLT, TOAI SK iHWI 3a3HANM 3HAYHMX BTPAT i HE 3MOMU
(YHKLiOHYBATU HANEXHUM YMHOM. Lle fnocnimKeHHS MOXe CTaTu BaXIMBUM mkepesnoM iHdopMauii ans po3pobku
[lepyXaBHOI NONITUKM NIATPUMKM CilbCbKOrOCN0AapCbKMX TOBApOBUMPOOHMKIB, 30KpeMa hepMepiB, B YyMOBAX BiliHU Ta
nicNsBOEHHOI BigdyaoBu. HeobxifHO pO3rnsiHYTU MOXAMBICTb 3a/y4EHHS IHBECTULiM B arpapHuii CekTop, NiATPUMKM
depmepiB yepes cncTeMy KpeamnTyBaHHS, KoonepaLii M pepmepamu

KntouoBi cnoBa: cinbcbke rocnoaapcreo; depmepcbKi rocnofaapcTea; BilHA; NpoaoBosibia 6esneka; eekTUBHICTb;
rnobanbHi BUKIUKK; EBPOMENCbKa iHTerpauis
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of the study is to determine the most effective motivation and planning system for them,
considering the national characteristics and mentality of agricultural workers, mainly
nomadic shepherds, and to form recommendations on the most acceptable management
style for this group. The Holfstede typology of cultural dimensions was used as a key
method to identify the cultural and behavioural characteristics of the target audience.
During the survey conducted among 1514 staff representatives and processing of its
results,the average indicators for six cultural dimensions were calculated, and estimates
of these indicators were given.According to the obtained data on the typology of cultural
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dimensions, it was determined that values in the examined social group are largely determined by traditions and
customs, which means that a managerial model is in demand that will not impose existing Western management
principles but uses its own tools based on relatively democratic principles. Based on the obtained characteristics,
recommendations were formed on such key management tools as the principles of subordination, the system of
setting tasks and monitoring their implementation, and on the effective motivation of personnel. The practical
importance of the study lies in the development of recommendations for improving personnel management and,
as a result, increasing efficiency at agricultural enterprises in Mongolia

Keywords: management, cattle breeding, agro-complex, agriculture, Hofstede method

INTRODUCTION

Historically, the basis of the economy of Mongolia was
agriculture - geographical features and a large area of
pastures stimulated the development of cattle breed-
ing. Shepherds roaming with herds of horses, flocks of
sheep, herds of goats and cows have been forming their
unique mentality for centuries and passing on knowl-
edge and skills to their children from generation to
generation. According to a study by the International
Fund for Agricultural Development (Mongolia Country
Strategy, 2021), agriculture accounts for about 11% of
the gross domestic product (GDP) of Mongolia, 83% of
which is the livestock sector, which directly or indirectly
provides jobs for more than a third of the able-bodied
population of the country.

Nevertheless, at the end of the 20th century, after
the transition of the economy of the state to market re-
lations and the intensive development of mining tech-
nologies, the vector of the main economic area changed
from the agro-industrial complex (AIC) towards the
mining of deposits of copper, gold, coal, uranium, etc.
[.Batmunkh (2021), who examined environmental prob-
lems in the mining sector, calculated that more than 8
thousand hectares of land were damaged by gold min-
ing alone throughout the country. In addition to mining,
agricultural machinery also had a technogenic impact
on pastures and arable land. Thus, in particular, the
problem of land pollution with diesel fuel and engine
oil was examined by U. Tserendorj (2022), who reflected
on the main risks of such pollution and formed recom-
mendations for optimal cleaning and operation of large
agricultural machines.

Thus, the explosive growth of technologies has
substantially affected the agriculture of the country -
territories that were recently occupied by pastures and
acreage are intensively turning into mines and storage
sites for waste soils, and these changes are irreversible.
Forced land cuts had a negative impact on the routes
of nomadic shepherds, the volume of fodder, livestock,
and crops. The solution for the current situation is to
increase the efficiency of agriculture, minimising the
consequences of technogenic processes. A number of
studies have been conducted in the search for ways to
increase the productivity of AIC of Mongolia.

For example, L. Bayasgalankhuu et al. (2022) con-
ducted an energy analysis of wheat yield and concluded

the need to substantially Llimit the use of nitrogen fer-
tilisers, since the energy costs of their use are unrea-
sonably high.A.Batmunkh et al. (2022), in the process of
investigating economic globalisation and environmen-
tal sustainability in Central Asia, confirm the hypothesis
that the region is at the stage of an industrial economy
and propose a roadmap for expanding interstate rela-
tions, including joint reclamation of the lands of Southern
Mongolia, which will lead to an increase in the yield
from steppe lands.

Regarding the efficiency of agriculture and produc-
tivity, such a negative natural phenomenon as drought
should be considered. L. Nanzad et al. (2021) assessed
the impact of droughts on the productivity of terrestrial
ecosystems, identified signs of their approach at early
stages and identified crops most susceptible to water
scarcity. The results of their work are aimed to increase
the readiness of staff and authorities for droughts, and,
as a result, minimise negative consequences.

Therewith, one of the key factors in increasing the
effectiveness of almost any process is the systematisa-
tion and improvement of its management. Regarding
the situation under study, this refers to better man-
agement of personnel who are accustomed to exist-
ing in the traditional paradigm and avoid substantial
changes - both in everyday life and in labour relations.
The question of the behaviour of Mongolian farmers
in the context of sustainable agricultural development
has already been examined by B. Puntsagdorj et al.
(2021). Having considered behavioural models through
the prism of agricultural subsidies, they determined the
readiness of farm employees to introduce new farming
methods but ignored the management problem.

Filling the gap in the studies of new management
solutions in agriculture in Mongolia, in this paper, the
task was set to examine the specific features of the
target audience and to identify the psychological and
cultural characteristics of its representatives.

LITERATURE REVIEW

The subject of agriculture in Mongolia, as a leading
branch of the economy with a huge production poten-
tial, attracts the attention of many researchers, espe-
cially in the context of the global fight against hunger,
which has been exacerbated in recent years.
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Y. Takahashi et al. (2019) examined the possibili-
ties of increasing agricultural productivity in Mongolia
using information-communication technologies. As a
result of the calculations he received, it was identified
that investments in lightweight drones and automated
crop control systems are economically justified even
for small farms. Such innovations are impossible with-
out the proper technical training of personnel, which
means that the role of management in increasing pro-
ductivity is especially high in that area.

J. Yuan et al. (2022), analysing the cyclical trans-
formation of land cover between pastures and ara-
ble lands on the example of the aimags of Archangel,
Tuve, and Dornod, noted that the spatial distribution of
the intensity of land use indicates that its principles
are largely influenced by short-sighted management
decisions. Moreover, improper management and lack
of high-quality information work with personnel lead
to uncontrolled migration in rural areas of Mongolia
(Amartuvshin et al,, 2021).

M.L. Markowitz (2013) warned about the risks of
the raw material model of the Mongolian economy in
her work. According to the author, long-term mining
hinders the sustainable development of the economy,
because the funds received “at the moment” from coal
or gold mining are spent over time, while crop and
cattle breeding without proper support is declining.
Consequently, according to the conclusions obtained
in her study, a qualitatively different approach in the
management of agro-industrial complex personnel is
necessary for the formation of the food security poten-
tial of the country. B. Zandaria (2022), based on his own
calculations, concluded that the total funds needed for
the rehabilitation of the existing territories of Mongolia
affected by mining are up to 51.1% of the budgets of
local authorities. Therewith, without fundamentally
novel approaches in the management and implemen-
tation of planned measures for the reclamation of terri-
tories and the achievement of sustainable development
goals, there is a risk of repeating the same mistakes
that led to the current situation.

An important contribution to the examination of
the psychology of farmers and their management ap-
proach was made by Y. Shang and T. Xiong (2021), who
surveyed representatives of 469 farms to determine
their readiness to ensure future crops and crop prices.
As a result of that, it was identified that farmers have a
low estimate of their own ability to predict crop prices,
but, nevertheless, they do not trust such an assessment
from specialists and, in most cases, refuse to issue in-
surance. This contradiction leads to the conclusion that
to get the trust of the farmers, it is necessary to convey
to them the essence of innovations (in this case, insur-
ance products) in an accessible form.

L.Janz (2007) noted a major difference in the men-
tality of nomadic pastoralists and sedentary shrews.
Moreover, this contradiction was considered by her in
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the context of the psychological confrontation between
representatives of two Asian subcultures - nomadic
and sedentary. Taking this hypothesis as a basis, con-
sidering national, cultural, and behavioural traditions
when evaluating the methods of personnel manage-
ment becomes even more important in the agro-indus-
trial complex of Mongolia.

Notably, almost all authors, researching ways of
introducing innovations in the agro-industrial complex
of Mongolia did so in the context of the existing West-
ern management paradigm. Therewith, as can be seen
from a number of studies mentioned above, the spe-
cific features of the personnel of Mongolian farms are
such that any management system should be adapted
to the existing mentality and traditions of generations
of nomads and pastoralists. Considering the above, the
purpose of this study is to identify key cultural codes
and social characteristics of personnel and form a spe-
cialised set of recommendations for their management.

MATERIALS AND METHODS

First, it was necessary to identify the psychological
characteristics of such a unique target audience as
Mongolian nomads-shepherds and farmers to fully as-
sess the management role of farms and enterprises of
the agro-industrial complex. Due to the evident specific
features — geographical remoteness from settlements,
closed communities, constant challenges of wildlife,
regular movements, and the absence of a stationary
home in its conventional sense - this social group has
been formed for many generations in a relative cultural
and social vacuum.

Therefore,when it comes to managing such person-
nel, the existing experience of Western management is
not applicable. It was decided to conduct a study ac-
cording to the typology of cultural dimensions devel-
oped by Geert Hofstede to form an original approach
and understand the logic, motivation, and values of
Mongolian agricultural workers. Within the framework
of these measurements, the attitude of a person to
work, the service hierarchy, life orientation, and ethnic
and cultural characteristics are determined.

The survey was conducted in six key categories
listed below. The Power Distance Index (PDI) is the de-
gree to which people who do not have power or have
little power agree that power is distributed unevenly in
society, i.e., the higher this indicator, the more society
agrees that the leader has indisputable authority.

Individualism (IDV) - assessment of the dominance
of individual interests. The higher this indicator, the
less collective goals and collective responsibility are
inherent in such a society. Masculinity (MAS) is a focus
on achieving results at any cost. The lower this indi-
cator, the higher the value of intangible benefits, rela-
tionships in the team, and quality of life. Avoiding un-
certainty (UAI) index is the need to have specific plans
and understand how to achieve them. Consequently, the




lower this indicator, the higher the willingness of this
society to take risks (Zandariya, 2022).

The long-term orientation (LTO) is a kind of per-
sistence coefficient, a willingness to endure hardships
and failures here and now in the expectation of future
well-being. The IVR assumption is the degree of satis-
faction with life,and readiness to fulfil one’s own desires
independently. During the study, 1514 employees of ag-
ricultural facilities in Mongolia were interviewed, rep-
resenting different groups - by age, gender, and labour
specialisation. The studies were conducted in the field
on the territory of Eastern Mongolia in the provinces
of Dornod and Sukhbaatar, and in Central Mongolia in
the aimag of Tuva. Respondents were asked to assess
the degree of their agreement with the statements in
six categories on a scale from “‘completely disagree” to
‘completely agree”. The survey was conducted under the
legend of a general sociological study to avoid distrust
of the interviewer group.

For the convenience of respondents, the response
scale assumed a five-point system, which was already

Cenolli et al.

translated into an accepted one-hundred-point system
by the formula (1) at the analysis stage:

X100 = (X5 — 3) X 25 + 50, 1)

where, X, , - evaluation of the indicator according to
the hundred-point system, and X, is an assessment of
the indicator on a five-point system.

The assessments of each respondent were re-
corded, after which average indicators were formed
for each of the six categories of culture measurement,
which, in turn, formed the basis of recommendations on

personnel management.

RESULTS

A survey of 1514 representatives of this social group
was conducted to identify the cultural characteristics of
employees of the agro-industrial complex of Mongolia.
The respondents were randomly selected from three
aimags in the centre and east of the country. Their
structure in the context of the main social characteris-
tics is presented in Table 1.

Table 1. Structure of the respondent group

Groups Indicator Number, persons Specific weight in the group, %
Male 1105 73
Gender
Female 409 27
Under 20 91 6
20-40 954 63
Age
40-60 424 28
Over 60 45 3
Cattle breeding 1019 67
Specialisation
Agriculture 495 33

Source: compiled by the authors based on the survey data

Since the sample was random, these proportions of
indicators in social groups can be considered represent-
ative.All cultural features measured using the Hofstede
methodology were formed under the influence of so-
ciety throughout the respondents’ lives - “cultural pro-
gramming” was created by people around them, first by
family, and then by work colleagues. The uniqueness of
the target audience of this study, that is, employees of
small family farms, lies in the fact that often in rela-
tively isolated sums, family members, neighbours, and
colleagues are practically the same team, which means
that in the absence of outside opinions, the “cultural
programming” of the environment produces the max-
imum effect.

For better contact with the respondents and the
formation of confidence in the questionnaire, the inter-
viewers voiced the legend of the global social survey,
because in this case, those taking part in the survey
became the “majority” in their own eyes and reduced

the number of psychological barriers. First of all, it was
necessary to identify the power distance index. The an-
swers of all respondents were collected, the average
score of the indicator was calculated and the index was
determined according to the one-hundred-point sys-
tem according to the formula (1). As a result, the PDI
was 15 points out of a hundred. This means a low de-
gree of power distance, characteristic of countries and
communities where equality is valued, and the leader
is perceived as a colleague and a reliable friend. This
indicator also indicates the cultural traditions of decen-
tralised management, which is evidently characteristic
of nomadic life and scattered isolated farms.

The next indicator to be calculated is the individ-
ualism index. According to the results of the survey of
the target audience, the average IDV was calculated -
at 18 points. A low indicator of this index indicates
the presence of collective goals in society. Unlike in-
dividualistic cultures and companies, where employees
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overprotect their own personal space and rely only on
themselves, the staff of Mongolian agro-industrial en-
terprises embraces working in groups and the absence
of pronounced internal competition. Historically, this is
explained by the tradition of group nomadism and clan
gatherings for making important decisions. Therefore,
the leader should avoid accepting authoritarian expres-
sions of will without consulting the team.

The so-called MAS masculinity index demonstrates
which of the two value models the collective tends to -
work (conditionally male role) or take care (condition-
ally female). Named according to conventional family
stereotypes, the roles identify the true need of team
members - to receive maximum income no matter
what, or to maintain human and trusting relationships
among employees. This index, according to surveys con-
ducted in selected collectives, amounted to 42 points.
This means that, despite a certain balance of interests,
there is a certain bias towards the “female” team, when
it is necessary to concentrate efforts on taking care
of the staff. It is characteristic that this index in other
Asian cultures is much higher and definitely dominates
the “male” indicator. The peculiarity of the Mongolian
nomadic culture in the value of the MAS index can easily
be explained by the substantial isolation of nomads -
in the wild and depending on natural disasters, good
relations within the collective can be lifesaving.

An important cultural feature is also the readiness
for uncertainty. Harsh natural conditions and difficult
life are already quite unpredictable factors, which
means that the target audience of the study is trying
to minimise at least those risks that they can affect.
Thus, the UAI score was a substantial 83 points out of
100. From the standpoint of management and personnel

management, this refers to people’s need for clear algo-
rithms, formalised rules, conditions, and instructions. In
addition, such a pattern of behaviour presupposes the
willingness of employees to regularly interfere with man-
agement in the process as a momentary “pointing finger”.

The next indicator of cultural dimensions - long-
term orientation - was also examined using surveys.
The resulting LTO index of 50 points indicates a pre-
dominantly neutral attitude to the idea of high goals
pushed back in time. On the one hand, farmers are used
to the fact that the result of their work is not imme-
diately evident, and it takes months and, sometimes,
years to make sure of the successful implementation
of the project. On the other hand, long demanding work
without visible confirmation of the correctness of the
chosen path is also not for them. Evidently, in matters
of long-term planning, a similar balance should be ob-
served, and when forming global plans, intermediate
control points and rewards should not be disregarded.

The final parameter is the assumption. The summed
and analysed responses of the respondents eventually
gave an indicator of this index of 35 points. Since com-
munities with high IVR assumption rates are charac-
terised as declaring relatively free satisfaction of de-
sires, it should be stated that the target audience of
this study does not perceive personal happiness as
an unambiguous value. Difficult working conditions
and limited resources have formed in generations of
Mongolian farmers the need to control the satisfaction
of momentary desires and needs and introduced reg-
ulation of these impulses through a system of social
prohibitions and norms.

In general, the indicators of cultural dimensions of
the examined community are as follows in Table 2.

Table 2. Average indicators of respondents’ cultural measurements

PDI IDV MAS

UAI LTO IVR

15 18 42

83 50 35

Source: compiled by the authors based on the survey data

Summarising the results of surveys on all indica-
tors, it can be stated that from the standpoint of man-
agement, the audience does not tolerate an authoritar-
ian style and is used to taking part in decision-making.
Such decisions should be made together, while the ab-
sence of conflicts and mutual trust is important in the
team. The staff should understand the purpose of man-
agement changes and have the tools for intermediate
control of achieving this goal. In the process of man-
agement, it is necessary to remember the presence of
certain self-restrictions and taboos among employees,
which should not conflict with management decisions.

Based on the generalised portrait of the employee
obtained, democratic principles of leadership should
be adopted to improve the efficiency and productivity
of labour in agricultural enterprises in Mongolia. With
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a democratic approach to management, the manager
makes all decisions together with the team that is in-
volved in the planning process. Therewith, it is impor-
tant to keep a balance and avoid unnecessary initiatives
of the staff, since their lack of the necessary manage-
rial qualifications can neutralise the whole essence of
managerial reforms.

Among the positive aspects of the democratic style
is the prevalence of a high degree of satisfaction with
their work among team members and, consequently,
increased productivity. Therewith, such an approach
may be ineffective in case of critical and time-pres-
sure situations when a decision is needed immediately.
Considering such specific features of AIC personnel as
remoteness, isolation, lack of constant monitoring, and
operational feedback, some aspects of socially oriented




management should also be adopted. Despite the inevi-
table loss of efficiency,in some cases it is the approach in
which humanrelations in the team and a friendly environ-
ment come first,that can provide results in the long term.

Setting tasks to staff in the context of the results of
cultural measurements can be initially visionary - i.e.,
it is quite possible that employees can clearly and in
detail describe the goal set, provide tools, and they will
be able to choose the methods of achieving the result
themselves based on their own experience. It is pro-
posedto conduct such an experiment on a separate focus
group under conditions of increased control, and if it is
successful, introduce such an innovation in other areas.

In any case, the recommended democratic lead-
ership style is also good because it allows using the
knowledge and skills of individual team members in
the common interests. The life experience, practical
skills, and actual qualifications of experienced shep-
herds and farmers are valuable resources, and the task
of the manager is to direct these qualities in the right
area, eliminate unnecessary prejudices and thereby in-
crease the overall efficiency of the project.

The issue of productivity growth is key in this con-
text. The economy of Mongolia, which has experienced
explosive growth in mining, is still in a vulnerable state,
and the level of poverty of citizens is one of the high-
est in the region. Consequently, the growth of labour
productivity in the agro-industrial complex can be an
impetus to the withdrawal from the economic crisis.
Conversely, low labour productivity is a key element of a
self-sustaining negative feedback system known as the
poverty trap or development trap. Under this system,
low productivity leads to a decrease in economic indi-
cators; a budget suffering from a deficit is forced to lim-
it investments in education; as a consequence, the decline
of the vocational training system leads to a decrease in
the number of qualified personnel, which ultimately leads
to an even more critical decrease in labour productivity.
Therewith, it is important to understand that this refers
not to the abstract productivity of some administrative
or economic enterprise, but to specific people, individual
labour indicators, whose effective work should form the
basis of the economic revival of the country.

A qualitative growth of management in the agricul-
tural sector is necessary to break this vicious circle. The
management principles proposed above, formed con-
sidering the special mentality of Mongolian farmers, are
designed to normalise productivity indicators in the me-
dium term. In addition, it is necessary to move away from
the legacy of the period of a rigidly planned economy in
Mongolia and introduce into the study such value con-
cepts demanded by respondents as friendly patronage
from the head, decentralisation of management sources,
regular industry khurals for consultations and exchange
of experience, and an effective motivation system.

The motivation here can be values that are also
unique and unusual for other economies and societies.
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In particular, most respondents noted that the best re-
ward for effective work for them would not be money or
premium household items, but young cattle, the value
of which grows as they grow older. In addition, such
“alive bonuses” do not require a separate transport
resource, especially valuable for a nomadic lifestyle.
Within the framework of increasing overall efficiency,
the recommendation of mutual rotation of employees
of the agricultural sector deserves special attention -
mentally being part of the nomadic culture, employees
of settled agricultural farms demonstrate greater effi-
ciency after a temporary change of situation and work
in other fields. In addition, such rotations also contrib-
ute to the exchange of experience between farms.

It is important to emphasise that the growth of la-
bour productivity as such is not an end goal in itself -
even with a certain increase in indicators, the focus on
primary production with a low added value substantially
limits the development of farms, making them depend-
ent on circumstances. Consequently, the increased re-
sources obtained as a result of increasing the produc-
tivity of enterprises, yields, and livestock, it is necessary
to invest in agro-processing - even the simplest points
of processing of raw materials substantially increase
the income of both pastoralists and farmers.

It is the adapted control system that will help to
make this qualitative leap in the near future. Farmers
who have established primary processing points on the
territory of their farms will be able to increase income
by supplying higher-grade products to the market.

DISCUSSION

The problems of personnel management have been
examined quite extensively before, but there has not
been a narrow focus on the Mongolian-specific fea-
tures. Nevertheless, a number of issues and solutions
examined in this study resonate with the conclusions
of other authors.

N. Berber and A. Slavi¢ (2022) investigated the
nature and specific features of human resource man-
agement in the agro-industrial field and described the
practice of the main and most important personnel
management measures in the example of 12 operat-
ing enterprises in the agricultural sector. In investigat-
ing motivational mechanisms in the personnel man-
agement structure of specific enterprises, the authors
analysed the main management models that showed
practical positive experience and proposed the most ef-
fective scheme. Such a motivational model includes in
its structure a number of constituent elements - goals,
objectives, principles, methods, and tools - and priority
areas that allow the management of the company to
increase the effectiveness of employees’ work.

A. Adeel (2017) also examined the problem of sys-
tematisation of human resource management in agricul-
ture. The author calculated that human capital is a more
important and valuable resource than technological
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developments and financial sources since the time to
train a qualified specialist is measured in years. In ad-
dition, he suggested that finding a person in the hierar-
chical structure of the company is in itself a satisfaction
of internal ambitions and needs for socialisation, which
serves as a certain motivation for productive work.

Z.Zhai et al. (2020) examined the agricultural sec-
tor of the economy in the context of the global chal-
lenges of the growing world population and the fourth
evolution of technology, reviewed thirteen different
representative decision support systems and concluded
that the importance of systematic development of skills
and technological savvy of agro-enterprise personnel is
critically high.

Since the northern regions of China have similar
geographical problems to the Mongolian ones, the ex-
perience of researchers of this country in the integra-
tion of agriculture and tourism is interesting.Y. Liu et al.
(2023) examined the development of remote territo-
ries in the context of green tourism gaining popularity
around the world. The results of their study show that
attracting tourists who want to personally experience
the exoticism of remote pastures and nomadic life has a
substantial positive impact on the development of rural
areas. In the context of the national and cultural char-
acteristics of the Mongolian peasants identified in the
course of the study, it can be concluded that this inno-
vation will take root in their environment, which means
that it is necessary to promptly develop appropriate per-
sonnel management systems and logistics processes.

Regarding the uneven development of regions
within one country, the experience of the Kyrgyz
Republic should also be mentioned. Its mountainous
regions, due to objective geographical reasons, have a
relatively low economic potential, which leads their in-
habitants to lag behind in the social field. Despite the
general increase in prosperity, which began with the
independence of Kyrgyzstan in 1991, the transition to
a market economy has increased the property stratifi-
cation of residents of different regions of the country.
Insufficiently developed regional policy has led to such
negative consequences as unemployment, increased
social tension, an increase in the volume of the shadow
economy, and, as a result, the state budget deficit. The
heterogeneity of indicators for the economic and social
development of the population requires intervention.
Consequently, a precise regional policy with clear algo-
rithms for the individual development of separate dis-
tricts should be the basis for the updated management
concept at all levels.

S. Guliyeva et al. (2021), investigating a similar
subject of the effectiveness of a personality-oriented
approach in working with agricultural workers, identi-
fied that the development of employee value is directly
proportional to labour productivity in the agro-indus-
trial sector. According to the results of the analysis of
the econometric model, the most stimulating factors
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influencing labour productivity in the agro-industrial
complex were such values as the moral qualities of em-
ployees, a democratic approach in relations with sub-
ordinates, self-development, aid in self-fulfilment, tol-
erance, and dedication to the common cause. In other
words, the desire for improvement and development,
the achievement of goals (both personal and corporate),
freedom of expression, and the absence of total control
by management with a prominent level of development
of moral values, and tolerance in the team, leads to a
substantial increase in labour productivity. All this, in a
certain sense, echoes the above-mentioned results of
the study and the recommendations for a democratic
style in management.

Evidently, a long-term increase in labour productiv-
ity is impossible without the personal positivity expe-
rienced by employees from the work done. D. Bodescu
et al. (2022) examined the relationship between pro-
ductivity and satisfaction of food industry workers by
conducting surveys of 254 employees and 17 managers
from 60 companies.As a result, it was determined that a
low level of staff satisfaction requires higher remuner-
ation for their work. ALl other things being equal, it is
more financially costly for employers than the services
of employees with a prominent level of satisfaction.

J. Cock et al. (2022) analysed labour productivity in
global agriculture through the prism of a choice be-
tween two concepts - nominal quantitative yield growth
and efficiency of return from a conditional unit of la-
bour expended. The authors of the study recommend
further development of labour productivity according to
the second concept, which assumes an increase in farm
income from the transition to higher-value agricultural
crops to avoid impoverishment of small farms and re-
location of their employees to cities in search of more
profitable work.

P. Colnago and S. Dogliotti (2020) also conducted
their study on labour productivity in agriculture. As a
result of their work, it was confirmed that labour pro-
ductivity is a key factor in increasing the sustainabil-
ity of family farm systems, income, and quality of life.
The main factors shaping labour productivity were the
difference in crop yields, the distribution of the labour
force across diverse types of production activities, and
their efficiency and profitability.

The essence of the study by C. Hogan et al. (2022) on
the subject of efficiency growth in the field of agriculture
was to identify productive techniques and technologies
of work when performing specific tasks, and an assess-
ment of the time savings that could be obtained by per-
forming them during the peak labour intensity on dairy
farms of spring calving. Labour savings were assessed
for 12 substantial individual work methods and technol-
ogies, of which 5 were related to milking, 4 to calf care, 2
to cow care, and one to pasture management.

Another aspect of the problem of personnel
management in agriculture is the age of employees.




H. Urbancova and P.Vrabcova (2020), using the example
of agricultural enterprises in the Czech Republic, exam-
ined demographic trends and the resulting problems
of workforce shortage. Based on a quantitative study of
136 companies operating in the raw materials sector, the
authors identified organisational advantages and effec-
tive human resource management strategies designed
to ensure a generational change in farms. The surveyed
respondents see the main advantages in keeping key
employees, increasing motivation and productivity, and
improving the organisational climate. Drawing parallels
with the survey data obtained as a result of the current
study, the absence of an age problem and, accordingly,
the need to manage demographics can be stated.

In investigating the role of personnel management,
it is important to consider the information received in
the context of sustainable human resource manage-
ment (HRM), a trend that has been dynamically devel-
oping over the past 15 years.R.Kramar (2022) notes that
HRM strategies are designed to define goals, methods,
and types of management that personnel management
specialists will be able to apply in the medium term
in the context of the global sustainable development
movement, involving concern for the environment and
the well-being of present and future generations. The
author formulates the six defining characteristics of
HRM as readiness for contradictions, concern for the
development of abilities, the need to recognise nega-
tive results, attention to the practical implementation
of knowledge, a clear statement of values, and the de-
velopment of a system of unified measurable indicators.

Thus, the results of the work done and its compari-
son with the experience of other studies indicate that the
approach to assessing labour productivity indicators was
correct. The role of management in increasing these in-
dicators is also confirmed by the experience of a number
of authors. Therewith, the unique situation that has de-
veloped in remote pastures and isolated agricultural en-
terprises in Mongolia requires substantial amendments
when trying to transfer this experience to local realities.

CONCLUSIONS

The data obtained as a result of the study confirm the
initial hypothesis that quality management has a posi-
tive effect on labour productivity growth in agricultural
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enterprises in Mongolia. Therewith, any innovations in
management should be evaluated in advance from the
standpoint of cultural characteristics and national tra-
ditions of the farm and of remote pastures staff.

The results of a survey conducted in the field among
the target audience of interest showed that according
to Hofstede’s typology of cultural change, the most ef-
fective management style is democratic when leader-
ship takes place in a relatively mild manner and the
boss is an understanding friend and attentive supervi-
sor, not a soulless commander. Therewith, it is impor-
tant to maintain good relations within the team and to
involve the collective council in making key decisions.

Thus, the goal of forming recommendations for ef-
fective management, which was originally set, was suc-
cessfully completed. In subsequent studies, it will be
necessary to analyse the results of the factual imple-
mentation of the proposed management style.

In addition, among the innovations recommended
by the results of the study are: state control over the ex-
ploitation of mining areas, and the reclamation of those
arable lands that were polluted by mining operations;
introduction of the simplest relatively inexpensive tech-
nical means in farms on the level of a reconnaissance
drone, sensors of humidity, acidity, temperature, lighting,
etc.; the unification of the remote control system by tech-
nical means by developing an Android programme for
remote monitoring of sensors in the national language;
the creation of local places for the primary processing of
raw materials; development of conditions for the launch
of the so-called green tourism programme, which should
include the development of routes, the preparation of
a cultural programme, the regulation of medical insur-
ance, and the development of logistics infrastructure.

From a practical standpoint, following these recom-
mendations will improve the quality of management
and labour productivity in the agro-industrial complex
of Mongolia, which will provide an important impetus
for the development of the economy.
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AHoTauifi. AKTyanbHiCTb nNigBuLLEHHS edeKTUBHOCTI CilbCbKOro rocnogapcrsa MoHronii i, BianoBigHO, ponb
yNpaB/iHHSA NepcoHanoM y peanisauii Lboro 3aBaaHHs 0cob6AMBO 3poC/ia B OCTaHHI POKM, KOMM KiNbKiCTb NacoBMLL
i pinni iCTOTHO CKOpPOTMNIACA 3@ PaxXyHOK 30iNMblUEHHS MAOLL BUAOOYTOK KOPUCHWUX KONanuH. MeTa focnioxkeHHs -
BM3HAYUTM 0N HUX HaMbinbll edekTUBHY CMCTEMY MOTMBALLii Ta NMaHYBaHHA 3 ypaxyBaHHSAM HaLiOHaNbHUX
0CO6/IMBOCTEN | MEHTANITETY NPALBHUKIB CifIbCbKOrO roCnojapcTBa, NepeBaKHO KOYOBMX MACTYXiB, i CPOpMyBaTH
pekoMeHAaLii WoAO0 Haibinblw NPUIAHATHOTO CTMAI YNPaBAiHHA ANS Ui€i rpynu. TUMONOris KynbTypHUX BUMIpiB
Xondcrena 6yna BMKOPUCTaHA K K/HOYOBUIA METOL AN BU3HAYEHHS KYNbTYPHWUX i NOBEAIHKOBMX XapaKTepuUCTUK
LinboBoi ayauTopii. Y xoni onuTyBaHHa 1514 npencTaBHMKIB NepcoHany Ta 06pobKuM Moro pesynbTaTiB po3paxoBaHo
cepefHi MOKA3HMKM 3a WiCTbMa KYNbTYPHUMKU BUMipaMu Ta HaOAHO OLHKM LIMX MOKAa3HMUKIB. 3rigHO 3 OTPUMaHUMMU
[aHVMMU WOA0 TUNONOTii KyNbTYpHUX BUMIpiB OyN0 BM3HAYEHO, WO LIHHOCTI B AOCNIAKYBAHIMA COLiaNbHIM rpyni
3HAYHOIO MIpOI BM3HAYATLCS TPALMLISAMM Ta 3BMYASAMM, @ Lie 03HAYaE, WO 3aTpebyBaHa ynpasiiHCbka MoLenb,
SIKa He HaB'A3yBaTUMe iCHYIOYI 3aXiAHI NPUHLMMM YNPABAiHHA, 3 BUKOPUCTOBYE MOr0 BAACHI iIHCTPYMEHTH, 3aCHOBAHI
Ha BIAHOCHO AEMOKpaTUYHUX 3acagax. Ha oCHOBI OTpMMaHWX XapakTepucTMK chOpPMOBAHO pekoMeHAaLii LWoao
TaKMX K/IHOYOBUX iHCTPYMEHTIB YNPaBiHHSA, IK MPUHLMIM CybOpAMHALIT, CMCTEMM NOCTAHOBKM 3aBAaHb i KOHTPOSHO
3a X BMKOHaHHAM, edeKTMBHOI MOTMBALii nepcoHany. MpakTUYHe 3HAYeHHS OOCNIOXEHHS MONsArae B po3pobui
pekoMeHauin Woa0 BAOCKOHANIEHHS YNPaB/iHHSA NepCOHANIOM i, K HACNiLoK, NiABULLEHHS edeKTUBHOCTI poboTH
CiNbCbKOrocnoAapcbkmx nianpuemcts MoHronii
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