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Kazakhstan. Blood was separated into plasma and cellular fractions by centrifugation at 1,500 rpm for 10 minutes.
The cellular fraction was then analysed by flow cytometry to determine the number of CD4+, CD8+, and yd T-cell
subpopulations at the four time points: before vaccination, and at 7-,45- and 56-days post-vaccination. Analysis of
over 10,000 cells from each sample was conducted using FlowJo software. The data showed that the population of
CD4+ and CD8+ T-lymphocytes and yd T-cells increased 1.5 times by day 7 after the initial vaccination. The cows then
received a booster dose on days 8-10, and by day 45 after the first vaccination, the CD4+ and CD8+ T-lymphocyte
and yd T-cell populations had increased threefold. CD45RA+ T-lymphocytes and yd T-cells demonstrated a steady
increase by day 45, followed by a decline in the numbers of T-cells across all phylogenetic groups. Thus, it can
be concluded that the primary vaccination stimulates the development of long-term immune memory, while the
booster dose triples the number of CD4+, CD8+, and yé T-cell subpopulations. The findings provide insights into
the mechanism of adaptive immunity formation in cows against salmonellosis through the use of effector memory
cells and may be applied in developing vaccination strategies for cattle

Keywords: CD4+ and CD8+ T-lymphocytes; CD45RA+ T-lymphocytes; immunological memory; vaccination; cellular

immunity; humoral immunity

INTRODUCTION

The relevance of this study lies in the fact that salmo-
nellosis is a highly contagious zoonotic infection, and
the formation of immune memory against this disease
in cows has not been sufficiently studied. This research
is particularly important due to certain characteristics
of Salmonella, such as its potential for reservoir hosts,
cross-species transmission, latent disease progression,
and both vertical and horizontal pathogen transmission.

According to C.L. Holschbach and S.F. Peek (2019),
over 2500 serovars of Salmonella enterica pose a signif-
icant threat as zoonotic pathogens, causing diseases in
poultry, cattle, and humans. M. Suar et al. (2019) high-
lighted the particular problem of S. enterica ser. Dublin
in cattle, leading to decreased milk production, sponta-
neous abortions, and the potential for human infection
through contaminated milk. Moreover, infected cows
often experience stress and fever. The pathogenici-
ty of this serovar is often underestimated by interna-
tional veterinary organisations due to the possibility
of asymptomatic infections and latent carriers (Liaso-
ta et al., 2022). Salmonella typhimurium is a zoonotic
pathogen capable of spreading between poultry flocks
(making it a target serotype for testing and control
in the poultry industry), as well as nearby dairy herds
and pig farms. These agricultural settings can serve
as reservoirs for resistant strains or resistance genes,
which can then spread to human populations. Further-
more, as reported by N. McLeod et al. (2019), reptiles
and amphibians can also act as reservoirs for Salmo-
nella. According to Salmonella in animals and feed in
Great Britain (2022), in 2021, this serovar was detected
in 23% of identified human cases and 12.5% of cattle
serovars. Different serotypes appear to be associated
with specific transmission pathways, depending on
their role in natural ecological systems. Rapid colonisa-
tion of strains occurs due to asymptomatic persistence
in the bovine gut. At the same time, researchers noted
that vaccinating cows during the dry period and using
their colostrum in calves helps to halt outbreaks of the
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infection. As B. Menichetti et al. (2021) point out, the
quality of colostrum is partly dependent on vaccinating
cows during pregnancy.

A particular issue is the spread of Salmonella and
Campylobacter into the environment through ani-
mal faeces. A meta-analysis of studies published by
F.D. Gutema et al. (2019), covering the period from 2000
to 2017, resolved long-standing debates by showing
that 9% of clinically healthy cattle are carriers of Sal-
monella. According to L. Guillier et al. (2021), the path-
ogen can survive for varying periods depending on
environmental factors - up to three months in manure
and up to one month in soil. This significantly increases
the risk of infection spread during summer and over the
long term. Therefore, the development of immunity to
salmonellosis in cows occurs continuously, even with-
out the use of vaccine strains. Field virus pressure was
present with varying intensity throughout the study by
L. Mughini-Gras et al. (2021), although small ruminants
showed a significant negative association with salmo-
nellosis in cattle.

The emergence of multidrug-resistant strains could
become a serious issue in Kazakhstan and Turkey, as
both countries have yet to fully discontinue the use of
antibiotics. By 2019, Turkey’s cattle production reached
600,000 head per year, with losses due to calf mortality
amounting to EUR 525 million in 2018. Diarrhoea is the
main cause of calf losses in the postnatal period, and
its occurrence is closely linked to colostral immunity
(Nyzhnyk et al., 2024). Additionally, bacteria causing
salmonellosis are periodically detected in meat (Pyatk-
ovskyy, 2023). For example, on 21 August 2024, Latvia’s
Food and Veterinary Service identified this pathogen in
chicken meat imported from Poland.

The necessity of vaccinating cattle against salmo-
nellosis remains a topic of debate. Research on this is-
sue has mainly focused on calves, yet none of the field
trials have identified significant discrepancies between
vaccinated and control calves in the outcomes assessed.




Additionally, lower levels of colostral immunity have
been noted in beef cattle breeds. Key challenges in ad-
dressing the vaccination issue are the substantial anti-
genic diversity of Salmonella and the inability of inac-
tivated vaccines to stimulate a cell-mediated immune
response, which, alongside the humoral response, plays
a crucial role in overall immunity formation. Live vac-
cines, on the other hand, result in the shedding of the
pathogen in faeces, which raises concerns within veter-
inary services and limits their use. However, attenuated
live pathogens offer the advantage of presenting mul-
tiple heterogeneous antigens, as they induce a complex
immune response that includes mucosal, humoral, and
cellular immunity. This study aimed to examine chang-
es in the number of central and effector memory cells,
as well as their subpopulations, over time following an-
tigen administration.

LITERATURE REVIEW

The diversity of salmonellosis vaccine strains and the
lack of cost-effectiveness in vaccinating calves suggest
that the only way to achieve epizootic security in a herd
is through the development of long-term immunity in
cows via vaccination. According to H.O. Zinko (2017),
two factors are essential for the formation of a lasting
immune response: a sufficient amount of antigen and
stimulation of the innate immune system. This process
has been described by O.B. Kyrychko et al. (2021), and
[.Azaldequi et al. (2024). Cellular immunity is maintained
by macrophages and neutrophils, while dendritic cells
detect pathogen components through simple mecha-
nisms. Macrophages and neutrophils, when affected by
aggressive pathogens, respond by producing substanc-
es that combat the pathogen. C.C. Chase et al. (2019)
highlight the potential of Salmonella to enhance the
immune response to heterologous antigenic proteins
during the body’s direct response to the pathogen.
This simplifies the development and use of vaccines
against salmonellosis without the need for adjuvants.
K.J. Cummings et al. (2018), R.R. Harvey et al. (2017),and
E.L. Cuttance et al. (2019) note that cattle’s adaptability
to S. enterica ser. Dublin presents a challenge for under-
standing preventative measures against this pathogen.
Based on this, it can be concluded that studying T-lym-
phocytes is essential for understanding the formation
of immunological memory.

For instance, research conducted by A. Facciuolo et
al. (2020) and A.Kandel et al. (2022) on CD4+and CD8+T
lymphocytes has demonstrated that these cells perform
various functions, including coordinating immune cells,
eliminating infected cells, activating other immune
cells, producing antibodies, and localising the spread
of infection. Furthermore, y6 T-cells play a significant
role in the initial immune response to a wide range of
antigens. CD45RA+ effector cells and CD45RA- memory
cells are crucial for both immunological memory and
the development of primary immunity. Data on cellular
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and humoral immunity improve following vaccination,
regardless of whether it is administered before or after
calving. It is important to note that simple longitudinal
studies and assessments of immunity levels are often
questioned. The cow’s body changes immune system
parameters due to stress not caused by vaccination. For
example, R.Pamplona and D. Costantini (2011) reported
a normal level of leukocytes, but a significant reduction
in lymphocyte concentration (75% of the normal level).

A more detailed analysis by N. Husseini et al. (2022)
of lymphocyte populations revealed that while T-lym-
phocyte levels were within the normal range, B-lympho-
cyte levels were 27% below normal, and O-cells were
at the upper limit of the normal range. This creates a
foundation for the risk of disease development. Further-
more, the study by A.Y. Kraevsky et al. (2020) indicated
that Tlymphocytes with immunological memory play a
dominant role in maintaining the health of cows under
stress conditions, as their levels remain unchanged, pro-
tecting against long-term threats. Additionally, adaptive
mechanisms involving T-lymphocytes can be activated
even under relatively comfortable conditions. Immuno-
deficiency can arise due to alterations in the numbers
of phagocytic cells, polymorphonuclear monocytes,
and lymphocytes. Prolonged intoxication, even with-
out apparent clinical signs, can disrupt these adaptive
mechanisms, leading to decreased numbers of T-and B-
lymphocytes and an increase in immature lymphocytes.

Immunosuppression can also result from natural
processes, as documented in the study of A. Heiser et
al. (2015) regarding cows that have recently calved. A
reduction in cellular immune activity is observed dur-
ing the dry period, progressing in the first two weeks
post-calving. Consequently, the decrease in both cellu-
lar and humoral immune activity in cows during this
critical period for producing healthy offspring (natal
and prenatal stages) underscores the necessity for vac-
cination against salmonellosis to alter this situation
and stimulate the immune activity of the cows’ bodies.
The assessment of antibody levels is typically conduct-
ed through two methods: neutralisation assays or ELI-
SA. These approaches provide insight into short-term
immunity levels, whereas T-cell responses induced by
salmonellosis vaccines in cows offer long-term poten-
tial for analysing the herd’s protection against this path-
ogen. M. Meyer-Hermann (2019), J.D. Neill et al. (2019)
have highlighted a paradox for practising veterinary
surgeons: serological analyses indicate that animals
with low levels or no neutralising antibodies can still
be protected upon infection. In other words, clinically
healthy animals may present with low antibody lev-
els, while data also exists showing high antibody lev-
els in sick animals. To gain a deeper understanding of
the long-term effects of vaccination, J. Pinheiro and
D. Bates (2024), E.O. Roos et al. (2023), and S. Sarava-
nan et al. (2020) highlight the importance of study-
ing dynamic changes in T-cell subpopulations within
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the peripheral blood of cattle. Notably, an increase in
the percentage of CD4+CD8+ T-cells in the peripher-
al blood of cows post-vaccination has been observed,
serving as an indicator of vaccine efficacy. According to
F.N. Souza et al. (2023), the expression of memory cell
surface markers CD45R0 and CD27 is directly linked to
the efficient differentiation of T-cell memory subsets in
cows. Each marker serves a distinct diagnostic purpose:
CD27 identifies stages of T-cell differentiation, CD45R0O
identifies memory T-cells, and the presence of central
memory T-cells within CD4 and CD8 T-cells serves to
identify the vaccine response.

Thus, prolonged T-cell responses are essential for
the clearance of pathogens and the development of
robust memory reactions. In addition to the aforemen-
tioned points, it is crucial to acknowledge that a proper
assessment of vaccine immunogenicity relies on study-
ing the dynamic changes in T-cell subpopulations in the
peripheral blood of cattle, while also ensuring a suffi-
cient level of antibodies is present. However, in practice,
veterinarians often depend on their experience, recog-
nising that antibody-mediated immune responses and
cell-mediated immune responses are interconnected.
Therefore, analyses should be comprehensive, incorpo-
rating both serological studies and investigations into
the dynamic changes in T-cell subpopulations. Further-
more, it is important to note that salmonellosis (unless
it occurs as a polyinfection) does not, in itself, cause
lymphopenia or other mechanisms by which the patho-
gen evades the host’s immune response, thereby lead-
ing to immune suppression. According to the findings
from the review, vaccination serves as a catalyst for the
development of immune protection in cattle herds and
the formation of memory T-cells.

MATERIALS AND METHODS

The research was conducted based on the peasant
farm “Kyran” located in the Turkestan Region, Kazygurt
District of the Republic of Kazakhstan. The study pe-
riod spanned 56 days. For this research, 100 clinically
healthy cows from this farm were selected. The cows
are housed in a single facility, constituting a homoge-
neous herd of Holstein-Friesian cattle. Typically, the
number of lactating cows fluctuates throughout the
year, as determined by the farm’s director about edu-
cational and scientific inquiries; however, consistent
housing and feeding conditions are always maintained
in one location for the convenience of research. The
herd is kept in stalls and is housed in a loose system.
The cows are milked twice daily. All animals were vac-
cinated with a polyvalent vaccine against livestock sal-
monellosis (Kazakhstan). The vaccine was administered
subcutaneously in the middle third of the animal’s
neck. The vaccination was administered twice: the first
dose was given to pregnant cows 50 to 60 days before
calving, followed by a booster dose 8 to 10 days after
the initial injection, at a volume of 10 to 15 cm®. Flow

Scientific Horizons, 2024, Vol. 27, No. 10

cytometry methods were employed for blood analysis.
Blood samples were collected four times for analy-
sis: before vaccination and at 7, 45, and 56 days after
the first vaccination. Samples were obtained from the
jugular vein using sterile vacutainers. Throughout the
study, a standard clinical examination of the cows was
conducted by the staff under the supervision of a vet-
erinary physician. No post-vaccination reactions were
observed. At the laboratory of the Department of Mi-
crobiology and Virology at Kazakh National Agrarian
Research University, the collected blood was separated
into plasma and cellular fractions by centrifugation at
1,500 rpm for 10 minutes. The cellular fraction served
as the primary subject of the study for the analysis of
T-lymphocyte phenotypes.

Flow cytometry was employed to determine the
quantity of CD4+, CD8+, and y4 T-cell subpopulations
at four-time points: before vaccination,and at 7,45, and
56 days after the first vaccination. Most yé T-cells neg-
atively interact with the expression of CD4 and CD8;
however, some are capable of expressing the co-recep-
tor CD8, making the dynamics of their changes follow-
ing vaccination informative. After incubation, the ob-
tained cells underwent the following stages: washing,
resuspension in PBS (phosphate-buffered saline), and
analysis using a flow cytometer (BD FACSCalibur, USA).
More than 10,000 cells from each sample were ana-
lysed on the flow cytometer, with the data processed
using FlowJo software.

Descriptive and inferential statistics, including
t-tests, ANOVA, and significance testing, were employed
to analyse the digital data obtained from the study.
Results are presented as mean values with standard
deviations, and differences were considered signifi-
cant at p<0.05. All experimental procedures were con-
ducted following modern methodological approaches
and adhered to relevant standards, specifically ISO/
[EC 17025:2005 (2006). Animal care and experimental
manipulations were performed in compliance with the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (1986).

RESULTS AND DISCUSSION

The protection of cows against infectious diseases is
achieved through the formation of immunological
memory. This mechanism operates on the principle that
when an animal encounters a pathogen a second time,
there is a rapid and effective response from the immune
system. This is particularly crucial for highly contagious
zoonotic diseases such as salmonellosis. Additionally, it
is important to note that the cow serves as a source of
colostral immunity for calves.

The adaptive immune response is directly de-
pendent on T-lymphocytes. A key indicator of these
processes is the presence of effector cells, which can
be classified based on the expression of the CD45RA




marker into effector cells from the first encounter with
an antigen (CD45RA+) and those from a subsequent
encounter (CD45RA-). Therefore, it is possible to as-
sess the activity of immunological memory; although
the immune response in cows has been extensively
studied, the role of T-lymphocyte phenotypes remains
inadequately explored. The formation of the immune
response is based on the adaptation of the organism
and long-term protection. This protection relies on
the fact that, upon receiving an antigen during vacci-
nation, the organism already possesses a ready-made
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protective response in the event of reinfection, thus
reducing the likelihood of infection or the severity of
the disease. Vaccination is the simplest method for
studying the mechanisms of immunological memory
formation. However, its use also presents numerous
potential risks for the practising veterinary physician,
including the selection of the appropriate timing for
vaccination and the correct choice of vaccine. To in-
vestigate this mechanism, the subpopulations of CD4+
and CD8+ T-lymphocytes were studied at three-time
points (Table 1).

Table 1. Phylogenetic data of CD4+ and CD8+ T-lymphocyte populations
in the peasant farm “Kyran” of Turkestan Region, Kazygurt District of the Republic of Kazakhstan

Time after the first vaccination (days) CD4+ cells CD8+ cells
0 270
7 570
45 1,200 1,200
56 1,400 1,100

Source: created by the authors

The organism’s response to the first vaccination
can be observed on the 7% day of the study. The boost-
er vaccination was administered on days 8 to 10, and
the formation of immunity following the booster dose
can be seen on the 45" day of the study. As illustrated
in Table 1, the populations of CD4+ and CD8+ T-lym-
phocytes increased by nearly twofold on the 7% day

post-vaccination. However, a decrease in these values is
noted on the 56 day, which reflects a natural process:
the pathogen ceased to affect the immune system, and
the immune response stabilised while maintaining the
protective mechanism against subsequent exposures. A
significant increase in yd T-cells was recorded during
the post-vaccination period (Table 2).

Table 2. Changes in yo T-cell count in response to vaccination
in the peasant farm “Kyran” of Turkestan Region, Kazygurt District of the Republic of Kazakhstan

Time after the first vaccination (days) Number of y5 T-cells
0 100
7 250
45 550
56 400

Source: created by the authors

Early immune activation and an increase in yd
T-cells strongly suggest that this response was trig-
gered by the vaccination.Additionally, y5 T-cells express
the CD8 co-receptor, despite being phylogenetically

a complex of histocompatibility-unrestricted T-lym-
phocytes. Changes in the number of CD45RA+ effector
cells serve as an indicator of the primary immune re-
sponse (Table 3).

Table 3. Changes in CD45RA+ T-lymphocytes count in response to vaccination
in the peasant farm “Kyran” of Turkestan Region, Kazygurt District of the Republic of Kazakhstan

Time after the first vaccination (days) Number of CD45RA+ cells
0 500
7 850
45 1,800
56 1,700

Source: created by the authors

Seven days post-vaccination, CD45RA+ cells be-
gan to accumulate, demonstrating a steady increase

by day 45. Notably, the booster vaccination led to a
more than threefold increase in these cells compared
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to pre-vaccination levels, and a 1.5-fold increase com-
pared to the post-primary vaccination level. This indi-
cates a rapid and sustained antigen-specific response,
whereby each vaccination stimulates the production
of effector cells. This serves as direct evidence of the
body’s long-term protective response. Interestingly, the
analysis of CD45RA+ T-lymphocytes on day 56 post-pri-
mary vaccination revealed a decline. Effector CD45RA+
cells reached their peak at day 45, after which they
either transitioned to a resting state or differentiated
into memory cells. Data from Tables 1 and 2 show a de-
crease in both CD4+ and CD8+ T-lymphocytes, as well
as CD45RA+ T-lymphocytes, by day 56. These data con-
firm that cows maintain protective mechanisms against
Salmonella pathogens, although the number of effector
memory cells decreases over time. Thus, effector mem-
ory CD4+ and CD8+ cells accumulate only modestly af-
ter the primary immunisation, but a threefold increase
in these cells is observed after the booster vaccination
compared to the pre-vaccination level. This indicates
that the primary immune response to the antigen occurs
between the first and second vaccinations, specifically
between days 7 and 45. Rapid differentiation of specif-
ic memory cells occurs during the secondary immune
response to the antigen. The first vaccination primes
the cows’ immune system to respond to the antigen,
while the second vaccination demonstrates that the
body, through immunological memory, has developed
a rapid response to the presence of the antigen in the
blood, increasing the number of effector cells threefold.
The findings regarding yd T-cell populations are un-
equivocal: their numbers increased with each vaccina-
tion but decreased by day 56. These cells are integral to
the primary cellular immune response, activating mac-
rophages and dendritic cells. Their significant change
confirms the development of immunological memory
following the vaccine response. These cells exert a
particularly strong influence on the CD8 phylogenetic
group, potentially leading to an enhanced immune re-
sponse as a component of antigen-presenting activity.
This is manifested by a rapid and immediate cellular
immune response, stimulating the production of active
substances involved in combating pathogens (chemok-
ines and other substances), and stimulating the produc-
tion of a variety of cells directly involved in the forma-
tion of immunity (monocytes, neutrophils). From this,
it can be concluded that the correlated increase in yo
T-cells with other T-cell phylogenetic groups indicates
a direct primary response to the introduction of the
vaccine pathogen and the formation of immunological
memory. The study of changes in yd T-cell numbers has
proven to be fundamentally important, as these chang-
es are directly linked to other phylogenetic groups.
Understanding how the mechanism of immunolog-
ical memory functions after the administration of vac-
cine antigens against Salmonella allows for the creation
and modification of preventive veterinary treatment
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schemes for cows within a farm setting. By recognising
the roles of various T-cell populations in the immune
response, it becomes possible to develop more effec-
tive vaccines. When designing vaccination protocols, it
is essential to consider the processes involved in the
formation of long-term immunological memory follow-
ing both primary and booster vaccinations. The initial
vaccination stimulates a rapid accumulation of effec-
tor cells, while the subsequent vaccination enhances
the number of memory cells (Kondibaeva et al., 2021).
Based on these observations, it can be concluded that
the use of combination vaccines will yield greater effi-
cacy. The mechanism of immunological memory forma-
tion, characterised by a modest increase in CD4+ and
CD8+ T-lymphocytes following the first vaccination and
a significant increase after the booster vaccination, is
corroborated by the research of K. Anmol et al. (2022).

The increase in CD4+ and CD8+ T-lymphocytes with
each vaccination is linked to the fact that, when memo-
ry cells already exist, the cow’s organism responds more
rapidly to a known antigen, as confirmed by the study
of M. Suar et al. (2019). The results obtained in this
study align with their findings. These results demon-
strate that the introduction of Salmonella antigen into
a cow’s body stimulates the activation and proliferation
of CD4+ T helper cells. These cells play a crucial role in
coordinating the immune response. Similar processes,
namely activation and proliferation, occur with CD8+
cytotoxic T-lymphocytes, which are responsible for de-
stroying infected cells.

Effector CD45RA+ cells serve as indicators of the
primary immune response, as confirmed by the re-
search of N. McLeod et al. (2019). The mechanism of
progressive growth in the number of these cells begins
after the first vaccination, followed by a stable increase,
which is significantly stimulated by the booster vacci-
nation. At 45 days, the number of effectors CD45RA+
cells reach its peak, and then the results of the study
conducted on day 56 after the primary vaccination
showed a slight decrease in the number of these cells.
Memory effector cells with CD4+ and CD8+ markers
demonstrated an increase in their numbers even af-
ter some time post-vaccination. This suggests that the
immune system produces specific memory cells that
can rapidly proliferate during a secondary immune
response to the antigen. Effector CD45RA+ cells and
CD45RA memory cells, as this study has shown, provide
the initial impetus for the development of sustained
immunological memory, and when a booster antigen
enters the cow’s body, an immediate response of the
cow’s immune system occurs.

The obtained data can be used practically in plan-
ning the timing of both primary and booster vaccine
doses, as well as in the use of complex vaccines. Addi-
tionally, such data can allow for studies on the practi-
cal application of the vaccine itself, including different
dosages, experiments with intervals between the first




and second vaccinations, experiments with the devel-
opment of Salmonella vaccines with various adjuvants,
and experiments with different methods of administer-
ing the Salmonella antigen. A separate parameter for
research could be the study of the influence of differ-
ences in genetic background and feeding and housing
conditions. Genetic factors influencing the effective-
ness of immune memory could be useful for develop-
ing a personalised approach to immunisation on large
livestock farms (Mussayeva et al., 2023).

The use of a booster vaccine reinforced the effect
of stimulating immunological memory obtained as a
result of the primary immunisation. This provides a pro-
longed immune effect. Thus, it is only possible to pro-
tect the herd after a double application of the Salmonel-
la vaccine according to the instructions for the vaccine
used. However, further research into the duration of
immunological memory remains promising. This study
examined the mechanisms of immunological memory
formation, but how long the organism remains protect-
ed from Salmonella pathogens after two vaccinations
remains a subject for further study. This study should
also address questions about the duration of immuno-
logical memory and the factors that can influence this
duration, namely data on the persistence of memory
cells and their ability to reactivate upon repeated expo-
sure to antigens. Memory T-cells with CD4/5R0 markers
and homing molecules are associated with a specific
recirculation pathway. There is no data on how long
the immune memory in cows remains active after the
first vaccination. However, if Salmonella is not a chronic
pathogen in cows and there is no constant factor stim-
ulating the activity of memory T-cells, the duration of
immune memory depends directly on the effectiveness
of the vaccination (Mussayeva et al., 2021). At the same
time, vaccination prevents the appearance of clinically
apparent forms of salmonellosis, but there is no data on
how the mechanisms of immunological memory forma-
tion in cows work if the animals are Salmonella carriers
or carriers of a subclinical form of the disease.

When studying the pathogenicity of Salmonella,
F.D.Gutema et al. (2019) revealed that the pathogenis a
reservoir in various species of farm animals and poultry.
Therefore, an important area of future research is the
specificity of vaccines and the mechanisms of the im-
mune response in different species of farm animals and
poultry. This could potentially lead to the development
of universal interspecies vaccines, which has significant
practical implications when two species of animals are
kept on the same farm, or when two farms with differ-
ent species are located in close proximity. The question
of the influence of feeding regimes and quality, housing
conditions, climatic conditions, and stress levels on the
development of adaptive immunity against Salmonella
in cows using memory effector cells is also a promis-
ing area of study. Feeding and housing conditions, as
well as stress prevention during the cow’s response to
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vaccination, are factors that are often underestimated
in practice. It is known that 2/3 of the body’s lymphoid
tissue and 80% of antibodyproducing cells are located
in the cow’s intestine, therefore, feeding conditions un-
doubtedly influence the quality of vaccination.

Stress is an immunosuppressive factor. B.l. Cap-
pellozza and R.F. Cook (2022) considered stress as a
reaction that has a significant impact on the immune
system and leads to immunosuppression. How this fac-
tor affects the formation of adaptive immunity in cows
during vaccination against salmonellosis is a question
that has not been sufficiently studied. Cortisol, which is
produced during stress, affects the immune system in
several ways, including reducing the proliferation and
differentiation of immune cells, effector cell function,
and increasing cytokine expression. K.M. Schubach et
al. (2020) believe that dietary supplements that im-
prove metabolism or calm animals during various tech-
nological and veterinary procedures can reduce the lev-
el of cortisol produced and reduce stress during these
actions and their impact on the quality of vaccination.
As a rule, after experiencing stress, the concentration
of cortisol in the blood serum decreases after 72 hours,
which means that vaccination can be planned so that
stress factors (such as weighing animals or moving
them to a different room, the first grazing, etc.) and
the planned vaccination occur with an interval of three
days. However, unfortunately, how immunity will devel-
op in cows if it is impossible to apply both of these
stress prevention methods remains unexplored.

During the research, it was found that although
flow cytometry is a modern method, it may prove costly
and laborious for regular use on farms. Therefore, sim-
pler yet effective methods for diagnosing and monitor-
ing the immune response are required. These methods
should not only be straightforward but should also be
accompanied by the development of bioinformatic sys-
tems for analysing the collected data. The primary re-
quirements for such methods of analysis should include
ease of use, rapid results, efficiency, and affordability.

CONCLUSIONS

A dynamic increase in the number of CD4+, CD8+,
and yd T-cell subpopulations was recorded in both
memory cell pools. All these phylogenetic groups are
interconnected in a complex immune mechanism, and
the correlative increase in their number directly in-
dicates the formation of a primary immune response
and the subsequent formation of immunological mem-
ory. Additionally, the research revealed a quantitative
difference in the various phenotypes of memory cells
in animals after primary immunisation compared to
booster immunisation. This is explained by the fact that
the primary immune response to the initial antigen in-
troduction does not demonstrate a significant accumu-
lation of memory cells, which appear only after some
time, as recorded in experiments conducted between
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7 and 45 days after primary immunisation. In contrast,
the number of memory cells in laboratory animals after
revaccination increased rapidly immediately after an-
tigen administration, indicating the preservation of a
certain number of effector subpopulation pools after
the initial encounter with the antigen. It should also be
noted that the level of such cells decreases over time
but remains higher than the initial level, even after an-
tigen elimination.

The reviewed literature highlights that effector Tm
cells with CD45RA+ markers serve as an indicator of
the immune response during the first encounter with
an antigen. The formation of memory cells marked by
CD45RA-, which respond to antigens, is observed during
the immune system’s subsequent exposure to the same
antigen. This phenotype is considered true memory
cells, which are activated upon contact with the anti-
gen, aligning with the findings of the current studies.
Data indicate that effector subpopulations accumulate
only minimally during the primary response to the anti-
gen, with a significant increase occurring between days
7 and 45. Effector memory cells with CD4+, CD8+, and
v6 T-cell markers demonstrated considerable changes

infectious diseases. Additionally, the potential efficien-
cy of immunisation improves, as the use of polyvalent
vaccines would not overwhelm the immune system’s
long-term memory mechanisms.

Another promising area of research into the forma-
tion of immunological memory could be the investiga-
tion of whether genetic factors and the conditions in
which cows are kept influence changes in the number
of CD45RA+ T-lymphocytes in response to vaccina-
tion. Thus, the results of the studies did not take into
account stress factors, which could have affected the
production and differentiation of effector cells. These
studies, as well as the study of various vaccination
methods, vaccine production methods, the use of com-
bination vaccines, and the influence of all these factors
on the formation of immunity, are promising. Further
research could be directed towards a variety of vacci-
nation methods, as well as the use of vaccines against
different diseases. The question of research on other
animal species also remains open. All these data will
help to more fully explain the workings of the immune
system in living organisms.

following two rounds of immunisation. The use of poly- ACKNOWLEDGEMENTS
valent vaccines offers several advantages. It simplifies  None.
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AHorTauia. MeToto AocniaxXeHHs Byno 3'9cyBaTH K BiAOYBAETbCS PO3BUTOK 3MiHM KiNlbKOCTi eEeKTOPHUX KNITUH Nam'aTi
nig, BNIMBOM BaKLMHHOIO aHTUIeHy cabMOHeNbo3y kopiB.Y oaHopiaHoi rpynu 100 ronis ronwTtMHo-Ppr3bKMX KOPIB,
WO YTPUMYHOTbCS B OJHAKOBMX YMOBaX, byna B3sTa KpoB. KpoB 6yn0 B39TO 4OTMPM pas3u: A0 Nepioi BakuuHauii,
yepes 7,45 i 56 gHis nicng. Takox KopoBu oTpuManu Ha 8-10 geHb bycTepHy BakumHauito. Koposu 6ynu wennexi
NONiBaNeHTHOK BAKLMHOK MPOTU CaNbMOHENbO3Y CiNlbCbKOrocnoaapcbkux TBapuH y KasaxcraHi. Kpos posainganu
Ha NiasMoBy i KNITMHHY dpakuii ueHTpudyrysaHHaM 3a 1500 06/xB npotarom 10 XBUAWH, NOTIM KNITUHHY dpakLito
3a A,OMNOMOrol0 MeToAy NPOTOYHOT LUTOMETPIi AOCNIAKYBANU AN BU3HAYEHHS KinbkocTi cybnonynauin CD4+ i CD8+
Ta yo T-KNITMH Y 4OTMPbOX YACOBMX TOYKAX: A0 BaKLUMHaLii, 33 7, 45 i 56 gHiB nicng nepwoi BakumMHauii. AHani3
noHas 10000 kNiTUH KOXHOrO 3pa3ka Ha NpoTo4YHOMY uuTodyopmumeTpi 06pobnsnm 3a 4OMNOMOrow NporpaMHoro
3abe3neyeHHs Flowlo. OTpuMaHo aaHi: nonynauis CD4+ i CD8+ T-nimdouuTis i vy T-KNiTMH Ha 7 OeHb nicns nepuioi
BakuMHauii 3pocna B 1,5 pasa, notiM Ha 8-10 geHb KOpoBM oTpMManu BycTepHy 4,03y BaKUMHM i HA 45 peHb nicns
nepwoi BakumHauii nonynsauis CD4+ i CD8+ T-niMmdouumTiB i yd T-kniTvH 3pocna B 3 pasn. CD45RA+ T-nimboumnTm
i y0 T-KNiTUHWM LEeMOHCTpyBanu CTabinbHWMI picT 0O 45 AHS, 3 NOAANBLIMM 3HUXKEHHAM KiNbKOCTi KNITUH YCiX
dinoreHeTMYHMX rpyn T-KNITUH. TaKUM YMHOM MOXKHA 3pOOUTM BMCHOBOK, LLLO NEPBMHHA BaKLUMHALIN AAE MOLWTOBX
[0 GOpMyBaHHS AOBrOCTPOKOBOI iIMYHHOI Mam'aTi, 6ycTepHa [03a BakUMHM 36iNblUyeE KinbKicTb cybnonynauinn CD4+
i CD8+ 1a yd T-kniTUH y 3 pa3un. OTpuMaHi faHi 3aCBiAYMAM MexaHi3M GOpMYBaHHS afanTUBHOMO iIMYHITETY B KOpiB
NpOTH CaIbMOHENbO3Y 3 BUKOPUCTAHHAM eDEKTOPHMX KNITUH NaM'aTi Ta MOXYTb OYTU BUKOPUCTaHI Ha MpakTuULi Npu
CKNAJaHHI CXeM BaKUMHALiT KOpiB

Kntouosi cnosa: CD4+ i CD8+ T-nimpountn; CDA5RA+ T-niMPOLMTM iIMYHONOMIYHA NAaM'ATb; BAKLMHALLISA; KNITUHHM
IMYHITET; ryMOpanbHUI iMyHiTET
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Abstract. The study aimed to develop and evaluate an antibody quality improvement
method to improve the accuracy and efficiency of chlamydia diagnosis in horses.
The study was conducted in Kazakhstan and included 100 horses of the Kazakh
breed infected with chlamydia, which was divided into two groups: experimental
and control. In the experimental group, affinity chromatography was used to purify
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immunoglobulin G (IgG), which allowed for a 95% purity of the antibodies. The control group used a traditional
diagnostic method without preliminary purification, which ensured IgG purity of only 60-65%. The data showed
that the purified antibodies demonstrated improved diagnostic performance, including an increase in sensitivity
of up to 92% and specificity of up to 95%. The purified antibodies provided effective binding to chlamydial
antigens even at low concentrations (0.2cug/ml), which is 2.5 times better than in the control group. The time to
obtain a stable diagnostic signal was reduced by 33% and amounted to 20 minutes in the experimental group
versus 30 minutes in the control group. The frequency of false-positive results in the experimental group was
reduced to 5% and false-negative results to 4%, which significantly increases the overall reliability of diagnostics.
The purified antibodies retained their activity for 12 months, demonstrating high stability and durability. These
results highlighted the importance of using chromatographic purification to improve the quality of antibodies
used for diagnostic purposes and offer a reliable approach for the accurate detection of chlamydia as well as
other infectious diseases in animals. The introduction of such methods can significantly improve the efficiency of

veterinary diagnostics and contribute to more timely and adequate treatment of animals

Keywords: Kazakh breed; antibody stability; parasitology; predictive value; specificity

INTRODUCTION

Chlamydia remains a significant issue in the Kazakh
horse breeding industry, causing economic losses and
reducing productivity. Chlamydia infection leads to a
variety of clinical manifestations, including reproduc-
tive problems, conjunctivitis and respiratory diseases,
making it important to develop accurate diagnostic
methods to control and prevent the spread of infection.
Horse breeding in Kazakhstan is not only an econom-
ically important industry but also part of the national
cultural heritage, which further emphasises the need
for high-quality diagnostic tools to maintain the health
of horses. Existing methods for diagnosing chlamydia
include serological tests such as enzyme-linked im-
munosorbent assay (ELISA), which are widely used to
detect specific antibodies against chlamydia. However,
conventional approaches are often limited by the qual-
ity of the antibodies used, which leads to a decrease
in test accuracy. Serum impurities and insufficient an-
tibody purification can cause nonspecific reactions and
lead to false-positive and false-negative results. In an
environment where diagnostic accuracy is critical, there
is a need to improve antibody purification methods to
increase their specificity and sensitivity.

Studies by Kazakh scientists have repeatedly raised
issues related to the diagnosis of chlamydia in ani-
mals. V. Ulyanov et al. (2024) noted that microscopy and
standard serological tests do not provide sufficient ac-
curacy, especially in the early stages of infection. Their
study emphasised the need to develop new diagnostic
approaches that would provide higher sensitivity. How-
ever, Amangeldiev’s study did not cover possible ways
to improve antibody purification methods, leaving this
aspect undisclosed. K. Tabynov et al. (2023), in turn, con-
ducted a study analysing the effectiveness of standard
diagnostic tests for chlamydia. They determined that
serological tests often give inconsistent results, making
diagnosis difficult. Their study highlighted the impor-
tance of developing new approaches to improve diag-
nostic accuracy. However, the study did not include an

analysis of modern methods of antibody purification,
which could have improved their performance.

The use of affinity chromatography for the puri-
fication of antibodies shows significant potential to
improve the quality of chlamydia diagnosis. B. Faye et
al. (2023) showed that the use of affinity chromatogra-
phy can significantly improve the purity of antibodies
used in the diagnosis of infections. They demonstrated
that the purified antibodies exhibit improved charac-
teristics, such as increased specificity and a reduction
in the number of false-positive reactions. However, au-
thors did not address the stability of purified antibodies
during long-term storage, which is important for practi-
cal use in veterinary clinics.

Serological tests, despite their widespread use,
often face the problem of insufficient specificity and
sensitivity, which leads to false results (Abutalip et
al.,2024). This phenomenon was discussed in detail by
Z. Bermukhametov et al. (2024) and N. Akhmetsadyk-
ov et al. (2024), who found inconsistent results when
using standard serological tests to diagnose chlamydia.
They pointed to the importance of improving diagnostic
methods to increase the accuracy of infection detection,
but their study did not address the issue of antibody
purification as a means of improving accuracy. Modern
methods such as affinity chromatography offer signifi-
cant opportunities to improve the quality of antibodies
used in diagnostics (Egorov et al., 2022). Research in
this area has shown that the use of affinity chromatog-
raphy can significantly improve the purity of antibodies.
A.A.Smagulova et al. (2022) demonstrated that purified
antibodies have increased specificity and reduce the
number of false-positive reactions. However, their study
did not cover the issue of antibody durability and sta-
bility during long-term storage, which is an important
aspect for use in veterinary clinics.

One of the key aspects of infection diagnosis is
not only the accuracy but also the stability of the di-
agnostic reagents used. K.T. Sultankulova et al. (2022)

Scientific Horizons, 2024, Vol. 27, No. 10

21



22

Chromatographic purification technology optimisation of immunoglobulin G (IgG)...

investigated the effect of chromatographic purification
on the functional properties of antibodies and con-
firmed that such purification improves their diagnostic
performance. However, their work was limited to labo-
ratory conditions and did not consider the use of these
methods in real-life veterinary practice, which leaves
open the question of their practical relevance. The lack
of stability of diagnostic antibodies and their ability to
remain active for long periods is also a problem, espe-
cially in Kazakhstan, where access to regular supplies
of diagnostic reagents may be limited. In this context,
I.S. Beishova et al. (2022) pointed out the need to study
the stability of antibodies during long-term storage but
did not propose specific solutions to improve stability,
which leaves this topic open for further research.

The study aimed to investigate the effect of chro-
matographic purification of immunoglobulin G (IgG)
from horse serum on its diagnostic efficiency in the de-
tection of chlamydia. The objectives of the study were
assessment of the specificity and sensitivity of purified
antibodies, analysis of their ability to bind effectively to
chlamydial antigens even at low concentrations, study
of the stability and durability of purified antibodies un-
der conditions of long-term storage, and comparison of
results obtained using purified and non-purified anti-
bodies to identify the advantages of chromatographic
purification in veterinary diagnostics.

MATERIALS AND METHODS

The study to optimise the technology of chromato-
graphic purification of 1gG from horse serum for the
diagnosis of chlamydia in animals was conducted at
the LLP Research and Production Enterprise “Antigen”
in Almaty, Kazakhstan, from January to June 2014. The
study was part of a programme to improve the diagno-
sis of infectious animal diseases in the country. For the
study, 100 Kazakh horses infected with chlamydia were
selected. The presence of chlamydia was confirmed
using serological tests and polymerase chain reaction.
The horses were aged between 4 and 10 years and
were divided into two equal groups of 50 animals: ex-
perimental and control. Each group included an equal
number of mares and stallions to ensure gender bal-
ance. The animals were kept in standard conditions, in-
cluding free-range housing, daily access to pasture and
constant access to water. The diet consisted of hay and
mixed fodder, which provided the necessary level of nu-
trition to maintain health.

Blood was collected by venipuncture of the jugular
vein, using sterile disposable syringes and needles, to
minimise stress and ensure serum quality. The blood was
centrifuged at 2000 x g for 15 minutes to separate the
serum. Approximately 50 ml of serum was collected for
each animal, which provided sufficient material for fur-
ther purification and analysis. The experimental group
consisted of 50 horses in which chlamydia was diag-
nosed using a new method based on chromatographic
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purification of IgG. IgG purification from serum was per-
formed using affinity chromatography on A-separose
protein columns (GE Healthcare). The columns were
equilibrated with 0.1 M phosphate buffer at pH 7.4. After
application of the serum to the column, the bound IgG
was eluted with 0.1 M glycine-HCL buffer at pH 2.7. The
eluate was immediately neutralised by adding 1 M Tris-
HCL buffer at pH 9. A NanoDrop 2000 spectrophotom-
eter was used to determine the concentration of IgG,
and the optical density (OD) was measured at 280 nm.

The purity of the obtained IgG was analysed by
sodium dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE). To evaluate the functional activ-
ity of the antibody, commercial ELISA kits “Chlamydia
trachomatis 1gG ELISA” (Abcam) were used. The kits
were adapted for use with horse serum by modifying
the concentration of reagents and sample volumes. In
particular, the concentration of primary and secondary
antibodies was reduced by 50% to prevent signal satu-
ration, and sample and reagent volumes were adjusted
to 50 ul instead of the standard 100 pl to reduce serum
consumption. All incubations were performed at room
temperature for 1 hour, except for the last step when
substrate was added and incubated for 30 minutes to
increase the sensitivity of the assay.

The control group of 50 horses used the tradition-
al method of diagnosing chlamydia without 1gG puri-
fication. The blood of these animals was also drawn by
venipuncture and centrifuged to obtain serum, but the
serum was then used without further purification. Di-
agnostics were carried out using a standard ELISA kit,
which was used to detect specific antibodies against
chlamydia. This approach was used to evaluate how the
traditional diagnostic methodology differs in efficiency
from the improved methodology based on chromato-
graphic purification of IgG. The data was analysed using
the IBM SPSS Statistics statistical package. Student’s
t-test was used to assess the differences between the
groups, with the significance level set at p<0.05, which
was used to identify statistically significant differenc-
es. All procedures were carried out in strict compliance
with the European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other Sci-
entific Purposes (1986) and the Universal Declaration
on Animal Welfare (2007).

RESULTS

The results of the IgG purity assay showed a signifi-
cant advantage of the new chlamydia diagnostic meth-
od based on chromatographic purification compared
to the traditional method. In the experimental group,
where chromatographic purification was used, elec-
tropherograms showed the presence of one clear and
intense band corresponding to IgG with a molecular
weight of about 150 kDa (Table 1). This indicated that
most of the impurities had been removed, and the main
component in the purified samples was the target IgG.




It is important to note that the almost complete ab-
sence of additional bands indicated a high degree of
purity of the obtained IgG. This result was achieved due
to affinity chromatography using A-sepharose protein,
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which has a high specificity for the Fc fragment of IgG.
This allows for efficient binding and isolation of IgG
while removing impurity proteins and other undesira-
ble components of the serum.

Table 1. Comparison of horse IgG characteristics in the experimental and control groups

Metric Experimental group (with cleaning) Control group (no treatment)

Average IgG concentration (mg/ml) 4.8+0.9 10.2+2.1
1gG purity (%) 95+3 60%5
Number of impurities (number of bands) 1 8-12

Main IgG band (intensity) High Average
Molecular weight of IgG (kDa) ~150 ~150
Level of non-specific binding Low High
Potential for cross-reactions Low High
Stability of antibodies (retention time of activity) High (up to 12 months) Medium (up to 6 months)
Average OD at 450 nm 1.20+0.1 0.85+0.12

Source: compiled by the authors

In the control group, where the traditional diag-
nostic methodology without IgG purification was used,
electropherograms showed a more complex picture. In
addition to the band corresponding to IgG, many ad-
ditional bands were observed on the gels, indicating
the presence of various proteins and impurities. This
indicates that serum without preliminary purification
contains a significant amount of other protein compo-
nents that may affect the specificity and accuracy of the
diagnosis. The presence of these impurities can lead to
false-positive and false-negative results, reducing the
efficiency and reliability of chlamydia diagnostics.

To quantify the purity of 1gG, the concentration of
antibodies in both groups was measured. In the experi-
mental group, the average concentration of purified IgG
was 4.8%0.9 mg/mL. Although this value is 54% lower
than the initial concentration (10.5 £ 2.3 mg/ml), the
achieved purity compensated for the decrease in con-
centration. The chromatographic purification process
allowed the removal of non-target proteins and other
impurities that could interfere with the specific binding
of 1gG to antigens. The removal of such components
reduces the risk of nonspecific reactions, which is im-
portant for ensuring the accuracy and specificity of di-
agnostic tests. The high purity of the purified IgG means
that most of the protein is the target antibody that can
effectively interact with chlamydial antigens, providing
accurate diagnostic results. After chromatographic pu-
rification, the purity of the 1gG increased from 65% to
95%, a significant improvement. This data confirms that
affinity chromatography effectively removes protein
impurities, leaving pure antibodies.

In contrast, the mean IgG concentration in the con-
trol group was 10.2 £ 2.1 mg/ml, which was the same
as the baseline concentration. However, the purity of
IgG remained at the level of 60-65%, indicating the

presence of a significant number of impurities. These
impurities may include various serum proteins, such as
albumin, globulins and other immunoglobulins, which
can reduce the specificity of the reaction and cause non-
specific binding in diagnostic tests. The increase in IgG
purity in the experimental group has a positive impact
onall subsequent stages of the diagnostic process.High-
er purity antibodies reduce the risk of cross-reactions,
leading to more accurate and reproducible diagnostic
results. This is especially important in the diagnosis of
infectious diseases such as chlamydia, where high test
accuracy and specificity are essential for correct diag-
nosis and timely treatment. The use of purified 1gG re-
duces the likelihood of false-positive results, which can
lead to unnecessary treatment and stress for animals.
In addition, a high degree of IgG purity contributes
to the stability of antibodies. Impurities present in un-
treated serum can interact with I1gG and cause its deg-
radation, which reduces the effectiveness of antibodies
over time. In the experimental group, due to their high
purity, the antibodies retain their activity and stabili-
ty for longer periods of time. This is important for the
storage of diagnostic kits, especially in conditions with
limited access to refrigeration or other special stor-
age conditions. Thus, the results of the study confirm
that chromatographic purification of 1gG significantly
increases the purity of antibodies, which leads to im-
proved diagnostic performance. These findings high-
light the importance of introducing improved purifi-
cation techniques into diagnostic processes to ensure
the high accuracy and reliability of tests used to detect
chlamydia and other infectious diseases in animals.
The study demonstrated that the use of chroma-
tographic purification of 1gG from equine serum sig-
nificantly improves the functional activity of antibod-
ies in the diagnosis of chlamydia. When assessing the
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functional activity using ELISA, tests showed that the
purified antibodies had a higher ability to bind specif-
ically to chlamydial antigens, which was reflected in
the OD values. In the experimental group, where pu-
rified antibodies were used, the average OD value at
450 nm was 1.2£0.1, indicating a high level of specific
binding of antibodies to antigens. In the control group,
where serum without purification was used, the OD was
0.85%0.12, indicating less efficient binding. This 41.2%
increase in the experimental group confirms that the
antibodies became more active and efficient after pu-
rification, as well as more sensitive to chlamydial anti-
gens. To further analyse the effectiveness of the diag-
nostic methods, the number of antibodies capable of
specific binding to chlamydial antigens was assessed.
The results showed that in the experimental group,
where purified antibodies were used, up to 95% of the
antibodies demonstrated the ability to interact specif-
ically with chlamydial antigens. This means that most
antibodies are effectively recognised and bound to the
target antigens, ensuring high specificity and sensitivity
of the diagnostic test.

In the control group, where untreated antibod-
ies were used, this figure was about 70%. This means
that a significant proportion of the antibodies in the
control group could not effectively bind to chlamydial
antigens, which reduced the overall diagnostic effi-
ciency. The presence of impurities and other proteins
that were not removed from the serum interfered with
the specific binding of antibodies to antigens, creating
competition for binding and reducing the Llikelihood
of correct recognition of the infection. The 25% differ-
ence between the experimental and control groups in
terms of antibody-specific binding capacity highlights
the critical importance of antibody purification in im-
proving diagnostic accuracy. The high binding efficien-
cy in the experimental group not only reduces the risk
of false-positive or false-negative results but also in-
creases the likelihood of detecting infection at an early
stage. Early diagnosis plays a key role in the successful
treatment of chlamydia, as it allows for the timely initi-
ation of therapy and prevents the development of com-
plications and the spread of infection to other animals
(Nyzhnyk et al., 2024).

Additionally, the high specific binding capacity of
the purified antibodies ensures better reproducibility
of test results. When all antibodies in a diagnostic kit
interact effectively with antigens, test results become
more predictable and stable. This is relevant for vet-
erinary laboratories, where reliability and accuracy are
required in daily diagnostic practice. Improved bind-
ing efficiency also helps to reduce variability between
batches of diagnostic kits, making them more reliable
in mass production. It is also worth noting that the high
degree of specific binding in the experimental group
allows for more accurate calibration and standardisa-
tion of diagnostic tests. This makes it easier to adjust
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tests to define specific thresholds at which results can
be considered positive or negative. Calibration accuracy
is critical to obtaining unambiguous diagnostic results,
which is important not only for detecting infection but
also for monitoring the effectiveness of treatment (Ye-
spembetov et al., 2019). In addition, the time to obtain
a stable signal in the ELISA was measured. In the ex-
perimental group, the time to reach a stable signal was
on average 20 minutes, while in the control group, it
took up to 35 minutes to achieve similar results. This
indicates that the purified antibodies bind to antigens
faster and more efficiently, which reduces the diagnos-
tic time and increases the speed of results.

The reproducibility of the results was also signifi-
cantly higher in the experimental group. Reproducibil-
ity was measured as the degree of variation in OD be-
tween test repetitions. In the experimental group, the
coefficient of variation was only 5%, while in the con-
trol group, it reached 15%. The low coefficient of vari-
ation indicates the high stability and reliability of the
purified antibodies, which makes them preferable for
mass production and use in mass diagnostics. The re-
duction in the rate of false-positive and false-negative
results was another important indicator identified in
the study. In the experimental group, the false-positive
rate was 30% lower than in the control group, which
confirms the high specificity of the purified antibodies.
There was also a 25% reduction in the false-negative
rate, indicating a higher diagnostic sensitivity when us-
ing purified antibodies. These data emphasise the im-
portance of IgG purification for improving the accuracy
of chlamydia diagnosis.

In the experimental group, the antibodies retained
their activity when stored for 12 months at +4°C, while
the activity of the antibodies in the control group began
to decline after 6 months. This demonstrates that the
purified antibodies are more stable and retain their di-
agnostic activity for longer periods, which is important
for the development of diagnostic kits with a long shelf
life. These results emphasise that the use of chroma-
tographic purification significantly increases the func-
tional activity of 1gG, making the antibodies more ef-
fective and accurate in the diagnosis of chlamydia. The
increased specific activity and improved stability of the
purified antibodies provide more reliable and reproduc-
ible results, reducing the likelihood of diagnostic errors.
Thus, the introduction of chromatographic purification
into the diagnostic process can significantly improve
the quality and accuracy of chlamydia diagnosis, which
contributes to the improvement of veterinary practice
and animal health. The results of the study showed that
the introduction of the method of chromatographic
purification of IgG from horse serum significantly im-
proves the accuracy of chlamydia diagnosis (Table 2).
To assess the diagnostic accuracy, the sensitivity, spec-
ificity, and false-positive and false-negative rates in
the experimental and control groups were analysed.
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Table 2. Chlamydia diagnostic accuracy rates in the experimental and control groups

Metric Experimental group (with cleaning) Control group (no treatment)
Sensitivity (%) 92%2 75%4
Specificity (%) 95%2 80%3
False positive rate (%) 5+2 20+3
False negative rate (%) 8%2 25%4
Positive predictive value (%) 93 78
Negative predictive value (%) 94 82

Source: compiled by the authors

In the experimental group, where purified antibod-
ies were used, the sensitivity of the diagnostic test was
92 £ 2%. This means that the test correctly detected
92% of all cases of chlamydia, indicating that the pu-
rified antibodies are highly capable of detecting even
low concentrations of chlamydial antigens. The ELISA
test revealed that the minimum antigen concentration
at which the diagnostic test confidently recognised the
presence of chlamydia was 0.2 ug/mlin the experimen-
tal group. At the same time, in the control group, the
minimum concentration for confident detection was
0.5 pg/ml. This 2.5-fold difference confirms that the
purified antibodies have significantly higher sensitivity,
allowing for the diagnosis of infection at earlier stages
when the antigen concentration is still low. Early diag-
nosis is extremely important for preventing the spread
of infection, as it enables earlier treatment and more
effective control of the outbreak. In the control group,
the sensitivity was 75 £4%, which is significantly lower
than in the experimental group. This difference empha-
sises that the presence of impurities in the untreated
serum reduces the ability of antibodies to recognise
antigens effectively, which can lead to an underestima-
tion of the number of infected animals.

The purified antibodies were more reliable in mak-
ing a diagnosis at borderline antigen levels. In situa-
tions where the antigen level was close to the detection
threshold, the purified antibodies correctly identified
the infection in 87% of cases. In the control group, this
figure was only 67%. This 20% higher accuracy in the
experimental group suggests that the purified antibod-
ies can be used effectively in diagnosis even at minimal
levels of infectious material, which is particularly useful

in cases of chronic or subclinical infection where symp-
toms may not be apparent. The specificity of the test in
the experimental group was also high, reaching 95+ 2%.
This means that the diagnostic test correctly identified
95% of healthy animals as not infected, minimising the
number of false-positive results.In the control group,the
specificity was 80%3%, indicating a higher probability
of false-positive reactions when using untreated serum.
The increase in specificity in the experimental group is
since purified antibodies bind exclusively to target anti-
gens, while impurities can cause nonspecific reactions.

The false-positive rate in the experimental group
was 30% lower than in the control group. This means
that tests using purified antibodies were less likely to
falsely indicate the presence of infection in healthy an-
imals. Reducing false-positive results is important not
only for diagnostic accuracy but also for preventing un-
necessary treatment, which reduces stress for animals
and saves resources. The frequency of false-negative
results, in which infected animals were not recognised,
was also significantly lower in the experimental group.
False negatives were 25% more common in the control
group than in the experimental group. This highlights
the importance of antibody purification to improve the
sensitivity of the test and the timely detection of infec-
tions, which is critical to preventing the spread of chla-
mydia and improving animal health control. The results
of statistical analysis using Student’s t-test confirmed
that the differences between the experimental and
control groups were statistically significant (p < 0.05).
This confirms that the improvement in the accuracy of
chlamydia diagnosis is due to the use of IgG chromato-
graphic purification (Table 3).

Table 3. Statistical analysis of differences between the experimental and control groups

Metric Mean value (experimental group) Mean value (control group) t-value p-value
Sensitivity 92 75 5.67 <0.05
Specificity 95 80 4.89 <0.05

False positive rate 5 20 5.12 <0.05
False negative rate 8 25 6.34 <0.05
Positive predictive value 93 78 5.45 <0.05
Negative predictive value 94 82 4.76 <0.05

Source: compiled by the authors
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The use of purified antibodies also improved the
predictive value of the tests. The positive predictive val-
ue (the likelihood that a positive test result indicates an
infection) in the experimental group reached 93%, while
in the control group, it was 78%. The negative predic-
tive value (the probability that a negative test result
indicates the absence of infection) in the experimental
group was 94%, compared to 82% in the control group.
These data emphasise that purified antibodies provide
more reliable diagnostic results, allowing accurate con-
clusions to be drawn about the health status of animals.

DISCUSSION

The above study demonstrated that chromatographic
purification of 1gG significantly increases the purity of
antibodies, which improves their diagnostic value. An
increase in purity of up to 95% after affinity chroma-
tography confirms that the technique effectively re-
moves impurities that can cause nonspecific reactions.
A.Ramos et al. (2022) and V. Herb et al. (2022) showed
that the use of chromatographic purification also in-
creases the specificity of antibodies, which is consistent
with the results obtained here. A. Ramos et al. empha-
sised that impurities could reduce the effectiveness of
antibodies by causing undesirable interactions, which
is similar to the observations in the Kazakh study.

Another important observation concerned the
functional activity of antibodies. The use of purified an-
tibodies in diagnostic tests increased their sensitivity
to 92% and specificity to 95%. These figures are signifi-
cantly higher than those achieved in the control group,
where the antibodies were not purified. Similar results
were presented in the study by P. Liang et al. (2022),
where purified antibodies demonstrated an increased
ability to bind to antigens and more accurately distin-
guish between infected samples. Authors emphasised
that antibody purity is a critical factor in improving
diagnostic accuracy, which was also confirmed in the
Kazakh study.

In addition, the reduction in the false-positive and
false-negative rates to 5% and 4%, respectively, in
the experimental group emphasises the importance
of using purified antibodies to minimise diagnostic
errors. This is consistent with the results obtained by
. Trbojevi¢-Akmacic et al. (2022) and L. Rumokoy and
W.Toar (2022), who noted that the use of highly purified
antibodies reduces the likelihood of diagnostic errors,
which is especially important for infectious diseases re-
quiring high accuracy. I. Trbojevi¢-Akmacic¢ et al. (2022)
also noted that purified antibodies help to improve the
quality of diagnosis by reducing background signals,
which is similar to the findings of the Kazakh study.

An important comparison can be made with the
results of F. Ghalamfarsa et al. (2023) and C. Li et
al. (2022), where less specific methods of antibody pu-
rification were used. In their study, the sensitivity and
specificity were only 75% and 80%, respectively, which
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is significantly lower than the values achieved using
affinity chromatography. This difference confirms that
highly efficient purification methods, such as affinity
chromatography, are preferred to ensure high accuracy
of diagnostic tests. It has also been noted that the pres-
ence of impurities in antibodies can lead to cross-re-
actions, which reduces the accuracy of diagnosis.
L. Athanasiou et al. (2023) and C. El-Hage et al. (2023)
demonstrated similar efficacy of affinity chromatogra-
phy to increase the sensitivity of antibodies. They noted
that purified antibodies can detect low concentrations
of antigens, which is important for early diagnosis. This
is in line with the Kazakh study, which showed that the
purified antibodies could detect chlamydial antigens
at a concentration of only 0.2 ug/ml, while the mini-
mum detectable concentration in the control group was
0.5 pg/ml. This level of sensitivity is critical for detect-
ing infection at an early stage and preventing its spread.

The data also demonstrated that the purified anti-
bodies showed not only higher specificity and sensitiv-
ity but also a faster response in diagnostic tests. This
phenomenon is important for rapid diagnostics, where
the speed of obtaining results is crucial. In the exper-
imental group, the time to obtain a stable diagnostic
signal was on average 20 minutes, which is 33% faster
than in the control group. This improvement is in line
with the findings of H. Ali and L. Al-Bayati (2022) and
S. Doff et al. (2022), who also showed that increasing
antibody purity through chromatographic purification
reduces reaction time, providing a fast and accurate
result. This reduction in diagnostic time is particularly
useful in disease outbreaks, where rapid decision-mak-
ing is required to prevent the spread of infection. These
observations highlight the importance of introducing
chromatographic purification not only to improve accu-
racy but also to speed up diagnostic processes in clini-
cal practice (Berezin et al., 2008).

The results from the Kazakh study also highlight
the importance of antibody stability for long-term use.
In the experimental group, the purified antibodies re-
tained their activity for 12 months, which is consist-
ent with the findings of C. Thurston et al. (2022) and
R. White et al. (2022), who emphasised that affinity
chromatography increases the stability of antibodies,
allowing them to remain active for long periods. This
quality is particularly important for the development
of long-life diagnostic kits, which is crucial for their
use in the field. R. Ricard et al. (2023) also noted that
the high purity of antibodies increases their resistance
to denaturation and degradation, which allows them to
retain their activity under different storage conditions.
This is in line with the data obtained in Kazakhstan,
where purified antibodies demonstrated high stability
even after long-term storage. Such results confirm the
importance of using affinity chromatography to im-
prove the quality of antibodies and their suitability for
widespread use in diagnostics.




Y. Minamijima et al. (2022) provide an interesting
contrast to the Kazakh data. In their studies, it was ar-
gued that certain impurities can contribute to an in-
crease in antibody activity. However, the results of the
Kazakh study show that a high degree of purity, on the
contrary, improves specificity and sensitivity, reducing
the number of false positives. This highlights the need
for further research to understand the interaction be-
tween impurities and antibodies and their impact on
diagnostics. Additionally, an important aspect con-
firmed by the Kazakhstan study is the ability of purified
antibodies to effectively recognise antigens at low con-
centrations. This ability is crucial for the early diagnosis
of infectious diseases, allowing the infection to be de-
tected at the initial stages. This not only facilitates the
timely initiation of treatment but also helps to prevent
the spread of infection to other animals. Comparison
with the study by X. Chen et al. (2023) also confirms the
importance of antibody purity. They showed that the use
of purified antibodies reduces false signals, improving
diagnostic accuracy. This is in complete agreement with
the findings of the Kazakhstani study, where the use of
purified antibodies resulted in a significant reduction
in the incidence of false positives and false negatives.
R. Piccoli et al. (2023) emphasised that highly purified
antibodies help to achieve higher diagnostic accuracy,
which is particularly important for infectious diseases
where accuracy is crucial.

Analysing the data obtained, attention should be
paid to the observed increase in the specific activity
of the purified antibodies, which is directly related to
their improved ability to bind specifically to Chlamydia
antigens.This phenomenon indicates a reduction in the
influence of non-specific proteins and other impurities
that may interfere with binding (Alhindy et al., 2024).
Such findings are supported by X. Chen et al. (2022) and
S. Albini et al. (2023), who showed that impurities in
serum can bind to antibodies, reducing their ability to
specifically interact with target antigens. Purified an-
tibodies show more efficient binding, as evidenced by
both increased sensitivity and increased specificity of
diagnostic tests, as shown by similar studies by K. Aar-
on et al. (2023) also demonstrated the advantages of
using highly purified antibodies for the diagnosis of
infectious diseases. They observed that the use of af-
finity chromatography improved the performance of
antibodies by increasing their ability to bind specifical-
ly to antigens. This is similar to the results obtained in
Kazakhstan and confirms that chromatographic purifi-
cation is an effective method to improve the quality of
diagnostic tests.

Thus,the analysis of the data obtained in the context
of global research shows that chromatographic purifica-
tion of 1gG is a key factor in improving the quality of an-
tibodies and their diagnostic value. Comparison with the
work of other authors confirms the importance of high
purity and specificity of antibodies to ensure the accura-

Tyrsynbayev et al.

cy and reliability of diagnostic tests, which is important
for veterinary medicine and infectious disease control.

CONCLUSIONS

A study aimed at improving the diagnosis of chlamydia
in horses through chromatographic purification of IgG
has confirmed that the use of affinity chromatography
significantly improves the purity and efficiency of anti-
bodies. The results showed that the purified antibod-
ies reached a purity of 95%, which is 30-35% higher
than the control group using the traditional diagnostic
method. This improvement resulted in an increase in
the sensitivity of the diagnostic tests to 92% and spec-
ificity to 95%, providing more accurate and reliable de-
tection of chlamydia. The study also determined that
the purified antibodies can effectively bind to antigens
at low concentrations (0.2 pg/ml), which significantly
increases their diagnostic value, especially for early de-
tection of infection.

A 33% reduction in the time to stable diagnostic
signal allows for faster diagnosis, which is critical in
the context of disease outbreaks. In addition, there
was a significant reduction in the false-positive and
false-negative rates to 5% and 4%, respectively, which
minimises the risk of misdiagnosis and unnecessary
treatment. The high stability of the purified antibodies,
which retain their activity for 12 months, underlines
their suitability for long-term storage and use, which is
especially relevant for the development of diagnostic
kits with a long shelf life.

These results emphasise the importance of using
IgG chromatographic purification in veterinary diagnos-
tics, especially when accurate and rapid detection of in-
fectious diseases is required. These data may be useful
for the development of improved diagnostic tests not
only for chlamydia but also for other infections requir-
ing high accuracy and reliability. Future research may
be aimed at optimising the chromatographic purifica-
tion conditions for different types of antibodies and
extending the application of this technique to other
infectious diseases. It is also possible to address the in-
teraction of purified antibodies with different antigens
to develop multiplex diagnostic tests capable of simul-
taneously detecting several pathogens.

Despite the positive results, some limitations of
the study should be addressed. The study was conduct-
ed on only one breed of horse, which may limit the
extrapolation of the results to other breeds and spe-
cies. The use of only one method of purification may
not account for all variations and peculiarities of other
approaches to antibody purification. These limitations
could be addressed in future studies by including a
greater variety of animals and comparing different an-
tibody purification methods. The development and im-
plementation of more effective diagnostic approaches
will contribute to improved control of infectious dis-
eases and animal health.
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AHoTauia. MeTo faHOro pocnigxeHHs Oyno po3pobuTM Ta OWIHMTM MeTOA MNOMIMWEHHS SKOCTI aHTUTIN Ans
NiABULLEHHS TOYHOCTI Ta eDeKTUBHOCTI AiarHOCTUKM XNaMifiosy y KoHen. JocnigxeHHs npoBoannun B KasaxcraHi,
BOHO BkJtoyano 100 KoHel Ka3axcbkoi nopoau, iHPIKOBaHMX XNaMidiaMu, skux 6yno posmineHo Ha ABi rpynu:
eKCnepuMeHTaNnbHy Ta KOHTPOJSIbHY. B ekcnepuMeHTanbHiM rpyni 3actocoByBanu adiHHy xpomaTorpadito ans
oumLLeHHs iMyHornobyniny G (IgG), WwWo [ano 3mMory AOMOITUCS YMCTOTM aHTUTIN Ha PiBHI 95 %. Y KOHTPONbHIK
rpyni BUMKOPWUCTOBYBaNWM TpagMUiiHYy MeTOAMKY AiarHOCTMKM 6e3 nonepeaHbOro OYMLLEHHS, Wwo 3abesnevysano
ymctoty IgG nunwe Ha piBHi 60-65 %. OTpuMaHi faHi 3acBifYMM, WO OYULLEHT AaHTUTINA AEMOHCTPYBANMU MONINLWEHi
[iarHOCTUMYHI XapaKTEPUCTUKM, BKKOYHO 3 NiABULLEHHAM YyTAMBOCTI A0 92 % i cneumdivHocTi 8o 95%. OunweHi
aHTWTING 3abe3nedyyBanu edeKTUBHE 3B'A3yBaHHA 3 aHTUIeHaMK X/1aMifii HaBiTb 338 HU3bKUX KOHLeHTpauin (0,2
MKr/Mn), WwWo B 2,5 pasuk palue, HiXX y KOHTPObHIW rpyni. Yac Ao oTpuMMaHHS CcTabinbHOro AiarHOCTUYHOIO CUrHany
6yno ckopoyeHo Ha 33 % i ctaHoBMB 20 XBUIMH B eKCNepuUMeHTabHiN rpyni npotu 30 XBUAKMH Y KOHTPOJbHIM rpyni.
YacTtota XMOHONO3UTUBHMX pE3yNbTaTiB B eKCNepUMEHTanbHIN rpyni Byna 3HMxeHa A0 5 %, a XMOHOHeraTMBHUX —
[0 4 %, W0 3HAYHO MiABMLLYE 3aranbHy HaAiMHICTb AiarHOCTUKK. OuunLLeHi aHTUTINa 36epirann CBOK aKTUBHICTb
npotaroM 12 MicsauiB, AEMOHCTPYOUM BUCOKY CTabinbHiCTb i AOBroBivHicTb. Lli pe3ynstatv nigkpecnowTb
BX/IMBICTb BUKOPUCTAHHS XpOMaTorpadivyHOro OYMILEeHHs A5 NOMINWEHHS SKOCTi aHTUTIA, WO 3aCTOCOBYHOTHCA
B OiarHOCTUYHMX ULiNSX, i MPONOHYHTb HALiMHMMA NiaXia AN TOYHOrO BUSIBIEHHS XNaMiAio3y, @ TAKOX iHLWMX
iHbeKLiMHMX 3axBOpHOBaHb Yy TBApWMH. BNnpoBamXeHHS TakMX METOLIB MOXe 3HAYyHO NiABMILMTU edeKTUBHICTb
BETEPUHAPHOI AiarHOCTUKM Ta CNPUSATH BiNbll CBOEYACHOMY i a[leKBAaTHOMY JTiKyBaHHIO TBapUH
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environmentally safe products. The preliminary selection of the most valuable initial material with high-stress
resistance to periodic climate changes and deteriorating phytosanitary conditions is essential for the success
of the breeding process in addressing current challenges. This study aimed to determine the level of ecological
plasticity in soft winter wheat varieties, differentiated by their resistance to the snow mould pathogen, through
the analysis of genotype effect ranks and yield regression coefficients. Additionally, high-yielding sources were
identified for use in breeding for adaptability. The research was conducted according to commonly accepted
methodologies for evaluating materials based on disease resistance and adaptive traits, ensuring a highly objective
interpretation of the results obtained. It was determined that the highest ecological plasticity among the studied
material was differentiated by resistance to Microdochium nivale (Fr.) Samuels & |.C. Hallett, was exhibited by five
varieties (16.7%) that achieved yields ranging from 118% to 129% of the standard. These include the varieties
Muza Bilotserkivska, Askaniiska Berehynia, Hetmanska, Malovanka (UKR), and Nordika (CZE), as evidenced by the
lowest sum of ranks (sum of ranks 2) for the genotypic effect (¢) and regression coefficient (R). New sources of
high and stable resistance in soft winter wheat to the snow mould pathogen were identified, specifically: Sanzhara,
Malovanka, Svitiaz, Muza Bilotserkivska (UKR); Smuga (POL), and Nordika (CZE). It was found that, in soft winter
wheat varieties, resistance to Microdochium nivale (Fr.) Samuels & I.C. Hallett significantly negatively correlates
with the sum of ranks for genotypic effect and yield plasticity, with r=-0.69, P <0.01. The systematisation of the
results obtained and the identification of varieties with the highest ecological plasticity under variable weather
conditions within the agroecological zone allows for the identification of the best gene pool for adaptive breeding

Keywords: adaptability; homeostasis; epiphytotics; genotypic effect; variability; yield

INTRODUCTION

Periodic droughts, increasingly common in Ukraine due
to global warming, along with the variability of prev-
alent pathogens affecting soft winter wheat, includ-
ing snow mould (Microdochium nivale (Fr) Samuels &
[.C. Hallett) (syn. Fusarium nivale Ces. ex Berl. & Voglino),
which is accompanied by the emergence of virulent and
aggressive pathogens, highlight the priority of breed-
ing for adaptability and the need to select valuable
initial material based on these traits. Determining the
ecological plasticity of soft winter wheat (Triticum aes-
tivum L.) varieties and identifying sources of resistance
to M. nivale (Fr.) Samuels & I.C. Hallett that exhibit high
levels of adaptability to environmental stress are pri-
mary tasks in this endeavour. The successful resolution
of these tasks supports the breeding process aimed at
increasing total grain yield and stabilising production,
which is of significant nutritional and economic impor-
tance. Soft winter wheat (Triticum aestivum L.) is a lead-
ing cereal crop in various countries, including Ukraine,
due to its wide range of food products and high export
potential. However, various biotic and abiotic environ-
mental stress factors limit the genetic potential for
yield and adaptability in this crop.

ATurkish scientist, F. Unal (2024), in his research on
the pathogenicity of Microdochium fungi in cereal crops,
concluded that the level of infection by various snow
mould pathogens in T. aestivum ranged from 83.29% to
91.52% and indicated a strong correlation with yield.
Ukrainian researchers, O. Afanasyeva et al. (2023), em-
phasise the importance of cultivating disease-resistant
plant varieties as a means of suppressing phytopath-
ogens and preventing epidemics. Ukrainian scientists
L. Murashko et al. (2022) note that among the various
diseases of soft winter wheat in Ukraine, those caused
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by highly virulent fungi are becoming increasingly com-
mon. One such disease is snow mould, caused by the
pathogen Microdochium nivale (Fr.) Samuels & I.C. Hal-
lett (syn. Fusarium nivale Ces. ex Berl. & Voglino), which,
due to its mutational, combinatorial, and population
variability, is capable of overcoming the protective ac-
tion of resistance genes in plants.

Researchers from China, S. Huang et al. (2020), as-
sert that the snow mould pathogen, M. nivale, is a fac-
ultative parasite with distinctly expressed saprophyt-
ic properties. According to I. Furtat et al. (2020), this
pathogen, when the infection is severe, leads to the
death of the tillering node, roots, and the entire plant.
K. Hockemeyer and P.L. Koch (2022) noted that snow
mould manifests in the spring, immediately after the
snow melts, with a white or pinkish coating appearing
on the tillering node of infected plants. By studying
the pathogenicity of 15 isolates of M. nivale through
sequencing four genetic regions: elongation factor
1-alpha (EF-1a), B-tubulin, RNA polymerase Il (RPB2),
and internal transcribed spacer (ITS), Norwegian sci-
entists — M. Abdelhalim et al. (2020) - concluded that
the high heterogeneity of this pathogen is the reason
for the widespread occurrence of snow mould in tem-
perate climates, which, combined with provoking fac-
tors (snowfall on unfrozen soil, significant amount and
duration of snow cover, presence of an ice crust, and
increased doses of nitrogen fertilisers), significantly re-
duces plant immunity.

Several researchers, including AV. Tyshchenko et
al. (2023), note that the level of a genotype’s resistance
to environmental stressors characterises its stabili-
ty. Plasticity is understood as the ability to adapt to a
range of varying environmental conditions (Lenoir et




al., 2023). The ecological plasticity of a genotype, ob-
served in its interaction with the environment, is one of
the main factors that has the greatest influence on the
variability and formation of yield. Ukrainian scientists
M.Samoilyk et al.(2023) emphasise that for the success-
fulintroduction of new T. aestivum varieties into produc-
tion, it is essential to assess both yield and adaptability.

Great attention is paid to optimal sowing dates as
one of the elements of cultivation technologies neces-
sary for the formation of high yields. Chinese research-
ers J. Liu et al. (2023) found that wheat yield and yield
stability were highest when the photothermal potential
was 16.0 t-ha? and the pre-winter active accumulated
temperature regime was 400°C-d, which was observed
when winter wheat was sown at the Gucheng station
from 1 to 15 October during the 1997-2021 research
period. M. Babar et al. (2022) note that the selection of
wheat varieties with the necessary genetic variability
of the traits under study contributes to the creation of
stress-resistant genotypes as one of the important di-
rections of modern breeding.

Therefore, the identification of soft winter wheat
varieties with high ecological plasticity and resistance
to M. nivale remains a relevant task. Successful reso-
lution of this issue contributes to the creation of new
genotypes with high adaptive capabilities. This study
aimed to determine the ecological plasticity of soft
winter wheat varieties by analysing the sum of geno-
typic effect ranks and the yield regression coefficient,
and to identify sources with a high level of plasticity
and resistance to Microdochium nivale (Fr) Samuels &
I.C. Hallett, which are well adapted to the limiting ef-
fects of prevalent stress factors.

MATERIALS AND METHODS

The research was conducted between 2020 and 2023 in
an 8-field crop rotation at the Yuriev Plant Production
Institute of the National Academy of Agrarian Scienc-
es of Ukraine (NAAS), located in the eastern region
of the Forest-Steppe zone. Standard agronomic prac-
tices for this ecological zone were applied. The study
involved 30 soft winter wheat varieties developed in
12 countries, including 13 varieties of Ukrainian origin:
Akademichna 100, Askaniiska Berehynia, Hetmanska,
Kvitka Poliv, Liryka Bilotserkivska, Muza Bilotserkivska,
Malovanka, Melashka, Merezhka, Musii, Sanzhara, Sviti-
az, and Yuvileina Patona. The study also included three
varieties from Austria - Aurelius, Dominikus, Turanus;
three from the United States of America - Vanguard,
Northern, Warhorse; two from Poland - Natula, Smuga;
two from Azerbaijan - Gobustan, Ruzi 84; and one each
from the Czech Republic - Nordika, the Netherlands -
Manella, Romania - Armura, Germany - Rumor, Kazakh-
stan - Mida, Tajikistan - Sarvar, and Turkey - Yayla 302.

The experiments were conducted according to
the methodology of qualification examination (Tk-
achyk, 2016). The accounting area of each plot was
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5 m?, with three replications. The standard variety used
was Podolianka. The varieties were assessed following
the methodology of S.0. Tkachyk (2016) and the meth-
odology for evaluating the resistance of wheat varieties
to pests and pathogens (Trybel et al., 2010). The levels
of resistance to M. nivale were rated using a nine-point
scale, where 1 point indicated very low resistance (very
severe damage, >70%), 3 points indicated low resist-
ance (severe damage, 51-70%), 5 points indicated mod-
erate resistance (average damage, 31-50%), 7 points
indicated high resistance (slight damage, 10-30%), and
9 points indicated very high resistance (negligible dam-
age, <10%).

The level of homeostasis (Hom) in soft winter
wheat varieties regarding their resistance to M. nivale
(Fr) Samuels & I.C. Hallett was determined according
to the methodology established by V.V. Khangildin and
N.A. Lytvynenko (1981). This approach is based on the
observed patterns of lower variability in the studied
traits and a reduced decline in adverse conditions for
samples exhibiting high homeostasis. The selection
value (Sc) was also calculated using this methodology,
which allows for the identification of genotypes that
combine a high or moderate level of the trait in ques-
tion with its stable expression under varying cultiva-
tion conditions (Khangildin & Lytvynenko, 1981).

The determination of ecological plasticity was con-
ducted according to the methodology of B.P. Hurev et
al. (1981). In this methodology, the genotypic effect (g)
indicates the level of overall adaptive capacity of the
studied genotype, while the regression coefficient (R)
reflects the degree of plasticity. Specifically, varieties
with a high genotypic effect and a low regression coef-
ficient occupy the highest rank (rank 1 - high), where-
as the reverse scenario results in the lowest rank (rank
3 - low), and intermediate cases yield a medium rank
(rank 2). Samples that achieve the lowest sum of ranks
(between 2 and 3) during the study are considered
the most valuable, as they combine a high potential
with stability in the trait being investigated (Hurev et
al., 1981). For a qualitative assessment of the correla-
tion coefficients, the R.E. Chaddock (1952) scale was
employed. Statistical analysis of the experimental data
was carried out using MS Excel 2007 and Statistica 6.0
software. The authors adhered to the standards out-
lined in the Convention on Biological Diversity (1992)
and the Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (1979).

RESULTS

The contrast in moisture availability across the differ-
ent years of study, along with the prevalence of snow
mould, enabled an assessment of the study material
regarding ecological plasticity in yield and resistance
to M. nivale. The hydrothermal coefficient (HTC) varied
significantly by month and characterised the range of
meteorological conditions, primarily from very dry to
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excessively moist. For example, the HTC for September
varied from 0.05 to 2.14; October - from 0.16 to 3.53;

April - from 0.61 to 2.55; May - from 0.57 to 1.29; June -
from 0.22 to 1.25,and July - from 0.09 to 2.24. (Table 1).

Table 1. Hydrothermal coefficient during the growing seasons of the study, 2020-2023

Month
Year
April May June July September October

2020 - - - - 0.05 0.87

2021 1.62 1.29 1.19 0.09 0.55 0.16

2022 0.61 0.57 1.25 1.09 2.14 3.53

2023 2.55 0.66 0.22 2.24 - -
Mean annual HTC 1.2 0.88 1.04 1.1 1.0 1.67

Source: compiled by the authors

To identify sources of resistance to Microdochium
nivale (Fr.) Samuels & I.C. Hallett, the years 2021 and
2023 were favourable. The year 2022 was most fa-
vourable for achieving high yields. In other years of
the study, the levels of its manifestation were gen-
erally lower. Over the period 2020-2023, the resist-
ance of the studied soft winter wheat varieties to the
snow mould pathogen varied from 1 to 9 points. As

a result of the study, ten sources (33.3%) of soft win-
ter wheat with a high level of resistance to M. nivale
(Fr) Samuels & I.C. Hallett (from 7 to 9 points) were
identified: Sanzhara, Malovanka, Muza Bilotserkivs-
ka, Liryka Bilotserkivska, Melashka, Svitiaz (UKR);
Smuga (POL); Nordika (CZE); Aurelius (AUT); Manella
(NLD), and the standard variety Podolianka - 7 points
(Table 2).

Table 2. Resistance of soft winter wheat varieties to the snow mould pathogen
(Microdochium nivale (Fr) Samuels & I.C. Hallett), 2020-2023

Resistance to snow mould pathogen, points

Sample name Country of origin

Range of variation

- X ed v, %
max min
Podolianka, standard UKR 8.0 6.5 7.0 124
Sanzhara UKR 9.0 8.0 8.5 5.9
Malovanka UKR 9.0 8.0 8.3 6.9
Muza bilotserkivska UKR 9.0 7.0 77 7.5
Liryka bilotserkivska UKR 8.0 6.0 7.0 143
Melashka UKR 8.0 6.5 7.0 124
Svitiaz UKR 75 6.5 7.0 71
Akademichna 100 UKR 7.0 5.5 6.2 124
Kvitka poliv UKR 7.0 5.5 6.2 124
Hetmanska UKR 7.0 5.0 6.0 16.7
Askaniiska berehynia UKR 6.0 4.0 5.2 20.2
Merezhka UKR 6.0 4.0 5.2 20.2
Yuvileina Patona UKR 6.0 4.0 5.0 20.0
Musii UKR 5.0 3.0 4.3 26.7
Smuga POL 9.0 70 77 7.5
Natula poL 6.0 3.0 4.0 433
Nordika CZE 9.0 75 8.2 9.4
Armura ROU 4.0 3.0 33 173
Rumor DEU 5.0 3.0 4.3 26.7
Aurelius AUT 9.0 6.0 73 20.8
Turanus AUT 6.0 3.0 4.0 433
Dominikus AUT 3.5 1.0 2.2 58.1
Manella NLD 9.0 5.0 7.0 28.6
Mida KAZ 3.5 1.0 2.2 58.1
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Table 2. Continued

Resistance to snow mould pathogen, points

Sample name Country of origin

Range of variation

- X, o oV, %
max min
Sarvar TIK 4.0 1.0 2.3 65.5
Gobustan AZE 4.0 2.0 2.7 433
Ruzi 84 AZE 4.0 1.0 2.3 65.5
Yayla 302 TUR 4.0 2.0 3.0 333
Vanguard USA 6.0 4.0 5.0 20.0
Northern USA 5.0 2.0 3.0 577
Warhorse USA 4.0 2.0 3.0 33.3
LSD - - 0.8 -

0.05

Source: compiled by the authors

The following genotypes exhibited resistance to
the snow mould pathogen at levels ranging from 4 to
6 points: Kvitka Poliv, Akademichna 100, Hetmanska,
Merezhka, Askaniiska Berehynia, Yuvileina Patona, and
Musii (UKR); Natula (POL); Turanus (AUT); Rumor (DEU);
and Vanguard (USA), accounting for 36.7% of the vari-
eties studied. Nine varieties (33.0%) demonstrated low
levels of resistance to M. nivale (Fr.) Samuels & I.C. Hal-
lett, namely: Armura (ROU); Dominikus (AUT); Mida
(KAZ); Sarvar (TJK); Ruzi 84 and Gobustan (AZE); Yayla
302 (TUR); Northern and Warhorse (USA).

The coefficient of variation (CV, %) indicated that
the variability of resistance to M. nivale (Fr.) Samuels
& I.C. Hallett ranged from 5.9% to 65.5%. An analysis
of the variation series revealed that six varieties -
Sanzhara, Malovanka, Svitiaz, Muza Bilotserkivska
(UKR),Smuga (POL),and Nordika (CZE) - exhibited low
variability (CV€10.0%), comprising 20.0% of the sam-
ples. Eight samples, accounting for 26.7%, displayed
medium variability (CV=11.0% - 20.0%), including
Melashka, Akademichna 100, Kvitka Poliv, Liryka
Bilotserkivska, and Hetmanska (UKR); Armura (ROU);
and Vanguard (USA). High variability (CV >20.0%) in
resistance to M. nivale was observed in the follow-
ing varieties: Askaniiska Berehynia, Merezhka, Musii
(UKR); Natula (POL); Aurelius, Turanus, and Domini-
kus (AUT); Rumor (DEU); Manella (NLD); Mida (KAZ);
Sarvar (TJK); Gobustan and Ruzi 84 (AZE). It was
determined that the proportion of samples exhibit-
ing significant variability in resistance to the snow
mould pathogen constituted 53.3%. The resistance
of the standard variety, Podolianka, showed medium
variability with a CV of 12.4%. The analysis indicated
that the selection value (Sc) of the soft winter wheat
varieties for resistance to M. nivale (Fr) Samuels &
[.C. Hallett varied from 0.6 to 7.6, while homeostasis
(Hom) ranged from 3.6 to 144.5 (Fig. 1).

The study of selection value in soft winter wheat
varieties for resistance to M. nivale (Fr) Samuels &
I.C. Hallett identified sources that exceeded the aver-

age value observed in the experiment (Sc=3.7). These
include 13 varieties (43.3%): Sanzhara (Sc = 7.6), Mal-
ovanka (Sc =7.4), Muza Bilotserkivska (Sc = 6.2), Sviti-
az (Sc = 6.1), Melashka (Sc = 5.7), Liryka Bilotserkivs-
ka (Sc =5.3), Kvitka Poliv (Sc =4.9), Akademichna 100
(Sc=4.9), Hetmanska (Sc =4.3) (UKR); Smuga (Sc=6.2)
(POL); Nordika (Sc=6.8) (CZE); Aurelius (Sc=4.9) (AUT);
Manella (Sc=3.9) (NLD); with the standard variety Pod-
olianka (Sc=5.7).

The criterion for homeostasis is the ability of gen-
otypes to maintain a low level of variability for a trait
over the study period. Among the material examined,
genotypes exhibiting high homeostasis (Hom) and
low variability (CV £10.0%) in resistance to M. nivale
(Fr.) Samuels & I.C. Hallett were identified, specifical-
ly: Sanzhara (Hom = 144.5), Malovanka (Hom = 120.3),
Svitiaz (Hom = 98.0), and Muza Bilotserkivska
(Hom = 64.0) (UKR); Smuga (Hom = 64.0) (POL); and
Nordika (Hom = 87.3) (CZE). Thus, the varieties San-
zhara (Sc = 7.6; Hom = 144.5), Malovanka (Sc = 7.4;
Hom=120.3), Svitiaz (Sc=6.1; Hom =98.0), Muza Bilot-
serkivska (5c=6.2; Hom=64.0) (UKR); Smuga (Sc=6.2;
Hom = 64.0) (POL); and Nordika (Sc =6.8; Hom = 87.3)
(CZE) are valuable genotypes distinguished by their
high selection value and homeostasis in resistance to
M. nivale (Fr.) Samuels & I.C. Hallett.

To determine the ecological plasticity of winter
soft wheat varieties differentiated by their resistance
to M. nivale (Fr) Samuels & I.C. Hallett, the research
material was assessed based on the ranks of geno-
type effect and the regression coefficient of yield. Over
the period from 2020 to 2023, sources were identified
among the various eco-geographical origins of soft
winter wheat that exhibited a high yield formation rel-
ative to the standard, specifically ranging from 118%
to 129%. These include Svitiaz, Liryka Bilotserkivska,
Yuvileina Patona, Muza Bilotserkivska, Askaniiska Be-
rehynia, Hetmanska, and Malovanka (UKR); Nordika
(CZE); and the standard Podolianka (UKR) with a yield
of 5.73 t/ha (Table 3).
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Figure 2. Parameters of selection value and homeostasis in soft winter wheat varieties for resistance
to the snow mould pathogen (Microdochium nivale (Fr) Samuels & I.C. Hallett), 2020-2023
Source: compiled by the authors

Table 3. Ecological plasticity of soft winter wheat varieties differentiated
by resistance to Microdochium nivale (Fr) Samuels & I.C. Hallett and yield, 2020-2023

Regression
. Country Yield, t/ha Genotype effect  coefficient (degree of ~ Ecological
Variety name of origin plasticity) plasticity, the
max min med g rank R, rank sum of ranks
Podolianka, standard UKR 7.15 4.78 573 -0.30 2 0.94 2 4
Svitiaz UKR 8.35 6.12 742 1.39 1 0.88 2 3
Liryka Bilotserkivska UKR 9.04 5.74 7.37 1.34 1 1.31 3 4
Yuvileina Patona UKR 9.22 5.35 7.29 1.26 1 1.54 3 4
Muza Bilotserkivska UKR 7.82 6.45 717 1.14 1 0.54 1 2
Askaniiska berehynia UKR 7.65 6.25 6.86 0.83 1 0.56 1 2
Hetmanska UKR 7.50 6.30 6.84 0.81 1 0.31 1 2
Malovanka UKR 7.95 5.93 6.74 0.71 1 0.80 1 2
Melashka UKR 7.80 5.54 6.62 0.59 1 0.90 2 3
Kvitka Poliv UKR 7.85 5.64 6.62 0.59 1 0.88 2 3
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Table 3. Continued

Regression Ecological
Variety name Courytr:y Yield, t/ha Genotype effect coefﬁcient'(qegree of plasticigt’y, the
of origin plasticity) sum of ranks
max min med g, rank R, rank
Musii UKR 7.10 5.78 6.48 0.45 1 0.52 1 2
Merezhka UKR 7.90 5.08 6.41 0.38 1 1.12 2 3
Akademichna 100 UKR 7.57 5.34 6.32 0.29 2 0.89 2 4
Sanzhara UKR 7.40 5.5 6.22 0.19 2 0.76 1 3
Natula POL 6.80 6.25 6.52 0.49 1 0.22 1 2
Smuga pPoOL 6.74 5.33 5.97 -0.06 2 0.56 1 3
Nordika CZE 7.50 6.26 7.02 0.99 1 0.49 1 2
Armura ROU 7.86 4.42 6.01 -0.02 2 1.37 3 5
Rumor DEU 742 4.26 5.83 -0.20 2 1.26 3 5
Turanus AUT 7.95 4.33 6.08 0.05 2 1.44 3 5
Aurelius AUT 6.90 4.85 5.93 -0.10 2 0.81 1 3
Dominikus AUT 776 3.27 5.90 -0.13 2 1.78 3 5
Manella NLD 7.36 4.10 5.97 -0.06 2 1.29 3 5
Mida KAZ 6.30 2.60 4.48 -1.55 3 1.47 3 6
Sarvar TIK 726 3.50 5.39 -0.64 3 1.49 3 6
Ruzi 84 AZE 571 3.21 4.62 -1.41 3 0.99 2 5
Gobustan AZE 5.65 2.95 4.57 -1.46 3 1.07 2 5
Yayla 302 TUR 6.44 2.75 4.55 -1.48 3 1.47 3 6
Vanguard USA 725 3.42 5.31 -0.72 3 1.52 3 6
Warhorse USA 5.62 3.15 4.37 -1.66 3 0.98 2 5
Northern USA 5.30 3.25 4.35 -1.68 3 0.81 1 4
LSD ;s - - 0.35 - - - - -
min 5.30 2.60 4.35 -1.68 1 0.22 1 2
max 9.22 6.45 742 1.39 3 1.78 3 6
med 7.29 4.76 6.03 0.00 - 1.00 - -

Source: compiled by the authors

Thirteen varieties, constituting 43.3%, were dis-
tinguished by high values of genotype effect (rank 1)
for yield. These included the following samples: Svi-
tiaz, Liryka Bilotserkivska, Yuvileina Patona, Muza
Bilotserkivska, Askaniiska Berehynia, Hetmanska, Mal-
ovanka, Melashka, Kvitka Poliv, Musii, and Merezhka
(UKR); Natula (POL); and Nordika (CZE). The varieties
Akademichna 100 and Sanzhara (UKR); Smuga (POL);
Armura (ROU); Rumor (DEU); Turanus, Aurelius, and
Dominikus (AUT); and Manella (NLD) exhibited an av-
erage genotype effect (rank 2), representing 30.0% of
the samples. A low level of genotype effect (rank 3)
was characteristic of eight varieties (26.7%), namely
Mida (KAZ); Sarvar (TJK); Ruzi 84, Gobustan (AZE); Yay-
la 302 (TUR); and Vanguard, Warhorse, and Northern
(USA). The standard Podolianka (UKR) demonstrated
an average level of genotype effect for yield (rank 2).
The conducted research established that the genotype
effect (g) for yield among the differentiated varieties
resistant to M. nivale ranged from 1.68 to 1.39.

Based on the degree of plasticity (R), it was de-
termined that the number of homeostatic samples
exhibiting high stability in yield performance (rank 1)
included 11 varieties, accounting for 36.7%. The fol-
lowing varieties were characterised by this genotype

capability: Muza Bilotserkivska, Askaniiska Berehynia,
Hetmanska, Malovanka, Musii,and Sanzhara (UKR); Nat-
ula and Smuga (POL); Nordika (CZE); Aurelius (AUT); and
Northern (USA). Eight varieties (26.7%), including Sviti-
az, Melashka, Kvitka Poliv, Merezhka, and Akademichna
100 (UKR); Ruzi 84 and Gobustan (AZE); and Warhorse
(USA), were classified as moderately sensitive geno-
types for yield in variable growing conditions (rank 2).
The number of intensive, or sensitive, genotypes that
respond to both improved and worsened growing con-
ditions (rank 3) totalled 11 varieties, also constituting
36.7%. These included Liryka Bilotserkivska, Yuvileina
Patona (UKR); Armura (ROU); Rumor (DEU); Turanus and
Dominikus (AUT); Manella (NLD); Mida (KAZ); Sarvar
(TJK); Yayla 302 (TUR); and Vanguard (USA). The stand-
ard Podolianka was characterised by average sensitivity
to variable growing conditions (rank 2).

In investigating the ecological plasticity of soft
winter wheat varieties differentiated by their resist-
ance to the snow mould pathogen, based on an anal-
ysis of the sum of the ranks of the genotype effect
(e) and the regression coefficient (R) for yield, seven
varieties (23.3%) were identified as having the high-
est genetic potential for adaptability, and consequent-
ly the greatest breeding value, as indicated by the
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lowest sum of ranks (sum of ranks 2). These varieties
are: Muza Bilotserkivska (g = 1.14; R = 0.54), Askaniis-
ka Berehynia (g, = 0.83; Ri=0.56), Hetmanska (g, = 0.81;
R.=0.31), Malovanka (g, =0.71; R = 0.80), Musii (¢,=0.45;
R =0.52) (UKR); Natula (¢, =0.49; R, =0.22) (POL); and
Nordika (g,=0.99; R.=0.49) (CZE). The samples Sanzhara
(5,=0.19; R =0.76), Svitiaz (¢, = 1.39; R = 0.88), Melashka
(5,=0.59; R, =0.90), Kvitka Poliv (¢,=0.59; R =0.88), and
Merezhka (g, = 0.38; R = 1.12) (UKR); Smuga (g, = 0.06;
R =0.56) (POL); and Aurelius (g, =0.10; R =0.81) (AUT)
were somewhat less notable in terms of total rank (sum
of ranks 3). 13.3 % of varieties achieved a total rank of
4: Akademichna 100 (g, =0.29; R =0.89), Liryka Bilot-
serkivska (e,=1.34; R =1.31), Yuvileina Patona (g, = 1.26;
R.=1.54) (UKR); and Northern (¢, =1.68; R =0.81) (USA).
A total rank of 5 was assigned to varieties of foreign
breeding, specifically: Armura (¢,=0.02; R, =1.37) (ROU);
Rumor (g, = 0.20; R =1.26) (DEU); Turanus (g = 0.05;
R =1.44), Dominikus (g, =0.13; R,=1.78) (AUT); Manella
(e,=0.06; R, =1.29) (NLD); Ruzi 84 (¢,=1.41; R, =0.99),
Gobustan (g, = 1.46; R = 1.07) (AZE); and Warhorse
(e,=1.66; R =0.98) (USA), which constitute 26.7%. The
four varieties with the lowest adaptability potential, as

assessed by genotype effect and degree of plasticity
(sum of ranks 6), include Mida (g,=1.55; R, =1.47) (KAZ);
Sarvar (g = 0.64; R =1.49) (TIK); Yayla 302 (g = 1.48;
R.=1.47) (TUR); and Vanguard (g,=0.72; R, =1.52) (USA).
The standard Podolianka (g, =0.30; R, =0.94) (UKR) was
characterised by a sum of ranks of 4 regarding ecolog-
ical plasticity. The identified high-yielding genotypes,
which exhibit tolerance to the snow mould pathogen,
provide a foundation for developing the most suitable
and adaptive varieties based on them.

An analysis of the relationships between the stud-
ied traits revealed that, in soft winter wheat varieties,
resistance to the snow mould pathogen (Microdochium
nivale (Fr) Samuels & I.C. Hallett) correlates negatively
and significantly with the sum of ranks of the genotype
effect and degree of yield plasticity, with a correlation
coefficient of r=0.69. Additionally, the selection value
and homeostasis regarding resistance to M. nivale (Fr.)
Samuels & I.C. Hallett also correlated negatively and
significantly with the sum of ranks (genotype effect
and degree of yield plasticity), specifically: r=0.68 and
r=0.56, respectively. The significance of these correla-
tions was found to be 99% (P <0.01) (Table 4).

Table 4. Correlation (r) of the sum of the ranks of the genotype effect and degree of yield plasticity in soft winter wheat
varieties with adaptive parameters for resistance to Microdochium nivale (Fr) Samuels & I.C. Hallett, 2020-2023

Trait

The sum of ranks of genotype effect ()
and degree of plasticity (R) for yield, t/ha

Resistance to M. nivale (Fr) Samuels &

- 1)
|.C. Hallett, score 0.69
Selection value for resistance 0687
to M.nivale (Fr.) Samuels & I.C. Hallett ’
Homeostasis of resistance to M. nivale (Fr.) Samuels 0569
& I.C. Hallett, Hom ’
Note: ¥ - P<0.01
Source: compiled by the authors
Thus, among the biotic factors that act as environ- DISCUSSION

mental stressors, the snow mould pathogen (Microdochi-
um nivale (Fr) Samuels & I.C. Hallett) has a significant
negative impact on the potential and stability of yield in
soft winter wheat varieties. This necessitates the com-
pulsory inclusion of sources exhibiting high resistance
to this phytopathogen in the breeding process. Based
on the obtained research results, it can be asserted that
within the genetic diversity of the studied soft winter
wheat material, there exist genotypes characterised
by a combination of high levels of resistance to M. ni-
vale (Fr) Samuels & I.C. Hallett, yield, and adaptability,
among which varieties of Ukrainian selection predomi-
nate in terms of quantity. An extensive search for these
sources, along with investigations into the correlations
between environmental stress factors and the adap-
tive traits of soft winter wheat varieties, enables the
identification of superior genetic material for selection
focused on adaptability and helps determine priority
approaches for developing well-adapted genotypes.
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Several authors, including T. Yurchenko et al. (2020),
note that the increased impact of various environmen-
tal stressors on the genetic yield potential and adaptive
traits of soft winter wheat makes it necessary to conduct
research aimed at determining ecological plasticity and
stress resistance, which are a preliminary and manda-
tory stage for the selection of valuable genotypes as a
necessary basis for selection for adaptability.

There are many aspects to the importance of fac-
tors that can influence the realisation of a high and
stable yield genotype. Significant attention is paid to
weather conditions (Parvez & Chowdhury, 2020). Re-
searchers P. Langridge and M. Reynolds (2021) note
that the main limiting factor that wheat plants suffer
from in the environment is water deficit. Therefore, the
identification and selection of highly effective sourc-
es and donors of drought resistance, through the use
of wide genetic analysis strategies and modification of
gene expression among diverse varieties, is the basis




for identifying adapted genotypes for specific agroeco-
logical growing conditions.

Ukrainian scientists M.V. Tarasiuk and 0.0. Stasik
(2022), studying the impact of drought on the dynam-
ics of accumulation and remobilisation of reserve wa-
ter-soluble carbohydrates (WSC), which are an impor-
tant source of assimilates for grain filling, established
that the content of WSC in the second and lower in-
ternodes correlated most strongly and positively with
grain weight per plant (r=0.534...0.693) and with the
weight of 1000 grains (r=0.778...0.897). Iranian re-
searchers S. Mahdavi et al. (2022), investigating 64
wheat genotypes under thermal stress caused by de-
layed sowing, concluded that thermal stress led to a
significant reduction in grain density due to a decrease
in starch content (SC) and a non-compensatory increase
in protein content (PC), resulting in reduced yield. The
researchers also noted a significant increase in the wa-
ter absorption capacity of flour (WA), ash content (AC),
lipid content (LC), wet gluten content (WG), dry gluten
content (DG), gluten index (Gl), and amylopectin con-
tent (APC) following thermal stress, which improved
certain baking properties.

Researchers S.P. Lyfenko et al. (2021) argue that to
increase the homeostasis of modern wheat varieties
and their resistance to sudden abiotic stressors, it is
necessary to create varieties with greater sensitivity to
photoperiod and to include drought-tolerant material
in breeding programs. Researchers X. Wu et al. (2021)
emphasise the importance of introducing new varie-
ties with reliable genetic protection against pathogens,
which is associated with the undeniable economic and
environmental advantages of alternative plant protec-
tion. Chinese scientists D-X. Tang et al. (2022) note that
a detailed study of the species composition and toxicity
of common fungi of the genus Microdochium contrib-
utes to the effectiveness of selection for immunity and
increased adaptability in new varieties.

Ukrainian scientists AV. Pirych et al. (2021) indi-
cate that a significant component of the overall adap-
tive potential of soft winter wheat is its winter hardi-
ness, which is determined by a complex of traits that
ensure plant survival during winter. These traits in-
clude frost resistance, duration of vernalisation, pho-
toperiod sensitivity, and resistance to the pathogen
causing snow mould. As a result of a targeted search
by Ukrainian scientists for genotypes with high adap-
tive properties, soft winter wheat varieties have been
identified that are characterised by increased yield
potential and ecological plasticity to the agro-eco-
logical conditions of the central Forest-Steppe of
Ukraine - Estafeta Myronivska ta Hratsiia Myronivska,
MIP Assol and Balada Myronivska.

In their study of new varieties of soft winter wheat
across various soil and climatic zones in Ukraine, A.M.
Kyrylchuk et al. (2024) identified genotypes with high
homeostasis and low yield variability (V€10.0%),among
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which Yevraziia (Hom=15.6) and Dekaster (Hom=15.2)
stood out as the best. The researchers noted that the
varieties LG Optimist and Dekaster exhibited the high-
est selection value for yield - Sc=6.9 and Sc=6.6, re-
spectively. Additionally, in their analysis of yield varia-
bility and quality parameters of T. aestivum, as well as
their relationship with natural and anthropogenic fac-
tors, O. Demydov et al. (2022) established a significant
(P<0.01) influence of the growing period on the yield
of this crop (66.2%), the mass of 1000 grains (63.2%),
and grain density (58.8%).

Despite the variety of approaches to realising a
high and stable yield genotype, several scientists, in-
cluding T. Miedaner and P. Juroszek (2021), have con-
cluded that due to the trend towards a changing cli-
mate towards global warming, droughts, which are
becoming increasingly frequent, have a detrimental
impact on the formation of yield levels and stability.
Therefore, the identification and creation of material
with simultaneous resistance to phytopathogens and
water deficit is becoming increasingly relevant, while
it is important to focus on quantitative trait loci (QTL)
that reduce temperature sensitivity.

Thus, the results of determining the ecological
plasticity of soft winter wheat varieties differentiated
by resistance to the snow mould pathogen, establish-
ing correlations between the sum of ranks of the gen-
otypic effect and the degree of yield plasticity with the
parameters of adaptability for resistance to M. nivale
indicate the uniqueness of the study.

CONCLUSIONS

Based on the sum of ranks for genotype effect (¢) and
the regression coefficient (R)) for yield among soft win-
ter wheat varieties differentiated by their resistance to
the snow mould pathogen (Microdochium nivale (Fr.)
Samuels & I|.C. Hallett), genotypes have been identi-
fied that exhibit the highest genetic potential for ad-
aptability. This is evidenced by the lowest sum of ranks
(sum of ranks 2), which results in a yield exceeding the
standard by more than 16%. The identified varieties in-
clude Muza Bilotserkivska (g, = 1.14; R = 0.54), Askaniis-
ka Berehynia (g, = 0.83; R, = 0.56), Hetmanska (¢, =0.81,
R, =0.31), Malovanka (g, =0.71; R, = 0.80) (UKR), and
Nordika (g, = 0.99; R = 0.49) (CZE), collectively account-
ing for 16.7%. The variety Svitiaz (sum of ranks 3) was
slightly behind these, yet also exhibited a high yield
with g =1.39 and R =0.88. The lowest ecological plas-
ticity, based on genotype effect and plasticity degree
(sum of ranks 6), was observed in the varieties Mida
(e, = 1.55; R =1.47) (KAZ), Sarvar (g, = 0.64; R =1.49)
(TJK), Yayla 302 (¢,=1.48; R, =1.47) (TUR), and Vanguard
(6,=0.72; R =1.52) (USA), which comprised 13.3% of the
total research sample.

New sources of high and stable resistance in
soft winter wheat to M. nivale (Fr.) have been identi-
fied, specifically: Sanzhara (Hom = 144.5), Malovanka
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(Hom =120.3), Svitiaz (Hom = 98.0), and Muza Bilot-
serkivska (Hom = 64.0) (UKR); Smuga (Hom = 64.0)
(POL); and Nordika (Hom=87.3) (CZE). It has been de-
termined that among the soft winter wheat varieties
differentiated by their resistance to M. nivale (Fr.) Sam-
uels & I.C. Hallett, the genotype effect (¢) for yield
ranged from 1.68 to 1.39, while the regression coef-
ficient (R) varied from 0.22 to 1.78. This significantly
influenced the level of ecological plasticity, with the
sum of ranks ranging from 2 to 6. The proportion of
samples exhibiting high values of the genotype effect

The identified sources of high levels of group re-
sistance to M. nivale (Fr.) Samuels & I|.C. Hallett, high
potential and yield stability expand the information
content about the genetic diversity of existing varie-
ties and open up additional opportunities in adaptive
selection. The study of physiological and biochemical
processes of adaptation, features of transcriptomics
and proteomics in material with different ecological
plasticity is promising for future research, which will
open up more opportunities for generalising and sys-
tematising the results of the study.

constituted 43.3%, while those with high yield stabili-

ty accounted for 36.7%. It was established that for the ACKNOWLEDGEMENTS

soft winter wheat varieties, resistance to M. nivale neg-  None.
atively correlated at a significant level with the sum of
ranks for genotype effect and yield plasticity degree, CONFLICT OF INTEREST
with r=0.69,P<0.01. None.
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EKonoriyHa njlacTUYHICTb cCOpTiB NweHULi M'aKoi 03UMOI Ta CTIMKICTb
Ao 36yaHuKa cHiroBoi nnicHaBu (Microdochium nivale (Fr.) Samuels & I.C. Hallett)
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AHoTauif. BusHaueHHs Kpawmx reHOTMNIB MWeHULi M'9KOi 03MMOI 3 BMCOKOK €KONOMYHOK MAACTUYHICTIO A0
IPYHTOBO-KNIMAaTUYHMX YMOB BMPOLLYBAHHS Y NMOELHAHHI 3 TONEPAHTHICTIO A0 MOWMPEHUX XBOPOO, CNpUUYMHEHMX
rpUbHUMYK 36YAHMKAMM, B TOMY YMCAi | CHIrOBOI NicHABK, HabyBa€e BCe BinbLIOi aKTyanbHOCTI A8 BUPOOHMLTBA Ta
cenekuii, ska 3yMOBJ/IEHa MOMUTOM Ha CBITOBOMY PUHKY €KONOriYHo-6e3neyHoi npoaykuii. [lonepegHe BUAINEHHS
HanBinbL LIHHOrO BUXiAHOIO MaTepiany 3 BUCOKOK CTPECOCTIMKICTIO A0 NepioANYHMX 3MiH Y KNiMaTi Ta NOripLUeHOro
(diTOCaHITapHOro CTaHy Nepeaye yCniWHOCTi CeNeKLiMHOro NpoLecy WoA0 aKTyanbHUX BUK/INKIB CbOrogeHHs. MeTor
focnigxeHb 6yn10 BUSHAYEHHS PiBHS €KOIOTYHOT NIACTUYHOCTI B COPTIB NLWEHMLI M'IKOi 03MMOI, AndepeHLinoBaHnX
3a CTiMKiCTIO A0 30yAHUKA CHIrOBOI NAICHSABM, LUASIXOM aHANi3y paHriB reHOTMNOBOro ePekTy Ta KoedilieHTy perpecii
BPOXAWHOCTI, @ TaKOX BWUAINEHHS BMCOKOBPOXAMHWUX [XKepen AN BUMKOPWUCTAHHS B Cenekuii Ha afanTUBHICTD.
[ocnipxeHHs npoBedeHi 3riAHO 3arafibHONPUAHATUX METOOMK O/ OLiHKM MaTepiany BMBYEHHS 3a CTiMKICTHO
[0 30yoHMKIB XBOpOO Ta afanTMBHWMX BNACTMBOCTEN, SKi 3abe3neunnu iHTepnpeTauitlo OAepXaHUX pe3y/bTaTiB
BMCOKOK OO’€KTMBHICTIO. BM3HaueHO, WO HAMBMLLOK €KONOTMYHOK MAACTUYHICTL cepen AMbepeHLiioBaHOro
MaTepiany BMBYEHHS 3a CTiMKiCTO Ao Microdochium nivale (Fr.) Samuels & I.C. Hallett Big3Haumnunca n’'atb copTis
(16,7 %), aKi Bupi3Hanncs GopMyBaHHAM BpoxxarHocTi Big 118 % no 129 % no ctanaapty. Lo HMX BiAHOCATLCS COPTH
Mysa binouepkiBcbka, AckaHiicbka 6eperunHs, letbMaHcbka, ManboBarka (UKR) Ta Nordika (CZE), npo wo cBiguntb
HaiMeHWa cyMa paHriB (Cyma paHris 2) reHotuMnoBsoro edekty (g) Ta KoediuieHTy perpecii (R). BuaineHo Hosi
[Kepena BUCOKOI Ta CTabiNbHOT CTIMKOCTI NWeHUL M’KOi 031MOi 10 36yAHMKA CHIrOBOI NAicHsBY, a caMe: CaHxkapa,
ManboBaHka, CBiTa3b, My3a binouepkiscbka (UKR); Smuga (POL) ta Nordika (CZE). BctaHoBneHo, Wo y copTiB
nweHuLi M’aKoi 03MMOI CTiMKiCTb A0 Microdochium nivale (Fr.) Samuels & |.C. Hallett Ha 3HaYHOMY HeraTMBHOMY
PiBHi KOpE/OE i3 CyMOK paHriB reHoTMNoBoro edekTy i CTyneHs nNaacTMYHOCTI BpoxarlHocTi - r=-0,69, P <0,01.
CucTemMaTtnsauia OTPUMAHUX pe3ynbTaTiB BUBYEHHS, BUAINEHHS COPTIB 3 HAaMBMLLOK E€KOMOTMYHOK MNAACTUYHICTIO
B MIiH/IMBMX MOrOAHMX YMOBAxX arpoeKosorivyHoi 30HK, Aa0Tb MOX/IMBICTb IAEHTU(IKYBATM KpaLmii reHopoHa Ang
aOanTMBHOI cenekuii

KntouoBi cnoBa: afanTMBHICTb; FOMEOCTaTUYHICTb; enidiToTii; reHOTUNOBMI edeKT; MIHAMBICTb; YPOXKAMHICTb
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of varieties of the Dubovsky pink, Preobrazhenie, and Rumeyka group leads to the need for further clarification of
the ability of only the first of the varieties to be a component in the proposed complex. It is recommended to grow

a complex of varieties Nadezhda AZOS and Dubovsky pink

Keywords: viticulture; genotype; nutritional value; trace elements; product quality; biologically active substances

INTRODUCTION

Production variety testing of grapes is a long process
that takes approximately ten years from the initial stag-
es to the introduction of a promising adapted genotype.
Although certain goals, such as yield and basic prod-
uct quality, are always important, general consumption
characteristics, environment, marketing, and production
trends influence the strategy that is used as a basis in
research programmes in this area, trying to anticipate
the future needs of the fruit industry. The importance
of each trend depends on the level of performance and
the environment. The main trends are the introduction
of varieties that simplify production technology, have
increased resistance to biotic and abiotic stresses, ex-
pand the adaptation zones of the crop, create new types
of fruits, primarily more attractive in shape and colour,
grow grape varieties with increased health benefits,
and ensure stable high quality (Cichi et al., 2023).

Breeders in the fruit growing industry should an-
ticipate the need for varieties at least 10 years in the
future, as this is the minimum time that most grape
varieties need for the maturation process from the first
pollination to zoning. This aspect examines general
trends such as environmental issues, healthy eating,
consumer lifestyle trends (Farvid et al,, 2021), and the
expectations and needs of producers to determine how
they will affect the future strategy of consumption of
manufactured products (Agizan et al, 2024). Much at-
tention has been paid to the health benefits of grapes
and grape products, primarily due to the antioxidant ac-
tivity of various phenolic compounds, especially flavo-
noids, and the high content of beneficial trace elements
that are deficient in traditional foods. Manufacturers
have widely launched programmes to introduce new
and increase the introduction of traditional products
that are more complete for human biochemistry, with
increased levels of health benefits in grapes and pro-
cessed products (Koyama et al., 2020).

Constant efforts to introduce new varieties with
different parameters of valuable elements, different
colours with an attractive berry shape, texture from
hard to crisp, attractive clusters of acceptable size
for packaging and ripening at different points in time
(Navarro-Caldero et al., 2023) during the growing sea-
son led to the creation of a fundamentally new clus-
ter of products. Producers in important table grape
growing areas focus their efforts on grape (Cameron et
al., 2022) that is suitable for different market niches
based on availability at a unique time of year, with
quality characteristics that exceed varieties that may
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already be on the market. Suitability for storage, and
avoiding problems after harvesting (grinding, rot, mar-
ket damage) is also important, especially for varieties
of later maturation.

The objective of the study was to identify the lim-
its of variability of different varieties of table grapes in
terms of the content of valuable food elements that de-
termine the consumer usefulness of products, provided
that these varieties are widely distributed in the pro-
duction of the region, mainly at the level of small farms,
to identify genotypic and annual variations, and their
interaction. These varietal resources are a local source
of biodiversity and enrichment of the human diet.

MATERIALS AND METHODS

The study was conducted at the LLC ‘Agrosilprom’,
Znamenivka village, Novomoskovsk District of the
Dnipropetrovsk Oblast in 2021-2023. Five table grape
varieties — Arcadia, Nadezhda AZOS, Preobrazhenie, Ru-
meyka, and Dubovsky pink — were studied by biochem-
ical analysis methods (an average sample of 1 kg with
each repetition, three repetitions for each variety at full
ripeness). The cultivation technology was recommend-
ed for the region, with drip irrigation.

The content of such valuable elements as calcium,
phosphorus, sulphur, magnesium, potassium, zinc, cop-
per, selenium, and manganese was studied in the labo-
ratory of the Research Centre for Biosafety and Environ-
mental Control of Agricultural Resources of the Dnipro
State Agrarian and Economic University. The sample
preparation protocol provided for mineralisation using
the MultiWave Go Plus microwave decomposition sys-
tem (manufacturer Anton Paar, Austria), with the addi-
tion of 0.5 g of 10 ml of 65% nitric acid and 1 ml of con-
centrated hydrochloric acid to the resulting suspension
of each sample. The mineralisation time (together with
the cooling time) was 45 minutes at a temperature of
185°C. The presence of minerals was analysed using an
atomic emission spectrometer with inductively coupled
Agilent 5110 plasmaatthe emission intensity of the light
flux at the wavelengths corresponding to each element.
Multi-element solutions produced by Agilent (Ca, S, Mg,
K, P, Zn, Se, Mn, Cu) were used as reference standards.

The content (per 100 g) of the following sub-
stances: glucose, dietary fibre in berries, vitamins A, E,
C, PP was determined in the Laboratory of Biochem-
istry and Plant Physiology of the Department of Plant
Physiology and Introduction of O. Honchar State Uni-
versity (DSTU EN 12822:2005, 2006; DSTU EN 12823-




2:2006, 2006; DSTU EN 7803:2015, 2016; DSTU EN
12630:2019, 2019). To determine the glucose content,
extraction was performed and a VPCH-17 sugar meter
(manufactured by Elcantr (Spain)) was used. Extraction
of the solution to determine the percentage of glucose
was performed by the standard method. Dietary fibre
was investigated by enzymatic-gravimetric methods.
The presence of A, E (tocopherol), PP (nicotinamide)
content in the samples was studied using a standard-
ised fluorometric method at the corresponding light
wavelengths using an ULAB 102UV spectrophotome-
ter, and vitamin C was detected by titrometric method
through oxidation in dehydroascorbic acid of grape
samples (5 g sample) (Badenes & Byrne, 2012).
Mathematical and statistical analysis of the ob-
tained values was investigated by Anova method,
grouping, and estimation of parameters were per-
formed using discriminant and cluster analysis mod-
ules (Euclidean distance, single links) (Statistica 10.0,
multivariate statistics module, TIBCO, Palo Alto, USA).
The compliance of the obtained data with the normal
distribution was established by calculating the Shap-
iro-Wilk W test. Pairwise comparison between varieties
and years of variety testing was performed using the
Tukey’ range test (factor analysis package). Experimen-
tal studies of plants (both cultivated and wild), includ-
ing the collection of plant material, were in accordance
with institutional, national or international guidelines.
The authors adhered to the standards of the Conven-
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tion for the Protection of Biological Diversity (1992)
and the Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

The study of the obtained material took place in several
stages. During the first stage, the content of key val-
uable macronutrients - calcium, phosphorus, sulphur,
magnesium, and potassium - was determined. Usually,
problems can be caused by the low presence primarily
of sulphur and magnesium, sources of other elements
are usually sufficient. Also significant was the fact that
the content of these elements depended on both the
variety and the growing conditions (year). In total, three
samples were examined for variants (varieties) during
three years of cultivation. According to the results of
factor analysis, the calcium content was significant-
ly affected as a Variety factor (F=257.19; F . =2.66;
P=3.47"107?),and the Year factor (F=13.62; F . =2.44,
P=2.33*10"%),although with a very significant difference.
The interaction of factors by influence was not signifi-
cant (F=3.22;F, .=3.50; P=0.06). By pairwise compari-
son (Tukey’s range test), the Nadezhda AZOS variety was
ahead with a high calcium content, then Preobrazhenie
and Rumeyka (were at the same level), then Dubovsky
pink, and the lowest content was in the Arcadia varie-
ty. The trait varies very significantly between varieties,
but within the same variety it is considered low-varie-
tal (less than 5%). The results are presented in Table 1.

Table 1. Content of table macronutrients in grapes depending on genotype (2021-2023), (x=27,%SD)

Indicators Arcadia Nadezhda AZOS Preobrazhenie Rumeyka Dubovsky pink
Calcium, mg/kg 22.78+1.24 86.93+2.09° 43.32%1.39¢ 40.11%1.11° 35.67+1.18¢
Phosphorus, mg/kg 24.701.742 85.10+2.92° 29.20%2.04¢ 32.90%2.05¢ 33.80%2.05«
Sulphur, g/kg 0.31+£0.06% 0.40+0.07° 0.21+0.05% 0.19+0.04° 0.29+0.07%
Magnesium, mg/kg 17.23+1.477 41.22+1.65° 29.341.16° 35.67+1.25¢ 32.56%1.57¢
Potassium, g/kg 2.13+0.19° 8.92+0.31° 3.12+0.25¢ 3.09%0.23¢ 3.49%0.21¢

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

varieties
Source: compiled by the authors

According to the results of the factor analysis, the
phosphorus content was significantly influenced by the
variety factor (F=112.14,F . =2.66,P=7.17"10"), but
not by the year factor (F=2.42,F, .=2.44,P=0.06). The
interaction of factors by influence was also not signif-
icant (F=2.65; F . =3.50; P=0.08). By pairwise com-
parison (Tukey’s range test), the Nadezhda AZOS variety
was ahead with a high phosphorus content, Dubovsky
Pink was on the same level as the Rumeyka variety, but

significantly higher content than the Preobrazhenie
variety (which was on the same level as the Rumeyka
variety), significantly lower content was in the Arcadia
variety, as in the previous case. The trait again varies very
significantly between varieties, and within one variety it
is considered medium-variable (at the level of 7-9%, ex-
cept for the Rumeyka variety, where it showed itself as
weakly variable). Thus, a set of varieties can have a fairly
significant polymorphism on this feature in most cases.
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The sulphur content is particularly interesting,
since the sources of this element in the diet are more
limited. According to the results of factor analysis, the
variety factor was significantly affected (F = 34.90;
F,os=2.66; P=6.22"10°), the Year factor was not signif-
icant (F=2.02; F . =2.44; P=0.08). The genotype-envi-
ronment interaction was also not significant (F =2.11;
Foos = 3.50; P =0.09). By pairwise comparison (Tukey’s
range test), the Nadezhda AZOS variety was ahead with
high sulphur content, Arcadia was on par with the Na-
dezhda AZOS and Dubovsky pink varieties (which was
already inferior to the best), in turn, the Dubovsky pink
variety was on par with the Preobrazhenie variety,
which was statistically significantly inferior in sulphur
content to Arcadia and Nadezhda AZOS. The Rumeyka
variety was worse, but the sulphur content in it did not
differ statistically from the Preobrazhenie variety. The
attribute varies less significantly between varieties, and
within the same variety, it is considered slightly varia-
ble (at the level of 3-4%). The studied varieties show
the absence of significant polymorphism in this trait,
but it is quite difficult to manifest.

For magnesium content according to the results of
factor analysis, the variety factor significantly affected
(F=119.19; F, = 2.66; P=3.22*10"), but not the Year
factor (F=2.34; F, .= 2.44; P=0.06). The interaction of
factors by influence was also not significant (F=2.87;
Foos = 3.50; P =0.07). By pairwise comparison (Tukey’s

range test), the Nadezhda AZOS variety was ahead with

a high magnesium content, then the Dubovsky pink
and Rumeyka varieties (without significant differences
between the varieties), the Preobrazhenie variety had
a significantly lower content, and the Arcadia variety
had the lowest content. The trait varies significant-
ly between varieties, and within the same variety it is
considered slightly variable (at the level of 3-5%). Thus,
the set of varieties does not have a significant polymor-
phism in this trait.

According to the results of the factor analysis, po-
tassium content significantly depended on the Varie-
ty factor (F=93.10; F, . = 2.66; P=1.34"10"), but not
from the Year factor (F=2.31; F, . =2.44; P=0.06). The
interaction of factors by influence was also not signif-
icant (F=2.11; F . =3.50; P=0.09). By pairwise com-
parison (Tukey’s range test), the Nadezhda AZOS variety
was ahead with a high potassium content, followed by
the Dubovsky pink, Preobrazhenie and Rumeyka varie-
ties (they were at the same level in the trait), and the
Arcadia variety had a significantly lower content. The
trait varies significantly between varieties, and within
the same variety, it is considered slightly variable (at
the level of 2-4%). Thus, the set of varieties does not
show significant polymorphism in this trait. The results
of the discriminant analysis showed that the content
of sulphur and potassium is less variable in the com-
ponent determined by the variety, and the variability in
the content of calcium, phosphorus, and magnesium is
much more determined (Table 2).

Table 2. Results of discriminant analysis of the reliability of individual parameters by macronutrient content

Indicators Wilks’ criterion Partial F p-level
By varieties (F .. =4.36)
Calcium, mg/kg 0.01 0.01 2,957.20 <0.01
Phosphorus, mg/kg 0.01 0.01 1,200.63 <0.01
Sulphur, g/kg 0.01 0.64 5.09 0.03
Magnesium, mg/kg 0.01 0.01 1,616.17 <0.01
Potassium, g/kg 0.01 0.36 15.90 <0.01
By year (F_ .. =2-38)

Calcium, mg/kg 0.08 0.74 3.78 0.04
Phosphorus, mg/kg 0.98 0.997 0.02 0.97
Sulphur, g/kg 0.99 0.99 0.18 0.83
Magnesium, mg/kg 0.99 0.99 0.16 0.84
Potassium, g/kg 0.98 0.99 0.09 0.90

Source: compiled by the authors
The Year factor, i.e., the environment, was signifi-

cant only for the calcium content. It can be concluded
that the content of the relevant substances is mediated
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only by genotypic features, given that the years were
quite contrasting in their conditions according to the
results of the calculated centroid distances (Fig. 1).
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Figure 1. Identification of the influence of individual indicators by Variety

Source: compiled by the authors

The obtained characteristics of clusters in the fac-
tor space by canonical functions show a clear differen-
tiation and differentiation of each of the varieties, sig-
nificantly lower variability in the group than between
genotypes. Each variety had its own significant features
in the complex, a slight sparsity is observed only for the
Rumeyka variety. Thus, with the exception of the phos-
phorus content, the studied features are mainly slight-
ly variable, which indicates a significant uniformity of
the studied material. In terms of calcium, magnesium,

phosphorus and potassium, the Nadezhda AZOS variety
prevailed, while the Arcadia variety, which showed the
lowest performance in all other parameters, was also at
its level in terms of sulphur content. According to factor
analysis, the Variety factor was always significant, the
Year factor was only in terms of calcium content, and
the genotype-environment interaction was always un-
reliable. At the next stage, the content of valuable trace
elements zinc, copper, selenium, and manganese for all
five table grape varieties was analysed (Table 3).

Table 3. Content of table trace elements in grape berries depending on genotype (2021-2023), (x=27,%SD)

Indicators Arcadia Nadezhda AZOS Preobrazhenie Rumeyka Dubovsky pink
Zinc, mg/kg 0.17+0.04° 0.66*0.09° 0.12+0.03° 0.06+0.01¢ 0.07+0.02¢
Copper, mg/kg 0.34+0.04° 0.47+0.02° 0.39+0.04 0.38+0.052 0.42+0.05®
Selenium, pg/kg 0.12+0.02° 0.19+0.03° 0.21+0.03° 0.20+0.03° 0.28+0.04%
Manganese, mg/kg 0.12+0.02° 0.47 £0.04° 0.41+0.05° 0.38+0.04° 0.35%0.04%

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

within varieties
Source: compiled by the authors

According to the results of factor analysis, the zinc
content was significantly affected by the Variety factor
(F=311.45; F . =2.66; P=2.66"10"), the Year factor
was not significant (F=1.65; F . =2.44; P=0.09). The
interaction of factors by influence was not significant
(F=1.11; F = 3.50; P=0.11). By pairwise comparison
(Tukey’s range test), the Nadezhda AZOS variety was
ahead with a high zinc content, next Arcadia and Preo-
brazhenie (they were on the same level), then Dubovsky
pink and Rumeyka. The trait varies very significantly be-
tween varieties, but within the same variety it is consid-
ered low-varietal (at the level of 2-3%).

As for copper content, according to the results of
factor analysis, this trait was significantly influenced by
the Variety factor (F=27.17; F, . =2.66; P=7.11"10"),
the Year factor was not significant (F=1.87; F . =2.44;
P=0.08).The interaction of factors by influence was not
significant (F=1.42; F . =3.50; P=0.09). By pairwise
comparison (Tukey’s range test), the Nadezhda AZOS
variety was ahead with a high copper content, at its
level, but with an unreliable difference from the fol-
lowing varieties: Dubovsky pink, then Arcadia, Rumey-
ka, and Preobrazhenie (they were on the same level).
The attribute varies less significantly between varieties,
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within the same variety, it is classified as low-varietal
(at the level of 2-3%).

According to the selenium content according to
the results of factor analysis, this trait was significant-
ly affected by the variety factor (F=35.12; F . = 2.66;
P=5.98*107),the Year factor was not significant (F=1.91;
F,os = 2.44; P=0.08). The interaction of factors by influ-
ence was not significant (F=1.48; F, . =3.50; P=0.09).
By pairwise comparison (Tukey’s range test), the high
selenium variety Dubovsky pink was ahead of the Preo-
brazhenie variety, which was at its level, but with a not
significant difference from the next varieties, Nadezhda
AZOS and Rumeyka (which were at the same level), and
Arcadia, which was significantly inferior. The attribute
varies slightly between varieties, within the same vari-
ety, it is classified as low-varietal (at the level of 2-3%).
It can be concluded that there is a slight polymor-
phism of the variety and a slight variability of the trait.

According to the results of factor analysis, the man-
ganese content was significantly affected by the Variety
factor (F=113.12; F . = 2.66; P =4.43"10"), the Year
factor was not significant (F=1.73; F . =2.44; P=0.09).
The interaction of factors by influence was not sig-
nificant (F=1.10; F . =3.50; P=0.11). In the pairwise
comparison (Tukey’s range test), Nadezhda AZOS, Preo-
brazhenie and Rumeyka were ahead of the high man-
ganese varieties (at the same level), while the first two
varieties were inferior to Rumeyka, but not to Dubovsky
pink, and Arcadia was the worst. The attribute varies
slightly between varieties, and within one variety it is
considered low-varietal (at the level of 2-3 %). The re-
sults of the discriminant analysis showed that the cop-
per and selenium content is less variable in terms of
the component caused by the variety, while the varia-
tion in the zinc and manganese content is much more
conditioned (Table 4).

Table 4. Results of discriminant analysis of the reliability of individual parameters for the content of trace elements

Indicators Wilks’ criterion Partial F p-level
By varieties (F . =4.37)
Zinc, mg/kg 0.01 0.02 31144 P<0.01
Copper, mg/kg 0.01 0.55 7.54 P<0.01
Selenium, ug/kg 0.01 0.40 13.40 P<0.01
Manganese, mg/kg 0.01 0.07 115.47 P<0.01
By year (F ..., =2.39)
Zinc, mg/kg 0.98 0.99 0.02 0.98
Copper, mg/kg 0.99 0.98 0.23 0.79
Selenium, pg/kg 0.98 0.99 0.01 0.99
Manganese, mg/kg 0.98 0.99 0.01 0.98

Source: compiled by the authors

The Year factor, i.e., the environment, was not sig-
nificant for any of the indicators. It can be concluded
that the content of the relevant substances is mediated

only by genotypic features, given that the years were
quite contrasting in their conditions according to the
results of the calculated centroid distances (Fig. 2).
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Figure 2. [dentification of the influence of individual indicators by Variety

Source: compiled by the authors
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The obtained characteristics of clusters in the fac-
tor space according to canonical functions show a clear
differentiation of Arcadia and Nadezhda AZOS varie-
ties, a fairly significant variability in the group, varie-
ties Preobrazhenie, Dubovsky pink and Rumeyka form
one group. Clusters of varieties, in contrast to the pre-
vious group of traits, are quite sparse. Thus, the studied
features are mainly weakly variable, which indicates a
significant uniformity of the studied material. Complex
in terms of the best content of zinc (the first with a
significant difference), copper and manganese, the Na-
dezhda AZOS variety prevailed, but with some problems

Petrenko and Nazarenko

regarding the selenium content, which was preceded by
the Dubovsky pink variety, which is a valuable source of
this trace element. According to factor analysis, the va-
riety factor was always significant, the Year factor was
never significant, and the genotype-environmental in-
teraction was always not significant. The group of traits
is characterised by a significantly lower differentiating
ability. It is difficult to note a definite better option, only
the shortcomings of the Arcadia variety can be noted. At
the last stage, the content of biologically active compo-
nents — glucose, dietary fibre, vitamins A, E, C, PP, mg -
was analysed for all five table grape varieties (Table 5).

Table 5. Content of biologically active components in table grapes depending
on the genotype, recalculated per 100 g (2021-2023), (x=27,*SD)

Indicators Arcadia Nadezhda AZOS Preobrazhenie Rumeyka Dubovsky pink
Glucose, g 15.05+0.342 16.55+0.39° 17.12+0.43> 12.53+0.31¢ 13.61+0.32¢
Dietary fibre, g 1.91+0.24° 6.77+0.82° 1.11+0.24¢ 1.34+0.25%» 1.25+0.25*
Vitamin A, ug 3.12+0.122 4.34£0.17° 3.09£0.1% 3.45+0.14° 3.12%0.14°
Vitamin E, mg 0.17£0.022 0.11+0.01° 0.15+0.01% 0.13+0.02° 0.16+0.01°
Vitamin C, mg 10.20+0.242 4.70+0.11° 8.91+0.25¢ 9.67%0.22¢ 10.21+0.272
PP, mg 0.189+0.042 0.143+0.03° 0.182+0.03° 0.179+0.042 0.188+0.05°

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

within varieties
Source: compiled by the authors

According to the results of factor analysis, the
glucose content was significantly affected by the Va-
riety factor (F=111.45; F . =2.66; P=1.33"10"), the
Year factor was also significant (F=32.15; F = 2.44;
P=3.18"107%).The interaction of factors by influence was
significant (F = 6.34; F, . =3.50; P =0.01). By pairwise
comparison (Tukey’s range test), Preobrazhenie and Na-
dezhda AZOS were ahead of the high-glucose varieties
(they were at the same level), followed by Arcadia, then
Dubovsky pink, and the worst was Rumeyka. The trait
varies quite significantly between varieties, within the
same variety, it is classified as medium-varietal (at the
level of 7-8 %, except for the Arcadia variety - 5%).

According to the results of factor analysis, the con-
tent of dietary fibre was also significantly affected by
the Variety factor (F=345.15; F . =2.66; P=6.67"10"%),
the Year factor was not significant (F=2.25; F . =2.44;
P=0.06).The interaction of factors by influence was not
reliable (F=3.35; F . =3.50; P=0.06). By pairwise com-
parison (Tukey’s range test), the Nadezhda AZOS variety

was ahead with a higher content of dietary fibre, then
Arcadia, then Dubovsky pink and Rumeyka (at the same
level), and the Preobrazhenie variety was worse. The
trait varies quite significantly between varieties, within
the same variety, it is classified as medium-varietal (at
the level of 7-10%, which indicates a significant hidden
polymorphism in this parameter).

According to the results of factor analysis, the con-
tent of vitamin A was also significantly affected by the
variety factor (F=25.17; F, . = 2.66; P=3.47"10°), the
Year factor was more significant (F=52.15; F . =2.44;
P=1.1*1078).The interaction of factors by influence was
alsosignificant(F=9.90;F  .=3.50;P=0.002).Bypairwise
comparison (Tukey’s range test), the Nadezhda AZOS va-
rietywas ahead with a highervitamin A content,followed
by all other varieties (they were at the same level). The
trait varies slightly between varieties, within the same
variety, it is considered slightly variable (at the level of
2-4 %, which indicates that there is no hidden polymor-
phism in this parameter). All this is shown in Table 6.

Table 6. Results of discriminant analysis of the reliability of individual parameters
for the content of biologically active components

Indicators Wilks’ criterion Partial F p-level
By varieties (F ., =4.35)

Glucose, g 0.01 0.07 119.25 P<0.01
Dietary fibre, g 0.01 0.02 445.69 P<0.01
Vitamin A, ug 0.01 0.24 27.45 P<0.01
Vitamin E, mg 0.01 0.34 16.50 P<0.01
Vitamin C, mg 0.01 0.36 14.98 P<0.01
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Table 6. Continued

Indicators Wilks’ criterion Partial F p-level
PP, mg 0.01 0.88 1.09 0.37
By year (F_....=2.37)

Glucose, g 0.58 0.37 31.36 P<0.01
Dietary fibre, g 0.24 0.86 2.80 0.07
Vitamin A, ug 0.85 0.25 54.78 P<0.01
Vitamin E, mg 0.22 0.95 0.95 0.39
Vitamin C, mg 0.41 0.51 17.18 P<0.01

PP, mg 0.32 0.66 9.32 P<0.01

Source: compiled by the authors

The content of vitamin E was significantly affected
by the Variety factor (F=15.47; F . =2.66; P=2.12"107),
the Year factor was not significant (F=1.00; F . =2.44;
P=0.12). The interaction of factors by influence was also
not significant (F=0.71; F . =3.50; P=0.22). According
to pairwise comparisons (Tukey’s range test),Arcadia and
Dubovsky pink varieties were ahead with a high vitamin
E content, Nadezhda AZOS and Rumeyka varieties were
significantly worse, and the Preobrazhenie variety occu-
pied an intermediate position.The trait varies slightly be-
tween varieties, within the same variety, it is considered
slightly variable (at the level of 2-3 %, which indicates
that there is no hidden polymorphism in this parameter).

The content of vitamin C was significantly affected
by the Variety factor (F=15.07; F . =2.66; P=1.14"107),
the Year factor was more significant (F=17.10;F . =2.44;
P =5.64*10%). The interaction of factors by influence
was also significant (F=9.12; F . =3.50; P=0.004). By
pairwise comparison (Tukey’s range test), the Arcadia
and Dubovsky pink varieties were ahead with a higher
vitamin C content, then there were Preobrazhenie and
Rumeyka varieties, and the Nadezhda AZOS variety was
worse. The trait varies slightly between varieties, within
the same variety, it is considered slightly variable (at
the level of 4-5%, which indicates that there is no hid-
den polymorphism in this parameter).

20

The content of vitamin PPwas not significantly affect-
ed by the Variety factor (F=2.07; F  .=2.66, P=0.07),the
Year factor was significant (F=7.80; F, . =2.44;P=0.002).
The interaction of factors by influence was not reliable
(F=292; F,,,=3.50; P=0.07). According to pairwise
comparisons (Tukey’s range test), the varieties Arcadia
and Dubovsky pink, Preobrazhenie, and Rumeyka were
ahead with a high content of vitamin PP, while the varie-
ty Nadezhda AZOS was worse. The trait varies slightly be-
tween varieties, within the same variety, it is considered
slightly variable (at the level of 1-2 %, which indicates
that there is no hidden polymorphism in this parameter).

Results of the discriminant analysis performed in
Table 6 showed that the content of vitamins is less var-
iable in the component due to the variety, the genotype
factor did not affect the content of vitamin PP at all,
and the variability in the content of glucose and dietary
fibre is much more determined. The Year factor, i.e., the
environment, was significant for most indicators (ex-
cept for the content of dietary fibre and vitamin E). It
can be concluded that the content of the corresponding
substances is mediated by both varietal diversity and
environmental effect, especially for the content of glu-
cose and dietary fibre traits, given that according to the
results of the calculated centroid distances, the years
were quite contrasting in their conditions (Fig. 3).
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However, the obtained characteristics of the clus-
ters in the factor space by canonical functions show a
clear differentiation and separation of varieties Arcadia
and Nadezhda AZQOS, less so of the variety Rumeyka,
quite significant variability in the group, varieties Pre-
obrazhenie and Dubovsky pink form one group. Clus-
ters of varieties of this group of traits are quite sparse,
which indicates a significant polymorphism of traits.

It was found that local material can also have a
sufficient level of latent polymorphism to be used as
a source of primary selection for improving certain
traits, which was also partially noted earlier (mainly
the first and second groups, glucose and dietary fibre
traits) (Nazarenko & Simchenko, 2023). High varie-
tal differentiation (the first group of traits) indicates
the possibility of impoverishment of biodiversity with
careful selection of more positive forms for full nu-
trition, while the lower (second-third group of traits)
leads to a significant complication in the selection of
more useful varieties, although in these studies it can
be considered quite optimal for the second group of
traits (Eyiz et al., 2020).

In turn, higher variability in the variety itself by
feature can lead to a more significant variation in the
parameter depending on environmental conditions,
which is not always positive for the producer. However,
given the latest trends in the promotion of culture to
the south due to global climate change, this problem
can be ignored for some of the studied features (Leao et
al.,, 2020; Petretto et al.,, 2021). The possibility of finding
a variety with a high level of key characteristics and
the need to supplement with other material is proved,
primarily in terms of the content of necessary vitamins
(Alem et al., 2019; Klimek et al., 2022).

New varieties are being introduced faster in the rai-
sin and table grape production sectors, but according
to N. Khan et al. (2020), A. Atak (2024), the importance
of local varietal resources for these areas cannot be
ignored. There are also less valuable varieties in pro-
duction, which may be appropriate to use according to
marketing preferences, but they can significantly wors-
en the level of consumption of valuable food elements
(mainly in this study this concerned the Arcadia vari-
ety). But any final recommendation needs to be clar-
ifled from the standpoint of such important features
for table grapes as taste, preferences for the shape and
colour of berries, processing capabilities and techno-
logical qualities of products (de Oliveira et al, 2024).
The consumption strategy changes significantly and
promotes the introduction of more fruits in the diet. In
eastern North America and Asia, fruit and aromatic fla-
vours of V. Labrusca were actively used. Some American
breeders also use this variety as a source of valuable
food elements, which may be promising for local im-
provement (Arnold & Schnitzler, 2020).

The problem of preserving the corresponding bio-
diversity of the main cultivated plants is largely based
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on the possibility of using local varietal resources, in
this case, traditional grape varieties for growing in
farms in the region, which, mainly based on conserv-
ative trends in viticulture, can be created decades ago
(Nazarenko et al.,, 2022). These varieties can be the ba-
sis for improving the nutritional value of the diet and
contain a high level of relevant nutrients for consump-
tion. Moreover, as already partially noted earlier, such
an advantage can be either complex or tied to the use
of several varieties in production, which is all the more
relevant, given the need for grapes as a crop to form a
conveyor belt according to the maturation period and
external characteristics (colour and shape of the berry)
of its kind during the corresponding marketing period
(De Palma et al., 2020; Wang et al., 2023).

Global warming significantly affects the strategy of
agricultural development, as this industry negatively af-
fects the intensity of forest stands and significantly in-
creases the carbon footprint that is created during the
production and sale of fruit. The system of long-term
fruit production is more sustainable than the system of
annual cultivation of crops, but in both cases, natural
vegetation is replaced by cultivated plants, which sig-
nificantly impoverishes biodiversity (Costa et al.,, 2020;
Pisciotta et al.,, 2022).

The studied traits of vitamin content are mainly
low-variable, which indicates a significant homogene-
ity of the studied material, the traits of glucose and di-
etary fibre content are medium-variable, i.e., there is a
significant varietal polymorphism, which is typical for
older varieties. Collectively, the best content of glucose,
dietary fibre, and vitamin A was dominated by the Na-
dezhda AZOS variety, but there are problems with the
other three vitamins. In view of this, it is a good idea to
introduce the Dubovsky pink variety for this group of
traits. In addition to the content of vitamin PP, the Year
factor was not significant for the content of dietary fibre
and vitamin E, and the genotype-environment interac-
tion was significant for the content of glucose, vitamins
A and C.The group of traits is characterised by a signif-
icant intermediate differentiating ability between the
first and second. The best option is to use the Nadezhda
AZOS variety in combination with Dubovsky pink.

CONCLUSIONS

The studied traits indicate a significant homogeneity of
the varietal set. Only three medium-variable features
can be used for primary selection to improve the source
material. In terms of calcium, magnesium, phosphorus,
potassium, zinc, copper, manganese, glucose, dietary fi-
bre,and vitamin A,the Nadezhda AZOS variety prevailed,
but only together with the cultivation of the Dubovsky
pink variety,a comprehensive supply of useful food ele-
ments at the appropriate level is possible. The classifi-
cation shows that Nadezhda AZOS and Arcadia are more
unique, which indicates complex problems of Arcadia
in terms of the content of necessary substances and

Scientific Horizons, 2024, Vol. 27, No. 10

51



52

Biochemical value of table grape varieties when grown...

undesirability of its use. In fact, the content of vitamin
PP is not determined by the genotype, which indicates
the need to introduce additional sources of this trait
to local biodiversity. The characteristics of the medium
were significant for the content of calcium, glucose, vi-
tamins A, C, and PP. The genotype-environment interac-
tion was factually derivative for traits where the influ-
ence of the environment was significant. In the future,
it is planned to compare more modern and intensive
varieties of table grapes according to this set of char-
acteristics, to establish the variability of these forms in
comparison and the level of necessary provision of the

usefulness of the diet with varieties that are more tra-
ditional for growing by small agricultural firms by farms
in the region, which mainly provide the production of
table grapes for the region.
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BioxiMi4yHa WiHHiICTb copTiB BUHOrpaay CTONOBOIo
npy BUpoLLYyBaHHi B ymoBax MiBHoudi Cteny YKpaiHu

Anna lNetpeHko
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AHoTauis. [locnigkeHHS MOXIMBOCTEN BUKOPUCTAHHS iCHYOUOro 6iopisHOMaHITTS COpTiB BUHOrpagy CTO0BOr0 A1
334,0BO/IEHHSA MOBHOLLIHHOCTI paLlioHy IOAMHU € KHOYOBUM KOMMOHEHTOM BLOCKOHAIEHHS iCHYHOUYOro BUpOOHMLTBA
NNOLOBOI NPOAYKLIT B paMKax Cy4aCHUX CTpaTeri po3BMTKY CiNbCbKOro rocnofapcrea. MeToto 6yno BCTaHOBUTU
MOX/IMBOCTi 3340BONIEHHS B LLIHHWX €NeMeHTax XxapyyBaHHs NoTpeb HaceneHHs Ha 6a3i TpaamMLLiMHUX COPTiB BUHOrpagy
CTONOBOrO, KOTPi MepeBaXKHO BNPOBAKEHI Y PETiOHi HA PiBHi HEBENMKMX rOCMNOAAPCTB Ta HA NPUCAAUOHUX LiNSHKaX.
[ocnipxyBanu n'atb copTiB BUHOrpamy ctonosoro Apkaais, Hapexaa A30C, MpeobpaxeHie, Pymerika, [lyboBcbkuii
pPO30BMIA Ha BMICT KanbLito, pocdopy, Cipku, MarHito, Kanito, LMHKY, Mifi, CeneHy, MapraHeLo, rMoKo3M, XapuoBmX
BOJIOKOH, BiTaMiHiB A, C, E, PP, 06paxoByBanu 3anexHicTb Bif, pakTopiB POKy Ta COPTY, iX B3aeMOAii, Knacudikyrouoi
CNPOMOXHOCTI O3HAaK Yy MPOCTOPi KAHOHIYHMX YHKLIM. HasgBHICTb MiHEpaNbHUX PeYOBMH LOCAIAXKYBaAU aTOMHO-
eMICiHOI CMeKTPOMETPIElD, [NHOKO3M LYKPOMETPOM, XapyoBi BOMOKHA (QepMeHTaTUBHO-TPaBiMETPUYHUMMU
METOAO0M, BiTaMiHU GIHOOPOMETPUYHMM, BiTaMiH C TUTpOMETpUYHMM MeToAaMK. [ToKazaHO MOXAUBOCTI TPAAMLIMHMUX
COpTiB BMHOrpagy CTONOBOMO Y 33[0BOJIEHHIO MOTPEO Y OCHOBHMX LiHHUX X3ap4yOBMX efieMeHTax Ta 3pobneHo
BMCHOBOK W00 MOXIMBOCTEN A060py BiANOBIAHMX DOPM, KOTPi Y KOMMAEKC] LIKOM CNPOMOXHI BAOBOSIbHUTU
CY4YacHi BUMOIM B AAHOMY acMneKTi PO3BUTKY CifIbCbKOro rocnofapcrsa. BussneHa nepeBaxHO HU3bKa MIHAUBICTb
[OCNIAKEHUX 03HAK, WO [03BONSE 3p0OMTM BMCHOBOK LLOAO FApHO BiATBOPHOBAHOCTI OTPUMAHOIO pe3ynbTaTy Ta
nepeBaXKHWW BAWMB reHOTMNY Ha (OPMYBAHHS BIANOBIAHOI O3HAKM B YMOBAX KOHTPACTHMX 3a CepeaoBULLHUMM
XapaKTepucTMKaMu pokis. BcTaHOBNEHO, WO NPO6EMHUM € NONIMNWEHHS NLLE 33 OLHIEI 3 03HaK — BMICTY BiTaMiHy
PP. Hu3bka audepeHuitotoya 3aatHicTb copTis rpynu y6oBcbkuii po3oBuid, lMpeobpaxeHie, Pymelika npu3BoauTs 40
HeoOXiZHOCTI NOAANbLIOrO YTOYHEHHS CMPOMOXHOCTI IMLIE NepLIoro 3 COPTiB OYTU CKNAL0BOI Y 3aNPOMNOHOBAHOMY
Komnnekci. PekoMeHL0BaHO BMPOLLYBaHHSA komnnekcy copTie Hapexaa A30C ta ly6oBcbkuii po3oBuit

KniouoBi cnoBa: BUHOrpafapcTBO; FeHOTUM; XapyoBa NOBHOLLIHHICTb; MiKpOeNeMeHTH; SKiCTb MPOAYKLii; 6ionorivHo-
AKTUBHI peYOBUHM
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intensive initial growth, remains a relevant issue. This research aimed to determine and adapt to the conditions
of the Southern Steppe of Ukraine the optimal and permissible sowing dates for new winter wheat varieties to
achieve the highest possible level of realisation of their genetic potential in terms of yield and grain quality. Field
experiments were conducted in 2021-2023 under the conditions of the Odesa Region. The main method used in
the experiment was field research, which was supplemented by analytical studies, measurements, calculations, and
observations. The harvest was recorded using a continuous threshing method with a SAMPO selection combine. It
was established that the highest grain yield of winter wheat over the three-year study was achieved with sowing
on 5 October. In 2021-2022, the average yield was 3.60 t/ha, while in 2022/2023, it increased to 3.90 t/ha. The
highest yields were recorded for the following winter wheat varieties sown on 5 October (average for 2021-2022):
Dovira Odeska - 4.03 t/ha, Katrusia Odeska - 5.16 t/ha, Pokrovska - 4.48 t/ha, Hospodarka Odeska - 4.28 t/ha,
and Udacha Odeska - 4.08 t/ha (2022/2023). It was found that the grain quality of winter cereals largely depends
on the year’s weather conditions, variety, and sowing dates. The best results for these indicators were obtained
with sowing on 5 October. However, for all winter wheat varieties, there was a tendency towards an increase
in protein and gluten content in the grain when sown on 15 October. Thus, the practical value of this research
lies in identifying the adaptability of new-generation winter wheat varieties to unfavourable growing conditions,
realising their potential genetic yield, and determining the optimal and permissible sowing dates in the soil and
climatic conditions of the Southern Steppe of Ukraine

Keywords: winter cereals; weather conditions; sowing dates; productivity; physical and chemical quality indicators

INTRODUCTION

Modern technology for growing winter cereals re-
quires the development and implementation of new
innovative solutions aimed at mitigating the nega-
tive impact of environmental factors on plant growth,
development, and productivity, especially in light of
the increasing challenges posed by climate change.
Therefore, the response of promising and new win-
ter wheat varieties to various abiotic conditions must
be clarified, and research in this direction holds both
scientific and practical interest, highlighting the rele-
vance of this study.

0. Shevchenko (2023) in their studies highlights
the threats of the climate crisis for the entire world
and, in particular, for Ukraine. The author noted that
in Ukraine, changes in climatic conditions are primar-
ily manifested as an increase in average tempera-
ture, changes in precipitation, and an intensification
of extreme weather events. Climate change can lead
to instability in agriculture due to its impact on crop
yields, the risks of extreme weather events, infrastruc-
ture, and water resources. Research into the impact of
climate change on agricultural land use in Ukraine is
crucial for developing effective adaptation strategies
and implementing new technologies that will allow
agriculture in Ukraine to maintain sustainable growth
in a changing climate.

J.Dong et al. (2020) highlight the significant impor-
tance of winter wheat (Triticum aestivum L.) globally. It
occupies the largest sown areas and has the highest
grain production and trade. According to their find-
ings, winter wheat accounts for 20% of human caloric
needs and plays a major role in ensuring food security.
Therefore, to achieve a significant increase in winter
wheat vyield, reduce the anthropogenic load, optimise
water and resource provision, improve the environmen-
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tal condition, and reduce production costs, the correct
choice of sowing time is crucial.

Timely sowing is an important agronomic practice
that ensures proper seed germination, stable seedling
establishment, and the formation of the final winter
wheat (Triticum aestivum L.) yield. However, delays in
sowing often occur due to uncontrollable constraints,
especially in repeated sowing. Long-term studies by
D. Sun et al. (2018) have shown that climate change
negatively affects winter wheat grain yields. Therefore,
scientific adjustment of sowing dates can help mitigate
these effects.S. Ma et al. (2018) and A. Ren et al. (2019)
argue that regulating sowing dates allows for the ef-
fective utilisation of natural resources and helps pre-
vent factors such as frost, lodging, and premature plant
ageing, which can reduce yields. Research by F. Shah et
al. (2020) found that delaying sowing beyond the op-
timal time may become a major obstacle to realising
the genetic yield potential of winter wheat. In experi-
ments conducted at the Sanyuan Experimental Station
(34°36'N, 108°52°E) of Northwest A&F University in
Shaanxi province of China, grain yield decreased by 1%
for each day of delay beyond the optimal sowing date.

Sowing dates are one of the key factors in winter
wheat cultivation technology, particularly in the con-
text of climate change. Selecting optimal sowing dates
reduces the risks associated with unstable weather
conditions, such as droughts, frosts, or excessive rain-
fall, and provides plants with the necessary time to
develop before the onset of winter. Early sowing dates
come with their own risks, such as plant overgrowth,
susceptibility to diseases, and reduced frost resist-
ance, while late sowing dates may lead to insufficient
plant development and lower yields. The optimal sow-
ing dates should ensure that plants reach the tillering




stage before winter without overgrowing, striking the
best balance between winter hardiness and maximum
yield. This is particularly important in the context of
climate change, where weather conditions can be un-
predictable. According to O.Vinyukov et al. (2021), devi-
ations from the optimal sowing dates for winter wheat
can significantly affect several critical aspects of its
development, including plant growth, frost and winter
hardiness, resistance to adverse environmental factors,
plant survival, density of productive stems, and yield re-
duction. These factors collectively lead to yield decline.
Optimal sowing dates offer the best balance between
plant development and resilience to adverse condi-
tions, which is crucial for ensuring high yields. Thus,
precise selection of sowing dates is a decisive factor in
ensuring winter wheat'’s resilience to winter conditions
and optimising its productivity.

The quality of winter wheat grain is of significant
importance. L. Guerrini et al. (2020) and D. Dilmuro-
dovich et al. (2022) note that winter wheat should be
characterised by high yield and meet technological
quality requirements, particularly in terms of protein
content, gluten content, and baking properties, which
ensures its suitability for processing and consumption.
K. Mitura et al. (2023) point out that the suitability of
wheat for processing is determined by grain quality in-
dicators, including both physical and chemical proper-
ties such as 1,000-grain weight, falling number, protein
content, and crude gluten content, which directly affect
the quality of the milling process and flour yield. Pro-
tein content in the grain also significantly affects the
quality of the flour.

Given the analysis presented above, this study
aimed to test and adapt innovative technologies for
winter wheat production of modern varieties to regional

Serhieiev et al.

conditions, to maximise the realisation of their genetic
potential in terms of grain yield and quality.

MATERIALS AND METHODS

Weather conditions during the research years. Odesa
Region is located in the southwestern part of Ukraine,
in the steppe zone, which is characterised by a warm
climate, a relatively mild winter with little snow, hot
summers, and frequent dry winds. The average annual
temperature is 9.0-11.0°C. The average annual precip-
itation is 491 mm, with about 70% falling during the
warm period. The amount of precipitation varies from
year to year, ranging from 263 mm to 766 mm. Weather
conditions during the research years were typical for
the region but varied significantly from year to year in
terms of temperature regime, amount of precipitation,
and its uneven distribution throughout the growing
season, soil moisture reserves in the meter layer, and
the presence of dry winds, which have already reached
threatening levels and met the criteria for hazardous
phenomena. These factors collectively influence plant
growth,development,and the formation of winter wheat
yield and grain quality throughout the growing season.

Hydrothermal regime indicators such as air tem-
perature and precipitation were analysed based on
data from the Odesa State Agricultural Experimental
Station of the Institute of Climate-Smart Agriculture of
the National Academy of Agrarian Sciences of Ukraine.
Throughout all years of the study, an elevated tempera-
ture regime was observed during the growing season, ex-
ceeding the long-term average (Table 1), which confirms
the ongoing climate change towards warming. Particu-
larly high temperatures were observed inthe 2022/2023
agricultural year. In this year, the average annual tem-
perature exceeded the long-term average by 4.3°C.

Table 1. Average monthly air temperature during the research years compared to the long-term average, °C

Average air temperature for the month

Month Year of research Long-term average
2020/2021 2021/2022 2022/2023

September 20.7 16.1 19.6 16.6
October 16.2 10.7 16.1 10.9
November 6.0 6.5 9.8 4.4
December 4.1 2.7 6.3 14
January -2.5 11 0.8 -3.1
February 5.1 3.8 3.0 -2.8
March 4.1 3.2 7.6 2.6
April 8.6 10.9 11.2 9.8
May 15.7 16.0 18.4 15.8
June 20.1 22.3 25.1 19.4
Average for the growing season 9.8 9.3 11.8 7.5

Source: data from the meteorological station of the Odesa SAES, compiled and processed by the group of authors

The winter temperature regime did not cause

the death of winter wheat plants. During this period,

the air temperature was higher than the long-term

average. The presence of soil moisture before sowing
and in autumn, when winter wheat plants are in their
growing phase, is a crucial factor in obtaining high
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yields. However, in recent years, after sowing winter  temperatures and lack of precipitation has often been
crops in the Odesa Region, a prolonged period of high  observed (Table 2).

Table 2. Amount of precipitation over the years of research compared to the long-term average, mm

Amount of precipitation per month

Month Year of research Long-term average
2020/2021 2021/2022 2022/2023

September 31.0 18.0 45.0 31.8
October 7.5 26.0 18.5 231
November 32.0 28.0 37.0 41.8
December 34.0 50.1 47.5 32.0
January 24.0 10.8 19.0 25.0
February 39.8 5.0 6.0 22.0
March 41.0 12.0 36.0 32.1
April 84.0 8.1 85.5 33.3
May 77.2 26.0 45.0 36.6
June 62.6 28.0 32.0 55.0
Average for the growing season 434.1 211.0 375.5 332.7

Source: data from the meteorological station of the Odesa SAES, compiled and processed by the group of authors

In terms of the complex hydrothermal condi- of the total), respectively. The experimental field
tions, the 2021/2022 agricultural year was the most  where the research was conducted is located on typ-
unfavourable for the growth, development, grain fill- ical zonal soils — southern, non-leached, heavy loamy
ing, and yield formation of winter wheat. During the  chernozems. The humus horizon is 50-55 cm thick,
spring-summer period, when generative organs were  with a humus content of 3.71%. The arable layer of
laid, and grain was formed and matured, there was a  the soil (25 cm) has the following agrochemical char-
severe moisture deficit. The autumn of 2020/2021 and  acteristics: content of easily hydrolysable nitrogen -
2022/2023 agricultural years was characterised by in-  113-138 mg/kg of soil, mobile phosphorus (according
sufficient moisture supply and elevated temperatures, to Chirikov) - 114-131 mg/kg of soil, exchangeable
which affected the growth and development of winter  potassium (according to Chirikov) - 161-184 mg/kg
wheat plants. The winter period was warm, without of soil (high and high levels of provision), sum of ex-
pronounced contrasts and with uneven precipitation changeable bases - 300-341 mg/kg of soil, nitrifica-
distribution. The spring period was characterised by tion capacity according to Kravkov - 11.4 mg/kg. The
abundant rains, which significantly replenished soil  soil pH in water is 7.8.In the experiment, 18 promising
moisture reserves, positively influencing plant growth  soft winter wheat varieties (Tables 3 and 4) developed
and development. In these years, the total amount by the Plant Breeding & Genetics Institute — National
of precipitation exceeded the long-term average by Centre of Seeds and Cultivar Investigation were used
101.4 mm (130.5% of the total) and 42.8 mm (112.9% in different years.

Table 3. Experimental design (2021-2022)
Sowing dates

Variety Year of registration 25 September 5 October 15 October
Plot No.

Zhytnytsia Odeska (soft) 2016 1 11 21
Lira Odeska (soft) 2013 2 12 22
Mudrist Odeska (soft) 2015 3 13 23
Kantata Odeska(soft) 2016 4 14 24
Oranta Odeska (soft) 2017 5 15 25
Nasnaha (soft) 2015 6 16 26
Perepilka (soft) 2016 7 17 27
Knopa (soft) 2014 8 18 28
Shliakhetnyi (hard) 2017 9 19 29
Blyskuchyi (hard) 2018 10 20 30

Source: developed by the group of authors
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Table 4. Experimental design (2023)

Sowing date
Variety Year of registration 25 September 5 October 15 October
Plot No.

Katrusia Odeska (soft) 2016 1 11 21
Mudrist Odeska (soft) 2015 2 12 22
Fortetsia (soft) 2019 3 13 23
Udacha Odeska (soft) 2021 4 14 24
Hospodarka Odeska (soft) 2022 5 15 25
Oranta Odeska (soft) 2017 6 16 26
Peremoha Odeska (soft) 2018 7 17 27
Pokrovska (soft) 2014 8 18 28
Vyhoda Odeska (soft) 2021 9 19 29
Dovira Odeska (soft) 2020 10 20 30

Source: developed by the group of authors

The experiment was replicated three times, with a  Spektran-119M device (DSTU 4117-2007, 2007).
total plot area of 12 m? and a recorded area of 10 m%.  To determine the 1000-grain weight, DSTU 4138-
The experiments were laid out using a randomised 2002 (2002) was used. The hectolitre weight of
complete block design. Wheat was sown in all exper- the grain was determined using a hectolitre meter
iments from 25 September to 15 October at a seeding  (DSTU 10840-2019, 2020). The quantity and quality of
rate of 4.5 million viable seeds per hectare, with a sow-  gluten in the wheat grain were determined according
ing depth of 6-7 cm. to DSTU ISO 21415-1:2009 (2011).

For the winter wheat following short fallow, sur- Statistical processing of the research results was
face tillage was performed using a disc harrow and carried out using generally accepted methods in the
cultivators with arrow-shaped tines. Harvesting was  field of crop science (Ermantraut et al., 2007; Ushka-
carried out using a direct combine harvester in the full  renko et al.,, 2008). To analyse the results, mathematical
maturity phase. The yield of winter wheat was deter-  and statistical methods were used, including analysis of
mined by weighing and then adjusting to a standard variance, correlation analysis, and regression analysis,
moisture content of 14% and purity of 100%. The com-  as well as logical-theoretical approaches to interpret-
bine harvester thresher was switched off after harvest-  ing the obtained data. During the study, the authors also
ing each plot when all the grain had been completely used their previous findings (Pochkolina et al., 2023).
transferred to the bag. Bags of grain were weighed,
and samples were taken to determine the 1000-grain RESULTS AND DISCUSSION
weight, hectolitre weight, protein content, and gluten  Yield of winter wheat under different sowing dates.
content. The grain yield was weighed to an accuracy Research shows that sowing dates undoubtedly affect
of 0.1 kg. The protein content in winter wheat grain  the yield level of winter wheat. Over three years, only
was determined by infrared spectroscopy using a  three winter wheat varieties were studied (Table 5).

Table 5. Grain yield of winter wheat varieties depending on sowing dates, t/ha (average 2021-2023)

. Sowing date (B)
Variety (A) Average
25 September 5 October 15 October
Fortetsia 292 321 3.25 3.13
Pokrovska 3.15 3.87 2.93 3.32
Dovira Odeska 3.72 3.99 371 3.81
Average 3.26 3.69 3.30 3.42
%, before sowing on 25 September 100.0 113.2 101.2
LSD, .., t/ha A-0.09; B-0.09

0.95”

Source: developed by the group of authors based on the conducted research

Analysis of the research results shows that the high-  On average over 3 years, the highest yield was
est yield - 3.69 t/ha - was obtained with the second formed with sowing on 5 October for the variety
sowing date (5 October). With sowing on 25 Septem-  Dovira Odeska - 3.99 t/ha. With sowing on 25 Sep-
ber and 15 October, almost the same yield was har-  tember, the grain yield of winter wheat was 13.2%
vested, and the difference in yield was insignificant. lower and with sowing on 15 October - 11.8% lower
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compared to sowing on 5 October. The averaged data
on the yield of 10 winter wheat varieties for 2021-
2022 shows that the optimal weather conditions for

plant growth and development, for grain formation,
were formed with sowing on 5 October for winter
wheat (Table 6).

Table 6. Grain yield of winter wheat varieties depending on sowing dates, t/ha (average 2021-2022)

Sowing date (B)

Variety (A) Average
25 September 5 October 15 October
Zhytnytsia Odeska 3.66 3.68 3.46 3.60
Lira Odeska 2.82 3.33 3.15 3.10
Fortetsia 2.83 3.28 3.24 3.12
Palitra 3.65 3.80 3.57 3.67
Liha Odeska 3.10 3.65 2.97 3.24
Nasnaha 3.31 3.50 3.21 3.34
Veteran 3.08 3.24 2.84 3.05
Pokrovska 3.04 3.57 2.68 3.10
Storytsia 3.79 3.90 3.47 3.72
Dovira Odeska 3.84 4.03 3.78 3.88
Average 3.31 3.60 3.24 3.38
%, before sowing on 25 September 100.0 1109 97.0
LSD, .., t/ha A-0.08; B-0.08

095°

Source: developed by the group of authors based on the conducted research

With a sowing date of 5 October, the highest av-
erage yield of 3.60 t/ha was obtained across the 10
varieties studied. This represents a 10.9% increase
compared to the first sowing date (25 September)
and a 1% increase compared to the third sowing date.
Earlier and later sowing dates (25 September and 15
October) can be considered acceptable. The differ-
ence inyields obtained with sowing on 25 September
(3.31 t/ha) and 15 October (3.24 t/ha) is insignificant,
meaning that the yield for these sowing dates is the

same. The highest yield was formed with sowing on
5 October for the following varieties: Dovira Odeska
(4.03 t/ha), Storytsia (3.90 t/ha), Palitra (3.80 t/ha),
and Zhytnytsia Odeska (3.68 t/ha). The lowest yield
was formed in the wheat variety Veteran (3.24 t/ha).
The research shows that different winter wheat va-
rieties, registered at different times and requiring
different vernalisation and photoperiod conditions,
respond differently to the same abiotic conditions
within each sowing date.

Table 7. Grain yield of winter wheat varieties depending on sowing dates, t/ha (2022)

R Sowing date (B)

Variety (A) 25 September 5 October 15 October Average
Katrusia Odeska 473 5.16 4.58 4.82
Mudrist Odeska 3.29 3.28 3.26 3.28

Fortetsia 3.10 3.09 3.26 3.15
Udacha Odeska 3.67 4.08 3.88 3.88
Hospodarka Odeska 3.89 4.28 3.90 4.2
Oranta Odeska 3.62 3.81 3.72 3.72
Peremoha Odeska 3.39 3.69 3.67 3.58

Pokrovska 3.37 4.48 3.43 3.76

Vyhoda Odeska 2.84 3.16 2.76 9.2
Dovira Odeska 3.50 392 3.58 3.67
Average 3.54 3.90 3.60 3.68
%, before sowing on 25 September 100.0 110.2 101.7
LSD,,., t/ha A-0.09; B-0.09

0.95°

Source: developed by the group of authors based on the conducted research

The data in the table indicate that the highest yield
of 3.90 t/ha was also achieved with the second sowing
date (5 October). The difference in yield between the
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sowing dates of 15 October and 5 October across the

ten varieties is 0.30 t. Compared to the sowing on 25

September, the increase in yield is 0.36 t. The difference




in yield between the sowing dates of 25 September and
15 October was not 2% compared to the 25 Septem-
ber sowing, but was higher by 8.3% compared to the
15 October sowing, as mathematically demonstrated.
The vyield differences among certain varieties aver-
aged across all sowing dates are not significant (Oranta
Odeska - 3.72 t/ha and Pokrovska - 3.76 t/ha; Oranta
Odeska - 3.72 t/ha and Dovira Odeska - 3.67 t/ha). The
highest yields on 5 October were produced by the fol-
lowing varieties: Katrusia Odeska (5.16 t/ha), Pokrovska
(4.48 t/ha), Hospodarka Odeska (4.28 t/ha), and Udacha
Odeska (4.08 t/ha). The minimum yield was recorded for
the wheat variety Fortetsia at 3.09 t/ha.

Among scientists, there are conflicting conclusions
regarding sowing dates. V. Tkachuk and T. Timosh-
chuk (2020) demonstrated that under the conditions of
Polissia, the maximum yield of winter wheat (3.56 t/ha)
was achieved when sown on 10 September. In contrast,
sowing on 10 October resulted in a decrease in grain
yield by 1.02 t/ha. According to S. Shakaliy et al. (2020),
in the Poltava region, the highest yield (5.36 t/ha) was
provided by the variety Bohemiia when sown on 20
September, and the variety Kosovytsia yielded 5.29 t/
ha when sown on 30 September, due to differing levels
of weather conditions and sowing dates. Furthermore,
the sowing dates influenced both the total and pro-
ductive number of stems, with the highest figures ob-
served in the experimental varieties sown on 30 Sep-
tember, while the lowest were recorded for sowing on
10 September.

According to the research conducted by S. Yaro-
shenko (2020) in the northern subzone of the Steppe,
shifting sowing dates both earlier (5 September) and
later (10 October) resulted in an average decrease
in winter wheat yield by 0.36 t/ha and 0.56 t/ha, re-
spectively. In analysing the impact of sowing dates,
H. Chuhrii (2021) emphasises that despite the vary-
ing duration of autumn vegetation, the highest yields
were achieved by plants sown on the same date - 25
September. For instance, in the unfavourable year of
2016, the average yield across three varieties was
35.8 centner/ha, while in another unfavourable year,
2020, it was 34.1 centner/ha. In contrast, the favour-
able year of 2018 yielded an average of 45.8 centner/
ha, and 44.3 centner/ha in 2019, which was also fa-
vourable. V. Petrychenko et al. (2021), who conducted
experiments at the “AgroExpressService” farm in the
Mlyniv District of the Rivne Region, noted that the
highest yields (9.22 t/ha and 9.43 t/ha) for the win-
ter wheat variety Kubus were achieved with sowing on
30 September. High yield figures were also observed
when sowing occurred between 20 September and 10
October. When sowing is delayed until November-De-
cember, yields of 7-8 t/ha can still be obtained. These
findings are corroborated by data presented in the
studies of other researchers, indicating their reliability
and consistency with existing scientific principles.

Serhieiev et al.

A. Krivenko and S. Pochkolina (2021) concluded
from their experiments that the highest yields were
obtained from sowing on 5 October for all varieties of
winter wheat under study. In this case, the yield was
15.5% higher compared to sowing on 25 September,
19.1% higher than on 15 October, and 27.5% higher
than on 25 October. Based on the results of their re-
search, |. Pravdziva et al. (2020) established a general
trend of decreasing yield with the shift of sowing dates
from 26 September to 16 October. However, regarding
the number of genotypes for specific predecessors, the
optimal sowing date was identified as 5 October follow-
ing green manure fallow for the varieties Trudivnytsia
Myronivska, MIP Assol, and MIP Dniprianka, after mus-
tard for Vezha Myronivska, after sunflower for MIP For-
tuna, and after maize for both MIP Fortuna and Podo-
lianka. Using the GGE biplot, it was established that the
second sowing date after a green manure predecessor
was closest to the “ideal environment” for realising the
yield level of most genotypes.

J. Liu et al. (2023) from the Hebei Gucheng Agricul-
tural Meteorology National Observation and Research
Station in Baoding, Hebei Province (China), state that
to ensure high and sustainable yields of winter wheat,
the optimal sowing period varied from 1 to 10 Octo-
ber.V.Kyrylenko et al. (2023) conducted experiments at
the V.M. Remeslo Myronivka Institute of Wheat of the
NAAS of Ukraine from 2018/19 to 2020/21. The results
indicated that the variety MIP Yuvileina produced the
highest yield for the first sowing date (5.52 t/ha and
6.24 t/ha after preceding sunflower and soybean, re-
spectively), while the variety MIP Fortuna yielded the
highest for the second sowing date (5.46 t/ha after
preceding soybean). The average yield of winter wheat
varieties was higher when sown on 25 September and
after the soybean predecessor. The maximum yield
(5.52 t/ha and 6.24 t/ha) for sowing on 25 September
was produced by the variety MIP Yuvileina after sun-
flower and soybean predecessors, respectively, while
for sowing on 5 October, MIP Fortuna achieved 5.46 t/
ha after the soybean predecessor. The factors that had
the most significant impact on the yield of winter wheat
were the growing conditions of the year and the prede-
cessor, contributing 67.8% and 20.9% respectively. The
factors “variety” and “sowing date” had contributions of
3.5% and 3.0% respectively.

Therefore, to determine the level of adaptability of
new-generation winter wheat varieties to adverse grow-
ing conditions and to approach their potential genetic
yield, it is necessary to know the optimal and permissi-
ble sowing dates, which determine the formation of the
highest grain yield of winter wheat in the spring-sum-
mer period. Sowing dates also have a certain influence
on the physical characteristics of winter wheat grain.
Research data shows that the hectolitre weight of most
winter wheat varieties exceeded the 1 class standard
of Ukraine (775 g/L) for soft winter wheat (Table 8).
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Table 8. Hectolitre weight of winter wheat, g/L (average for 2021-2022)

Sowing date

Variety 25 September 5 October 15 October Average
Zhytnytsia Odeska 781.0 783.0 772.0 778.6
Lira Odeska 778.0 787.0 785.0 783.3
Fortetsia 769.0 778.0 775.0 774.0
Palitra 779.0 785.0 789.0 784.3
Liha Odeska 775.0 778.0 770.0 774.3
Nasnaha 767.0 772.0 761.0 766.6
Veteran 771.0 776.0 761.0 769.3
Pokrovska 760.0 766.0 768.0 764.6
Storytsia 776.0 785.0 770.0 777.0
Dovira Odeska 785.0 792.0 781.0 786.0
Average 774.1 780.2 773.2 775.8

Source: developed by the group of authors based on the conducted research

According to the presented data, on average
over two years, the highest hectolitre weight was
observed in the following varieties: Dovira Odes-
ka - 786.0 g/L; Liha Odeska - 784.3 g/L; and Lira
Odeska - 783.3 g/L. On average, a higher hectolitre
weight was recorded for the sowing date of 5 October

(780.2 g/L), followed by the sowing date of 25 Sep-
tember (774.1 g/L). The lowest value of hectolitre
weight was observed with the late sowing date of 15
October (773.2 g/L). Sowing dates in 2023 showed a
variable influence on the hectolitre weight of winter
wheat (Table 9).

Table 9. Winter wheat grain hectolitre weight depending on sowing dates, g/L (2023)

X Sowing date
Variety Average
25 September 5 October 15 October
Katrusia Odeska 760.9 766.4 769.2 765.2
Mudrist Odeska 795.0 808.2 788.0 7971
Fortetsia 787.0 783.7 791.5 7874
Udacha Odeska 775.2 764.7 770.7 770.2
Hospodarka Odeska 776.0 780.0 786.5 780.8
Oranta Odeska 808.0 783.3 782.2 791.2
Peremoha Odeska 790.7 804.2 7970 797.3
Pokrovska 796.7 798.2 804.7 799.9
Vyhoda Odeska 779.0 783.0 784.2 782.1
Dovira Odeska 768.2 802.0 778.5 7829
Average 783.7 7874 785.3 785.5
%, before sowing on 25 September 100.0 100.5 100.2

Source: developed by the group of authors based on the conducted research

Research data indicates that the hectolitre
weight of most winter wheat varieties exceeded
the 1st class standard. Only a few varieties, such
as Katrusia Odeska (765.2 g/L) and Udacha Odeska
(770.2 g/L), had a hectolitre weight that correspond-
ed to the 2nd class of the national standard. On av-
erage, a higher hectolitre weight was recorded for
the sowing date of 5 October (787.4 g/L). The lowest
hectolitre weight was observed with the first sowing
date, namely 25 September (783.7 g/L). In terms of
varieties, on average, the highest hectolitre weight
was observed in the following varieties: Pokrovs-
ka - 799.9 g/L, Peremoha Odeska - 797.3 g/L, and
Mudrist Odeska - 797.1 g/L.
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Sowing dates had a varied impact on the hectolit-
er weight of different winter wheat varieties. For in-
stance, varieties such as Mudrist Odeska (808.2 g/L),
Peremoha Odeska (804.2 g/L), and Dovira Odeska
(802.0 g/L) exhibited the highest hectolitre weight
when sown on 5 October. Conversely, varieties such as
Katrusia Odeska (769.2 g/L), Fortetsia (791.5 g/L), and
Hospodarka Odeska (786.5 g/L), as well as Pokrovs-
ka (804.7 g/L), showed the highest hectolitre weight
when sown on 15 October. The varieties Udacha Odes-
ka (775.2 g/L) and Oranta Odeska (808.0 g/L) had the
highest hectolitre weight with the first sowing date
(25 September). A similar pattern was observed for the
1,000-grain weight (Table 10).
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Table 10. 1,000-grain weight of winter wheat seeds, g (average for 2021-2022)

Variety Sowing date Average
25 September 5 October 15 October
Zhytnytsia Odeska 41.0 42.7 41.1 41.6
Lira Odeska 40.6 419 40.8 411
Fortetsia 40.5 42.3 40.8 41.2
Palitra 39.2 39.7 39.4 39.4
Liha Odeska 36.0 36.8 344 35.7
Nasnaha 379 38.5 37.8 38.0
Veteran 39.9 39.8 38.1 39.2
Pokrovska 389 40.4 389 394
Storytsia 40.7 41.9 40.1 40.9
Dovira Odeska 42.0 42.9 41.1 42.0
Average 39.6 40.6 39.2 39.8
%, before sowing on 25 September 100.0 102.3 98.8 -

Source: developed by the group of authors based on the conducted research

On average over two years across 10 winter wheat
varieties, the highest 1,000-grain weight (40.6 g) was
achieved with a sowing date of 5 October. This repre-
sented a 2.3% increase compared to the first sowing
date (25 September) and a 3.6% increase compared
to the third sowing date (15 October). With a sowing
date of 5 October, the following varieties produced the
highest average 1,000-grain weight over two years:

Dovira Odeska (42.9 g), Zhytnytsia Odeska (42.7 g),
and Fortetsia (42.3 g). For the sowing date of 25 Sep-
tember, the highest 1,000-grain weight was observed
in the varieties Dovira Odeska (42.0 g) and Zhytnytsia
Odeska (41.0 g). On average, the varieties Dovira Odes-
ka (42.0 g), Zhytnytsia Odeska (41.6 g),and Lira Odeska
(41.1 g) had the largest grain size. A similar pattern was
observed for the 1,000-grain weight in 2023 (Table 11).

Table 11. 1,000-grain weight of winter wheat seeds depending on sowing dates, g (2023)

Sowing date

Variety 25 September 5 October 15 October Average
Katrusia Odeska 45.1 46.6 47.1 46.3
Mudrist Odeska 40.7 46.4 41.4 42.8

Fortetsia 45.0 45.8 451 453
Udacha Odeska 419 41.2 429 42.0

Hospodarka Odeska 42.3 433 40.8 421

Oranta Odeska 40.7 42.4 40.4 41.2
Peremoha Odeska 40.6 40.0 40.3 40.3
Pokrovska 41.9 41.9 41.5 41.8

Vyhoda Odeska 40.1 40.8 38.4 39.8

Dovira Odeska 41.3 42.0 40.7 413

Average 42.0 43.0 41.9 423

%, before sowing on 25 September 100.0 102.6 99.8 -

Source: developed by the group of authors based on the conducted research

On average across 10 winter wheat varieties, the
highest 1,000-grain weight (43.0 g) was achieved with
a sowing date of October 5%. The 1,000-grain weight for
both the first (25 September) and third (15 October) sow-
ing dates was almost identical at 42.0 g and 41.9 g, re-
spectively. With a sowing date of 5 October, the varieties
Mudrist Odeska (46.4 g),Hospodarka Odeska (43.3 g),and
Oranta Odeska (42.4 g) produced the highest 1,000-grain
weight. The varieties Katrusia Odeska (47.1 g) and Uda-
cha Odeska (42.9 g) achieved their highest 1,000-grain

weight with a sowing date of 15 October. For nearly
all sowing dates, the varieties Fortetsia (45.0 g, 45.8 g,
and 45.1 g, respectively), Peremoha Odeska (40.6 g,
40.0 g, and 40.3 g, respectively), and Pokrovska (41.9 g,
41.9 g,and 41.5 g, respectively) had similar 1,000-grain
weight values. On average, the varieties Katrusia Odeska
(46.3 g) and Fortetsia (45.3 g) had the largest grain size.
Results from the two-year agrochemical analysis (2021-
2023) indicate that sowing dates have a significant
impact on the quality of winter wheat grain (Table 12).
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Table 12. Quality of winter wheat grain depending on sowing dates

Protein content (% of dry matter) over years

Crude gluten content (%) over years

Sowing date
2021 2022 2023 2021 2022 2023
25 September 119 11.5 114 24.5 19.0 19.8
5 October 12.2 119 11.5 25.9 19.3 19.5
15 October 12.6 124 116 276 19.7 19.9
Average 12.2 11.9 11.6 26.0 19.3 19.7

Source: developed by the group of authors based on the conducted research

Throughout all the years of study, a trend towards
increased protein (12.6%,12.4%, and 12.6%, respective-
ly) and gluten content (27.6%,19.7%,and 19.9%, respec-
tively) was observed for the sowing date of 15 October.
The lowest protein content (11.9%, 11.5%, and 11.4%,
respectively) was recorded for the sowing date of 25
September. In terms of gluten, the lowest levels in 2021
and 2022 were noted for the sowing date of 25 Septem-
ber (24.5% and 19.0%), while in 2023, the lowest level
was recorded for the sowing date of 5 October (19.8%).
The highest protein content (12.6%) and gluten content
(26.0%) were observed in 2021, whereas the lowest
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levels occurred in 2023 for protein content (11.6%) and
in 2022 for gluten content (19.3%). It should be noted
that over the three years of the study, with the first (25
September) and second (5 October) sowing dates, the
winter wheat grain met the 3rd class of the national
standard in terms of protein and gluten content. Only
in 2021, with the third sowing date (15 October), did
the winter wheat grain meet the 2" class standard.
The grain quality in 2022 and 2023 with a sowing date
of 15 October met the 3rd class standard in terms of
protein and gluten content. Regarding varieties, sow-
ing dates had a varied impact on grain quality (Fig. 1).
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Figure 1. Protein content in winter wheat varieties depending on sowing dates (average for 2021-2022)
Source: developed by the group of authors based on the conducted research

Varieties such as Zhytnytsia Odeska (12.8%), Lira
Odeska (12.7%), Palitra (12.5%), Nasnaha (12.5%), Vet-
eran (12.5%), and Dovira Odeska (12.6%) exhibited the
highest protein content when sown on 15 October, with
their grain quality meeting the requirements of the 2nd
class national standard. All varieties sown on 25 Sep-
tember and 5 October produced grain with protein con-
tent corresponding to the 3 class. Varieties like Fortet-
sia (12.7%) and Storytsia (11.6%) produced the highest
protein content when sown on 5 October. The results of
the chemical analysis indicate that sowing dates in the
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2022/2023 agricultural year had a negligible impact on
the quality of winter wheat grain (Fig. 2). However, a
general trend was observed: the higher the grain yield,
the lower the protein content (assuming equal nutrient
supplies). The variety Katrusia Odeska produced grain
with a protein content of 10.4%, meeting the require-
ments of the 4" class according to the national stand-
ard when sown on the second date (5 October). For the
remaining varieties, the protein content of the grain,
regardless of the sowing date, corresponded to the 3rd
class of the national standard.
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Figure 2. Protein content in winter wheat varieties depending on sowing dates (2023)
Source: developed by the group of authors based on the conducted research

On average across all sowing dates, the varieties
Mudrist Odeska (12.2%) and Fortetsia (12.0%) produced
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the highest protein content. However, the pattern for
gluten content is somewhat different (Fig. 3).
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Figure 3. Gluten content in winter wheat varieties depending on sowing dates (average for 2021-2022)
Source: developed by the group of authors based on the conducted research

On average over 2021-2022, almost all winter
wheat varieties, except Storytsia, accumulated the
highest amount of gluten with a sowing date of 15 Oc-
tober, with the content in most varieties meeting the
requirements of the 2nd class. With a sowing date of 5
October, all varieties showed a decrease in gluten con-
tent, with the amount corresponding to the 3™ class,

except for the varieties Palitra and Nasnaha, where the
gluten content of the grain met the 2™ class. With a
sowing date of 25 September, the grain quality in terms
of gluten content met the 3™ class for almost all vari-
eties (except Lira Odeska, which met the 2™ class). In
2023, a decrease in gluten content was observed in the
grain of all studied winter wheat varieties (Fig. 4).
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Figure 4. Gluten content in winter wheat varieties depending on sowing dates (2023)
Source: developed by the group of authors based on the conducted research

In terms of gluten content in the grain, all varieties,
regardless of sowing date, met the requirements of the
3 class. Only a few varieties (Katrusia Odeska and Do-
vira Odeska) when sown on 5 October,and Oranta odes-
ka when sown on 25 September, produced grain with
gluten content meeting the requirements of the 4th
class. 0. Vinyukov et al. (2021), based on their research,
emphasised that, regardless of the variety, plants sown
earliest exhibited the best biometric indicators. It was
found that as the sowing dates were shifted towards
later periods, the grain number per spike decreased,
while the 1,000-grain weight increased.

K. Lachutta and R. Jankowski (2024) in their ex-
periments conducted in Batcyny (53°35'46.4 N,
19°51'19.5” E, NE Poland) determined the impact of
different sowing dates on the technological quality of
winter wheat grain (Triticum aestivum L.). The experi-
mental variables were the sowing date (early: 6 Septem-
ber 2018, 5 September 2019, and 3 September 2020;
delayed by 14 days: 1720 September; and delayed by
28 days: 1-4 October). A 14- and 28-day delay in sowing
contributed to an increase in the total protein content
of the grain (by 1% and 2%, respectively). Furthermore,
a 28-day delay in sowing led to an increase in the mois-
ture content of gluten in the grain (+0.5-0.6%) and an
improvement in the quality of the protein complex in
the Zeleny sedimentation test (+1.5%).

V.Spanic et al. (2023) concluded that, due to signifi-
cant average differences for all winter wheat genotypes
with the third sowing date (14 November 2022), the
grain had a higher protein and crude gluten content.
The lowest content of technological quality traits was
observed with the second sowing date (4 November
2022).The second sowing date,compared to the first (13
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October 2022), had advantages in terms of 1,000-grain
weight (22.5%), protein content (1.2%), and crude glu-
ten content (2.1%). However, it should be noted that the
authors did not analyse the stability of these factors
in the context of changing weather conditions, such as
cultivation practices, weed infestation, and soil fertility
levels, which is crucial for a comprehensive assessment
of the impact of these factors on grain quality and yield.
Nevertheless, from the perspective of developing ag-
ronomic science, both positive, negative, and complex
results often have contradictory and debatable aspects,
but despite this, they complement and deepen knowl-
edge, contributing to the development of more sub-
stantiated elements of crop production technology, tak-
ing into account many factors such as climate change,
varietal characteristics, and soil type and condition.

CONCLUSIONS

Multi-year experimental data on determining the op-
timal sowing dates for winter wheat indicate a trend
towards later sowing, primarily due to changing weath-
er conditions with warmer autumn temperatures and
the use of varieties with a shorter vernalisation require-
ment. Over three years of research, the highest yields
of winter wheat were obtained when sown on 5 Octo-
ber for most of the varieties studied: in 2021-2022, the
average yield was 3.60 t/ha, which was 10.9% higher
than the result of sowing on 25 September and 11.1%
higher than the result of sowing on 15 October; in the
2022/2023 agricultural year, the yield was 3.90 t/ha,
which is 10.2% more compared to sowing on 25 Sep-
tember and 8.3% compared to sowing on 15 October.
The highest yields when sown on 5 October (on average
for 2021-2022) were obtained by the following winter




wheat varieties: Dovira Odeska (4.03 t/ha), Storytsia
(3.90 t/ha), Palitra (3.80 t/ha), Katrusia Odeska (5.16 t/
ha), Pokrovska (4.48 t/ha), Hospodarka Odeska (4.28 t/
ha), and Udacha Odeska (4.08 t/ha) in the 2022/2023
agricultural year.

On average, the highest hectolitre weight of win-
ter wheat was recorded with sowing on 5 October: in
2021-2022, the hectolitre weight averaged 792.0 g/L;
in the 2022/2023 agricultural year, it was 787.4 g/L.
The highest hectolitre weight on average was record-
ed for the following varieties: in 2021-2022: Dovira
Odeska (786.0 g/L), Zhytnytsia Odeska (778.6 g/L), Sto-
rytsia (777.0 g/L); in the 2022/2023 agricultural year:
Pokrovska (799.9 g/L), Peremoha Odeska (797.3 g/L),
Mudrist Odeska (797.1 g/L). On average for 10 winter
wheat varieties, the highest 1,000-kernel weight was
obtained with sowing on October 5%:in 2021-2022, the
1,000-grain weight was 40.6 g; in the 2022/2023 ag-
ricultural year, it was 43.0 g. The highest 1,000-grain
weight with sowing on 5 October was recorded for
the following varieties: in 2021-2022: Dovira Odeska
(42.9 g), Zhytnytsia Odeska (42.7 g), Fortetsia (42.3 g);
in 2022/2023: Katrusia Odeska (46.6 g), Mudrist Odeska
(46.4 g), Fortetsia (45.8 g).

Results of the agrochemical analysis of winter
wheat grain show that in 2021-2022: most varieties
produced 3 class grain; the highest protein content
(12.4%) and gluten content (23.7%) on average over
two years was observed with the late sowing date (15
October). Zhytnytsia Odeska (12.8% protein and 24.8%

Serhieiev et al.

gluten), Lira Odeska (12.7% protein and 24.8% glu-
ten), Nasnaha (12.5% protein and 24.9% gluten), Vet-
eran (12.5% protein and 24.2% gluten), Palitra (12.5%
protein and 24.5% gluten), and Dovira Odeska (12.6%
protein and 23.9% gluten) had the best indicators for
protein and gluten content when sown on 15 October
and met the requirements of the 2nd class standard. In
the 2022/2023 agricultural year: the protein and gluten
content in winter wheat grain was lower compared to
previous years; most varieties produced 3™ class grain;
the highest protein content (11.6%) and gluten content
(19.9%) on average was observed with the late sowing
date (15 October).

The data presented above confirms that there is no
universal sowing date. This issue must be addressed on
a case-by-case basis, taking into account a whole range
of factors: weather conditions, the specific response of
different varieties to sowing dates, predecessors, the
availability of prepared areas for sowing, soil moisture
reserves in the sowing layer, the availability of effective
protection measures, the technical level of farms, and
so on. Such an approach underlines the importance of a
flexible and scientifically sound approach to agricultur-
al practices, especially in the context of climate change.
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AHoTauifi. 3MiHa KNiMaTUYHMX YMOB CMOHYKAKOTb A0 MPOAOBXEHHS AOCNIAXKEHb LWOAO YTOYHEHHS CTPOKIB NOCiBY
[ONS HOBMX COPTIB MLWEHML 031MOT T3 BU3HAUYEHHS PiBHS 1X BMNIMBY HA MOKA3HWKM MPOLYKTUBHOCTI 3 ypaxyBaHHAM
0C06/IMBOCTEN MOTOAHUX YMOB POKY. TOMY, BUBYEHHS CTPOKIB CiB6M, 0COBNMBO COPTiB-iHHOBALiM 3 iIHTEHCUBHUM
CTapTOBMM pOCTOM, BYN0 | 3aNMIIAETBCSA AKTYyaNbHUM MUTAHHAM. MeTa JocnifXeHb — BM3HAYeHHs Ta ajanTauis
o ymoB lliaeHHoro Creny YkpaiHM onTMManbHUX Ta AOMYCTUMMX CTPOKIB CiBOM 03MMOI MNWEHMLi HOBUX COPTIB
0N LOCATHEHHS MaKCMManbHO MOX/IMBOrO PiBHS peanizauii iX reHeTMYHOro NoTeHLiany 3 YPOXaWHOCTI i AKOCTI
3epHa. EkcnepumenTanbHi gocniam nposogunum y 2021-2023 pokax B ymoBax Opecbkoi obnacti. OCHOBHWIA MeTog,
SKWIA 3aCTOCOBYBABCA Yy AOCAIAI — MOMbOBUM, SIKMIM AOMOBHKOBABCS AHANITUYHUMM OOCNIIKEHHSMU, BUMipaMmMy,
nigpaxyHkamu i cnoctepexeHHamu. O6nik BpoXato NpoBOAMBCS METOAOM CyLinbHOrO 06MONOTY 32 AOMOMOrOH
cenekuiiHoro kombarHy SAMPO. BctaHoBneHO, WO HaWBULLY YPOXAMHICTb 3epHa MLWEHWL 03MMOi 3a TpU POKM
[oCnipKeHb ofepyaHo npu ciebi 5 xoBTHA. Y 2021-2022 pokax — ypoxawnHicTb y cepeaHboMy cTaHoBuna 3.60 T/ra, a
y 2022/2023 c-r. poui - 3.90 1/ra. BussneHo, Lo HanBULWMIA BpOXKal chopMyBanu (cepenHe 3a 2021-2022 pp.) npu
ciBbi 5 XOBTHS Taki copTM NweHuLi o3uMoi: [Josipa onecbka - 4.03 1/ra i Katpycs ogecbka - 5.16 1/ra; lMokpoBcbka —
4.48 1/ra, locnopapka ogecbka — 4.28 1/ra, Yoava ogecbka — 4.08 1/ra (2022/2023 c-r. p.). BctaHoBnEHO, WO AKiCTb
3epHa 03UMMX 3€PHOBUX 3HAYHOK MIpOK 3aNeXMTb Bif, MOroAHWX YMOB POKY, COPTY i CTPOKIB CiBOWU. Havkpalwi
pe3ynbTaTv 3a UMMM MOKa3HMKaMK Bynmn oTpuMaHi npu ciB6i 5 oBTHS. Ane, 3a BCiMa COpTamMu MLLEHULi 03UMOI
CMOCTepiraeTbcs TeHAeHLi [0 36inbleHHs Binka M KNeMKOBWMHW B 3epHi Npu CTPOKY CiB6M 15 XOBTHS. TaKMM YMHOM,
NPaKTUYHA LiHHICTb AOCNIOKEHHS NONAra€ y BUABMAEHHI PiBHA aAanTUBHOCTI A0 HECMPUSATIMBUX YMOB BMPOLLYBAHHS
COPTiB HOBOMO NOKOJIiHHS MLWEHMULi 03MMOi Ta peanizauii iX NOTeHLIMHO-reHETUYHOT YPOXKANHOCTI @ TAKOX BU3HAUYEHHS
ONMTUMANbHMUX Ta AOMYCTUMMX CTPOKIB iX CiBOM B rpyHTOBO-KNiMaTUYHMX yMoBax [liBaeHHoro Creny YkpaiHu

KniouoBi cnoBa: 03uMi 3epHOBI KyNnbTypu; MOrofHi YMOBW; TEPMiHM CiBOM; NPOAYKTUBHICTb; (i3WYHi i XiMiuHi
NMOKA3HUKMN AKOCTi
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semi-arid steppe climate zone at the Institute of Climate-Smart Agriculture of the National Academy of Agrarian
Sciences of Ukraine. Three tillage systems were studied for their influence on soil bulk density, porosity, and water
permeability, namely: mouldboard-differentiated ploughing tillage; differentiated chisel tillage; and differentiated
ploughless tillage with soil slitting. Soil bulk density was determined using the core method. Soil porosity was
calculated as the ratio of total bulk density to solid fraction bulk density. Water infiltration rates, established
through the water absorption test method, were used to measure soil water permeability. The results of the study
were statistically analysed using the common ANOVA procedure with Fisher’s least significant difference test at
P<0.05. In addition to the agrophysical parameters of the soil, the energy output of the crop rotation was assessed.
It was established that mouldboard tillage did not provide significant benefits in terms of bulk density and soil
porosity. However, ploughing showed the best results for soil water permeability across all crops in the rotation.
The highest energy output of crop rotation (119.1 GJ/ha) was recorded for the ploughless-differentiated tillage
system with soil slitting, whereas the mouldboard ploughing and chisel tillage systems produced somewhat lower
energy yields of 112.0 and 108.6 Gl/ha, respectively. Therefore, ploughless-differentiated tillage with soil slitting
is the most effective option for short-grain crop rotations in irrigated conditions of southern Ukraine, in terms of

creating optimal soil agrophysical properties and achieving the highest crop productivity

Keywords: mouldboard ploughing; ploughless tillage; soil bulk density; soil porosity; water permeability; yield

INTRODUCTION

Tillage is a farming technique that uses mechanical
manipulation to alter soil properties and improve con-
ditions for crop growth and development. Tillage sig-
nificantly affects the physical characteristics and func-
tions of soil, which can influence its health and overall
fertility. Enhancing soil properties and increasing crop
yields through proper soil tillage is crucial, but ensur-
ing sustainability requires careful soil tillage manage-
ment. Tillage is vital for maintaining the sustainability
and quality of soil as it modifies its physical, chemical,
and biological properties.

The physical characteristics of soil and the viabil-
ity of agriculture are greatly impacted by tillage, an
essential soil management practice. Tillage affects the
bulk density, porosity, and hydraulic properties of soil,
which in turn influence water infiltration and retention
(Steponaviciené et al., 2023). Although tillage can im-
prove soil conditions for crop emergence and yield, it
also has potential drawbacks. Excessive tillage can lead
to erosion and soil degradation, which harm long-term
productivity (Nweke, 2018). Conservation tillage tech-
niques have emerged as alternatives to address these
challenges, balancing productivity, profitability, and
environmental protection. By reducing degradation,
promoting sustainable food production, and preserving
soil health, these methods minimise negative environ-
mental impacts. Selecting the appropriate tillage sys-
tem is critical, as it affects not only the soil’s physical
health but also plant growth and the broader environ-
ment. Suitable tillage practices must be implemented to
safeguard soil quality, environmental integrity,and food
security (Ramzan et al, 2019). Implementing scientifi-
cally proven optimal tillage practices is particularly im-
portant in regions with unstable natural humidification,
such as southern Ukraine, where frequent and severe
droughts, erosion, freshwater shortages, and increased
aridity exacerbate soil degradation (Lykhovyd, 2021).

Furthermore, tillage practices must account for the spe-
cifics of crop rotations, which to some extent determine
the required parameters of agrophysical soil properties.

It was established that tillage systems in crop ro-
tations significantly impact not only soil properties
but also the overall productivity of crop rotations and
the efficiency of water use. Different types of crop ro-
tation in varying growing conditions require distinct
approaches to tillage. For example, H. Sharifnasab et
al. (2024) reported that tillage minimisation was found
to be essential for improving soil water retention un-
der wheat crops, as demonstrated by the results of a
meta-analysis. No-tillage and minimal-tillage methods
enhanced soil organic carbon content, total nitrogen
levels, and beneficial earthworm populations when
compared to standard mouldboard tillage. However,
long-term studies revealed that no-till farming greatly
increased weed populations and that population and
that crop rotations had no effect on weed infestation.
The study by A. Wozniak and M. Soroka (2018) demon-
strated that in a semi-arid climate, reduced tillage
(rototiller and chisel) could boost the economic prof-
itability of crop production and decrease weed infes-
tation compared to traditional mouldboard ploughing.
M. Maliarchuk et al. (2021) concluded that the best
agrophysical properties of dark-chestnut soil in the ir-
rigated conditions of southern Ukraine were achieved
under differentiated ploughless tillage. Moreover, this
option also provided the best economic return for crop
cultivation in a four-field grain crop rotation involving
grain maize, sorghum, soybeans, and winter wheat. The
differentiated tillage system with disc tillage at a depth
of 8-10 cm was also found to be the most efficient in
terms of water use (Vozhehova et al., 2019). However, it
is difficult to disagree with S. Khursheed et al. (2019)
that adaptive tillage systems in Ukraine are currently
insufficiently studied and, as a result, inefficient and
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irrational practices are still implemented, leading to
the loss of organic matter, erosion, deterioration of
agrophysical properties, and, consequently, a general
decline in fertility. O. Menshov and O. Kruglov (2023)
stressed that one of the most prominent reasons for
soil degradation in Ukraine is irrational tillage, particu-
larly, excessive ploughing. Therefore, current research
must provide robust evidence in support of alternative
tillage methods that are less harmful to soil health. It
should also be emphasised that tillage systems should
be studied in close relation to soil and climate condi-
tions, which are changing nowadays rapidly and must
take into account the water supply and the range of
cultivated crops. Novel studies and approaches to soil
tillage should be based on the principles of sustaina-
bility and climate-smart agricultural technologies.

Thus, the primary objective of this study was to
determine the ideal tillage strategy under current cli-
mate change conditions in southern Ukraine, to opti-
mise the agrophysical properties of dark-chestnut soil
under irrigated short four-field grain crop rotation.

MATERIALS AND METHODS

The study was conducted during 2021-2022 as part
of a stationary field experiment on the experimental
plots of the Institute of Climate-Smart Agriculture
of the National Academy of Agrarian Sciences, locat-
ed in the village of Naddniprianske, Kherson Region.
The location of the experiment was 46°44'34.9"N,
32°42°20.17E. The scheme of the short grain crop ro-
tation and the studied tillage options are presented
in Table 1.

Table 1. Experimental scheme of the study on tillage effects on agrophysical soil properties
and crop productivity in the irrigated conditions of southern Ukraine

Crop rotation and tillage depth, cm

No. Tillage system
Grain maize Winter rapeseed Winter wheat Soybeans
Mouldboard-differentiated
(standard control option) 28-30(p) 14-16 (p) 20-22(p) 2325 ()
2 Ploughless-differentiated 28-30 (c) 14-16 (c) 20-22 (c) 23-25 (c)

Ploughless-differentiated with

3 slitting on 38-40 cm

10-12 (d) + 38-40 (s)

12-14 (d) +slitting

14-16 (d) +slitting
aftereffect

10-12 (d) +slitting

aftereffect aftereffect

Note: p - ploughing; c - chisel tillage; d - disc tillage; s - soil slitting

Source: prepared based on the authors’ research

The study was carried out on dark-chestnut, middle
loamy soil with a humus horizon depth of 40 cm, humus
content of 2.3%, total nitrogen content of 0.17%, gross
phosphorus content of 0.09%, and a pH of the soil rang-
ing from 6.8 to 7.3. The climate of the zone is character-
ised as semi-arid steppe, and the region is considered
risky for rainfed agriculture (Beck et al., 2018). The study
was conducted in four replications using a systemat-
ic plot distribution design. The sown area was 450 m?,
while the accounted area was 50 m2,

Tillage was conducted using standard manufac-
tured machines. The plant genotypes used in the study
were: the variety Skadovskyi for grain maize, with a
sowing rate of 80,000 pcs./ha; the variety Diona for soy-
beans, a sowing rate of 10 kg/ha; the variety Konka for
winter wheat, with a sowing rate of 220 kg/ha (5 million
pcs./ha); the variety Chornyi Veleten for winter rape-
seed, with a sowing rate of 8 kg/ha (800,000 pcs./ha).
Irrigation was conducted using a DDA-100-MA over-
head sprinkler machine. Irrigation occurred when soil
moisture dropped to 70% of the field water-holding
capacity in the root zone. In general, the cultivation
technology of the studied crops within the crop ro-
tation was standard for southern Ukraine, except for
the tillage options. The depth of tillage was controlled
using a furrow meter, and at least 50 measurements
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were taken on each experimental plot. The bulk den-
sity of the soil was established using the core method
in layers of 0-10, 10-20, 20-30, and 30-40 cm at the
beginning of the growing season and after harvesting
(Al-Shammary et al., 2018). Soil porosity was deter-
mined by the equation (1):

P=(1 - d/dsf), (1)

where P is porosity; d - soil bulk density, g/cm?; dsf -
bulk density of the solid fraction of the soil, g/cm?.

Water permeability was measured using the water
absorption test after three hours of exposure (Nagy et
al, 2013). Soil moisture was determined by the gravi-
metric method (Reynolds, 1970). The yield of the stud-
ied crops was established through direct harvesting
using a combined harvester. The energy output of the
crop rotation was calculated based on the standard-
ised energy income from crop products (Konieczna et
al, 2020). Statistical data processing was performed
at P<0.05 using the common ANOVA procedure, with
Fisher's least significant difference test (Williams &
Abdi, 2010). The authors adhered to the standards of
the Convention on Biological Diversity (1992) and the
Convention on International Trade in Endangered Spe-
cies of Wild Fauna and Flora (1979).




RESULTS AND DISCUSSION
The study’s findings showed that, for the majority of the
crops examined, traditional mouldboard tillage had no
impact on the bulk density of the soil — with soybeans
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being the exception. Mouldboard ploughing resulted in
noticeably improved soil loosening under soybeans at
the start of the crop growing season, but this difference
was negated after harvest (Table 2).

Table 2. Soil bulk density (g/cm;) in the 0-40 cm layer under the studied crops depending on the tillage system

Crops
No. Tillage system Method and depth (cm)
Grain maize Winter rapeseed Winter wheat Soybeans
At the beginning of the growing season

1 Mouldboard 28-30 (p) 1.28a 1.25a 1.27a 1.25a
2 Ploughless 28-30 (c) 1.29a 1.29b 1.28a 1.29b

Ploughless-
3 differentiated 10-12 (c) + 38-40 (s) 1.25a 1.27ab 1.26a 1.27ab

After harvesting

1 Mouldboard 28-30 (p) 1.29a 1.27a 1.28a 1.31a
2 Ploughless 28-30 (c) 1.31a 1.31a 1.30a 1.31a

Ploughless- 10-12 (c) + 38-40 (s) 127a 1.29a 1.28a 1353

differentiated

Note: different letters indicate that the difference between the experimental variants is significant according to Fisher’s

least significant difference test at P<0.05
Source: prepared based on the authors’ research

This was also true for soil porosity, which did not
significantly differ between the variants of the tillage
system. Generally, soil porosity was somewhat higher

under mouldboard ploughing, but this difference was
insignificant and could not be attributed to the effect
of the tillage system itself (Table 3).

Table 3. Soil porosity (%) in the 0-40 cm layer
under the studied crops depending on the tillage system

Crops
No. Tillage system Method and depth (cm)
Grain maize Winter rapeseed Winter wheat Soybeans
At the beginning of the growing season
1. Mouldboard 28-30 (p) 51.1ab 52.0a 51.5a 52.0a
2. Ploughless 28-30 (c) 50.6a 50.7a 50.9a 50.7a
Ploughless-
3. differentiated 10-12 (c) + 38-40 (s) 52.0c 51.3a 51.6a 51.2a
After harvesting
1. Mouldboard 28-30 (p) 50.7ab 51.2a 50.9a 51.3a
2. Ploughless 28-30 (c) 49.9b 49.9a 50.4a 50.0a
3, Ploughless- 10-12 () +38-40 (s) 51.2a 50.6a 50.8a 50.3a

differentiated

Note: different letters indicate that the difference between the experimental variants is significant according to Fisher’s

least significant difference test at P<0.05
Source: prepared based on the authors’ research

Another trend was observed regarding soil wa-
ter permeability. It was established that mouldboard
ploughing and the ploughless-differentiated tillage sys-
tem with soil slitting provided significantly better water
permeability compared to ploughless chisel tillage un-
der grain maize. Under soybeans and winter rapeseed,
mouldboard ploughing was significantly superior to
both ploughless tillage systems, while ploughless-dif-
ferentiated tillage with soil slitting performed better

than chisel loosening.As for soil water permeability un-
der winter wheat, mouldboard ploughing outperformed
all other systems at the beginning of crop growth. How-
ever, after harvesting, it was no longer superior to the
differentiated system of ploughless tillage with soil
slitting. In general, it can be concluded that conven-
tional tillage with mouldboard machines creates better
conditions for water absorption in dark-chestnut soil
in the semi-arid climate of southern Ukraine (Table 4).
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Table 4. Soil water permeability (infiltration rates in mm/min) under the crops
of the studied four-field crop rotation depending on tillage options

Time of measurement

No. Tillage system Method and depth (cm)
Beginning of growing After harvesting
Under grain maize
1 Mouldboard 28-30 (p) 4.4a 4.0a
2 Ploughless 28-30 (c) 3.9b 3.4b
3 Ploughless-differentiated 10-12 (d) + 38-40 (s) 4.6a 4.3a
Under soybeans
1 Mouldboard 28-30 (p) 4.9a 4.3a
2 Ploughless 28-30 (c) 3.7b 3.0b
3 Ploughless-differentiated 10-12 (d) + 38-40 (s) 4.2c 3.6¢
Under winter wheat
1 Mouldboard 28-30 (p) 4.2a 3.6a
2 Ploughless 28-30 (c) 3.0b 2.3b
3 Ploughless-differentiated 10-12 (d) + 38-40 (s) 3.6¢ 3.0a
Under winter rapeseed
1 Mouldboard 28-30 (p) 3.8a 3.4a
2 Ploughless 28-30 (c) 2.6b 2.2b
3 Ploughless-differentiated 10-12 (d) + 38-40 (s) 3.2c 2.7¢

Note: different letters indicate that the difference between the experimental variants is significant according to Fisher’s

least significant difference test at P<0.05
Source: prepared based on the authors’ research

In terms of the crop rotation’s productivity and ener-
gy output, it was found that the ploughless-differentiat-
ed tillage with soil slitting produced the highest yields
across all the crops studied. This also applies to the en-
ergy output of the crop rotation, which was the highest

in this variant and reached 119.1 GJ/ha, while the lowest
energy output was recorded under the chisel ploughless
tillage - 108.6 GJ/ha. Conventional mouldboard plough-
ing tillage occupied an intermediate position in terms of
both crop productivity and energy production (Table 5).

Table 5. Productivity of the crop rotation depending on tillage options

Crops
No. Tillage system Indicators i
ge sy Grain maize Winter Winter wheat Soybeans Average for. the
rapeseed crop rotation
1 Mouldboard- yield, t/ha 12.69 2.62 6.51 3.56 -
differentiated GJ/ha 209.4 52.4 116.9 69.3 112.0
2 Ploughless- yield, t/ha 12.27 2.55 6.37 341 -
differentiated Gl/ha 202.6 51.0 114.3 66.4 108.6
Ploughless- yield, t/ha 13.70 2.70 6.76 3.85 -
iff i ith
3 differentiated wit Gl/ha 226.2 53.9 1213 74.9 119.1

slitting on 38-40 cm

Source: prepared based on the authors’ research

To summarise the results of the current study, it
was established that the agrophysical properties of
the soil, and soil water permeability in particular, are
to some extent dependent on the tillage options, es-
pecially how the layers are mixed and turned. Tillage
effects vary across different crops, which could be at-
tributed to differences in their root systems, as it is
a well-established fact that plant roots play a crucial
role in the formation of physical traits in soil (Wang et
al., 2023). Additionally, tillage greatly affects crop pro-
ductivity and energy production; therefore, it is essen-
tial to consider these impacts of soil cultivation on the
final results of crop production.
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Tillage is one of the major factors affecting soil
agrophysical and hydraulic indicators, especially those
such as soil bulk density, porosity, and water permea-
bility. Its effects on the soil are strongly dependent not
only on the machinery used but also on soil type, climate
conditions, and the overall level of agricultural prac-
tice. Therefore, considerable variations in results are
obtained in studies conducted under different agro-in-
dustrial conditions. Most studies claim that tillage sys-
tems significantly impact soil bulk density and related
properties, such as porosity and hardness. Conventional
tillage, usually involving mouldboard ploughing, gen-
erally decreases soil bulk density compared to minimal




or no-till systems, particularly in the arable soil layer.
For example, R. Hashimi et al. (2023) determined that
although soil compaction occurs to some extent under
zero tillage, it generally improves soil structure and in-
creases the proportion of beneficial agrophysical ag-
gregates in the soil. However, excessive soil compaction
in some cases can pose significant hazards to normal
crop growth and development, resulting in decreased
yields and yield quality due to impediments to plant
roots accessing water and nutrients. It was found that
compacted soils reduced barley, wheat, maize, and soy-
bean yields by 15.1%, 4.1%, 37.7%, and 27.7%, respec-
tively, providing evidence that maize crops are the most
susceptible to soil compaction (Zhang et al.,, 2024).

Several studies have claimed that chisel ploughing
can be even more effective than mouldboard ploughing
in reducing soil bulk density. In this regard, disc plough-
less tillage is inferior to both mouldboard and chisel
ploughing, but the aspects of soil bulk density forma-
tion under the influence of tillage are also dependent
on the speed of tillage machinery, which was not con-
sidered as a factor in this study (Isaak et al., 2024). How-
ever, in this study, a very subtle difference was found
between mouldboard and ploughless tillage options in
terms of soil bulk density. Reports on the influence of
tillage on crop yields are inconsistent and sometimes
even contradictory. In this research, the most produc-
tive tillage option was differentiated disc ploughless
tillage with soil slitting. However, D. Burger et al. (2023)
reported different results, confirming improved yields
under ploughing during dry years in Northern Germa-
ny. The difference in the study results could be due to
the fact that although this research was conducted in a
more arid climatic zone than Northern Germany, irriga-
tion was applied to mitigate the effects of drought on
the crops studied. The authors’ hypothesis is supported
by the study conducted by B. Zhang et al. (2023), who
claimed that crop productivity under deficit irrigation
could be significantly improved through deeper tillage,
which provides better water-retention capacity. In this
case, there was no need for the creation of water-saving
storage in the soil; thus, the highest yield and energy
output were obtained in the variants with conservation
ploughless tillage.

As for soil water permeability, this study showed
that tillage provided the best water penetration rates
under all the studied crops except for maize. In general,
it can be concluded that deeper tillage with soil layer
rotation is the best practice to increase soil water fil-
tration rates while minimising tillage and neglecting
soil rotation results in slower infiltration rates. This the-
ory is supported by the study conducted by Y. Qian et
al. (2024), who compared soil permeability under con-
ventional and no-till systems. However, no-till systems
seem to be the better option for soil health in irrigated
conditions, as zero tillage results in better water flux
and a more beneficial soil structure in the long-term
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(Talukder et al., 2023). As this study covered a relatively
short period of two years, it is difficult to support or
refute this statement.

Another important question is the effect of tillage
options on overall crop productivity. A meta-analysis of
European studies determined that tillage minimisation
(through ridge and strip tillage methods) increased the
yields of major crops by 5% compared to conventional
mouldboard ploughing, while no-till systems reduced
yields by 5.1% (Achankeng & Cornelis, 2023). In the US
Corn Belt, satellite data analysis revealed a subtle (3.3%)
increase in grain maize yields and a 0.74% increase in
soybean yields under a long-term conservation (plough-
less) tillage system (Deines et al., 2019). These results
align with the findings of the authors of this article,
but it should be stressed that the ploughless tillage
system with chisel ploughing was inferior to the differ-
entiated system with disc cultivation and soil slitting.

In addition, it should be acknowledged that stud-
ying tillage must consider soil wind and water erosion
hazards. Tillage-related erosion on slopes can reduce
wheat and maize yields over time, and current climate
change potentially exacerbates this effect (Quinton et
al., 2022). Conservation tillage practices, which mainly
include ploughless and no-till options, provide bene-
fits such as improved soil health, reduced erosion, and
generally better soil structure, which can contribute to
sustainable crop production (Kumar et al., 2022). How-
ever, this statement is not universally applicable to all
agro-industrial conditions, as this study demonstrated
that a significantly better water infiltration capacity
of the dark-chestnut soil under irrigated conditions is
achieved with conventional mouldboard ploughing.
However, no erosion effects were studied; therefore, it
cannot be established whether ploughless tillage is su-
perior or inferior to mouldboard ploughing.

At the same time, it must be acknowledged that in
this study deep ploughing does not provide significant
benefits in terms of soil agrophysical properties; there-
fore, excessive ploughing should be avoided. The future
ofagriculture liesintherational combination of differen-
tiated tillage systems within short- to moderate-length
crop rotations, especially in the so-called bio-tillage.
Consequently, experimental and theoretical research
into the efficiency of tillage systems and their impact
on soil agrophysical, agrochemical, agromeliorative, bi-
ological, and fertility properties should be conducted
under different agroclimatic conditions in Ukraine to
ensure a rational transition to innovative tillage sys-
tems in the context of the current food crisis and climate
change (Lykhovyd, 2024; Pavlova & Litvinov, 2024).

To sum up, the current study demonstrates that, in
general, the ploughless-differentiated tillage system
with disc cultivation and soil slitting provides the best
balance between the formation of optimal soil agro-
physical properties and crop productivity of the irrigat-
ed steppe zone of southern Ukraine.
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CONCLUSIONS
Soil bulk density was insignificantly influenced by till-
age systems and fluctuated between 1.25-1.29 g/cm?
at the beginning and 1.27-1.35 g/cm?® at the end of
the growing season for the studied grain crops. The
same is true for soil porosity, which was approximate-
ly 50.0% across all the studied tillage variants. As for
soil water permeability, it was established that mould-
board ploughing resulted in a significantly higher rate
both at the beginning of the growing season and after
harvesting under soybeans and winter rapeseed, av-
eraging between 3.8-4.9 and 3.4-4.3 mm/min, respec-
tively. However, in grain maize, mouldboard tillage
did not statistically outperform the ploughless-differ-
entiated tillage system, and in winter wheat crops, it
performed significantly better only at the beginning
of the growing season. Regarding the productivity of

scientifically sound evidence supporting convention-
al mouldboard ploughing over the studied ploughless
tillage systems on irrigated dark-chestnut soil in the
short grain crop rotation. Therefore, a ploughless-dif-
ferentiated tillage system with disc tillage to a depth
of 10-12 cm, accompanied by soil slitting to a depth of
38-40 cm once per crop rotation, should be preferred
over conventional mouldboard ploughing systems on
the irrigated lands of the semi-arid zone of southern
Ukraine to provide the best ratio between soil health
and crop yields. Further investigations will focus on
studying no-till systems in irrigated short grain crop
rotations, regarding their influence on agrophysical
and agrochemical soil properties and overall fertil-
ity, as well as the impact of no-till practices on crop
productivity.

the crop rotation, it was established that mouldboard ACKNOWLEDGEMENTS
tillage performed better than the ploughless chisel None.
tillage system, but was still inferior to disc tillage with
soil slitting, as evidenced by the energy output of the CONFLICT OF INTEREST
crop rotation - 119.1vs.112.0 GJ/ha. Thus, there isno  None.
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AHoTauif. OCHOBHOKO MeTOH [AOCNIAXEHHS OyNo BCTAaHOBUTM BM/MB Pi3HUX cUCTEM 0OPOBITKY FPYHTY Ha
arpodi3nyHi BNACTMBOCTI TEMHO-KAWTAHOBOrO FPYHTY B KOPOTKOPOTALIiMHIM 3epHONpOCanHiA CiBO3MiHI B
3polyBaHMX YMOBax MiBAHS YkpaiHu. [ocnigxeHHs nposoaunn npotarom 2021-2022 pp. y cTauioHapHOMy
[ocnifi B YOTMPUNINbLHIM CIBO3MIiHI: KYKYpyA3a Ha 3epHO — pinak 03UMMWIA — MweHuus o3muma — cod. [locnigHe
none 3HaxoAunocCs B HaMiBNOCYLW/MBIM CTENOBIM KAIMAaTUYHIM 30HI IHCTUTYTY KNIMaTUMYHO OPIEHTOBAHOMO
3emMnepobctea HAAH. JocnigkyBanu Tpu cucteMu 06pobiTKy I'pyHTY 3 TOUKM 30pY iX BMIMBY HA HACUMHY WiNbHICTb,
NOPUCTICTb Ta BOAOMPOHUKHICTb PPYHTY, @ CaMe: BiABaNbHUI AudepeHLiioBaHU 06pobiToK; AnpepeHLiioBaHUNA
Yyn3senbHUin 06pobiToK; AndepeHLiioBaHMIi Be3nonuueBnii 06pobITOK 3 WiNtoBaHHAM I'pyHTY. OB'EMHY Macy I'pyHTy
BM3Hayanu 3a A0MNOMOrol0 KepHOBOro Metody. [opuCTiCTb FPYHTY pO3paxoByBanu SK BifHOLWEHHS 3aranbHoi
06'eMHOT Macu g0 06'eMHOI MacK cyuinbHoro 3namy. LLeuakicts iHdinbTpaLii Boau, BCTAHOBMIEHA 33 A0MOMOIOH
MeToAy BOAOMOMMHAHHS, 6yna BUKOpPUCTaHa SK Mipa BOAOMPOHWMKHOCTI IPYHTY. Pe3ynbtaTv focnigxeHHs Oynum
CTAaTUCTMYHO 06pobneHi 3a ponomorow 3aranbHonpuitHaToi npouenypu ANOVA 3 BUMKOPUCTaHHAM KpUTepito
HalMMeHWoi 3Hauywoi pisHuui @iwepa npu P < 0,05. KpiMm arpodisnyHnx napameTpiB rpyHTY, OLiHIOBANU
€HepreTMyHy MNpOAYKTUBHICTb CiBO3MiHM. BCTaHOBMEHO, WO BiABanbHUM 0OpPOOGITOK FPYHTY HE MA€ CYTTEBOI
nepeBary 3a NOKa3HUMKAMM HACUMHOI LWiNbHOCTI Ta MOPUCTOCTI IPYHTY. B TOM e yac, opaHKa nMokasana HamkpaLli
pesynbTaTu 3a BOAOMPOHUKHICTIO FPYHTY Mif BCiMa KynbTypaMu CiBO3MiHW. [1poTe HaMBULWMIA BUXiA eHeprii B
ciBo3MiHi (119,1 T'x/ra) 6ye 3adikcoBaHMit 3a He3nonuLeBoi cucteMu audepeHLinoBaHoOro obpobiTky rpyHTy
3 LWiNIOBAHHSAM, TOAI SIK BiABa/NbHA OpaHKa Ta YM3eNibHMIM 06POBITOK 3abe3neunnu fewo HUXKYMIK BUXia, eHeprii —
112,0 Ta 108,6 IOx/ra BignoBigHo. TakMM UYMHOM, 6e3nonuueBuin OUdEpeHLiMoBaHMIn 0BpO6BITOK IPYyHTY 3
LLINIFOBAHHAM € HAMKpALLMM BapiaHTOM A5 KOPOTKOPOTALiMHUX 3€pHOBUX CiBO3MiH B 3pOLUYBaHMX YMOBaX NiBAHS
YKpaiHM 3 TOYKM 30pYy CTBOPEHHS OMTUMANbHUX arpodi3snyYHMUX BNACTMBOCTEN IPYHTY Ta OTPUMAHHS HAMBULLOI
NPOAYKTUBHOCTI CiNbCbKOrOCMOAAPCbKUX KYNbTYP

KniouoBi cnoBa: nonuuesa opaHka; 6e3nonmueBuin 06pobiToK; WiNbHICTb CKNAAEHHS FPYHTY; MOPUCTICTb IPYHTY;
BOAOMPOHMKHICTb; YpoXaW
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the control plot. In particular, the plants in the plot with Rhizobium japonicum showed 50% higher growth and
development of the root system, which was confirmed by the formation of root nodules responsible for nitrogen
fixation. Azospirillum brasilense also improved plant growth and root system development, but its effect was less
pronounced compared to Rhizobium japonicum. Nitrogen content analysis showed that plants in the Rhizobium
japonicum plot had 45% higher tissue nitrogen content compared to the control plot, indicating effective nitrogen
fixation. In plants treated with Azospirillum brasilense, the nitrogen content was also 25% higher, but without nodule
formation, the effect was less pronounced. The aim of the study was to evaluate the effectiveness of microbial
inoculants in improving plant growth and development in the early stages of vegetation, to investigate their effect
on root system productivity, nitrogen uptake and total plant biomass, and to determine the optimal conditions for
maximising the impact of inoculants in agricultural conditions. The results emphasised the importance of using
microbial inoculants to increase soybean productivity and resistance in the early stages of its development. The
application of Rhizobium japonicum provided a greater increase in biomass, root system and nitrogen assimilation,

which makes this inoculant more effective than Azospirillum brasilense

Keywords: soybean; nitrogen fixation; atmosphere; climate; chemical fertilizers

INTRODUCTION
Soybeans (Glycine max) are one of the key crops that
are actively used in the food, feed, and energy indus-
tries. Due to its high protein and oil content, it is an
indispensable crop, particularly for the production of
food, animal feed and biofuels. As demand for soybeans
continues to grow globally, increasing its yields re-
mains important for the agricultural sector, especially
in countries where soybeans are the main crop, such as
Ukraine. One of the most promising approaches to in-
creasing soybean productivity is the use of microbial in-
oculants, which stimulate plant growth and improve ni-
trogen uptake from the atmosphere (Didur et al., 2023).

The relevance of the research topic is driven by
the need to increase soybean yields using environ-
mentally friendly methods that reduce dependence on
chemical fertilizers. Traditional methods often have
environmental and economic limitations, so microbi-
al inoculants such as Rhizobium japonicum and Azos-
pirillum brasilense are a promising solution. For exam-
ple, a study by A.M. Chibeba et al. (2020) showed that
Rhizobium japonicum increased yields by 35-40% in
the field, confirming its effectiveness. These findings
confirm that ensuring optimal conditions for inoculant
application can significantly affect the effectiveness
of this microorganism, especially in conditions similar
to those in Ukraine.J.Z. Barbosa et al. (2021) also con-
firmed that Azospirillum brasilense increased yields by
28%, demonstrating its versatility in different agrocli-
matic conditions.

The research is aimed at identifying the most
effective microbial inoculants for the conditions of
Ukraine, in particular the Sumy region, where the cli-
mate is temperate continental and soil types are di-
verse. J. Bais et al. (2023) demonstrated that the com-
bined use of Rhizobium and Azospirillum can increase
yields by up to 45%, indicating a possible synergy be-
tween these bacteria. Meanwhile, a study by L.B. Ales-
sandro et al. (2023) showed that Rhizobium increased
nitrogen content in plant tissues by 42%, confirming its
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significant effectiveness in temperate climates. F. Mar-
cos Brignoli et al. (2023) investigated the effectiveness
of Azospirillum in combination with fertilizers, showing
that it increases yields by 30%, especially in conditions
of limited access to chemical fertilizers. They note that
this inoculant has particular potential in regions with
limited access to fertilizers, making it a promising op-
tion for Ukrainian farmers.

D.M.Zeffa et al. (2020) focused on Rhizobium japon-
icum, confirming that it provided a 38% increase in
yield. CJ. Michelon et al. (2020) showed that this inoc-
ulant works effectively even in dry conditions, provid-
ing a 33% increase in yield. The work of D.F. Ribeiro et
al. (2020) confirmed that the combined use of Rhizo-
bium and Azospirillum can reduce the use of chemical
fertilizers by 30%, contributing to environmental sus-
tainability. This is an approach that can be effective-
ly integrated into sustainable agriculture in Ukraine,
while maintaining the quality of the rationale. PH. Da
Silva Liborio et al. (2020) proved that Rhizobium ap-
plication increased yields by 32% and also increased
soybean resilience to extreme weather conditions,
which is important for regions with a changing cli-
mate. M.M. Picoli et al. (2022) studied the impact of
Rhizobium and Azospirillum in subtropical climates,
showing that they increased yields by 34-37%, con-
firming the effectiveness of the combination. Ongo-
ing research shows the high potential of microbial
inoculants to increase soybean yields and reduce fer-
tilizer costs under different agro-climatic conditions.
This indicates the prospects for their introduction into
Ukrainian agriculture, which will allow the technology
to be adapted to local conditions and contribute to
the development of an environmentally sustainable
agricultural sector.

The purpose of the study was to evaluate the effec-
tiveness of microbial inoculants Rhizobium japonicum
and Azospirillum brasilense in increasing soybean yield
in Ukraine, in particular, in Sumy region.




MATERIALS AND METHODS
Three equal plots of 100 m? were selected for the study.
One of the plots served as a control, where seeds were
sown without pre-treatment with microbial inoculants,
which allowed us to establish the main indicators of
growth and yield. Only soybean seeds were treated.
The second plot was sown with seeds treated with the
nitrogen-fixing bacterium Rhizobium japonicum, which
forms nodules on plant roots and helps to fix atmos-
pheric nitrogen. The third plot was sown with seeds
pre-treated with the inoculant Azospirillum brasilense,
which stimulates the development of the root system
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and improves nutrient absorption, as noted by |.M. Di-
dur (2023). Two types of microbial inoculants from dif-
ferent manufacturers were used. Rhizobium japonicum
was provided by Badische Anilin- & Soda-Fabrik (BASF),
Germany, a world leader in biotechnology and produc-
tion of inoculants for crops. Azospirillum brasilense was
supplied by Biotrop, Brazil, a company specializing in
the development of biological products to improve
crop growth and yield. This approach made it possible
to compare the effectiveness of inoculants produced in
different countries and assess their impact in different
agroclimatic conditions, as shown in Table 1.

Table 1. Efficiency of microbial inoculants

Site Seed treatment scheme
Control plot No seed treatment. Pure soybean seeds (Glycine max) were sown, without the use of inoculants.
Plot with The seeds were treated with Rhizobium japonicum at a concentration of 108 CFU/g.The treatment was carried

Rhizobium japonicum

out by soaking the seeds in a solution with an inoculant concentration of 2 ml/kg of seeds for 1 hour.

Plot with
Azospirillum brasilense

The seeds were treated with Azospirillum brasilense inoculum at a concentration of 10° CFU/mLl. The
treatment was carried out by wetting the seeds with the inoculant at a concentration of 3 ml/kg of seeds
30 minutes before sowing.

Source: created by the authors based on A.O. Rozhkov et al. (2024)

The concentration of microbial inoculants is usu-
ally measured in colony forming units (CFU) per gram
or millilitre of the product used for seed treatment. It
indicates how many active bacteria are contained in
one gram or millilitre of inoculant. The plot with Rhizo-
bium japonicum demonstrated a significant impact of
this nitrogen-fixing microorganism on soybean produc-
tivity. The application of the inoculant at a concentra-
tion of 10® CFU/g led to the active formation of root
nodules, where atmospheric nitrogen is fixed, which
provides plants with additional nutrients. The plot with
Azospirillum brasilense showed a different mechanism
of influence on plants. The high concentration of the
inoculant (10° CFU/ml) stimulated the development
of the root system, which ensured better absorption
of nutrients from the soil. Prior to the experiment, the
soil was analysed for fertility and acidity based on
DSTU 4289:2004 (2005) and DSTU 7863:2015 (2016).
For soil treatment, the complex fertilizer NPK 16-16-16
was used in all plots, which provided the same level of
nutrients.The amount of fertilizer applied was 150 kg/ha,
which was in line with the recommendations for grow-
ing soybeans under these conditions. The fertilizer was
produced by Yara International, a leading manufacturer
of fertilizers and agricultural products. The country of
origin is Norway (Chudak, 2023).

All plots were irrigated using a drip system that
ensured a uniform level of moisture throughout the
growing season to avoid fluctuations due to uneven
moisture (lutynska et al., 2022). This allowed us to focus
on assessing the effect of inoculants and plant growth,
minimizing the influence of extraneous factors. Water
was supplied evenly, taking into account the needs of
soybeans at each stage of their development, which

helped maintain a stable level of soil moisture. The
system controlled the amount of water supplied and
the frequency of irrigation, which ensured the same
conditions for each plot, regardless of weather changes
(Vorobey et al., 2023). This ensured optimal conditions
for soybean growth and contributed to a more accurate
assessment of the effectiveness of microbial inoculants
(Romanko, 2021).

Data were collected at three key stages of soybean
development: at the initial growth stage, during flower-
ing and at harvest. Plant height, number of leaves, root
development and total biomass were measured at each
stage. After harvesting, the number of pods and seeds
was counted, and the average weight of 1000 grains
was determined to assess the quality of the crop. Rep-
resentative samples of grains and leaves were taken for
laboratory analysis of nitrogen content, which allowed
us to assess the effectiveness of microbial inoculants
in nitrogen fixation. The condition of root nodules was
assessed only in the plot with Rhizobium japonicum,
as this inoculant is responsible for the formation of
nodules on plant roots, where atmospheric nitrogen is
fixed. However, a detailed analysis of the root system
was also carried out for two other plots - the control
plot and the plot with Azospirillum brasilense.

In the control plot, where no inoculants were used,
the analysis of root mass and root development al-
lowed us to assess the standard level of nutrient and
water uptake without additional biological effects. In
the Azospirillum brasilense plot, since this inoculant
does not form nodules but stimulates root growth, the
assessment focused on the total weight of the roots and
their ability to absorb water and nutrients. According-
ly, the analysis of root mass and development allowed
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assessing the effectiveness of root system stimulation
by this inoculant and its impact on resource uptake
(Saribekyan, 2022). In addition, retrospective tests such
as the Tukey test were used to compare the results be-
tween the groups (control and plots with different inoc-
ulants) (Reinhart et al., 2024). The data were processed
using Statistica 3.0, which allowed us to analyse in de-
tail the effect of each inoculant on soybean yield. This
approach ensured the reliability of the results and made
it possible to assess the effectiveness of microbial in-
oculants in specific research conditions (Jin et al., 2024).
The experimental studies of plants (both cultivated and
wild), including the collection of plant material, were in
accordance with institutional, national or international
guidelines. The authors adhered to the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on International Trade in Endangered Species
of Wild Fauna and Flora (1979).

RESULTS

The initial growth stage of plants is an essential stage
of research because it is at this stage that the founda-
tions for future plant development, health, and produc-
tivity are laid. In agricultural practice, the initial stage
of soybean growth is particularly important for the for-
mation of a stable and productive plant capable of with-
standing various stress factors during development.

It is at this stage that the plant begins to actively use
nutrients from the soil, including nitrogen, which is
critical for the formation of protein structures and the
maintenance of overall metabolism. The microbial in-
oculants used in this study play a key role at the initial
stage of growth, as their action is aimed at activating
physiological processes in plants. For example, the ni-
trogen-fixing bacterium Rhizobium japonicum begins to
form a symbiotic relationship with the plant immedi-
ately after seed treatment, and this process affects the
plant’s ability to receive additional nitrogen from the
atmosphere. In the early stages of growth, this mecha-
nism allows plants to use the available soil resources
more efficiently, which increases stability and the po-
tential for further development.

The importance of the initial growth stage is also
due to the fact that the basis for the development of the
root system is laid at this stage. A strong and well-devel-
oped root system ensures that the plant will be able to
absorb water and nutrients better throughout the grow-
ing season (Ismayilzada et al., 2023). Microbial inocu-
lants, such as Azospirillum brasilense, actively stimulate
the growth of the root system, which increases the over-
all adaptability of the plant to stresses such as drought
or lack of nutrients. Thus, the initial stage of growth
determines the effectiveness of inoculants and lays the
foundation for optimal plant development (Table 2).

Table 2. Initial growth stage

Parameter Control plot Rhizobium japonicum Azospirillum brasilense
Plant height (cm) 12 18 16
Number of plants 5 7 6
Root system development (d) 8 12 10
Total biomass (g) 20 30 28

Source: created by the authors based on N. Rehan et al. (2024)

The analysis of the data showed that the inocu-
lants had a positive effect on all measured parameters
compared to the control plot. The height of plants in
the plot treated with Rhizobium japonicum was 50%
higher than in the control plot, and 33% higher in the
Azospirillum brasilense plot. This indicates that both in-
oculants promoted more intensive plant growth at the
initial stage of development. The number of leaves also
increased in both plots with microbial inoculants, with
40% more leaves observed in the Rhizobium japonicum
plot and 20% more in the Azospirillum brasilense plot
compared to the control plot. This result suggests that
the inoculants improved the photosynthetic activity of
the plants, contributing to a greater accumulation of
energy for growth.

The development of the root system in the plots
treated with inoculants was significantly better. Rhizo-
bium japonicum provided a 50% increase in root mass
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compared to the control, due to its ability to form root
nodules for nitrogen fixation. Azospirillum brasilense
showed a slightly lower effect, increasing root mass by
25%, but its effect was also significant because this in-
oculant stimulated root growth through the production
of phytohormones. The total plant biomass was 50%
higher in the Rhizobium japonicum plot and 40% high-
er in the Azospirillum brasilense plot compared to the
control. This indicates a general improvement in the
condition of the plants treated with inoculants, which
makes it possible to expect an increase in yield at fur-
ther stages of development.

A significant increase in nitrogen content was ob-
served in the area with Rhizobium japonicum. The re-
sults showed that the nitrogen level in the plants of
this zone was 35-40% higher than in the control group.
This indicates that the bacteria effectively fixed nitro-
gen and provided it to the plants (Olougou et al., 2024).




More developed root nodules could be visually ob-
served, which confirmed the successful symbiotic inter-
action between Rhizobium japonicum and the plant. The
high nitrogen content contributed to the active growth
of plants and the formation of more fruits, which indi-
cates the effectiveness of this inoculant in the study.
The results obtained indicate that the use of inocu-
lants significantly affects the initial stages of soybean
development. Rhizobium japonicum provided a greater
increase in plant growth and biomass compared to
Azospirillum brasilense. This result can be explained by
the ability of Rhizobium japonicum to form root nodules,
which ensures effective nitrogen fixation from the at-
mosphere, while Azospirillum brasilense mainly focuses
on stimulating the root system, which also has a posi-
tive effect on plant growth, but less pronounced.

The control plot, where the seeds were not treated
with inoculants, showed significantly lower growth and
development rates, which underlines the importance of
using microbial inoculants to improve soybean produc-
tivity. The data from the initial growth stage confirms
that the use of biological products provides significant
benefits to plants at early stages of development, which
can lead to higher yields at later stages. The flowering
stage is a critical period in the development of soybean
(Glycine max), as it directly affects future yields and seed
quality (Kiurchev et al., 2020). This is the period when
the potential of the crop is laid, as the number of flow-
ers and the success of pollination determine the num-
ber of pods and, consequently, the overall yield of the
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crop. The efficient development of plants at this stage
indicates that they receive sufficient nutrients and wa-
ter, which allows them to form a sufficient number of
flowers and pods. In the study of the use of microbial
inoculants, in particular Rhizobium japonicum and Azos-
pirillum brasilense, it was important to assess the impact
on plants during the flowering stage, as this period is
crucial for the productivity of the entire plant. Nutrient
or water deficiencies at this time can lead to a decrease
in the number of flowers and their death, and thus a
decrease in future yields. Accordingly, the effectiveness
of inoculants can be assessed through the impact on
the number and quality of flowers, pods, and seeds.

One of the key reasons for the importance of the
flowering stage is that at this time, the processes of
protein synthesis and the formation of organic com-
pounds, which are necessary for the development of
pods and seeds, are actively underway. Plants spend a
lot of energy and resources to ensure flowering, so it is
at this stage that there is a need for optimal nutritional
conditions, including nitrogen and other crucial mac-
ro- and microelements. The use of inoculants helps to
improve the nitrogen nutrition of plants, which is cru-
cial for increasing the number of flowers and improving
their condition. At the flowering stage, the same param-
eters were measured: plant height, number of leaves,
root system development, and total biomass. In addi-
tion, the number of flowers was estimated, which is an
important indicator of future yield. The data obtained
are presented in Table 3.

Table 3. Stages of flowering

Parameter Control plot Rhizobium japonicum Azospirillum brasilense
Plant height (cm) 40 55 50
Number of leaves 20 28 25
Root system development (d) 25 35 30
Total biomass (g) 80 120 110
Number of flowers 15 25 22

Source: created by the authors based on Agriculture, forestry and fisheries (2024)

Analysing the data obtained, it can be seen that
at the flowering stage, inoculants continue to have a
positive effect on plant growth and development. Com-
pared to the control, the height of plants in the plot
with Rhizobium japonicum increased by 37.5%, and in
the plot with Azospirillum brasilense by 25%. The num-
ber of leaves was also higher in both inoculation sites:
Rhizobium japonicum resulted in a 40% increase and
Azospirillum brasilense in a 25% increase. This indicates
that both inoculants improve the photosynthetic capac-
ity of plants, which increases their overall productivity.

As for the root system, Rhizobium japonicum showed
the best results with a 40% increase compared to the

control. Azospirillum brasilense also increased root
weight, but its effect was less pronounced, showing a
25% increase. The number of flowers in the plot with
Rhizobium japonicum was 66% higher than in the con-
trol plot, and 46% higher than in the plot with Azos-
pirillum brasilense. This is an important indicator, as the
number of flowers directly affects the potential yield.
The total plant biomass was also 50% higher in the
plot with Rhizobium japonicum and 37.5% higher in the
plot with Azospirillum brasilense. At the harvest stage,
the number of pods and seeds was counted and the
average weight of 1000 grains was determined for each
plot. The data obtained are presented in Table 4.
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Table 4. Harvesting stage

Rhizobium  Azospirillum Standard deviation

% increase % increase

Parameter Control plot japonicum  brasilense (control) (Rhizobium japonicum)  (Azospirillum brasilense)
Plant height (cm) 45 55 50 2 22.2 111
Number 15 20 18 1 333 200
of leaves
Root system
development (d) 25 35 30 3 40 20
Total biomass (g) 80 110 100 4 37.5 25

Source: created by the authors based on M.N.E. Olougou et al. (2024)

The analysis of the data showed that at different
stages of plant development, the use of microbial in-
oculants had a positive effect on the growth and de-
velopment of soybeans. The height of plants in the
Rhizobium japonicum plot increased by 22.2% com-
pared to the control plot, while the Azospirillum bra-
silense treatment provided an increase of 11.1%. This
indicates that both inoculants promoted plant growth,
but Rhizobium japonicum was more effective in promot-
ing height. The number of leaves also increased sig-
nificantly in the treated plots. In particular, the Rhizo-
bium japonicum plot showed a 33.3% increase in the
number of leaves, while the Azospirillum brasilense plot
showed an increase of more than 20%. This confirms
the better effect of Rhizobium japonicum on the veg-
etative development of plants, which is important for
increasing their productivity (Agriculture, forestry and
fishery, 2024). The development of the root system also
showed significant differences. In the plot with Rhizo-
bium japonicum, the increase in root development was
40%, and in the plot with Azospirillum brasilense — 20%.
This indicates that Rhizobium japonicum is more effec-
tive in promoting root formation and improves nitrogen
fixation, which provides the plants with the necessary
nutrients and water. However, both inoculants had a
positive effect on the root system, improving the ability
to absorb nutrients.

In terms of total biomass, the plot with Rhizobium
Jjaponicum showed an increase of 37.5%, while the plot
with Azospirillum brasilense showed an increase of 25%.
This indicates that both inoculants increased the over-
all plant productivity, but Rhizobium japonicum provid-
ed better results. The increase in total biomass is a crit-
ical indicator of the overall effectiveness of inoculants,
which demonstrates their impact on plant growth and

development. In order to assess the effectiveness of ni-
trogen fixation in different experimental plots, a labo-
ratory analysis of nitrogen content in plant tissues was
conducted. The results of the analysis showed that the
nitrogen content was highest in the plot with Rhizobi-
um japonicum, which confirms the high efficiency of this
inoculant in nitrogen fixation. The formation of nitro-
gen-fixing nodules on soybean roots contributed to a
significant increase in nitrogen uptake from the atmos-
phere, which was reflected in tissue parameters. Com-
pared to the control plot, where no inoculants were ap-
plied, the plot with Rhizobium japonicum showed a 45%
increase in nitrogen content.

An increase in nitrogen content was also recorded
in the plot with Azospirillum brasilense, but to a less-
er extent than in the plot with Rhizobium japonicum.
This can be explained by the fact that Azospirillum
brasilense, although it promotes the development of
the root system, does not form root nodules and has
a less pronounced nitrogen-fixing effect. The nitrogen
content in this area was 25% higher compared to the
control, which indicates a positive, but less pronounced
effect of the inoculant. In the control plot, where the
seeds were not treated with inoculants, the nitrogen
content in plant tissues was the lowest, which is a nat-
ural result of the absence of microbial inoculants that
promote nitrogen fixation. This highlights the need for
inoculants to improve nitrogen nutrition in soybeans.
Additional indicators of laboratory nitrogen analysis re-
fer to the total amount of nitrogen absorbed per plant
weight and the level of nitrogen uptake from the soil.
These two indicators allow for a deeper assessment of
the efficiency of nitrogen fixation and the impact of in-
oculants on overall plant nutrition. The data obtained
for these parameters are shown in Table 5.

Table 5. Nitrogen content in grains and leaves

Site Nitrogen Increase in nitrogen content Total amount of nitrogen Level of nitroggn uptake
content (%) compared to control (%) absorbed (g/m?) from the soil (%)
Control 1.8 - 10 100%
Rhizobium japonicum 2.6 +45% 14.5 80%
Azospirillum brasilense 2.25 +25% 12.5 90%

Source: created by the authors based on M. Cao et al. (2024)
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The analysis of the data in the table shows that the
effect of microbial inoculants on the nitrogen content
of soybean plants differs significantly depending on the
preparation used. In the control plot, where the seeds
were not treated with inoculants, the nitrogen content
in plant tissues was the lowest at 1.8%. This is the base-
line for comparison with other plots, as the plants in the
control plot were only able to use soil resources without
additional biological stimuli. The total amount of nitro-
gen absorbed in this plot was 10 g/m?, indicating the
limited ability of plants to use nitrogen efficiently with-
out the help of inoculants. In the plot with Rhizobium
japonicum, the results were much higher. The nitrogen
content in plant tissues was 2.6%, which is 45% higher
than in the control plot. This indicates the high efficien-
cy of the inoculant in improving nitrogen nutrition of
plants. The total amount of nitrogen absorbed reached
14.5 g/m?, which is a significant increase. These data
indicate active nitrogen fixation by Rhizobium japoni-
cum bacteria, which allowed plants to obtain a signifi-
cant part of nitrogen from the atmosphere. In addition,
the reduction in soil nitrogen uptake to 80% indicates
that some nitrogen was supplied through symbio-
sis with the bacteria, rather than from the soil alone.

The plot where Azospirillum brasilense inoculant
was used also showed an improvement in plant ni-
trogen nutrition, although the results were less pro-
nounced than in the plot with Rhizobium japonicum.The
nitrogen content in plant tissues was 2.25%, which is
25% higher than in the control plot, but less than in the
plot with Rhizobium japonicum. The amount of nitrogen
absorbed reached 12.5 g/m?, which indicates an aver-
age level between the control plot and the plot with
Rhizobium japonicum.The level of nitrogen uptake from
the soil remained high at 90%, indicating that Azospiril-
lum brasilense has a greater impact on root develop-
ment and improved nutrient uptake from the soil than
on atmospheric nitrogen fixation. The analysis of root
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development and weight in the three experimental
plots revealed significant differences depending on the
inoculants used. In the control plot, where no microbial
inoculants were used, the average weight of the root
system was 12 g,and the length of the roots was 20 cm.
These indicators are baseline and served as a compar-
ative basis for evaluating the effectiveness of microbial
inoculants in other plots. The lack of inoculants led to
limited root development, which affected the ability of
plants to absorb nutrients and water.

In the plot where Rhizobium japonicum was used,
significant improvements in root development were
observed. The average weight of the root system in-
creased to 16 g, and the length of the roots reached 25
cm, indicating a positive effect of nitrogen-fixing bac-
teria on root growth. In addition, nodules were formed
on the roots - an average of 30 nodules per plant. The
average weight of the nodules was 0.8 g. These nodules
perform a key function in fixing atmospheric nitrogen,
converting it into a form available to plants. Thanks to
this process, plants received an additional source of ni-
trogen, which ensured better growth and development.
The 33% increase in root mass compared to the control
plot also indicates an improvement in the plants’ ability
to absorb water and nutrients from the soil. In the plot
where Azospirillum brasilense inoculant was applied,
improvements in root development were also observed,
although the effect was less pronounced compared to
Rhizobium japonicum. The average weight of the root
system in this plot was 14 g and the root length was
23 cm, which is 16% more than in the control plot. Al-
though Azospirillum brasilense does not form nodules,
this inoculant stimulates the growth of the root sys-
tem, which allows plants to absorb nutrients and water
more efficiently. The increase in root mass indicates an
improved ability of plants to adapt to soil conditions,
in particular to dry periods. The data obtained for the
study are presented in Table 6.

Table 6. Analysis of the root system and its mass in three plots

Average weight of the

Site root system (g) Root length (cm) Number of bulbs (pcs)  Average bulb weight (g)
Control 12 0 0
Rhizobium japonicum 16 30 0.8
Azospirillum brasilense 14 0 0
Source: created by the authors based on L. Koziol et al. (2024)
The data analysis shows that the use of inoculants DISCUSSION

had a positive effect on the development of the root
system. Rhizobium japonicum provided the best results,
contributing not only to an increase in root mass and
length, but also to the formation of nodules for nitro-
gen fixation, which is important for plant nutrition.
Azospirillum brasilense, although it does not form nod-
ules, improved root development, allowing plants to
better absorb nutrients.

The use of microbial inoculants Rhizobium japonicum
and Azospirillum brasilense demonstrated a positive ef-
fect on soybean productivity compared to the control
plot where seeds were sown without treatment. In the
area treated with Rhizobium japonicum, there was a sig-
nificant increase in yield by 35-40%. This indicates the
effectiveness of the inoculant in the moderate climat-
ic conditions typical for the Sumy region. A significant
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increase in the number of root nodules indicates a suc-
cessful symbiosis between bacteria and plants, which
allowed plants to absorb nitrogen from the atmosphere
more efficiently. The analysis of plant tissues showed
an increased level of nitrogen, which confirms active
nitrogen fixation.

J.Lietal.(2022) analysed the results of studies from
2010 to 2024 in a meta-analysis and confirmed that
microbial inoculants contribute to a 30-40% increase
in yield. These data are generally consistent with the
results, where Rhizobium japonicum provided a 35-40%
increase in yield. This indicates the stability and versa-
tility of this inoculum in different agroclimatic condi-
tions. M. O’'Callaghan et al. (2022), however, identified
certain limitations in the use of inoculants, especially in
dry climates and insufficient soil moisture. They noted
that the effectiveness of such biological products can
be reduced by 15-20% in adverse conditions when the
soil does not receive enough moisture. This is in line
with the findings that optimal irrigation conditions are
required for maximum efficiency. The plot with Azos-
pirillum brasilense also showed positive results, but the
effect was less pronounced compared to Rhizobium
Japonicum. The 25-30% increase in yield indicates that
this inoculant improves root growth and overall plant
development. Plants in this area had a more developed
root system, which probably contributed to increased
drought tolerance and better absorption of nutrients
from the soil, as indicated by R. Sammauria et al. (2022).

L. Canfora et al. (2021) focused on scientific trends
in the use of inoculants and noted that inoculants that
are adapted to local plant strains are most effective.
They also pointed out that commercial strains may not
achieve the expected results if soil and climate condi-
tions are not taken into account. In the present study,
standardized inoculants were used, which confirm the
overall effectiveness of Rhizobium japonicum, but point
out the importance of adapting inoculants to the spe-
cific conditions of the Sumy region. A comparison of the
experimental plots with the control plots confirmed
that microbial inoculants significantly increase soy-
bean yields. The positive impact of inoculants on yield
is evidenced by an increase in the number of pods and
grains per plant and an increase in the average weight
of 1000 grains. It is important to note that Rhizobium
Jjaponicum was more effective as it not only stimulat-
ed plant development but also significantly increased
the level of nitrogen in plant tissues. A.S.M. Elnahal et
al. (2022) found that inoculants can have a significant
impact on improving nitrogen fixation in the root sys-
tem of plants, but their effectiveness is highly depend-
ent on the soil type. They also noted that in soils with
a high organic matter content, the effectiveness of in-
oculants can increase by 10-15%, which is consistent
with the data obtained in areas with neutral acidity and
rich organic matter content. However, the effectiveness
of microbial inoculants may vary depending on climatic
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conditions and soil type (Mamchur & Studinska, 2024).
Although the results of this study show that Rhizobium
japonicum is very effective in temperate climates, it may
be less effective in other conditions, such as tropical or
subtropical climates. Therefore, it is important to adapt
inoculant recommendations to regional conditions, tak-
ing into account soil type, climatic features and soy-
bean varieties grown. M.M. Saad et al. (2020) conducted
experiments with different strains of microorganisms
and found that effectiveness depends on the combina-
tion with other factors such as phosphorus and potas-
sium. They also recommend combining inoculants with
mineral fertilizers for better results. The results of us-
ing inoculants in natural conditions without addition-
al fertilizers showed that microbial preparations can
increase yields on their own, but the use of fertilizers
could enhance this effect.

From an economic point of view, the use of micro-
bial inoculants has significant potential. Reducing the
need for chemical nitrogen fertilizers helps to reduce
costs for farmers and also has a positive impact on the
environment (Gamayunova & Sydiakina, 2023; Sha-
hini et al., 2024). The use of such inoculants helps to
preserve soil fertility and prevents the contamination
of water sources, making it an important element of
sustainable agriculture.Y. Chen et al. (2021) studied the
use of inoculants on wheat in soils with high phos-
phorus content and found that nitrogen-fixing bacte-
ria significantly increased the availability of nitrogen
and phosphorus to plants. Although the study included
a different crop, their findings confirm that microbial
inoculants can effectively improve plant nitrogen nutri-
tion under appropriate conditions, which is consistent
with our results for soybeans.

Further research on the use of microbial inoculants
to increase soybean yields has broad prospects and can
significantly expand knowledge about effective agri-
cultural technologies. Firstly, it is important to study
the effectiveness of different strains of microorganisms
in different agroclimatic conditions. As our experiments
have shown, the results can vary significantly depend-
ing on the type of soil, level of irrigation and climatic
features of the region. In this context, it is advisable
to conduct similar experiments in areas with different
soil conditions and moisture levels to determine the
optimal conditions for the use of Rhizobium japoni-
cum and Azospirillum brasilense. This will help to de-
termine which strains are suitable for specific regions
of Ukraine, including areas with arid climates or acidic
soils.M.S. Santos et al. (2021) found that the use of inoc-
ulants in combination with pesticides can significantly
reduce their effectiveness due to chemical incompat-
ibility. This aspect is essential for further research in
the Sumy region, as the impact of pesticides was not
taken into account in our experiments. Further research
should focus on studying the compatibility of inocu-
lants with different chemicals to ensure crop stability.




Another perspective is to study combinations of
inoculants with other biological agents, such as myc-
orrhizal fungi or phosphate-mobilising bacteria. Con-
ducting experiments with different combinations of in-
oculants can help identify the most effective options for
Ukrainian conditions and reduce dependence on chem-
ical fertilizers. This approach will help preserve soil
fertility and reduce environmental impact, which is an
important aspect of sustainable agriculture. M. Shen et
al.(2021) focused on the impact of inoculants on bacte-
rial communities in the maize rhizosphere. They found
that inoculants can improve soil microbial diversity,
which contributes to soil fertility. Although the study
did not include soybeans, the results show that micro-
bial inoculants have the potential to improve the over-
all soil ecosystem, which is consistent with the findings
of increased soil nitrogen.

Another perspective is to investigate the impact
of inoculants on crops other than soybeans. The use of
Azospirillum and Rhizobium in combination with oth-
er legumes or cereals could help determine whether
these inoculants are versatile and suitable for a wide
range of plants. This will open up opportunities to ex-
pand the use of biotechnology in agriculture, allowing
farmers to optimize production processes and increase
productivity. G. Bizos et al. (2020), in a study of olive
trees, also showed that inoculants can improve plant
growth and productivity, but only under conditions of
sufficient moisture and nutrients. This aspect is consist-
ent with the findings on the importance of irrigation
and adequate nutrient levels for the effectiveness of
inoculants in soybean cultivation. Thus, the analysis of
other authors’ studies confirms the overall effective-
ness of microbial inoculants in increasing yields, but
also highlights the importance of adapting to specific
regional conditions and technological approaches, such
as irrigation and fertilization.

CONCLUSIONS

Analysis of the root system and mass in different plots
showed significant differences, reflecting the impact
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of biological stimulation. The limited development of
the root system in this area indicates a limited ability
of the plants to effectively absorb nutrients and water,
which can negatively affect overall development and
yield. On the plot with the use of Rhizobium japonicum
inoculant, a significant improvement in the develop-
ment of the root system was observed. The average
weight of root crops increased to 16 g, and the length
reached 25 cm. This indicates a positive effect of the
inoculant on the development of the root system, es-
pecially on the formation of root nodules, which play
a key role in nitrogen fixation. The average number of
nodules was 30 per plant, and their weight reached
0.8 g, indicating an effective symbiotic interaction be-
tween bacteria and plants. This allowed the plants to
receive additional nitrogen, which contributed to their
active growth and development. Another important
result of this effect is the improved ability of plants to
absorb water and nutrients.

In the plot with Azospirillum brasilense inoculum, an
improvement in root development was also recorded,
although the effect was less pronounced than in the
plot with Rhizobium japonicum. The average weight of
the root system was 14 g, and the length of the roots
reached 23 cm, which is 16% more than in the con-
trol plot. Although Azospirillum brasilense does not
form root nodules, its ability to stimulate root growth
provides improved nutrient and water uptake. This is
especially relevant in resource-limited environments
where a developed root system gives plants an advan-
tage. The obtained results clearly demonstrate that the
use of Rhizobium japonicum and Azospirillum brasilense
inoculants has a positive effect on the development of
the root system and the general condition of soybean
plants. Particularly important is the ability of Rhizobium
japonicum to stimulate the formation of nodules that
provide additional nitrogen nutrition, which is a signifi-
cant advantage of this inoculant. Azospirillum brasilense,
although it does not form nodules, helps to improve the
root system by stimulating root growth.

of the microbial inoculants used. In the control plot, ACKNOWLEDGEMENTS
where no inoculants were applied, the average weight  None.
of the root system was 12 g,and the length of the roots
reached 20 cm. This is a basic indicator that reflects CONFLICT OF INTEREST
the standard development of plants in the absence None.
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AHoTauif. Y cTaTTi HaBeaeHO pe3ynbTaTu JOCNiIOXKEeHb BNAMBY MIKpPOOHWMX iHOKYNAHTIB Rhizobium japonicum Ta
Azospirillum brasilense Ha picT i po3BuTOK coi (Glycine max) Ha nMo4YaTKOBMX eTanax ii po3BMTKY. [locnigxeHHs
NPOBOAMAN HA TPbOX AOCNIAHUX AiNSHKAX: KOHTPONbHIN 6e3 06pobKu, AiNgHLi 3 iHOKYNSHTOM Rhizobium japonicum
Ta AiNgHUi 3 iHOKynaHTOM Azospirillum brasilense. OLiHIOBaNM OCHOBHI NOKA3HUKMW: BUCOTY POC/IMH, KiNIbKiCTb TNCTKIB,
PO3BMTOK KOPEHEBOI CMCTEMM Ta 3arasibHy 6ioMacy Ha pi3HMX eTanax PoCTy POC/IMH, @ TAaKOX NabopaTopHUiA aHani3
BMICTY @30Ty B TKAHWHAX pOC/IUH. Pe3ynbTati AOCNIAKEHHS NOKa3anu, WO iIHOKYASHTU Manu 3HAYHWI BNAMB Ha BCI
BMMIpSHI NapamMeTpu MOPIBHAHO 3 KOHTPOIbHOK AiNSHKOK. 30KpeMa, pOCAuHM Ha LingHui 3 Rhizobium japonicum
nokasanu Ha 50 % 6inblunit picT i pO3BUTOK KOPEHEBOI CUCTEMM, LLO MiATBEPIKYBANOCS YTBOPEHHAM KOPEHEBUX
6ynbboyoK, BianoBifanbHMx 3a dikcauito a3ory. Azospirillum brasilense TakoX NokpallyBaB pPicT PpOC/MH i PO3BUTOK
KOpEHEeBOT CUCTEMMU, ane Moro edekT ByB MEHLL BUPAXXeHUM NOPIBHAHO 3 Rhizobium japonicum. AHani3 BMicTy a3oTy
MoKasas, WO POCAUHM HA AiNaHUi Rhizobium japonicum manu Ha 45 % BULWLMI BMICT @30Ty B TKAHWMHAX NOPiBHSHO
3 KOHTPOJIbHOK [iNSHKOW, WO CBifYMTb Npo edekTUBHY dikcalito a3oTy. Y pocanHax, o6pobnenunx Azospirillum
brasilense, BMicT a30Ty Takox OyB Ha 25 % BuLwMM, ane 6e3 yTBopeHHs 6ynbbouok edekT 6yB MeHLL BMPaAXXEHUM.
MeTot0 foCniAXeHHS Byno OLiHUTU ePeKTUBHICTb BUKOPUCTAHHS MiKPOOHMX IHOKYNSHTIB A5 NOKPALLEHHS poCTy Ta
PO3BUTKY POC/IMH Ha MOYATKOBMX eTanax Beretauii, LOCAIANTU TXHIN BNAMB HA NPOAYKTUBHICTb KOPEHEBOI CUCTEMM,
MOMMHAHHS 30Ty Ta 3arasbHy 6ioMacy poC/vH, @ TaKOX BU3HAYMTU ONTUMANbHI YMOBM AN MaKCMManbHOMO BM/MBY
{HOKYNSHTIB Yy CiNlbCbKOrocnoaapCbkmux ymoBax. OTpMMaHi pe3ynbTati NigKpecaoTb BaXAMBICTb BUKOPUCTAHHS
MiKpOOHMX IHOKYNSHTIB ANS MiABULLEHHS MPOLYKTMBHOCTI Ta CTiMKOCTI COi Ha MOYaTKOBMX eTanax ii po3BWTKY.
3actocyBaHHs Rhizobium japonicum 3abe3neuynno GinblwMii NpupicT GioMacu, KOPEHEeBOi CUMCTEMM Ta 33aCBOEHHS
a30TYy, Wo pobuTb el iHOKYNSHT Binblw ePekTUBHUM NOPIBHAHO 3 Azospirillum brasilense

KniouoBi cnoBa: cos; a3oTdikcauis; atMmocdepa; KnimaT; XiMiyHi fobpuBa
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Article’s History: Abstract. The study's objective was to evaluate the efficacy of biological substances in
Received: 01.04.2024 enhancing the growth, development, and productivity of high-oleic sunflower hybrids,
Revised: 06.09.2024 aiming to increase seed yields and improve oil quality. An investigation was carried out
Accepted: 25.09.2024 in the Mykolaiv region throughout 2021-2023 to assess the efficacy of seven different
foliar feeding methods in producing five high-oleic sunflower hybrids. The findings
indicated that the application of foliar feeding had a beneficial impact on the measured
variables, such as plant height, leaf area, seed count per boll, seed yield, and oil and
oleic acid concentration in seeds. In particular, the P64HE133 hybrid demonstrated
the highest average yield of 3.89 t/ha, followed by Columbi with 3.69 t/ha, with no
statistically significant difference between them. Foliar application of Organic-Balance
helped to increase the average seed yield to 3.58 t/ha, exceeding the results of other
types of spraying. The use of biological products contributed to an increase in yield by
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0.21-0.4 t/ha compared to control, as well as an increase in oil content by 0.6-2.1-5.3%. The overall impact of the
combination of hybrid and foliar feeding methods on yield was the largest, amounting to 63.5%, where the impact
of hybrid selection was 27.4%, foliar feeding — was 5.4%, and other factors had an impact of 3.7%. The findings
suggest that the use of foliar feeding can significantly enhance productivity and enhance the quality attributes
of sunflower seeds. The utilisation of these biological substances not only enhances seed production and oil
content but also promotes more sustainable and robust plant development. Accordingly, the integration of such
methods into agronomic practices can significantly improve crop productivity and increase the economic benefits

of growing high-yielding sunflower hybrids

Keywords: fertilisation; yield; hybrids; oleic acid; biological products

INTRODUCTION

Modern agriculture is facing challenges related to cli-
mate change, preserving soil fertility, reducing the use
of chemical fertilisers and pesticides, and ensuring sus-
tainable agricultural production. The use of bioprepa-
rations containing natural microorganisms can improve
plant and soil health, increase plant adaptability to
stressful conditions and increase the content of oleic
acid in seeds, which together will contribute to higher
commercial yields of these crops.

Sunflower (Helianthus annuus L.) is among the four
primary oilseeds of worldwide significance, alongside
soybean,palm,and rapeseed (Kovalenko et al.2021).The
use of foliar fertilisers and growth regulators has sig-
nificant potential for developing the biological capabil-
ities of plants. As noted by Y. Domaratskiy et al. (2023),
foliar fertilisation acts as a complementary method to
root fertilisation, offering in some cases a more cost-ef-
fective and efficient solution. This method ensures that
nutrients are instantly absorbed and distributed within
the plants through the leaves, quickly eliminating nu-
tritional deficiencies. The studies emphasise the impor-
tance of sunflower as one of the key oilseeds and the
potential of biological products in its cultivation, some
gaps have not yet been fully covered in the scientif-
ic literature. There has been limited investigation on
the effects of foliar feeding on the soil microbiota and
plant health. Furthermore, there is a dearth of evidence
regarding the effects of these fertilisers on various sun-
flower cultivars, especially those that have a significant
concentration of oleic acid or omega-6 carbohydrates.

High-oleic sunflower hybrids stand out among oth-
er oilseeds due to their higher oleic acid content, which
exceeds 90% (Malik et al., 2024). According to O. Kova-
lenko et al. (2024) and O.Yeremenko et al. (2023), these
hybrids are characterised by increased resistance to
oxidation, which reduces the risk of toxic compounds
during processing, storage or use. From a nutritional
point of view, the most valuable oils are those with a
high content of oleic acid (up to 70%) and a low con-
tent of linoleic acid (up to 20%). Thus, modern sunflow-
er breeding is focused on adjusting the ratio of fatty
acids to create oils and fats that are highly stable and
efficient. The sunflower breeding goals are focused on
creating hybrids with yields of more than 5 t/ha and oil
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content of more than 50%, which underlines the growth
of the planned development and quality requirements
for this crop. Following Y.M. Hadzalo et al. (2023) and
Y. Domaratskiy et al. (2022), even with the recognised
potential of sunflower, environmental factors remain
a significant constraint to achieving maximum yields,
which currently range between 1.5 and 3 t/ha. They
stressed the need for breeders to prioritise overcoming
or reducing the impact of negative environmental con-
ditions to ensure yields of 4 t/ha or higher.

Foliar nutrition is also recommended for integrat-
ed crop protection, as it not only increases yields and
improves product quality, but is also an environmen-
tally friendly way of feeding, reducing the environmen-
tal impact associated with fertiliser applied to the soil
(Lopushnyak et al., 2022). This is made possible by pre-
cise dosing of nutrients directly to the plant, limiting
their overuse and minimising the environmental impact
(Poltoretskyi et al., 2020; Tsyliuryk et al., 2021). Plant
growth regulators (PGRs) are a heterogeneous collec-
tion of chemical substances capable of stimulating,
inhibiting, or influencing physiological and morpho-
logical processes in plants. According to S.Vdovenko et
al. (2024), the use of PGR for controlling sunflower de-
velopment has already proven to be effective in coun-
teracting the negative impact of stressful conditions
on crop productivity, as noted in the study. Although
their research indicates the effectiveness of PGR in in-
creasing crop adaptation to stressful conditions, there
is room for further development of this topic. Specifi-
cally, the long-term effects of the use of PGRs on the
soil microbiome and environmental safety remain in-
sufficiently investigated (Dehtiarova, 2023). It is also
worth addressing the potential development of plant
resistance to PGR over time, as well as considering the
impact of excessive use of PGR on non-target species,
which can lead to ecological imbalances.

Therefore, this study aimed to assess the influence
of biological substances on the yield and characteris-
tics of sunflower seeds with high oleic content in the
Southern Steppe environment of Ukraine. This work
aimed to assess the influence of different biological
chemicals on the seed development of high-oleic sun-
flower hybrids and to examine how these chemicals




contribute to the concentration of oleic acid in the lig-
uid extracted from the seeds.

MATERIALS AND METHODS

This study was conducted experimentally at the Ed-
ucational and Research Centre of Mykolaiv National
Agrarian University between 2021 and 2023. The ex-
perimental plots consist of soil characterised by south-
ern chernozem, low-power, slightly saline, and predom-
inantly loamy deposits found in woodlands. The pH of
the soil solution was within the range of 6.8-7.2, indi-
cating a neutral reaction. Humus concentration in the
0-30 cm layer ranged from 123 to 125 gkg* (Drobit-
ko et al., 2023). The average composition of the topsoil
included nitrates, which are created via the complex-
ation of nitrates with disulfophenolic acid, resulting
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in the formation of trinitrophenol. Upon exposure to
an alkaline environment, it produces potassium trini-
trophenolate (or sodium trinitrophenolate, depending
on the alkali employed) in a proportion that matches
the nitrate concentration, resulting in a yellow hue.
The extraction of mobile phosphorus and potassium
compounds from the soil using a 1% ammonium car-
bonate solution with a pH of 9 at a temperature of
25%20°Cyields a mobile phosphorus concentration of
15-25 mg/kg?. 41-46 mg/kg?, exchangeable potassi-
um (measured with a flame photometer). The range is
389-425 mg/kg* of soil. Located in the southern Steppe
subzone of Ukraine, the experimental plot area is clas-
sified under the third agroclimatic region (Panfilova et
al., 2019; 2023). The experimental design comprised
the subsequent alternatives (Table 1):

Table 1. Scheme of the experiment

Factor A - hybrids

Factor B (foliar feeding with biological products)

1.NK Ferty 1. Control (water treatment)
2.Mas 86.0L 2. Sclerocide (1 l/ha)
3. Columbi 3. Azotophyt-p (0.5 I/ha)
4.LG 5452 HO KL 4. Organic balance (0.5 I/ha)
5.P64HE133 5.Sclerocide (1 I/ha) + Helprost-Bor (1 |/ha)

6. Azotophyt-p (0.5 l/ha) + Helprost-Bor (1 |/ha)

7.0rganic-Balance (0.5 I/ha) + Helprost-Bor (1 l/ha)

Source: compiled by the authors

The plants underwent two treatments with the
specific biological compounds under investigation. The
first treatment occurred during the stage of 5-6 pairs of
leaves, while the second treatment took place during
the budding phase. Seed sowing of the examined hy-
brids was conducted at a soil temperature ranging from
8 to 10°C.Harvesting took place during the third decade
of September in the specified years of study. The origin
of hybrids is as follows: “NK Ferty” (Syngenta, France);
“Mas 86.0L" (MAS Seeds, France); “Columbi” (Lim-
agrain, France); “LG 5452 HO KL (Limagrain, France);
“P64HE133” (Pioneer, USA). The study was organised in
arandomised design with four replications in each plot
of 25 m%.The planting density is 50 thousand plants/ha,
with a row spacing of 70 centimetres. Generally, the
appropriate fertiliser rates and agronomic procedures
for sunflower production were established.

To study the growth and development of terres-
trial plants, measurements and analyses were con-
ducted using the following techniques: the height of
the plants and the dimensions of the seventh leaf
(its breadth and length) were evaluated immediately
before the onset of pollenation. For this purpose, five
typical plants marked with labels were selected from
the two central rows. The leaf area was determined
according to the method described by S.0. Tkachyk et
al. (2016). Harvesting was carried out manually at
full ripeness. All measurements and observations

were made following the field research methodology
of S.0. Tkachyk et al. (2016). The oil and oleic acid
content of the seeds was determined using magnetic
resonance techniques from Spinlock Magnetic Reso-
nance Solutions.

RESULTS

A three-year field trial evaluated the growth charac-
teristics of five sunflower hybrids with a high oleic
acid content. The analysis of plant height showed
that the hybrid “P64HE133” had the highest average
height, which was 178.93 cm. This result may indicate
the high adaptability of this hybrid to growing condi-
tions and its potential to form a productive leaf surface
for efficient photosynthesis. A slightly lower average
height was demonstrated by the Columbi hybrid, which
is 176.79 cm, which also indicates its high phenotyp-
ic qualities and adaptability. At the same time, the
NK Ferty hybrid with an average height of 175.88 cm
was ranked third among the tested variants, empha-
sising its potential for creating optimal conditions for
development. Next on the list are the hybrids “Mas
86.0L” and “LG 5452 HO KL” with average heights of
174.67 cm and 173.64 cm, respectively, demonstrating
a variety of growth characteristics among high-oleic
sunflower hybrids. The statistical study yielded a sta-
tistically significant difference (P < 0.05) between the
hybrid “P64HE133” and all other variations, except for
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“Columbi”. Thus, the results emphasise the hierarchy of
growth characteristics among the studied hybrids, in-

dicating a significant heterogeneity in the response of
plants to environmental conditions (Table 2).

Table 2. The impact of biological products on sunflower growth:
analysis of the average plant height for the period 2021-2023, cm

Foliar feeding with biological Hybrid (factor A)
products (factor B) LG 5452 HOKL  Mas 86.0L NK Ferty Columbi P64HE133  Average value
Control (water treatment) 160.54 163.76 165.54 168.95 170.98 165.55
Sclerocide 168.4 168.74 172.95 170.98 172.39 170.29
Azotophyt-p 170.6 172.61 174.55 172.61 175.32 173.54
Sclerocide + Helprost-Bor 174.76 175.26 176.71 176.98 177.71 176.28
Organic balance 177.1 17771 178.57 178.84 179.57 178.36
Azotophyt-p + Helprost-Bor 179.73 180.29 180.75 180.75 181.39 180.98
Organic-Balance + Helprost-Bor 182.32 182.29 183.07 183.04 184.73 183.49
Average value 173.64 174.67 175.88 176.79 178.93 -

Source: compiled by the authors

Within the realm of biological products, the appli-
cation of the “Organic-Balance + Helprost-Bor” combi-
nation on two occasions throughout the growth season
resulted in an average plant height of 183.49 cm, sur-
passing the achievements of other experimental varia-
tions. For instance, the combined use of “Azotophyt-p +
Helprost-Bor”resulted inan average height of 180.98 cm,
while the separate use of “Organic-Balance” resulted
in an average height of 178.36 cm. The variants with
“Sclerocide + Helprost-Bor” and ‘Azotophyt-p” showed
176.28 cm and 173.54 cm, respectively. The applica-
tion of “Sclerocide” demonstrated a result of 170.29 cm,
and the control variant without fertilisation showed
the lowest average height - 165.55 cm, which demon-
strates a significant (P <0.05) increase in plant growth
for all fertilisation options compared to the control.

Specifically, the application of “Sclerocide + Hel-
prost-Bor” twice during the growing season resulted
in a substantial rise in the average height of hybrids
“NK Ferty”to 176.71 cm and “Mas 86.0L" to 175.26 cm.
These results surpassed those achieved by applying the
combination ‘Azotophyt-p” individually twice. For the
“Mas 86.0L" hybrid, a similar effect was observed when
the combination of “Azotophyt-p + Helprost-Bor” was
used as isolated treatments twice, reaching an average

height of 180.29 cm. However, when “Organic-Balance +
Helprost-Bor” was applied separately twice, a slight in-
crease in average height to 182.29 cm was found. At the
same time, for all the hybrids studied, any foliar feeding
contributed to an increase in plant height.

The most significant effect on plant height was the
relationship between the choice of hybrids and foliar
feeding regimes, which accounted for 76.5% of the to-
tal effect. In isolation, hybrid selection had a significant
impact, accounting for 18.9%, while foliar fertilisation
itself played a role with a 2.9% share. The other factors
studied had a 1.7% effect on plant height. This high-
lights the importance of optimising the foliar applica-
tion regime for specific sunflower hybrids to maximise
their growth and development. During a detailed field
study aimed at studying the morphological character-
istics of high-oleic sunflower hybrids, the leaf area was
assessed, which is a key factor in the process of photo-
synthesis and affects the overall productivity of plants.
The analysis determined that hybrids “P64HE133” and
“Columbi” showed the highest average leaf area among
all the studied hybrids, each of which had an identical
indicator (Table 3). This indicates the significant poten-
tial of these hybrids in forming an efficient photosyn-
thetic system capable of optimising the use of sunlight.

Table 3. Leaf area of sunflower hybrids in the flowering phase depending
on biological products, m2 (average for 2021-2023)

Foliar feeding with biological Hybrid (factor A)
products (factor B) LG 5452 HOKL Mas 86.0L NK Ferty Columbi P64HE133  Average value
Control (water treatment) 0.585 0.592 0.6 0.609 0.617 0.601
Sclerocide 0.628 0.642 0.65 0.66 0.673 0.651
Azotophyt-p 0.661 0.665 0.675 0.687 0.7 0.678
Sclerocide + Helprost-Bor 0.7 0.71 0.715 0.72 0.725 0.714
Organic balance 0.725 0.73 0.735 0.74 0.745 0.735
Azotophyt-p + Helprost-Bor 0.75 0.755 0.76 0.765 0.77 0.76
Organic-Balance + Helprost-Bor 0.775 0.78 0.785 0.79 0.795 0.785
Average value 0.689 0.711 0.717 0.741 0.756

Source: compiled by the authors
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Compared to “P64HE133” and “Columbi’, hybrids
“NK Ferty” and “Mas 86.0L" showed slightly lower av-
erage leaf area for each of them. These results indicate
that these hybrids also have good adaptability to exter-
nal conditions and can effectively develop leaf areas to
meet the plant’s photosynthetic needs. The lowest aver-
age leaf area was found in the hybrid “LG 5452 HO KL
Even though this value is only slightly inferior to other
hybrids, statistical analysis confirmed that all hybrids
had a statistically significant advantage over “LG 5452
HO KL in this parameter (P <0.05). This finding empha-
sises the significance of genetic elements and the in-
fluence of agricultural methods on the formation of the
leaf surface, which is directly linked to the plant’s ability
to undertake photosynthesis and hence its production.

Thus, the analysis of leaf area identified the var-
iability between the studied hybrids and emphasised
the importance of this parameter in determining photo-
synthetic efficiency and overall adaptation of plants to
growing conditions. The analysis of the impact of foliar
feeding on the leaf surface development of sunflowers
revealed that the combination of long-term “Organ-
ic-Balance” and “Helprost-Bor”, together with a separate
two-time application of ‘Azotophyt-p”and “Helprost-Bor”,
resulted in the attainment of the highest average leaf
area. “Organic-Balance” and “Sclerocide + Helprost-Bor”
fertilisers provided the average leaf area, indicating a
decrease in efficiency with a decrease in fertiliser inten-
sity. The application variant “Azotophyt-p” and the sep-
arate application “Sclerocide” showed an even smaller
average area of 0.678 m? and 0.651 m? respectively.
The control variant, without any fertilisation, showed
the lowest average leaf area, emphasising the impor-
tance of foliar fertilisation for leaf surface development.

Among the analysed hybrids, “P64HE133” showed
that a two-time application of “Azotophyt-p” resulted
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in an increase in the average leaf area to 0.678 m?,
which was higher than with long-term use of the bi-
ological product “Sclerocide”. A similar trend was ob-
served with the two-time application of “Organic-Bal-
ance + Helprost-Bor” compared to the long-term use
of “Azotophyt-p + Helprost-Bor”. Interestingly, for Mas
86.0L, the use of “Organic-Balance” alone resulted in a
slightly higher average leaf area compared to the long-
term use of “Sclerocide + Helprost-Bor”. Hybrids and the
use of foliar fertilisers had the greatest impact on leaf
area, accounting for 50.1%. The next most important
factor was the use of foliar fertilisers, which contrib-
uted 33.2% to the increase, while hybrids themselves
contributed 11.4%. Other factors accounted for 5.3% of
the impact. The “P64HE133” hybrid showed the high-
est average number of kernels per basket, followed by
“Columbi”, “NK Ferty”, “Mas 86.0L", and “LG 5452 HO KL
with 1048.1 kernels. At the same time, “P64HE133” was
distinguished by a significantly higher average number
of grains compared to other hybrids, and all hybrids
showed a statistically significant (P <0.05) excess over
“LG 5452 HO KL

The highest average number of grains per basket
among the hybrids was recorded with the double use of
“Organic-Balance + Helprost-Bor”, amounting to 1224.4
pieces. ‘Azotophyt-p + Helprost-Bor”, “Organic-Balance’,
“Sclerocide + Helprost-Bor”, “Azotophyt-p” and “Sclero-
cide” were next, while the control group had the lowest
number of 1128 units. The application of each foliar
fertiliser led to a statistically significant (P < 0.05) rise
in the mean grain count when compared to the control
group. The difference between the highest result with
“Organic-Balance + Helprost-Bor” and the results with
“Azotophyt-p + Helprost-Bor” or “Organic-Balance” was
not statistically significant, unlike the results for the
other hybrids (Table 4).

Table 4. Number of seeds in a basket of sunflower hybrids depending
on biological products, pcs. (average for 2021-2023)

Foliar feeding with biological

Hybrid (factor A)

products (factor B) LG 5452 HOKL Mas 86.0L NK Ferty Columbi P64HE133  Average value
Control (water treatment) 1,001 1,036 1,110 1,232 1,261 1,128
Sclerocide 1,041 1,050 1,121 1,242 1,289 1,148.6
Azotophyt-p 1,043 1,058 1,158 1,265 1,294 1,163.6
Sclerocide + Helprost-Bor 1,051 1,070 1,177 1,281 1,295 1,174.8
Organic balance 1,054 1,077 1,216 1,294 1,320 1,192.2
Azotophyt-p + Helprost-Bor 1,058 1,089 1,232 1,295 1,330 1,200.8
Organic-Balance + Helprost-Bor 1,089 1,121 1,242 1,324 1,346 1,224.4
Average value 1,048.1 1,066.6 1,182.3 1,276.1 1,305 -

Source: compiled by the authors

Essentially, the application of biological prod-
ucts twice led to a marginal rise in the seed count
per basket in comparison to the extended treatment.
However, for the “NK Ferty” hybrid, long-term use of
fertiliser has proved particularly effective. When using
the “Sclerocide” combination, the number of seeds per

head slightly decreased compared to the two-time use
of “Azotophyt-p”. A similar trend was observed for the
“LG 5452 HO KL’ hybrid, where “Sclerocide” yielded
1041 seeds, while the use of “Azotophyt-p” alone yield-
ed 1043 seeds. Moreover, in the case of “LG 5452 HO
KL’ the use of “Azotophyt-p + Helprost-Bor” resulted in
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a decrease in the number of seeds per head compared
to the use of “Organic-Balance + Helprost-Bor”. For the
hybrid “Mas 86.0L", the long-term application of “Or-
ganic-Balance” also showed a slight decrease in the
number of seeds compared to the two-time application
of “Azotophyt-p + Helprost-Bor”.

Despite this, each use of biological products
showed better results on average on each hybrid than
the control. The combined effect of hybrids and foliar
treatments was most effective (56.4%) in increasing
the number of seeds per head. Hybrids came in sec-
ond with 39.5%, followed by foliar fertilisers (1.1%)
and other factors (3%). Seed yield is considered a key
indicator for assessing the economic benefits of using
modern hybrids. In this context, the “P64HE133” hybrid
had the highest average seed yield, reaching 3.82 t/
ha. In the last season, agricultural research showed
that among the various hybrids tested at the test site,
such as “Columbi”, “NK Ferty”, “Mas 86.0L" and “LG 5452

HO KL stand out in terms of seed yield. In particular,
“Columbi” showed a result of 3.72 t/ha, “NK Ferty” -
3.56 t/ha, “Mas 86.0L” - 3.29 t/ha, and “LG 5452 HO
KL - 3.11 t/ha.

Interestingly, the increase in yields in these studies
may be due not only to the genetic characteristics of
the hybrids themselves but also to the use of modern
biological products that contribute to better plant de-
velopment, increased stress resistance and protection
against pests and diseases. This underscores the im-
portance of an integrated approach to agricultural pro-
duction that combines high-quality seed with advanced
agricultural technologies.Among the different methods
of using biological products, the use of double fertil-
isation “Organic-Balance + Helprost-Bor” demonstrated
significantly better average seed yields compared to
other methods. Notably, the average yields between
the different methods of foliar feeding and the control
group differed significantly (Table 5).

Table 5. Influence of biological products on seed yield of sunflower hybrids, t/ha (average for 2021-2023)

Foliar feeding with biological Hybrid (factor A)
products (factor B) LG5452 HOKL  Mas 86.0L NK Ferty Columbi P64HE133  Average value
Control (water treatment) 2.98 3.01 3.17 34 3.56 3.23
Sclerocide 2.97 3.11 3.36 3.56 3.87 3.37
Azotophyt-p 3.14 3.31 3.35 374 3.82 3.48
Sclerocide + Helprost-Bor 3.37 3.47 3.5 3.68 3.69 3.54
Organic balance 3.06 3.22 3.49 3.81 3.83 3.48
Azotophyt-p + Helprost-Bor 3.08 35 3.54 391 3.95 3.8
Organic-Balance + Helprost-Bor 3.19 341 3.5 393 4.04 393
Average value 311 3.29 3.56 372 3.82 -

Source: compiled by the authors

Usually, seed yields with three times foliar spraying
exceeded the results of two times application of simi-
lar fertilisers and PGR. This demonstrates the effective-
ness of more intensive nutrient application methods in
increasing the productivity of most hybrids. However,
some exceptions to this rule have been recorded, es-
pecially for specific hybrids that show differences in
response to cultivation. Specifically, the hybrid “NK Fer-
ty” showed a slightly reduced seed yield when sprayed
twice with the “Sclerocide” combination, compared to
a single application of “Azotophyt-p”. This may indicate
that for some hybrids, increasing the number of sprays
does not always lead to better results, possibly due to
the achievement of optimal nutrition levels or due to the
specific needs of the hybrid itself. Moreover, the hybrid
“Mas 86.0L" showed a lower seed yield when “Sclero-
cide + Helprost-Bor” was applied twice compared to the
two-time application of “Organic-Balance”. This con-
firms the idea that not all hybrids are more productive
with more intensive fertilisation regimes, and in some
cases, less intensive but well-targeted fertilisation can
be more beneficial. As such, although the general trend
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shows the benefits of double foliar spraying to increase
seed yields in most cases, some exceptions require an
individualised approach to each hybrid. It is necessary to
address the specific needs of each hybrid and the possi-
bility of reaching yield requirements, which may make
further investments in additional sprays less effective.
The application of any form of foliar treatment on
each hybrid resulted in an enhancement in seed yield
when compared to the control group that did not re-
ceive any further fertilisation. The combined effect of
hybrid characteristics and foliar nutrition proved to be
the most powerful factor affecting yield, accounting
for 64.5% of the total impact. The hybrids themselves
contributed 27.3% of the impact, while biological prod-
ucts had 6.9%. Other aspects accounted for only 1.3%
of the impact on the final yield. The key indicator for
assessing the quality of oilseeds is their oil content. In
this respect, the “P64HE133” hybrid showed the highest
average level of 51.3%.The oil content of other hybrids
decreased in the following order: “Columbi”, “NK Ferty”,
“Mas 86.0L", “LG 5452 HO KL The use of bioprepara-
tions increased the oil content by 0.9-1.8% (Fig. 1).
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Figure 1. Oil and oleic acid content in sunflower hybrid seeds, %
(average for 2021-2023 and by the factor of foliar feeding of crops with biological products)

Source: compiled by the authors

In conducting a thorough examination of the qual-
itative attributes of seeds from several sunflower hy-
brids, particular emphasis was given to the oleic acid
concentration, a crucial constituent that governs the
nutritional and industrial worth of oil. In particular,
the hybrid “P64HE133” had the highest average oleic
acid content among all the hybrids studied, reaching
93.1%. This high figure underlines the potential of the
“P64HE133” hybrid not only in terms of yield but also in
terms of the quality of the products obtained. Compared
to “P64HE133’, the other hybrids showed lower aver-
age values of oleic acid content, but they also showed
significant variability in this component, depending on
growing conditions and applied agricultural technolo-
gies. Notably, the use of foliar fertilisers can increase
the content of oleic acid in seeds by 2.1-5.3%, which
underlines the importance of agrochemical measures
to improve the quality of agricultural products.

It is worth noting that the content of oleic acid
in each of the studied hybrids exceeded the total oil
content, which indicates a high level of saturation with
this valuable component. This high oleic acid content
makes these hybrids particularly attractive to produce
high-quality oils suitable for use in the food industry
and for other purposes, such as biofuel production.

DISCUSSION

The investigation’s results indicated a significant cor-
relation between the use of biological products and
the yield of sunflowers. Furthermore, it was imperative
to emphasise the contingent nature of the indications
on the sunflower hybrid. Nevertheless, to enhance the
credibility and pertinence of the analysis, it is essential
to analyse these indicators about comparable studies
conducted by other authors.

In the context of agronomic research, analysis of
the impact of biological products on the physiologi-
cal characteristics of plants is prioritised. Specifically,
one of the areas of research is the effects of mycor-
rhizal preparations that facilitate symbiosis between
plant roots and fungi, thereby increasing their ability
to assimilate nutrients and resistance to stressful con-
ditions. One of these drugs is MycoFriend, which was

studied by G. Sousa et al. (2021), M. Gandariasbeitia et
al.(2022),and S. Hafez et al. (2021), to determine its po-
tential for increasing sunflower (Helianthus annuus L.)
yield. The application of MycoFriend in the row before
sowing resulted in a 1.9-2.5 cm increase in plant height
compared to the control group that did not utilise the
biological product. At full maturity, the plants in the
treated plots had an average height of 170.3-174.5 cm.
These results correlate with the original study, which
also recorded an improvement in plant growth using
mycorrhizal preparations, although, in the original
study, plant height was slightly higher. This may indi-
cate the variability of plant responses to mycorrhizal
preparations depending on specific growing conditions,
soil properties and climatic factors. Thus, research con-
firms the potential of biological products as a means of
optimising crop growth and development, offering an
effective tool for increasing productivity in conditions
where traditional agrochemical intervention may be
limited or undesirable.

In agronomic studies by S. Li et al. (2023) and
J. Li et al. (2022), the impact of the BTU biocomplex,
which includes natural nitrogen-fixing, fungicidal and
other beneficial bacteria, as well as biologically active
products of their vital activity, on different types of
crops in different agroclimatic conditions, was studied.
The results indicated that the use of this product en-
hances the efficacy of seed germination, enhances the
regularity of seedlings, decreases plant infection with
various diseases without causing addiction,and boosts
yields by 10-30%. These results confirm the high effi-
ciency of the BTU biocomplex and its prospects for
application in agronomy, especially in Ukraine, seek-
ing sustainable methods to increase the productivity
of agricultural systems.

Contemporary academic research in the subject of
agronomy is increasingly focussing on investigating the
influence of biological products on the morphological
and physiological traits of plants. One of the main areas
is the analysis of the ability of these products to im-
prove growth parameters, such as the number of leaves
per plant, which can significantly affect the overall pro-
ductivity of plants by increasing photosynthetic activity.
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A study conducted by B. Han et al. (2021), A. Oliveira et
al. (2022) and D. Nguyen et al. (2021) conducted the
effect of Biopolin on sunflower plants, in particular,
on changes in the number of leaves. An observed var-
iation in the leaf count per plant, ranging from 17.8
to 27.1 pieces, was attributed to the administration of
Biopolin. All hybrids examined showed a substantial
rise in leaf count, with a difference ranging from 4.4 to
8.8 leaves compared to the control plots without the
preparation. These data should be compared with the
results of the original study, which focused on meas-
uring leaf area rather than directly on the number of
leaves. Initial observations revealed a rise in leaf area,
suggesting a beneficial impact of mycorrhizal prepara-
tions on the growth of leaf mass. However, by assessing
the number of leaves, a more detailed picture can be
obtained of changes in the growth characteristics of
the plant, indicating a potential improvement in not
only the quantitative but also the qualitative parame-
ters of photosynthesis.

Studies have shown moderate correlations be-
tween yield and oil quality, which demonstrates that
changes in the growing season due to heat stress do
not directly affect oil quality. Heat stress can affect
the oil content by reducing the number of seeds and
increasing the sterile zone on the sunflower heads. In
particular, a drop in seed count can lead to a decrease
in oil content, while an increase in sterile area can
contribute to an increase in oil content (Shahini et
al., 2023). Under conditions of heat stress, variations
in the concentration of oleic acid are observed, which
becomes more sensitive to high temperatures. Under
normal temperature conditions, oil content is posi-
tively correlated with an oleic acid content, which is
in line with previous results of H. Amimy et al. (2023),
but under heat stress this relationship becomes neg-
ative. Reducing the oil content at high temperatures
does not necessarily increase the oleic acid concen-
tration. Along with the increase in oleic acid caused
by genetic and environmental factors, there may be a
decrease in the concentration of palmitic acid, as con-
firmed by the study by P. Lemos et al. (2022). These dis-
coveries are important for Ukraine, one of the world’s
leading sunflower producers. An assessment of the
influence of heat stress on the quality and yields of
oil can be utilised to formulate climate change adap-
tation measures that will guarantee the sustainability
of production in the presence of global warming and
climate fluctuations.

Considerable focus is given in agriculture to the
influence of biological products on crop productivity
(Tanchyk et al., 2024). These are based on biological
products that show great promise in increasing sun-
flower yields. P. Evon et al. (2023) and N. Alzamel et
al. (2022), who studied the ES Balistic hybrid, noted
that the use of Polymyxobacterin increased yields com-
pared to control plots where the biological product
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was not used. Under control conditions, the average
yield was 2.62 t/ha. However, after the application of
the biological product, an increase in this indicator
was recorded, which confirms its effectiveness. Also
noted are the results of J. Anandappa et al. (2023),
M. Al-Zaidy and I. Al-Hilfy (2023) and B. Adeleke et
al. (2022), who analysed the “SY Experto” hybrid and
acquired similar trends. In the control plots, the yield
of this hybrid was slightly higher and amounted to
2.7 t/ha. The use of biological products also increased
yields, but, as in the first case, slightly higher results
were reported in the original study, which could be
due to differences in weather conditions, soil, or oth-
er agronomic parameters between the studies. These
results indicate the potential of biological products as
an effective means of increasing sunflower productiv-
ity, providing a rationale for further research and the
potential integration of this biological product into
modern agronomic practices.

The growing season is a critical factor that affects
harvest time and quality, and the ability of biological
products to modulate this period can have significantag-
ronomic implications. A. Ghendov-Mosanu et al. (2023),
R.Puttha et al.(2023) and K.Asish et al.(2023) examined
the length of the growth season for two sunflower hy-
brids, namely the medium-early hybrid “P64LE121” and
the medium-ripening hybrid “P64LE99". Following the
study results, the vegetation period of the medium-ear-
ly hybrid ranged from 102 to 113 days, while that of the
medium-ripening hybrid lasted from 108 to 116 days.
Particular attention was devoted to the effect of the bi-
ological product FitBest applied to the row before sow-
ing. This application of the product demonstrated the
ability to extend the growing season of both hybrids
to @a maximum duration of 113-116 days. This increase
may be due to improved growth conditions, such as
increased nutrient availability or improved water nu-
trition. Significantly, the aforementioned study did not
include the duration of the growing season as a crucial
factor. Instead, the focus was directed towards other
agronomic aspects such as the yield of crops and the
overall quality of seeds. Failure to address the length
of the growing season in previous studies may indicate
an underestimation of its impact on the final result of
crop production.

CONCLUSIONS

The study findings showed that the biological products
proved efficacy in enhancing several important param-
eters of sunflower agriculture, such as plant height, leaf
area, seed count in baskets, seed yield, and seed quality,
including oil and oleic acid content. Particularly striking
results were obtained for the “P64HE133” and “Colum-
bi” hybrids, which showed the highest average yield
with the highest oil content.

The application of “Organic-Balance + Helprost-Bor”
twice, as well as the double use of ‘Azotophyt-p +




Helprost-Bor”, proved to be effective, providing high av-
erage seed yields for all hybrids in general - 3.8 t/ha
and 3.93 t/ha respectively, which is significantly high-
er than the control group. Importantly, the biological
products enhanced seed production by 0.21-0.4 met-
ric tonnes per hectare compared to the control group
and increased oil content by 0.9-1.8%. This highlights
the importance of foliar feeding as a strategy to op-
timise sunflower production performance. Additionally,
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is recommended to use targeted biological products, in
particular, the combination of “Organic-Balance + Hel-
prost-Bor” or “Azotophyt-p + Helprost-Bor” twice on the
hybrids “P64HE133” and “Columbi”.

Further research should address the genetic in-
teraction between high oleic sunflower hybrids and
biological products, which may reveal which genetic
markers influence the increased response to biologi-
cal products. This could be used to develop targeted

the average oleic acid content in the seeds, which is
critical for oil quality, was increased by 2.1-5.3% due
to foliar nutrition. In general, the combined effect of

breeding strategies to improve plant response to bio-
logical fertilisation.

hybrid and biological product selection had the largest ACKNOWLEDGEMENTS
share in improving seed yields (63.5%), followed by the  None.
contributions of the hybrid itself (27.4%) and biologi-
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AHoTauisa.[locnigxeHHs 6yno cnpssMoBaHe Ha BUBYEHHS ePEKTMBHOCTI 3aCTOCYBaHHS 6ionpenapaTis Ha picT,pO3BUTOK
Ta NPOAYKTUBHICTb BUCOKOONEIHOBUX NiOPUAIB COHALIHMKY 3 METOHO NiABULLEHHS YPOXKANHOCTI HACIHHSA Ta NOKPALLEHHS
akocTi onii. NMpoTarom 2021-2023 pokis B MnkonaiBcbKi 06acTi 6yno npoBefeHo eKCNePUMEHT, CNPSIMOBAHUI Ha
BMBYEHHS ePEKTUBHOCTI CeMM BapiaHTiB MO3aKOPEHEBOrO MiAXMBAEHHS Ha MPOAYKTUBHICTb MATU BUCOKOONEIHOBUX
ribpuaiB COHSALWHMKY. Pe3ynbTaTv mokasanu, Wo no3akopeHeBe MNigKMBAEHHS Mano NO3UTUBHMI BMNIMB HA BU3HAYEHI
napameTpu, BKKOYa4M BUCOTY POCSIMH, MOLLY IUCTKA, KiNIbKiCTb HACIHMH Y KOLUMKY, YPOXAMHICTb HACIHHA, BMICT ONii
Ta 0N1eTHOBOI KMCNOTU B HaCiHHI. 30KpeMa, riopua “P64HE133” npoaeMOHCTPYBaB HaiBuLLY CEPEAHIO YPOXKAMHICTb
3,89 1/ra, HacTynHuM 6yB “Konom6i” 3 nokasHuMKoM 3,69 T/ra, npu LbOMY MiXK HUMK He BYN0 BUABNEHO CTaTUCTUYHO
3HauyLwwoi pi3HMLi. Mo3akopeHeBe NimgxuBeHHs “OpraHik-6anaHc” cnpusio MiABULLEHHIO CEPEAHbOI YPOXAMHOCTI
HaciHHs po 3,58 T/ra, nepeBuLLyOUM pe3ynbTaTi Bif iHWKMX BUAIB 0OMpUCKYBaHb. 3aCTOCyBaHHS GionpenapatiB
cnpuano 36inbweHH0 ypoxkanHocTi Ha 0,21-0,4 T/ra NOPIiBHSHO 3 KOHTPONiEM, @ TaKOoX 30i/bLUEHHIO BMICTY ONlii Ha
0,6-2,1-5,3%. 3aranbHuit BNAMB KOMBiHALiT ri6puay Ta cnocobiB NO3aKOPEHEBOr0 NiAXMBAEHHS HA YPOXaWHICTb OyB
HanbinbwmMm, cknaewu 63,5%, ne Bnnve Bubopy ribpuaa ctaHoBuB 27,4%, N03akopeHeBOro NigxueneHHs — 5,4%,
a IHWI YYMHHUKKM Manu BNAMB 3,7 %. Pe3ynsTaTi BKa3ykTb HA Te, WO NO3aKOPEHEBE MiAKUBIEHHS MOxe edeKTUBHO
NiABULLMTM YPOXKAMHICTbTa MOKPALLMTYM KiCHi XapaKTePUCTUKM HACiHHS COHSLLHMKY. 3aCTOCYBaHHS LiMx bionpenaparis
He nuwwe 36inblye KiNbKiCTb HACiHHS Ta BMICT ONii B HUX, ane M cnpuse Binbw CTiIMKOMY Ta 340pPOBOMY POCTY
pocauH. BignosiaHo, iHTerpauis Taknux MeTomiB y arpoTEXHIYHI MPaKTUKM MOXE 3HAYHO MOKPALUMTU NPOAYKTUBHICTb
CiNbCbKOrOCMOAAPCbKMUX KyNbTYp i 30iNblUMTK €KOHOMIYHY BUroAy Bif, BMPOLLYBAHHS BMCOKOBPOXaWHWUX ribpuais
COHSILLHMKY
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protection systems increases the yield by 20%. The mustard examination showed a substantial improvement in
the crop’s resistance to diseases when using integrated plant protection. The findings confirmed the importance
of choosing the optimal elements of the technology that contribute to improving the yield and quality of oilseeds.
This issue is relevant since oilseeds occupy a substantial place in the agro-industrial complex. Increasing the
efficiency of growing oilseeds not only provides stable profits for farmers but also has a positive impact on the
food security of the country in general. Thus, the introduction of scientifically based agronomic measures is a
critical factor for achieving sustainable development of the agricultural sector and diversification of oilseeds

Keywords: agro-industrial complex; oilseed plants; technology elements; varieties and hybrids; yield; seed quality

INTRODUCTION

Oilseeds play a vital role in the agro-industrial complex,
providing important resources not only for the food in-
dustry but also for other applications, such as the pro-
duction of biofuels, various types of oils, paints, and
cosmetics. In the context of global climate change, eco-
nomic fluctuations and growing requirements for food
security, the issue of diversification of oilseeds is becom-
ing particularly relevant. The main problem is to assess
the possibilities of expanding the range of oilseeds in
addition to sunflower, which will help reduce economic
risks, increase productivity and reduce the negative im-
pact on soil fertility due to the oversaturation of sun-
flower crop rotations. Crop diversification in the field of
agronomy is associated with the selection of plant spe-
cies of the oilseed group to improve disease resistance
and increase their productivity (Kairbayeva et al., 2022).

The subject of diversification of oilseeds is ex-
tremely relevant in the context of ensuring food securi-
ty, economic stability and environmental sustainability
of the agro-industrial complex (Shevchuk et al., 2024).
In particular, T. Zelt (2022) noted that diversification of
oilseeds can substantially reduce the risks associated
with monoculture cultivation, such as vulnerability to
pests, diseases,and climate change.l.Nahvi et al. (2023)
noted that the introduction of new varieties and hy-
brids of oilseeds, such as sunflower, rapeseed, soy, etc.,
can help increase yields and reduce production costs.
A study conducted by L. Magno et al. (2022), focuses
on the potential of oilseeds such as flax and hemp.
These plants can provide additional sources of oil that
not only meet consumer demand but also help reduce
dependence on traditional oilseeds such as sunflower
and rapeseed. Researchers C. Wen et al. (2023) deter-
mined that the diversification of oilseeds is an impor-
tant factor that directly affects the development of the
fat and oil industry engaged in processing these crops.
D. Rudoy et al. (2023) established that the growing de-
mand for oils with lower saturated fat content, such as
flax or hemp seed oil, substantially encourages inno-
vation in manufacturing processes. The paper of S. Jo-
pony et al. (2023) analysed in detail how crop diversity
can substantially change the structure of acreage and
improve the efficiency of land use. The authors empha-
sise that optimisation of acreage and the introduction
of adapted crops that can withstand climate change

and diseases can not only increase the productivity of
agricultural production but also ensure its sustainabil-
ity in the long term.

Y.Jiang et al. (2024) examine in detail the environ-
mental aspects of diversification, in particular, its pos-
itive impact on biodiversity, water management, and
reducing the use of chemical fertilisers, which is criti-
cal for ecosystem conservation. V. Chekhova (2021) be-
lieves that the diversification of oilseeds improves the
product range and also contributes to the development
of more sustainable and innovative production practices
in the industry. Despite the available research, there is a
lack of work on niche oilseeds that can be commercially
profitable, and there is also a lack of detailed data on
the long-term economic benefits of diversification and
the impact of these crops on the ecological aspects of
agronomic systems. Therefore, it is necessary to assess
the potential for diversification of oilseed group crops
to improve agricultural production and economic bene-
fits due to changes in climate and market conditions, in-
cludinginthe southern steppe zone of Ukraine.The main
purpose of this study was to identify new approaches to
the diversification of agricultural production and study
the impact of various elements of technology on the
yield and quality of oilseeds, such as sunflower, rape-
seed, mustard, safflower, brown mustard, and camelina.

MATERIALS AND METHODS

An experiment was conducted on the basis of the edu-
cational-scientific-practical centre of Mykolaiv Nation-
al Agrarian University during 2022-2024 to achieve the
study goal. The selection of oilseed crops for the study
was conducted at the educational and scientific-practi-
cal centre, where a decision was made to focus on six
crop species (Table 1).

Sunflower is included with the greatest distribu-
tion, high yield and oil content, rapeseed - for its low
content of saturated fats and the possibility of their
use for the production of biodiesel, safflower - as a
drought-resistant crop, with high nutritional value and
fairly high oil content, mustard - due to its resistance to
environmental conditions and additional value in med-
icine, oilseed flax - for its widespread use in medicine,
industry,and camelina - for its prospects in the produc-
tion of oil for cosmetics, food, jet fuel.
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Table 1. Varieties and hybrids of crops used in the study

Year of

Culture Variety/hybrid registration Originator Country
Sunflower Forward 2018 V-Ya. Yuriev Pl?nt Production Ukraine
Institute

Sunflower P64LE25 2015 Pioneer Netherlands
Winter rapeseed Phoenix CL 2023 DSV Austria
Winter rapeseed Abacus 2010 NPZ (LEMBKE) Germany
Safflower Dobrynya 2016 Institute of Oilseed Crops of NAAS Ukraine
Safflower Lahidny 2011 Institute of Oilseed Crops of NAAS Ukraine
Brown mustard Dzhyonka 2008 Institute of Oilseed Crops of NAAS Ukraine
Brown mustard Zabahanka 2020 Institute of Oilseed Crops of NAAS Ukraine
Oilseed flax Orpheus 2002 Institute of Oilseed Crops of NAAS Ukraine
Oilseed flax Dobrodar 2022 Institute of Oilseed Crops of NAAS Ukraine
Camelina Prestige 2006 Institute of Oilseed Crops of NAAS Ukraine
Camelina Euro 12 2015 Institute of Oilseed Crops of NAAS Ukraine

Source: compared by the authors on the basis of data from the Ministry of Agrarian Policy and Food of Ukraine (2024)

The experiment of the study was conducted on
southern chernozem in the educational-scientif-
ic-practical centre of Mykolaiv National Agrarian Uni-
versity during 2022-2024. Weather conditions during
the experiment were marked by the following trends:
spring was characterised by gradual warming. The
beginning of March was cool with periodic frosts, but
in April and May the temperature increased substan-
tially, precipitation decreased from March to May, but
light precipitation fell. In summer, temperatures were
high, with daily averages ranging from +20°C to +35°C,
with temperature peaks above 40°C in July and August.
The summer months were accompanied by short-term
rains, alternating with prolonged droughts. In autumn,
the temperature gradually decreased. September was
warm, with temperatures ranging from +20°C to +30°C,
in October the temperature gradually decreased, pre-
cipitation fluctuated, and it became more windy. Rain
fell periodically and unevenly. In general, the weather
during the entire period had changes characteristic of
the steppe zone of the Mykolaiv region.

The study evaluated the impact of various techno-
logical elements on the yield and oil quality of sunflow-
er, rapeseed, safflower, brown mustard, oilseed flax, and
camelina crops,along with their resistance to major dis-
eases and pests. The study aimed to determine the ef-
fects of crop variety or hybrid, fertilisers, and protection
measures on the yield and quality of these oilseed crops.
The experiment scheme included the following options:

1. Factor A - varieties and hybrids of oilseed
crops: Sunflower (P64LE25, Forward), Rapeseed (Aba-
cus, Phoenix CL), Safflower (Lahidny, Dobrynya), Brown
Mustard (Dzhyonka, Zabahanka), Oilseed Flax (Orpheus,
Dobrodar), Camelina (Prestige, Euro 12).

2. Factor B - Nutrition System:

® without fertilisers (control);

® recommended (N P, );

60" 40

® optimised (N, P, K, + soil spray with the organ-

ic biopreparation Metawight at 10 L/ha + treatment of
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seeds and crops with biopreparations and microele-
ments recommended for the studied crops).

3. Factor C - Protection System:

B without protection (control);

m recommended (application of recommended
agents when the economic threshold of pest damage
is exceeded);

B optimised (agrotechnical measures and biolog-
ically derived agents).

The yield was determined from each plot. Seed
quality assessment, oil content for oilseeds taken, labo-
ratory analysis for water content,and chemical residues
were determined according to (DSTU 7011:2009, 2010;
Methods of examination..., 2016). The experimental
study with oilseeds followed the standards of the Con-
vention on Biological Diversity (1992) and the Conven-
tion on International Trade in Endangered Species of
Wild Fauna and Flora (1979).

RESULTS

Oilseeds continue to occupy leading positions among
agricultural plants in the agro-industrial complex, as
they are characterised by high profitability and substan-
tial efficiency in production. These crops not only pro-
vide stable profits for farmers but also play an impor-
tant role in shaping food security in countries. There are
about 350 species of oilseeds in the world, which are
grown in different climatic conditions, and have differ-
ent agronomic properties. Among them, the most pop-
ular are sunflower, soy, and rapeseed, which are used
for the production of oil, feed, and other food products.

Elements of the technology have substantially
affected the yield of oilseeds, which is an extremely
important factor for ensuring diversification (Shahini et
al., 2023). The inclusion of new varieties and hybrids
of oilseeds in the study provided higher yields. This
is due to unique genetic characteristics that allow
them to adapt more effectively to different growing
conditions, such as climate change, soil types, and the




presence of moisture. The use of organic fertilisers
also had a positive effect on yield, although not as
substantial as the selection of varieties and hybrids.
Organic fertilisers improve the quality of the soil,
contribute to its enrichment with nutrients, and im-
prove water retention capacity and structure, which
provides better conditions for the growth and de-
velopment of plants, allowing them to receive the
necessary nutrients, which is important for their
healthy development (Tonkha et al., 2024). Irriga-
tion and the use of pesticides also play an important
role in ensuring a stable crop. Irrigation systems al-
low maintaining an optimal level of humidity in the

Gamayunova et al.

soil, which is especially important during periods of
drought (Yeraliyeva et al., 2017). The use of pesticides
helped to reduce losses from pests and diseases, and
this substantially affected the entire crop volume
of oilseeds of the Asteraceae and Linaceae families
(Table 2), as well as the Brassicaceae family (Table 3).
In general, the use of an integrated approach, includ-
ing the latest varieties and agronomic technologies,
usually gives better results compared to tradition-
al methods. This will allow agricultural producers to
maximise the use of resources, increase agricultural
productivity, and ensure the sustainability of agricul-
tural systems in the long term (Table 3).

Table 2. Seed yield of oilseed crops in the Asteraceae and Linaceae families (average for 2022-2024), t/ha

Crop, Hybrid/Variety (Factor A)

Nutrition system Protection

Sunflower

Safflower Qilseed flax

(Factor B) system (Factor C)
P64LE25 Forward Lahidny Dobrynya Orpheus Dobrodar

, Without 174 202 157 16 122 127

Without protection
fertilisers Recommended 1.81 2.15 1.62 1.6 1.25 1.33
Optimised 1.82 217 163 167 1.25 133
Without 2.29 2.69 177 1.85 141 147

protection
Recommended ¢ ommended 237 275 1.83 1.93 1.47 153
Optimised 238 278 1.83 193 147 153
Without 2.37 2.89 1.82 1.99 147 1.62

L. protectlon
Optimised Recommended 247 3.12 1.89 2.09 147 1.69
Optimised 251 3.19 1.9 21 151 171

Source: compiled by the authors

Table 3. Seed yield of oilseed crops in the Brassicaceae family (Average for 2022-2024), t/ha

Crop, Hybrid/Variety(Factor A)

Nutrition system Protection

(Factor B) system (Factor C) Winter rapeseed Brown mustard Camelina
Abacus Phoenix CL Dzhyonka Zabahanka Prestige Euro 12
. Without 1.61 202 121 143 112 1.19
Without protection
fertilisers Recommended 1.83 2.08 1.29 1.5 1.15 1.23
Optimised 179 21 1.29 151 1.15 1.24
Without 1.71 212 1.32 1.56 1.29 137
protectlon
Recommended . ommended 185 2.34 137 163 1.26 141
Optimised 19 233 138 1.64 125 141
Without 1.77 2.4 1.39 1.69 1.38 1.47
o protection
Optimised Recommended 1.89 247 144 177 145 154
Optimised 193 2.56 145 18 147 157

Source: compared by the authors

The quality indicators of plant seeds are signifi-
cantly influenced by cultivation technology. The in-
troduction of new hybrids and varieties has led to an
increase in oil content and improvements in other
quality parameters, such as a reduction in chemical

residues. The use of an optimised fertilisation sys-
tem positively impacted overall quality but resulted
in a slight increase in moisture content and chemi-
cal residues. Applying an optimised nutrition system
alongside a combined protection system achieved
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optimal oil content and reduced chemical residues,
though the impact on moisture content was var-
iable (Table 4). Overall, implementing individual

technological elements contributed to improved re-
sults, but their effectiveness depends on specific con-
ditions and crop types.

Table 4. Oil content and seed moisture of studied crops under optimised nutrition
and protection systems (average for 2022-2024)

Culture Variety/hybrid Oil content (%) Seed moisture (%) Pesticide residues (mg/kg)
P64LE25 42 9 0.5
Sunflower
Forward 47 8.5 0.3
Winter rapeseed Abacus 44 8.8 0.4
P Phoenix CL 485 75 1
Lahidny 40 9.5 0.2
Safflower
Dobrynya 42 9 1
Brown mustard Dzhyonka 32 10.5 15
Zabahanka 34 10 0.9
. Orpheus 33 9.8 1.1
Oilseed flax
Dobrodar 38 10 0.4
Camelina Prestige 29 12.5 0.3
Euro 12 31 11 0.8

Source: compared by the authors

The technological elements used in sunflower
cultivation had a significant impact on oil quality.
The application of irrigation and pesticides ensured
stable and high oil content, contributing to reduced
acid and peroxide values, which indicate improved
oil stability. The Omega-6 content, essential for hu-
man health, remained stable and may even increase
with these agronomic practices. The optimised nutri-
tion system positively affected sunflower oil quality,
enhancing oil content and reducing the acid value,

indicative of lower oxidative processes in the oil.
Omega-6 content remained high, thus preserving val-
uable nutritional properties. In the control treatment,
oil quality was at a basic level. Oil content, acid and
peroxide values, and omega-6 content were indica-
tors that provide baseline oil quality (Table 5). Over-
all, the use of fertilisers, irrigation, and pesticides sig-
nificantly improved sunflower oil quality, promoting
stability, reducing oxidation, and maintaining essen-
tial nutritional components.

Table 5. Quality indicators of sunflower oil from the hybrid forward

Treatment

Oil content (%)

Quality indicators

Without fertilisers and protection -

Acidity (°K): 0.3
Peroxide value (meq/kg): 7
Free fatty acid content (%): 0.1
lodine index (g iodine/100 g): 120
Omega-6 content (%): 65
Colour (Yellow scale): 2

Recommended nutrition and protection
system

45.5

Acidity (°K): 0.2
Peroxide value (meg/kg): 5
Free fatty acid content (%): 0.1
lodine index (g iodine/100 g): 122
Omega-6 content (%): 62
Colour (Yellow scale): 1.8

Optimised nutrition and protection system

47

Acidity (°K): 0.4
Peroxide value (meg/kg): 6.5
Free fatty acid content (%): 0.2
lodine index (g iodine/100 g): 119
Omega-6 content (%): 64
Colour (Yellow scale): 2.5

Scientific Horizons, 2024, Vol. 27, No. 10
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Table 5. Continued

Treatment Oil content (%) Quality indicators
Acidity (°K): 0.2
Peroxide value (meq/kg): 4
. L Free fatty acid content (%): 0.1
Combined protection+irrigation 48.5

lodine index (g iodine/100 g): 123
Omega-6 content (%): 65.5
Colour (Yellow scale): 1.7

Source: compared by the authors

Agronomic practices, such as the introduction of
new varieties and hybrids, optimised nutrition and
protection systems, and irrigation, significantly impact
plant disease resistance, helping either to improve or
maintain disease resistance at control levels across
different crops. Selecting new crop varieties or hybrids
often leads to increased resistance to disease. Specifi-
cally, new sunflower and rapeseed hybrids have shown
improved resistance to respective diseases compared
to control variants. The application of an optimised
nutrition system can positively influence plant disease
resistance, though results may vary depending on the

crop and specific conditions. For instance, in some cas-
es, fertilisation enhances resistance to certain diseas-
es, while in others, the effect may be less pronounced.
Irrigation and pesticide application also positively im-
pact plant resistance, potentially improving resilience
against diseases such as Fusarium or fungal infections,
though effectiveness varies based on the crop and
methods applied (Table 6). Overall, implementing new
agronomic practices is an effective method for enhanc-
ing plant disease resistance, though their efficacy may
fluctuate depending on specific growing conditions
and crop type.

Table 6. Resistance of studied oilseed crops to diseases and pests depending on production intensification

Culture Variety/hybrid Disease resistance
P64LE25 Fusarium resistance - 80%, powdery mildew resistance - 75%
Sunflower Forward Fusarium resistance — 90%, powdery mildew resistance — 85%
Forward Fusarium resistance - 80%, powdery mildew resistance - 75%
Abacus Fusarium resistance - 80%, powdery mildew resistance - 75%
Winter rapeseed Phoenix CL Soybean moth resistance - 75%, Fusarium resistance - 70%
Phoenix CL Soybean moth resistance - 85%, Fusarium resistance - 80%
Dobrynya Blackleg resistance - 75%, fungal infection resistance - 70%
Safflower Dobrynya Fungal infection resistance - 70%
Lahidny Fungal infection resistance - 70%
Dzhyonka Blackleg resistance - 75%, fungal infection resistance - 70%
Brown mustard Zabaganka Fungal infection resistance - 70%
Zabaganka Fungal infection resistance - 70%
Orpheus Whitefly resistance - 70%, fungal infection resistance - 65%
Oilseed flax Dobrodar Fungal infection resistance - 70%
Dobrodar Fungal infection resistance - 70%
Prestige Fungal infection resistance - 70%
Camelina Euro 12 Fungal infection resistance - 80%
Euro 12 Fungal infection resistance - 70%

Source: compared by the authors

New varieties and hybrids have demonstrated su-
perior results compared to standard cultivars. They
have shown increased yields and enhanced seed adapt-
ability, making them recommended for further use. The
application of organic fertilisers is an effective measure
for improving the yield and quality of crop seeds. It is

advisable to use organic fertilisers for all oilseed crops.

This not only boosts yields but also positively influenc-
es the overall condition of the plants. The integrated
use of pesticides and irrigation has proven effective in

increasing plant productivity and reducing crop loss-
es. The use of Confidor and Fury is recommended for
pest control, along with ensuring adequate irrigation
levels for optimal growth conditions. To achieve the
best results, it is crucial to conduct regular monitoring
of plant growth processes. Laboratory analysis for oil
content and other physicochemical properties will en-
sure high product quality. The results of the study in-
dicate a positive impact of selected elements on plant
resistance and economic benefits. Therefore, this study
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demonstrates that innovative agronomic practices and
the selection of high-yielding varieties can significantly
enhance the effectiveness of oilseed cultivation.

DISCUSSION

The results obtained suggest that the introduction of
new varieties (hybrids) of oilseed crops and the appli-
cation of innovative technological elements positive-
ly influence yield and product quality. The findings
establish that new varieties (hybrids) and agronomic
measures (such as organic fertilisers and irrigation) en-
hance yield, oil content, and resistance to diseases and
pests. For instance, the new sunflower hybrid, Forward,
exhibited a yield increase to 3.2 t/ha compared to the
standard variety, P64LE25, which yielded 2.5 t/ha. This
is important, as such improvements can substantially
enhance the economic benefits for agricultural produc-
ers, stabilise profits, and contribute to food security.

Research has substantiated that innovative techno-
logical elements, such as new varieties (hybrids) and
cultivation conditions, significantly affect the yield and
seed quality of camelina. The findings align with the
conclusions of F. Al Juhaimi et al. (2024), who noted
that new camelina varieties can substantially enhance
yields. However, their study focuses more on the genet-
ic characteristics of the varieties. In contrast, another
study places greater emphasis on the agronomic ele-
ments of these technologies. According to F. Chen et
al. (2024), agronomic practices, particularly the use of
organic fertilisers, positively influence yield and seed
quality. This is consistent with data showing that the
application of organic fertiliser increased flax yield to
1.8 t/ha compared to the control, along with a reduc-
tion in oil acidity with the addition of organic fertilisers.

In studies conducted by A. Wenda-Piesik and K. Am-
broziak (2022), it was determined that the application
of irrigation could significantly improve the oil quality
of safflower. The results affirm the importance of op-
timising cultivation conditions to achieve high-quality
raw material outputs. Specifically, in one of the trials
where an irrigation system was implemented, a notable
improvement in oil quality was observed. This suggests
that proper water resource management can considera-
bly influence the agronomic characteristics of safflower,
which, in turn, may positively impact the expansion of
its cultivated area (Bulgakov et al., 2020).

K. Kuzmin et al. (2024) focused on a detailed exami-
nation of the impact of various fertiliser types on cameli-
na productivity. Their study revealed that the application
of a combination of organic and mineral fertilisers could
significantly enhance both yield and seed quality. These
findings are consistent with data from the current study,
which demonstrated that the use of organic fertiliser
increased mustard yield to 1.8 t/ha. This underscores
the importance of using organic fertilisers as a techno-
logical element to achieve optimal results in the culti-
vation of various agricultural crops (Malik et al., 2024).

Scientific Horizons, 2024, Vol. 27, No. 10

S. Deekshitha et al. (2024) established that new va-
rieties (hybrids) can improve oil content. Their research
confirms that the camelina variety Euro 12 provided a
higher oil content in seeds compared to the standard.
F. Xiang et al. (2024) investigated the effect of irriga-
tion on seed quality, noting significant improvements
in oil quality. The results corroborate these findings, as
irrigation in one of the trials raised the iodine value to
123 g1,/100 g.A.Kaolaor et al. (2024) indicated that fer-
tilisers and growing conditions can enhance resistance
to pests and diseases. The data from this study support
these findings, as all variants exhibited high resistance
to diseases and pests. L. Nguyen et al. (2024) discovered
that new varieties with enhanced agronomic traits sig-
nificantly improve yield and product quality. This aligns
with the results obtained in this study, where new va-
rieties (hybrids) demonstrated higher yields and seed
quality compared to control variants.

V.A. Vytoptova (2023) reported the advantages of
modern hybrids, although specific comparative values
were not provided. She also explored the state and
challenges of Ukrainian agriculture during wartime,
noting that performance may vary by region. A. Snet-
kova (2019) and A.A. Mazaraki and V.D. Lagutin (2016)
focused their studies on new oilseed varieties, although
their findings indicate lower oil content in seeds, de-
pendent on growing conditions. These findings suggest
that the Forward sunflower hybrid used in this study
indeed holds competitive advantages under favour-
able conditions. In addition, K. Tkachenko (2022) and
K. Vasylkivska (2021) examined oilseed production and
export trends, closely linked to the new hybrids and va-
rieties featured in this study.

F. Zanetti et al. (2019) engaged in mathematical
modelling of crop processes. The results of this study
confirm the researchers’ conclusions on the effective-
ness of irrigation technologies, offering valuable in-
sights into optimising production processes, which
could substantially enhance productivity in the sector.
The researchers also explored new crops for biofuel,
providing relevant context to the study’s focus on new
varieties and hybrids. Their findings open up new pos-
sibilities for alternative energy sources, reducing reli-
ance on conventional fuels. L. Pari et al. (2019) exam-
ined the environmental impact and economic viability
of oilseed crops. The findings of their studies directly
correlate with the conclusions of this study, particularly
in the context of using organic fertilisers and irrigation.
This highlights the importance of integrating environ-
mental aspects into oilseed crop production, which can
not only improve yields but also conserve ecosystems.
Such a holistic approach to agronomy helps to mitigate
environmental impact and supports sustainable devel-
opment within the agricultural sector.

J.Ji et al. (2024) provided a detailed analysis of the
positive effects of organic fertilisers and modern irriga-
tion methods on agricultural crop yields. The findings




of this study not only corroborate prior conclusions but
also demonstrate consistency in the data obtained, un-
derscoring the importance of adopting organic farming
methods that can enhance productivity and increase
the resilience of agro-systems to climate change. S. Ya-
heliuk and M. Fomych (2024) highlighted significant
achievements in the development of resilient crop vari-
eties that demonstrate similar adaptation results under
stress conditions. This enabled a comparison of the re-
silience levels of the sunflower, flax, rapeseed, mustard,
camelina, and safflower varieties under study, aligning
them with top-performing varieties in the field and con-
firming their competitiveness. L. Pokopceva et al. (2024)
identified a positive impact on sunflower productivity
through the application of various biopreparation mod-
ifications and growth regulators. The importance of
such studies lies in the potential to create new varie-
ties and hybrids capable of withstanding extreme con-
ditions, thereby ensuring high yields and reducing risks
for agricultural producers. The findings of this study not
only corroborate numerous conclusions drawn in other
studies but also expand the understanding of how ag-
ronomic practices and conditions affect the cultivation
of key oilseed crops such as sunflower, flax, rapeseed,
mustard, safflower, and camelina.

CONCLUSIONS

This study assessed the impact of new oilseed crop va-
rieties, particularly camelina, on seed yield, quality, and
the economic appeal for agricultural production. Re-
sults indicate the positive effects of innovative technol-
ogies, such as organic fertilisers and irrigation systems,
on key agronomic factors. The average yield of cameli-
na reached 1.6 t/ha, substantially higher than that of

Gamayunova et al.

use of organic fertilisers also enhanced product quality,
though moisture content was slightly higher. New va-
rieties and hybrids demonstrated increased resistance
to major diseases. Organic fertilisers positively affected
overall plant health, although their impact on disease
resistance varied. The combined use of irrigation and
pesticides increased plant disease resistance, but the
effect was inconsistent depending on the specific crop.

It is recommended to continue the selection and
introduction of new crop varieties (hybrids) to enhance
yield and product quality, with a particular focus on
their resistance to diseases and stress conditions. For
maximising outcomes, the optimisation of fertiliser
types and dosages is advised, with an emphasis on or-
ganic fertilisers, which have shown promising results.
The continued use of irrigation and pesticides is also
encouraged, with ongoing evaluation under varying
conditions to optimise costs and improve efficiency.
Regular monitoring of product quality is essential, in-
cluding analysis of oil content and chemical residues.
However, this study has limitations; it was conduct-
ed within a single geographic area (Mykolaiv region),
which may restrict the generalisability of the findings
to other regions. Furthermore, it did not extensively
explore different types of organic fertilisers or irriga-
tion methods in the context of climate change impacts.
Future research should encompass multiple geograph-
ic zones, include a broader range of crop varieties (hy-
brids), organic fertiliser types, irrigation methods, and
schedules, and evaluate the effects of climate change
and new technological elements. Long-term monitoring
of soil fertility and crop productivity changes is also es-
sential to obtain more accurate and sustainable results.
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MepcneKTUBU Ta HaNPAMKU anBepcudikauii KynsTyp oniHoi rpynui
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AHoTauis. MeToto pobot 6yno [OCNIAUTM BNAMB €1EMEHTIB TEXHOONT Ha BPOXAMHICTb i AKiCTb ONii 3 Pi3HMX
COPTIB ONIMHUX KYNbTYP, 30KPEMA COHSALLIHMKA, PinaKy, cCadnopy KpacuibHOrO, IbOHY, pUXito, FipunLi cm3oi. OuiHeHo
edeKTUBHICTb Pi3HMX METOLIB arpoTexHiku (BUAM fO0BPUB, CUCTEMM 3aXMCTY Ta arpoTEXHIYHI 3aX04M) NS MOKPALLEHHS
SKOCTI i KiIbKOCTi BpOXato Lmx KynbTyp.JocnigkeHHs MpOBOAUAM BNPOAOBX TPbOX POKiB Ha 6a3i HaBYanbHO-HAYKOBO-
NPaKTUYHOrO LeHTPYy MMKONAIBCbKOIO HaLLiOHAIbHOrO arpapHoro yHiBepcuteTy. MeToa0n0ris BKAYana NpoBeaeHHs
NOMbOBUX eKCMepUMEHTIB AOCNIAIB i3 Pi3HUMU arpOHOMIYHUMU TEXHONOrISIMU, NAaBOPATOPHUI aHaNi3 OTPUMAHMUX
POCAUHHMX 3pa3kiB, BU3HAYEHHS BMICTy Onii. 32 pe3ynbTaTaMu BCTAHOBMEHO, WO 3aCTOCYBaHHS OMTUMIi30BaHOI
CUCTEMM XMBNIEHHS Ta KOMBIHOBAHOT CMCTEMM 3aXMCTY NiABULLYE BPOXKAMHICTb HACIHHA COHAWHMKA Ha 15 % Ta gKicTb
onii Ha 10 %, 3acToCcyBaHHS iIHHOBALiHMX eNeMEHTIB 3a BUPOLLYBAHHS /IbOHY 36iNbLUYE ONiMHICTb HACIHHA Ha 8 %. [Ang
pinaka 6yn0 BCTaHOB/IEHO, LLLO BUKOPUCTAHHS MPUIAHATUX CUCTEM XKMBIEHHS Ta 3aXMCTY NiABULLYE BPOXaWnHicTb Ha 20
%. JocnipkeHHs ripyMLi NpoaeMOHCTPYBAN0 3HaYHe NOMIMNWeHHS CTIKKOCTI KyNbTypu A0 XBOPOO Npu 3acTOCyBaHHI
iHTErpOBaHOro 3aXMCTy POCAUH. BUCHOBKM NiATBEPAXKYHOTb BXK/IMBICTb BUOOPY ONTUMANbHUX €/1EMEHTIB TEXHONOTII,
AKi CNpUSOTb NiIABULLEHHIO BPOXAMHOCTI Ta SKOCTI ONiMHMX KynbTyp. Lle nuTaHHA € Haf3BMYAMHO aKTyanbHWUM,
OCKINbKW ONiMHI KyNbTypu 3alMMaloTb 3HAYHE MicLe B arponpoMMCIOBOMY KOMMAeKc. MiaBuLLEHHS ePeKTUBHOCTI
BMPOLLYBaHHS ONiMHMX KYNbTYp He NuLe 3abe3neyye cTabinbHMi NpubyToK An9 arpapiis, ane M NO3UTUBHO BMNIMBAE
Ha npoaoBoNbyy 6e3neKky KpaiHu B LinoMy. TaKMM YMHOM, BNPOBAAXXEHHS HAaYKOBO OBIPYHTOBAHUX arpOHOMIYHUX
3aXO0AiB € KNOYOBUM GAKTOPOM ANS AOCATHEHHS CTANOro PO3BUTKY arpapHOro CEKTOpY Ta AuBepcudikauii Kynbtyp
ONiNHOI rpynu

KniouoBi cnoBa: arponpoMmnCiIOBMI KOMMIEKC; POC/MHWU ONIMHOT Fpynu; enemMeHTU TeXHONOrii; coptv i ribpuau;
YPOXaMHICTb; AKICTb HACIHHS
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is an increase with age in the value of the foliage cover of the main types of grass and shrub layer from 57-58%
to 63-68%. It was found that the largest number of plants of the grass and shrub layer belongs to the forest
ecological and coenotic group: in 9-10-year-old stands, 53.5% of species belong to the group, in 20-40-year-olds -
66.0%, and in 50-60-year-olds - 69.2%. It was found that the undergrowth consists of 4-6 species with a total
closeness of 20-30% in crops of all age groups. The new growth consists of 6-8 species in forest stands of all age
groups and their foliage cover ranges from 20-25%. The ratio of plants of different ecological and coenotic groups
in oak stands of 50-60 years is quite close to overripe (130-140 years) natural stands. The practical significance of
the study lies in the possibility of using the results in the practice of creating environmental protection facilities
and justifying the systems of harvesting for the general use

Keywords: grass, shrubby and woody vegetation; foliage cover; Sorensen species similarity index; ecological and

coenotic group

INTRODUCTION
Forestry in Ukraine has always been aimed at increasing
the productivity of forest stands to obtain more wood.
With thisin mind,pure stands of certain tree species were
created, introductions were made, agrotechnical meas-
ures were taken to increase the intensity of forest crop
growth, etc. Only over time did the forestry doctrines in-
clude provisions on ensuring the sustainability of forest
ecosystems, the need to preserve biodiversity and en-
sure social functions. But even to this day, the practice
of continuous logging for the general use and subse-
quent artificial afforestation of cutting areas continues.

According to V.Khryk and I. Kimeichuk (2021), in the
forest management system, the most destructive for
forest ecosystems are continuous logging, which leads
to the destruction of the existing forest phytocoenosis
and drastic changes in environmental conditions on the
logging site. On logging sites there is: a sharp increase
in the illumination of the soil and plants of the lower
tiers of vegetation; significant damage to the soil cov-
er and changes in many indicators that characterise its
condition; destruction of soil animals, microorganisms,
and flora; changes in the temperature conditions of air
and soil,and their humidification modes.All of the above
leads, in turn, to the disappearance or reduction of the
spread of particularly shade-loving and shade-tolerant
plants. Thus, O. Ostapchuk and O. Sovakov (2024) after
a survey of 1-6 year-old logging sites in the Right-Bank
Forest-Steppe, a generalisation was made that there
was a sharp change in the species diversity and spe-
cies of forest plants in comparison with ripe oak stands.
Further changes in environmental conditions and veg-
etation cover are facilitated by silvicultural operations,
which in the practice of forestry in Ukraine are carried
out within one year after logging. Preparation of the
soil for planting forest crops often consists in creat-
ing furrows. V. Tkachuk et al. (2019) found significant
damage to blueberry thickets during the period of soil
preparation for forest crops.

Notably, the deforestation of the territory of the
state in the first half of the 20™ century (before, during,
and after the Second World War) significantly disrupt-
ed the age structure of the state’s forests. The Public
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report of the Head of the State Forest Resources Agen-
cy of Ukraine for 2023 (2024) notes that the age struc-
ture is dominated by middle-aged plantings, the share
of ripe and overripe stands is 18.7%. The average age
of forests is more than 60 years, and there is a gradu-
al ageing of forests, which leads to a deterioration in
their sanitary condition. Thus, most of the forests of
Ukraine are artificial. However, the Cabinet of Minis-
ters of Ukraine approved the state strategy forest man-
agement of Ukraine until 2035 (2021), which provides
for a gradual reduction in the total area of continuous
logging, and also proposes to ensure the transition to
close-to-nature methods of forestry with the estab-
lishment of forests of natural composition and struc-
ture. The latter involves the use of natural renewal of
the main forest-forming tree species. This, according
to P.Yavorovskyi et al. (2019), will ensure the conserva-
tion of biological diversity and sustainability of forest
stands. V. Tkach et al. (2024), after a long study of the
natural renewal of common oak after continuous log-
ging, also state that the use of natural renewal is an
important element in close-to-nature forestry. Howev-
er,information is needed on the state of plant diversity
in forest crops of different ages and the possibility of
its restoration after continuous logging for the gen-
eral use on a forest-type basis. Thus, in the Volyn and
Zhytomyr Polissia, I. lvanyuk (2021) investigated the
restoration of plants of living ground cover in common
oak crops in moist sugruds. The researcher established
a very significant dynamism of plant composition after
logging and creation of forest crops: disappearance
and reduction of the spread of sciophytes and scio-
geliophytes and the appearance of a significant num-
ber of sciophytes in open forest crops; gradual resto-
ration of the presence of sciophytes in closed forest
crops. O. Andrushchenko et al. (2018), who studied the
species composition of plants of living ground cover
in oak stands of different ages in the forest-steppe
of Ukraine, also came to similar conclusions. L. Bor-
sukevych (2023), who investigated floodplain forests
of various species composition, concluded that artifi-
cial and overgrown oak forests have a weak ability to




self-heal and require measures to optimise their struc-
ture. Therefore, studies aimed at establishing the pos-
sible restoration of the composition of forest plants
after continuous logging in various types of forest
conditions are relevant.

One of the areas of research that would allow
conducting a system of measures to implement the
above-mentioned areas for the protection of biodi-
versity is objective information about its state. An
important part of this is indicators on the impact of
various anthropogenic factors on the distribution,
productivity, and fruiting of plants in various natural
and anthropogenic systems. Thus, studies aimed at
identifying the dynamics of the composition of plants
of living subsurface cover in stands of different ages
after canopy closure, created after continuous logging,
in different types of forest conditions are important.
Their results, after comparing them with the materi-
als of the plant species composition in sub-climactic
forests, will help to make generalisations about the
possibilities of restoration.

Ivanyuk et al.

The purpose of the study was to establish the pos-
sibilities and features of restoring the species composi-
tion of plants of the grass and shrub layer, new growth
and undergrowth after closing canopies of common oak
crops in fresh sugruds.

MATERIALS AND METHODS

The research was conducted on trial plots (TP) estab-
lished in the forest plantations of state forestry enter-
prises (now branches “Luhyn Forestry” and “Radomyshl
Forestry and Hunting Range” of the State Enterprise
“Forests of Ukraine”) in Zhytomyr Oblast, Ukraine. Trial
plots were selected using a relational database of the
Forest Fund of Ukraine as of 2017, and according to the
accounting books of forest crops as of 2020 of specif-
ic forestry enterprises/forest districts. Technologies for
creating forest crops were representative of the study
region for a specific period, and the taxational charac-
teristics of forest crops of the noted age groups were
quite close (Table 1). This allows making certain gener-
alisations about the course of the processes under study.

Table 1. Taxational and forestry characteristics of forest stands on trial plots

Stand Inventory,

No. Composition Age, years Height,m  Diameter,cm Quality class density mé-hat Forest type
13 10Co 10 3 4 Il 0.85 18 C,HOoP
14  7ColEp1Wb1Ch+Ba 10 3 4 11 0.80 16 C,HO
15 8Co2Nm 10 3 4 I 0.80 18 C,HO
16 8Co2Wb 29 12 10 | 0.75 116 C,HOP
17 10Co 40 13 16 I 0.75 124 C,HOP
18 10Co 20 10 10 Il 0.75 110 C,HoP
19 10Co+Wb 62 20 24 I 0.70 235 C,HoP
20 8Co2Sp 56 19 22 | 0.70 230 C,HOoP
21 10Co 48 18 22 | 0.70 196 C,HOP
1 9Co1Sp+Wb 130 25 40 3 0.60 270 C,HOP
2 8Col1Sp1Wb 131 27 40 2 0.70 340 C,HOP
3 10Co+Wb 126 28 46 2 0.60 308 C,HoP

Source: developed by the authors based on the relational database of the Forest Fund of Ukraine (2017)

Trial plots measuring 100x100 m (1 ha) were es-
tablished according to the description of O. Pakhomov
and V. Petrushevskyi (2021). Within each TP, accounting
areas (1x1 m) were established diagonally, where the
foliage cover or presence of each plant species was
determined according to the method described by
[. Kuzmishina (2019). The study was conducted during
April-October 2020. The study of the species compo-
sition of plant biodiversity in forest stands and over-
ripe plantings was carried out according to identifica-
tion guide by D. Dobrochayeva et al. (1999), and Latin
names were specified in the Global Biodiversity Infor-
mation Facility database (2024). In order to compare
plant biodiversity in forest stands of different ages and
compare it with data obtained in overripe plantings,
the Sorensen similarity index adopted in geobotany

described by A. Dzyba (2021) was applied according to

the equation:
2C

Iss = —,
A+B

1)

where Iss - index of species similarity; Aand B - number
of species in the trial plots that are compared; C - num-
ber of common species in the trial plots. In the course
of the study, ecological and coenotic groups of plants
described by I|. Kovalenko (2024) were identified - for-
est, edge, meadow, swamp, and ruderal.

RESULTS AND DISCUSSION

The grass shrub layer in closed forest crops (9-10 years
old) consists of 54-57 species and it has a significant
foliage cover of 60% (Table 2). However, the basis of the
layer is 18-20 species.
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Table 1. Main species of the grass and shrub layer in forest crops of common oak of different ages
and their foliage cover in fresh sugruds (Quercetum franguloso (alni)-convallarioso-variaherbosum)

Foliage cover of species (%) and their presence (+, -) in forest stands of different ages

Name of shrub and grass species 9-10 years old

20-40 years old 50-60 years old

13 14 15 16 17 18 19 20 21
Convallaria majalis L. 8 10 8 8 13 10 20 20 20
Stellaria holostea L. 7 7 8 10 8 10 10 10 8
Pteridium aquilinum (L.) Kuhn 8 8 14 10 10 12 10 10 10
Clinopodium vulgare L. + + 1 + + + + + +
Genista tinctoria L. + 1 + + + + + + +
Veronica chamaedrys L. + + + + + 1 + + +
Fragaria vesca L. 1 1 1 3 1 1 1 1 1
Anemone nemorosa L. + + + + 5 7 8 8 12
Clematis recta L. 3 5 3 5 3 3 3 3 3
Calamagrostis arundinacea (L.) Roth - - - 3 1 3 1 1 +
Carex montana L. + + - 3 5 3 5 10 10
Festuca rubra L. 8 5 5 5 5 3 3 3 1
Brachypodium sylvaticum (Huds.) P. . . ) . 1 . ) . )
Beauv.
Poa angustifolia L. 5 5 5 5 5 3 1 + +
Betonica officinalis L. 1 1 + 1 1 + + 1 1
Agrostis vinealis Schreb. 7 5 5 5 3 5 + + +
Potentilla alba L. + + + + - + 1 1 1
Erigeron canadensis L. 5 7 7 + - - - - -
Erigeron annuus (L.) Pers. 3 3 + - - - - - -
Hypericum perforatum L. 1 + + + + + + + +
Calamagrostis epigeios (L.) Roth 1 + + - - - - - -
Foliage cover of the main species, % 58 58 57 58 61 61 63 68 67
Number of main species, units 20 20 18 19 17 18 17 18 17
Overall foliage cover of the layer, % 60 60 60 60 65 63 65 70 70
Total number of species, units 55 57 54 51 60 57 51 65 54

Source: developed by the authors of this study

The most widely distributed in terms of area
are: Convallaria majalis L. with foliage cover - 8-10%,
Pteridium aquilinum (L.) Kuhn - 8-14%, Stellaria holos-
tea L. - 7-8%, Festuca rubra L. - 5-8%, Agrostis vinealis
Schreb. - 5-7%, and Poa angustifolia L. — 5%. The first
three species belong to the forest and their presence
in older forest crops increases slightly — in Convallar-
ia majalis — up to 8-13% in 20-40 year-old stands and
20% in 50-60 year-old stands, or stays at the same lev-
el. The following three species are those that prefer
open areas and their presence decreases significantly
with increasing age of forest stands. The latter also in-
clude Erigeron canadensis L., Erigeron annuus (L.) Pers.,
Calamagrostis epigejos (L.) Roth, Hypericum perforatum
L. All of them probably became somewhat widespread
before the closure of forest canopies, retained some
presence after the closure of the latter,and disappeared
in the following period. The dynamics of the spread of
Anemone nemorosa L. in the common oak stands over
time is noteworthy: absence in 9-10-year-old stands
and reaching a foliage cover of 8-12% in 50-60-year-
old stands. There is an increase in the foliage cover
of the main species of the grass and shrub layer with
age from 57-58% to 63-68% due to an increase in

Scientific Horizons, 2024, Vol. 27, No. 10

distribution of Convallaria majalis, Carex montana L.,
Stellaria holostea and Anemone nemorosa in older crops.

The number of sparsely distributed species in the
grass and shrub layer is quite significant: in 9-10-year-
old common oak stands - 23-24 species and their fo-
liage cover is in the range of 2-3% (Table 3). The dis-
tribution of these species by area remains at the same
level in older forest stands, and their number increases
slightly. Thus, in 20-40-year-old oak crops, their number
is 27-30 units, and for 50-60-year-olds - 23-34 units. A
general trend can be noted: the increase in the number
of species of the grass and shrub layer in older forest
crops occurs due to the restoration of shade-tolerant
and shade-loving species against the background of
the disappearance of some light-loving ones. Howev-
er, there is also the appearance of the latter in older
forest stands. This may be conditioned by a number of
reasons — the presence of a source of seed supply, the
natural possibilities of seed entering a certain area (its
volatility, displacement factors, etc.), and the presence
of meadows, forest edges, sparse stands, the develop-
ment of new growth and undergrowth. The necessary
conditions appear both naturally (the death of trees,
shrubs), and after logging and forest maintenance. It is
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known that during the latter, not only some trees are that the presence of a significant number of light-loving
selected, but also, more often, a significant part of the  species in common oak stands of different ages is as-
new growth and undergrowth is cut down. It is possible  sociated precisely with the system of forest sanitation.

Table 3. Composition of sparsely distributed plants of the grass and shrub layer in common oak stands
of different ages in fresh sugruds (Quercetum franguloso (alni)-convallarioso-variaherbosum)

Foliage cover of species (%) and their presence (+, -) in forest stands of different ages

Name of shrub and grass species 9-10 years old 20-40 years old 50-60 years old

13 14 15 16 17 18 19 20 21
Viola montana L. + + + + + + - + +
Geum urbanum L. + + + + + + + + +
Vicia sepium L. - - - + - - + - -
Pilosella onegensis Norrl. - - - + + + - + +
Galium tinctorum L. + - - - - - - ¥ ;
Trifolium alpestre L. - + + + + + + + ¥
Trifolium medium L. + - - - _ R + _ R
Astragalus glycyphyllos L. + + + + + + - + ¥
Primula veris L. + + + + + + + ¥ +
Euphorbia angulata Jacq. - - - - - - - + -
Ranunculus auricomus L. - - - + + + - - -
Ranunculus polyanthemos L. - - - - + + + + +
Cruciata glabra (L.) Opiz + + + + + - + + +
Taraxacum officinale Weber ex FHWigg. + - - - - + + + +
Campanula trachelium L. - - - - + - - - -
Campanula persicifolia L. + + + + + + + + +
Dactylis glomerata L. - - + - + + - - -
Lathyrus niger (L.) Bernh. - + + + + + + + -
Tanacetum corymbosum (L.) Sch.Bip. - - - + + + - + +
Serratula tinctoria L. - - - + + + + + +
Viola hirta L. + + + + - + - ¥ +
Anthericum ramosum L. - - - + + + + + -
Pulmonaria obscura Dumort. - - - - - + + ¥ +
Pulmonaria angustifolia L. - - - + + + - + +
Pulsatilla patens (L.) Mill. - - - + + + + + -
Dryopteris filix-mas (L.) Schott - - - - - - + + -
Dryopteris carthusiana (Vill.) H.P.Fuchs + + + + + + + + +
Scrophularia nodosa L. + + + + + + + + +
Silene nutans L. - + + + + + - + +
Silene vulgaris (Moench) Garcke - - - - - - + + +
Platanthera bifolia (L.) Rich. - - - + + + - + -
Viola reichenbachiana Jord. ex Boreau + + + + + + + + +
Moehringia trinervia (L.) Clairv. - + - - + - + + +
Stachys sylvatica L. + + + + + + + + -
Lilium martagon L. - - - - - - - + +
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Table 3. Continued

Foliage cover of species (%) and their presence (+, -) in forest stands of different ages

Name of shrub and grass species 9-10 years old

20-40 years old 50-60 years old

13 14 15 16 17 18 19 20 21
Potentilla argentea L. + + + - - - - -
Poa pratensis L. - + - - + - +
Achillea millefolium L. + + - - - - - R
Hypochaeris radicata L. - - + + - ¥ +
Linaria vulgaris Mill. + + - - - - -
Persicaria maculosa Gray - + - - - - -
Pimpinella saxifraga L. + + + + + + - + +
Lapsana communis L. - - - + - + +
Mycelis muralis (L.) Dumort. + - + + + - -
Leucanthemum vulgare Lam. + + - - - - - -
Saponaria officinalis L. - + + - - - - -
Daucus carota L. + + - - - - - -
Oreoselinum nigrum Delarbre + + + - + + + + +
Carex leporina L. - + - - - - -
Carex hirta L. + + + + - - -
Foliage cover of species, % 2 2 3 2 4 2 2 2 3
Number of species, units 23 23 24 27 30 28 23 34 27

Source: developed by the authors of this study

Plants listed in the Red Book of Ukraine were found
in some of the surveyed areas: in 20-40-year-old and
in 50-60-year-old stands - Platanthera bifolia (L.) Rich.
and for 50-60-year-old stands - Lilium martagon L. The
presence of these Red Book species was established
only in half of the surveyed areas. Notably, during sim-
ilar studies in 130-140-year-old natural oak forests of
fresh sugrud, Platanthera bifolia was found in all sur-
veyed plots and Lilium martagon in half of them.

For the purpose of comparing samples of plants
of the grass and shrub layer in oak stands of different
ages, the Sorensen index was used between each oth-
er and those obtained by the authors. Thus, this indica-
tor increases from 0.67 (9-10-year-old stands) to 0.86
(50-60-year-old stands) (lvanyuk & lvanyuk, 2019).
The latter indicates a gradual restoration of the com-
position of plants of the grass and shrub lever after
continuous logging. Similar results were obtained by
M. Vedmid et al. (2008), who investigated the recovery
of grass and shrub level plants after continuous log-
ging of ripe pine forests in fresh subors. Comparison
of the species composition of plants of the grass and
shrub layer of forest stands of different ages among
themselves (determination of the Sorensen index) in-
dicates that this indicator practically does not change
with increasing age of forest crops: from 0.72 (com-
parison of 9-10-year and 20-30-year crops) to 0.70
(comparison of 9-10-year and 50-60-year crops).
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Distribution of the species composition of grass
and shrub layer plants by ecological and coenotic
groups (Fig. 1) established that the largest number
of them belongs to the forest (in cultures of all age
groups). Thus, in 9-10-year - old stands, this group in-
cludes 53.5% of species, in 20-40-year-olds - 66.0%,
and in 50-60-year-olds - 69.2%. The most common
forest species in all trial plots were: Anemone nemo-
rosa, Stellaria holostea, Convallaria majalis, Carex
montana, Pteridium aquilinum. There was a gradual
increase in this indicator with increasing age of plant-
ing. This may indicate the restoration of forest plants
that disappeared during the period and as a result of
cutting down the edificatory layer of tree species. The
number of species in all other ecological and coenotic
groups decreases with increasing age of forest crops.
In cultures of 50-60 years, the ratio of plants of dif-
ferent ecological and coenotic groups is quite close
to the data obtained in overripe (130-140 years) nat-
ural stands of common oak. All test areas, regardless
of the age of the stand, contained Convallaria majalis,
Stellaria holostea, Fragaria vesca, Veronica chamaedrys,
Betonica officinalis, Clinopodium vulgare, Genista tinc-
toria, Clematis recta, Festuca rubra, Poa angustifolia,
Agrostis vinyl, and Pteridium aquilinum. Surely these
species can withstand quite long-term lighting, com-
petition with light-loving species, and have effective
methods of recovery.
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Figure 1. Distribution of grass and shrub layer plants by ecological
and coenotic groups in common oak stands of different ages, in fresh sugruds
Note: a - 9-10 years, b - 20-40 years, c - 50-60 years, and d - 130-140 years

Source: obtained based on research

The number of new growth and undergrowth
species is also quite significant (Table 4). In the un-
dergrowth, which consists of 4-6 species, the vast
majority are two species: Frangula alnus Mill. and
Sorbus aucuparia L. Their total foliage cover is 20-
30% in forest crops of all age groups. Both species
are shade-tolerant plants and recover well after de-
forestation and the creation of forest crops. The oth-
er 6 types of undergrowth are much less common in
the area and are not found in all the surveyed areas.

Attention is drawn to the distribution of the light-lov-
ing plant Chamaecytisus ruthenicus (Fisch. Ex Wol.)
Klask in 9-10-year-old and 50-60-year-old crops. This
may be due to its preservation after greater distribu-
tion in open forest crops and, possibly, the presence
of small areas with some thinning of the stand (due to
the reasons noted above) in older ones. Shade-toler-
ant Corylus avellane L. and Euonymus verrucosus Scop.
are present in half of the surveyed areas and do not
become widespread.

Table 4. Composition of new growth and undergrowth plants in common oak crops
of different ages in fresh sugruds (Quercetum franguloso (alni)-convallarioso-variaherbosum)

Foliage cover of species (%) and their presence (+, -)

in forest stands of different ages

Name of shrubby and woody species

9-10 years old

20-40 years old 50-60 years old

13 14 15 16 17 18 19 20 21
Undergrowth

Frangula alnus Mill. 20 20 20 20 20 20 20 20 20
Sorbus aucuparia L. 10 10 10 + 10 10 10 10 10
Rosa canina L. + + + + + - + -
Rosa villosa L. - - - - - +
Rosa tomentosa Sm. - - - - + + - R R
Chamaecytisus ruthenicus (Fisch. ex Wol.) Klask. + + - - - - + +
Corylus avellana L. + - - -
Euonymus verrucosus Scop. - + + - R

Closeness of the undergrowth, % 30 30

30 20 30 30 30 20 30

Number of undergrowth types, units 5 6 4 5 5 6 4 6
Undergrowth

Quercus robur L. 8 7 8 7 10 5 10 10 10

Populus tremula L. 10 10 10 10 8 10 10 8 10

Betula pendula Roth. 7 3 1 3 2 5 + 2 5
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Table 4. Continued

Foliage cover of species (%) and their presence (+, -)

in forest stands of different ages

Name of shrubby and woody species

9-10 years old

20-40 years old 50-60 years old

13 14 15 16 17 18 19 20 21
Betula pubescens Ehrh. - - 1 - + 5 - - +
Pyrus communis L. + + 1 + + ¥ + + +
Prunus cerasifera Ehrh. - + - + - - + - -
Malus sylvestris Mill. + + - - ¥
Pinus sylvestris L. + - +
Carpinus betulus L. - + + - - + -
Closing of the undergrowth, % 25 20 21 20 20 25 20 20 25
Number of undergrowth species, units 6 8 7 6 7 7 8 7 7

Source: compiled by the authors

The new growth consists of 6-8 species in forest
stands of all age groups and their foliage cover ranges
from 20-25%. Three species are the most widespread:
Populus tremula L., Quercus robur L. and Betula pendula
Roth. The materials obtained during the research pe-
riod somewhat complement the existing ideas about
the impact of continuous logging on plant biodiversity,
and also indicate a high probability of its restoration in
forest stands over time. It was established that the val-
ue of the Sorensen index, when comparing the number
of species in sub-climatic oak forests and in common
oak stands of different ages, increases with increasing
age of the latter from 0.67 (9-10-year stands) to 0.86
(50-60-year stands). The success of this restoration will
depend on many factors: technologies for clear-cutting
and creating forest crops; specifics of the latter’s care
before closure and thinning afterwards; location (dis-
tance, location to prevailing winds) of specific areas in
relation to settlements and agricultural land, etc. Sim-
ilar conclusions were reached by O. Orlov et al. (2021),
who studied vegetation on objects of the nature reserve
fund in the territory of Zhytomyr Polissia. According to
V. Agiy et al. (20-19), timely inspection logging aimed
at preserving common oak in Transcarpathia will allow
forming mixed stands for the dominance of this particu-
lar tree species, and the delay in carrying out such log-
ging in forest stands under the age of 10 years may lead
to the loss of this main forest-forming tree species and
its replacement with common hornbeam. P. Spathelf et
al. (2023), who investigated the reforestation potential
of oak stands in the forest-steppe of Ukraine (Central
Podillia and Roztochchia), found that it is quite high,
but further research is needed on the relationship be-
tween plants of the ground cover and undergrowth.

The possibility and success of restoring plant biodi-
versity may have its own characteristics in certain types
of forest-growing conditions, which requires further
similar studies on a forest-typological basis. Based on
materials from M. Bondaruk and O. Tselishchev (2021),
who investigated the rare component of forest coe-
noses of the West and Central Polissia Forestry District
of Ukraine on monitoring sites, forest vegetation is
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characterised by forest type diversity and is represented
by 23 forest site types, and vegetation - by 222 species.
Indicators for rare plants in fresh sugruds only partially
coincide with the results of this research. In the course
of the study, two plant species were identified that are
listed in the Red Book of Ukraine - Platanthera bifolia
(L.) Rich.and Lilium martagon L., and the authors of the
study describe only the latter. It was established that
restoration of Lilium martagon occurred on 66.7% of the
surveyed areas, and Platanthera bifolia - only on a third.
The researchers also state that the determination of the
places of growth of rare plant species should be done
on a typological basis and then conduct monitoring ob-
servations (once every 5 years) or survey of allocated
areas during the FSC certification of forestry branches.

Studies aimed at investigating the dynamics of
plant diversity in the development of successions of
natural sub-climactic forests, again on a forest-typo-
logical basis, are also necessary. It is known that the
further development of such forests in many cases
leads to changes in the composition of tree species of
the first tier. These circumstances may lead to some or
significant changes in the composition of the lower lay-
ers. P. Ustymenko et al. (2019) in their research, came
to the conclusion that the introduction of an absolute
conservation regime in sub-climatic forests quite often
leads to complete degradation of these natural objects
that were created for their conservation. They explain
this fact by the fact that in their development, plant
groups do not reproduce their own kind (there is a
change in the structure of phytocoenoses - the com-
position of plants, the structure of the coenosis itself),
and the direction and speed of these changes depends
on numerous abiotic and biotic factors. Comparison of
the above areas of research will significantly expand
the understanding of the protection, conservation, and
restoration of plant diversity in the forests of a particu-
lar region of Ukraine. M. Bondaruk et al. (2019) support
the above proposals and propose a revision of some
provisions of the reserve case, which, in their opinion,
are based on conservative plant protection with an
absolute reserve regime.




Thus, the results of the conducted studies confirm
the importance of a typological approach in the study
and monitoring of forest ecosystems for the conserva-
tion and restoration of plant biodiversity. It was estab-
lished that continuous logging and features of forest
sanitation can both contribute to and hinder the natu-
ral restoration of species, depending on the technolo-
gies used and growing conditions.

CONCLUSIONS

As a result of the conducted studies, the species com-
position of grass and shrub layer plants in common oak
stands of different ages was established: 9-10, 20-40,
and 50-60 years. It was revealed that the most com-
mon plants include 18-20 species, among which forest
plants have the greatest foliage cover - Convallaria ma-
jalis L. with foliage cover - 8-10%, Pteridium aquilinum
(L.) Kuhn - 8-14%, Stellaria holostea L.- 7-8%, and types
of open areas and forest edges - Festuca rubra L. -
5-8%, Agrostis vinealis Schreb. - 5-7%, and Poa angusti-
folia L. - 5%. Establishment of an increase in the foliage
cover of the most common species of this layer with
the age of forest crops. This is mainly conditioned by an
increase in the areas of Convallaria majalis, Carex mon-
tana L., Stellaria holostea, and Anemone nemorosa L. The
study also revealed a significant number of less com-
mon plants in stands of all age groups - 23-24 species
in 9-10-year-old stands, 27-30 species in 20-40-year-
old stands, and 23-34 species in 50-60-year-old stands.

Ivanyuk et al.

in crops of different age groups with materials ob-
tained in natural oak forests, its increase was found
from 0.67 (9-10-year-old stands) to 0.86 (50-60-year-
old stands). The distribution of the species composition
of plants of the grass and shrub layer by ecological and
coenotic groups was carried out, which revealed a sig-
nificant number of plants at the forest edge, meadow,
and weeds: in 9-10-year-old forest crops - 46.5%, in
20-40-year-old - 34.0%, and in 50-60-year-old - 30.8%.
Their number was found to decrease with the age of
common oak crops. The ratio of plants of different eco-
logical and coenotic groups in cultures of 50-60 years
is quite close to it in overripe (130-140 years) natural
forests of common oak. The appearance of plants listed
in the Red Book of Ukraine was also revealed - Lilium
martagon L. and Platanthera bifolia (L.) Rich.) occurred
on half of the surveyed areas of older forest stands. This
coincides with the level of their presence in the sur-
veyed areas of overripe natural forests.

The results of the study are important in terms of
understanding the possibilities of restoring plants of
the grass and shrub layer as a result of continuous log-
ging for the general use in ripe forests with a predomi-
nance of common oak in fresh sugruds. Further research
may focus on studying these processes in plantings of
different species compositions on a forest-typological
basis. Monitoring studies on the state of sub-climatic
forests in protected areas are also promising.
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AHoTauia. BHacnigok iHTeHcMBHOI BUpPYGKM nicy y XX cToniTTi B YKpaiHi nopyleHa BikOBa CTPYKTypa JliCOBUX
HacagkeHb. HUHI ICHYIOTb 3arpo3n 3HMKHEHHS POCIMHHUX YrpynyBaHb i OKPEMUX BUAIB POCAUH. 3 OMNSAY Ha ue,
AKTYaNbHUMMU € OOCNIAXEHHS 3 BMBYEHHS MOX/MBOCTEN BiJHOBMEHHS CKNAAYy POCAWMH Pi3HUX ApYCiB NiCOBUX
diToueHO3iB MicNg CyuinbHOI BUMPYOKM NliCYy B KOHKPETHWX TUMNAX NiCOPOCIMHHUX YMOB. MeTa AoCnimXeHHs -
BCTQHOBNEHHS MOXIMBOCTEN i 0COBNMBOCTEN BIAHOBNEHHS BMAOBOMO CKAady POC/IMH TPaBHO-4arapHU4YKOBOrO
apycy, NiApocTy Ta Migaicky Micns 3MWUKaHHA KynbTyp Ayba 3BMYaHOro y CBiXMX cyrpyaax. Metogu, i
BMKOPUCTOBYBANUChL: 061K BMUAIB, MOPiBHAHHS BMAOBOro 6araTcTBa Ha Pi3HUX AiNSHKAX, OLiHKA PSICHOCTI BUAIB.
BcTtaHoBneHo, Wo TpaBHO-YarapHUYKOBUI PpYyC Y NICOBMX KYNbTypaX, WO 3iMKHYAMUCS CKNAAAETbCa 3 54-57 wT. i
Ma€ 3HauyHe nNpoekTuBHe nokputTsa — 60 %. OcHoBy apycy cknapatotb 18-20 Buaie. Cnoctepiraetbcs 36inbLweHHS 3
BiKOM BENUYMHU MPOEKTUBHOIO NOKPUTTS OCHOBHWMX BWAIB TPaB'IHO-4arapHMYKoBOro sapycy Big 57-58 no 63-68
%. 3'aCOBaHO, WO Hanbinblla KiNbKiCTb pOCAMH TPaBIHO-YarapHUYKOBOrO SIpyCy BiAHOCUTHCA A0 NiICOBOI €KONoro-
LEHOTUYHOI rpynu: y 9-10-piuHnX KynbTypax Hanexutb 53,5 % suais, y 20-40-piuHux — 66,0 % iy 50-60-piuHunx -
69,2 %. BussneHo, wo nignicok CkNnagaerbcs 3 4-6 BMAIB 3 CyMapHo 3iMKHYTiCTIO 20-30 % y KynbTypax ycix
BikoBMX rpyn. [lo cknagy nigpocTty BXoAuTb 6-8 BUAIB Yy NiCOBUX KynbTypaxX BCiX BIKOBMX rpyn i iX NPOEKTUBHE
NOKPUTTS KONUBAETLCA Y Mexax 20-25 %. CniBBifHOWEHHS POC/UH Pi3HUX €KONOro-LEeHOTUYHUX rpyn Yy Ay60BUX
kynbTypax 50-60 pokiB pocutb 61m3bke fo nepecTitHux (130-140 pokiB) npupoaHMx AepeBocTaHiB. [pakTnyHa
LiHHICTb AOCNIAKEHb NONATAE Y MOX/IMBOCTI BUKOPUCTAHHS pe3YNbTaTiB Y NPAKTULL CTBOPEHHS NPUPOA0OXOPOHHMUX
00EKTIB | 0BI'PYHTYBAHHSI CUMCTEM pyOOK rOIOBHOMO KOPUCTYBAHHS

KniouoBi cnoBa: TpaB’sHa, YarapHWKOBa Ta AePEBHA POC/IMHHICTb; MPOEKTUBHE NOKPUTTS; iHAEKC BULOBOI NOAIOHOCTI
CopeHceHa; ekonoro-LeHoT1YHa rpyna
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forest area. Subors, comprising pine-oak communities with birch and aspen, are found in fresh, moist, damp, and
swamp hygrotopes, covering 4,510.1 hectares or 66.53% of the territory. Sugruds, consisting of oak-pine-linden-
maple forests on plains and aspen-birch-linden-maple forests in depressions, cover 2,266.9 hectares or 33.44%
of the Starohut forest massif. No gruds were identified. The study found that the primary forest-forming species
in the national park is Pinus sylvestris, occupying 5,092.7 hectares. Betula pendula covers 1,207.1 hectares, Alnus
glutinosa - 201.4 hectares, Picea abies - 111.5 hectares, and Quercus robur - 90.0 hectares. Other tree species are
sparsely represented. In the protected area of the park, fresh subors and sugruds dominate, including a mixture of
birch, black alder, and spruce over a total area of 1,181.1 hectares, along with moist pine-birch-alder-oak subors
and sugruds covering 849.4 hectares. The recreational zone is dominated by fresh hygrotopes with subors and
sugruds totalling 2,336.4 hectares. In the economic zone, subors and sugruds prevail on fresh sandy soils, totalling
430.7 hectares. The results support the restoration of natural forest types in areas affected by large-scale fires in

2023-2024 and other anthropogenic influences

Keywords: forest types; hygrotopes; trophotopes; biodiversity; rare species of flora

INTRODUCTION

Forests are essential biosphere components, provid-
ing numerous ecological functions such as oxygen
production and regulating soil water balance. They
also support vast areas of biodiversity, which are inte-
grated into the ecological network. M. Pesendorfer et
al. (2020) state that forest resources have significant
economic value. The degradation of forest vegetation
due to anthropogenic impact represents a global issue.
Over the past 30 years, global forest cover has declined
from 29% to 27%. L. Qitsius et al. (2020), through an
analysis of forest phytocenoses in Ukrainian Polissia,
concluded that their sustainability depends, to some
extent, on biodiversity levels. S. Chadro et al. (2024) ob-
served that significant changes in the vegetation cover
of forest phytocenoses in recent years are attributed to
climate change and human economic activities. D. Lit-
vinov et al. (2020) assert that global climate change
contributes to the reduction of species diversity in for-
est phytocenoses. M. Trifanova et al. (2024) emphasise
that the EU’s Biodiversity Strategy 2030 aims to strictly
protect 10% of land to prevent the loss of rare flora
and fauna species.

I. Koval and S. Sidorenko (2019) argue that intense
anthropogenic impacts, such as deforestation, fires,
and military operations, have significantly altered the
structure of forest communities in Ukraine, particularly
in Polissia, leading to a decline in biodiversity. A long-
term consequence of the full-scale war in 2022-2024 is
the destruction of forest ecosystems. The forests of the
Desniansko-Starohutskyi NNP are suffering from con-
stant shelling, forest fires, and extensive fortifications.
Military actions have had a significant impact on the
condition of the area’s vegetation. Restoring and pre-
serving forests for future generations is a critical task
for foresters, ecologists, and environmental organisa-
tions, including the Desniansko-Starohutskyi NNP. This
challenge can be addressed through the use of the Al-
ekseev-Pogrebnyak forest typology, which is based on
ecological and edaphic principles. Forest typology en-
ables the restoration of disturbed forest phytocenoses,
preserving the characteristic natural diversity of a given

climate zone.According to E. Collado et al. (2023), close-
to-nature forest management, also known as continu-
ous cover forestry, is a sustainable forest management
approach that maximises the conservation of species
diversity in forest ecosystems while providing signifi-
cant economic benefits.

According to R. Seidl et al. (2018), when restoring
forest phytocenoses damaged by fires, hurricanes, or
other negative factors, it is important to adhere to
an environmentally appropriate forest crop typology
to create a sustainable ecosystem; specifically, mois-
ture-loving species should be planted on moist soils
and mesotrophic species on moderately moist soils. As
noted by V. Melnyk (2020), this is particularly relevant
for spruce plantations, as spruce is highly sensitive
to soil moisture levels and requires 30% to 80% soil
moisture for optimal growth and development during
the initial stages of ontogenesis. This ecological char-
acteristic of the European spruce explains why the is-
land spruce forests of Polissia are listed in the Green
Book of Ukraine.

The restoration of disturbed ecotopes, including
the forest ecosystem of the Starohut forest, requires
a thorough understanding of the typology of the area
across edaphic and hydrological gradients. An essential
component of the restoration process is the develop-
ment of an ecological and typological characterisation
of this territory, which was the purpose of this article.

MATERIALS AND METHODS

The research was conducted within the Desnian-
sko-Starohutskyi National Nature Park (Ukraine, Sumy
region) from 2021 to 2023. According to the physi-
cal-geographical classification of Ukraine, the study
area is located within the Pridesnyansky district of
the Novgorod-Seversky physical-geographical region
of Ukrainian Polissia. The coordinates of the Starohut
massif as recorded by Landsat-8 are as follows: west-
ernmost point - 52°18°39”N, 33°34°50"E; easternmost
point - 52°19°55”N, 33°51’16”E; northernmost point -
52°22°06”N, 33°47°18"E; and southernmost point -
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52°1897°N, 33°39°47”E. The terrain of the natural park
is @ moraine low plain with a gentle slope westward
towards the Desna River. The elevation above sea lev-
el in the park’s western part, within the Desna flood-
plain,is 122 metres, while in the eastern part, it reaches
163 metres (Marynych et al.,, 2003). The soil cover of
the Starohut forest includes soddy-podzolic gleyed flu-
vioglacial sandy soils in flat areas and peat, peat-bog
soils in low-flow and drainage-deficient depressions.
The study area has approximately 7% swampy terrain.
The climate is temperate continental, with warm, hu-
mid summers and mild winters. The average annual air
temperature is 6.5°C. In winter, the average tempera-
ture is -3.9°C, while in summer it is 18.7°C. Annual pre-
cipitation totals 608.7 mm and is unevenly distribut-
ed across the seasons: an average of 136 mm falls in
winter, 148.5 mm in spring, 193.8 mm in summer, and
130.4 mm in autumn.

The data analysed included information from the
Starohut forestry on forest management. The calcula-
tions were based on forest management tax descrip-
tions provided by the SEBR of Ukraine (2022) in the
Desniansko-Starohutskyi NNP. Route surveys and ge-
obotanical descriptions by S. Panchenko (2013) were
used to identify forest types. A total of 6,778.8 hectares
of the Starohut forest was studied, focusing on the
distribution of forest area by forest type, soil moisture
conditions, and main tree species. The study of the ty-
pological structure of the park’s forest vegetation was
conducted using methods from the Ukrainian school
of forest typology (Hensiruk, 2002; Ostapenko & Tk-
ach,2002; Andriienko, 2006). Pogrebnyak’s edaphic table
served as a methodological framework for determining
forest conditions: horizontal lines represent five hygro-
topes based on soil moisture, while vertical columns
represent trophotopes based on soil fertility (Table 1).

Table 1. Predominant tree species in trophotopes according to Alekseev-Pogrebnyak

Trophotopes
Hygrotopes
A-Bor B - Subor C-Sugrud D - Grud
0 - Xerophilic (Very dry) Pine Pine, oak 0ak, pine Oak, maple
1 - Mesoxerophilic (Dry) Pine Pine, oak Oak, linden, maple, pine, Oak, linden, maple, ash
2 - Mesophilic (Fresh) Pine, birch Pine, oak, birch Oak, birch, linden, maple, pine Oak, linden, maple, ash
3 - Mesohygrophilic (Moist) Pine, birch Pine, oak, birch 0ak, birch, linden, maple, pine 0ak, linden, maple, ash
4 - Hygrophilic (Damp) Pine, birch  Pine, oak, birch, alder Alder, linden, maple, pine, oak  Oak, birch, maple, ash, alder
5 - Ultrahygrophilic (Swamp)  Pine, birch Pine, alder Alder, birch Alder, ash

Source: prepared based on research data by PS. Pogrebnyak (1959)

In various types of forests, according to Pogrebn-
yak’s typology, different perennials dominate the her-
baceous-shrub layer depending on moisture conditions:
A, - Stipa pennata, Helichrysum arenarium; A, - Arcto-
staphylos uva-ursi, Pulsatilla patens; A, - Vaccinium vi-
tis-idaea; A, - Vaccinium myrtillus, Polytrichum commune;
A, - Molinia caerulea, Vaccinium uliginosum; A, - Ledum
palustre, Eriophorum angustifolium, Vaccinium oxycoccos;
B, - Stipa pennata; B, - Pulsatilla patens; B, - Pulmonar-
ia angustifolia; B, — Vaccinium myrtillus; B, - Sphagnum
palustre; B, — Potentilla palustris; C, - Carex pilosa, Mel-
ica nutans; C, - Stellaria holostea; C, - Pulmonaria an-
gustifolia, Rubia tinctorum; C, - Pulmonaria angustifolia;
C, - Athyrium filix-femina, Filipendula ulmaria, Impatiens
noli-tangere; C, — Thelypteris palustris, Caltha palustris;
D, — Melica nutans, Carex hirta; D, - Rubia tinctorum; D, -
Pulmonaria angustifolia; D, - Impatiens noli-tangere, Fil-
ipendula ulmaria; D, - Chrysosplenium alternifolium. The
plant community studies were conducted in line with na-
tional and international guidelines. The authors adhered
to the standards of the Convention on International Trade
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in Endangered Species of Wild Fauna and Flora (1979)
and the Convention on Biological Diversity (1992).

RESULTS AND DISCUSSION

According to forest management data, forests within the
Desniansko-Starohutskyi NNP cover an area of 8,583.9
hectares, with 6,778.8 hectares located in the Starohut
forest massif. The vascular plant flora of the Desnian-
sko-Starohutskyi NNP includes 852 species, making it
the richest among the national parks and reserves of
Polissia. The park is home to 35 plant species listed in
the Red Book of Ukraine and 49 regionally rare species.
The main natural factors influencing plant commu-
nity distribution are soil fertility and the proximity of
groundwater to the surface. Anthropogenic impact on
this area is significant - unauthorised logging and fires
have nearly eradicated oak forests from the park.

The forest vegetation in the study area primarily
comprises coniferous, moderately humid mixed, and
broad-leaved forests of the Vaccinio-Piceetea, Querce-
tea robori-petraeae, and Querco-Fagetea classes. In the




eastern and central areas of the park, mesotrophic for-
est swamps of the Scheuchzerio-Caricetea nigrae class
are present. In the northern part of the park and the
Chern River floodplain, there are oligotrophic and
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oligo-mesotrophic forest swamps of the Oxycoc-
co-Sphagnetea class. The classification of forest vege-
tation types in the Starohut massif according to ecolog-
ical and floristic criteria is shown in Table 2.

Table 2. Taxonomy of forest vegetation of the Starohut massif

Ecological and floristic classification (after Brown-Blanque)

Types of forest vegetation
(after P. Pogrebnyak, 1959)

Growing conditions

Order Union Association Forest type Code
M th
Menyantho . . .er?yan 0 Damp birch-pine .
i . Oxycocco palustri- trifoliati-Betuletum Mesotrophic bogs
trifoliatae-Betuletalia . . . subor; B,BP
. Betulion pubescentis pubescentis . . on peatlands and
pubescentis Grygora et al. 2005  Grygora et al. 2005 Moist oak-pine B,OP their peripher
Grygora et al. 2005 ¥o ’ ¥a ’ subor periphery
em.
D birch-pi
L L Eriophoro vaginati- amp brreh-pine B,BP Peat-bog soils in
Vaccinietalia Ledo palustris-Pinion . . subor; 4
L . Pinetum sylvestris . . B.BP closed low-flow
uliginosi R. Tx. 1955 sylvestris R. Tx. 1955 Swamp birch-pine 5 .
Hueck 1925 depressions
subor
Sphagno squarrosi- Damp birch-pine
pnagno q . P P Along the edges of
Alnetum glutinosae subor; B,BP swamps in closed
Solinska-Gérnicka Moist oak-pine B,OP P .
depressions
. . . . (1975) subor
Alnetalia glutinosae  Alnion glutinosae In swamps. alon
RTx. 1937 Malcuit 1929 . Ps, 8709
Carici elongatae- the edges of
Swamp black alder
Alnetum uarud CA streams on swampy
Schwickerath 1933 g and peat-marsh
soils
. . . Salicion cinereae Salicetu.m pentandro-  Damp black alder CA Peta\t t?ogs, peat-.bog
Salicetalia auritae . cinereae sugrud 4 soils in depressions
Doig 1962 T. Maller et Gors Betulo-Salicetum Damp black alder
E 1958 . P CA Peat meadows
repentis sugrud

Mercurialo perennis-
Quercetum roboris
Bulokhov et

Querco roboris-Tilion
N Solomeshch 2003

cordatae Bulokhov

Moderately humid

Fresh linden-oak-
resh Hinden-oa flat areas along the

ine sugrud;
P . J C,-LOP C,-LOP edges of swamps
Moist linden-oak- .
; on soddy-podzolic
pine sugrud

gleyed sandy soils

et Solomeshch 2003 Corylo avellanae-
Pinetum sylvestris
Bulokhov et

Fagetalia sylvati
dgetaiia sywaticae Solomeshch 2003

Fresh linden-oak-
resh tinden-oa Plakors on soddy-

pine sugrud; i i . .
Moist linden-oak- CLOPC;LOP Slzg::zar::jdzgclylicls
pine sugrud gey Y

P ki 192
awlowski 1928 Ficario-Ulmetum

minoris Knapp 1942

Small narrow areas
Moist linden-oak-

C,-LOP long the edges of
em. J. Matuszkiewicz pine sugrud 3 aeutrg hic swim .
Alnion incanae 1976 P P
Pawlowski 1928 Moist linden-oak- .
. ] Outskirts of
Fraxino-Alnetum W. pine sugrud; C-LOP C A eUtrobhic swamps
Matuszkiewicz 1952  Damp black alder 3 4 P P
and alder forests
sugrud
Querco-Pinetum Fresh oak-pine
sylvestris subor; .
. . . . (sylv I ) . u B,OP Flat relief on soddy-
Quercetalia roboris Pino-Quercion (W. Matuszkiewicz Fresh linden-oak- CLOP odzolic aleved
R. Tx. 1931 Medw.-Korn. 1959 1981) pine sugrud; Clop P o sgonz
J. Matuszkiewicz Moist linden-oak- 3 y
1988 pine sugrud
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Table 2. Continued

Ecological and floristic classification (after Brown-Blanque)

Types of forest vegetation (after

P. Pogrebnyak, 1959) Growing conditions

Order Union Association Forest type Code
Cladon/_o-P/netum Dry pine bor: AP 4
(sylvestris) Juraszek Fresh pine bor: AlP River terrace
1927 ’ 2
Fresh oak-pine
subor; Levelled,
Molinio caerulea- Moist oak-pine B,OP moderately moist
Pinetum sylvestris W. subor; B,OP areas on soddy-
Matuszkiewicz et J. Damp oak-pine B,OP podzolic sandy and
Matuszkiewicz 1973 subor; CLOP sandy-clayey gleyed
Fresh linden-oak- soils
pine sugrud
Cladonio- Fresh pine bor;

Dicrano-Pinion Peucedano-Pinetum

Vaccinietalia

Dry flat areas and

Fresh oak-pine AP slopes of ridges on

Kielland-Lund 1967 Libbert 1933 (sylvestr.|5) W subor; B,OP sod-podzolic sandy
Matuszkiewicz . . 2
Moist oak-pine B.OP and sandy-clayey
(1962) 1973 5 -
subor gleyed soils
Veronico incanae- Flat areas on sod-
Pinetum sylvestris Fresh oak-pine B,OP podzolic sandy and
Bulokhov et subor sandy-clayey gleyic
Solomeshch 2003 soils
. . Closed depressions,
L Swamp birch-pine
Vaccinio uliginosi- subor- B BP edges of swamps on
Pinetum sylvestris Dam oaki ine BEOP peat-bog and sod-
Kleist 1929 P P 4 podzolic sandy gley
subor .
soils
Melico nutanstis- Querco-Piceetum .
L L L Fresh linden-oak-
L . Piceion abietis (W.Matuszkiewicz . Flat areas on soddy-
Vaccinio-Piceetalia . pine sugrud; C,LOP ;
Br-BL 1939 (Killand-Lund 1981) 1952) Moist linden-oak- CZLOP podzolic sandy
T Onyshchenko 2005 W.Matuszkiewicz et ine suarud 3 gleyic soils
prov Polak 1955 pine sug
Chelidonio- Chelidonio-Robinion Chelidonio- .
Robinietalia Hada...  Hada... et Sofron  Robinietum Hada... oo inden-oak cLoP Sandy soddy-

et Sofron 1980 1980 et Sofron 1963

pine sugrud podzolic soils

Source: prepared by the authors based on the research data of S. Panchenko (2013)

According to the established classification, the
flora of the natural park includes three types of
vegetation, seven classes of formations, eleven for-
mation groups, twenty-three formations, thirty-five
subformations, 104 association groups, and 242 as-
sociations, encompassing forest, meadow, and aquat-
ic vegetation. Research has shown that the forest
vegetation of the area comprises five hygrotopes:

dry, fresh, moist, damp, and swamp. Monospecific
pine forests cover a small area of 1.8 hectares, occu-
pying 0.02% of the total forest area. Subors occupy
the largest forest area, spanning 4,510.1 hectares,
or 66.5% of the total. Sugruds cover a significantly
smaller area of 2,266.9 hectares or 33.4% of the for-
est area. The oak grove forest type is absent in the
Starohut forest massif (Table 3).

Table 3. Structure of woody vegetation by hygrotopes in the Starohut forest, ha

Hygrotopes
Total, ha
Trophotopes 0 1 2 3 4 5
Very dry Dry Fresh Moist Damp Swamp
Bor (A) - 0.7 1.1 - - - 1.8
Subor (B) - - 2,594.5 1,430.5 4257 59.4 4,510.1
Sugrud (C) - - 1,352.6 720.6 179.7 14.0 2,266.9
Grud (D) - - - - - - -
Total, ha - 0.7 3,948.2 2,151.1 605.4 734 6,778.8

Source: compiled by the authors
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Fresh soils predominate among hygrotopes, cover-
ing 3,948.2 hectares, or 58.24% of the total forest area.
A smaller area is occupied by moist soils, which account
for 2,151.1 hectares, or 31.73%. Damp soils are located
in depressions, covering 605.4 hectares, or 8.93%. Wet,
swamp soils and lakes occupy 73.4 hectares, or 1.08%.
Conditions of very dry soil are completely absent. Pi-
nus sylvestris is the primary forest-forming species, en-
compassing 75.1% of the area (5,092.7 hectares). Sig-
nificantly smaller areas are occupied by Betula pendula
(1,207.1 hectares, or 17.8%), Alnus glutinosa (201.4 hec-
tares, or 2.9%), Quercus robur (90.0 hectares), Picea abies
(111.5 hectares), and Populus tremula (71.7 hectares).
Species such as Tilia cordata, Pinus strobus, Larix decidua,
and Robinia pseudoacacia collectively occupy an area of
4.4 hectares, which represents 0.2% of the forest area.
P abies can sustain its populations over extended peri-
ods only in sufficiently fresh soils with 30-80% of full
moisture content. Spruce phytocenoses are localised
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in areas adjacent to swamp ecosystems, where the soil
remains consistently moist regardless of the weather.
Only such environmental conditions facilitate the con-
tinuous regeneration of P.abies populations. Most of the
sugruds in the Starohut forest area are situated in the
regulated recreation zone of the National Natural Park,
with considerably fewer located in the protected area.

In the Starohut forest massif, ten forest types have
been identified. The predominant type is the fresh oak-
pine subor, covering 2,594.5 hectares or 38.3% of the
total area. Almost half of the area - 1,430.5 hectares -
is occupied by the moist oak-pine subor, which consti-
tutes 21.1% of the total forest area, along with the fresh
linden-oak-pine sugrud, which spans 1,352.6 hectares
or 19.95%. Smaller areas are occupied by the moist
birch-oak-pine sugrud (720.6 hectares or 10.6%), the
damp oak-pine subor (425.7 hectares or 6.3%), and the
damp alder-pine sugrud with black alder (179.7 hec-
tares or 2.6%) (Table 4).

Table 4. Forest types in the Starohut forest massif

Forest type index Forest types Area, ha
AP Dry pine bor 0.7
AP Fresh pine bor 1.1
B,0OP Fresh oak-pine subor 2,594.5
B,-OP Moist oak-pine subor 1,430.5
B,-BP Damp birch-pine subor 425.7
B,-BP Swamp birch-pine subor 59.4
C,-LOP Fresh linden-oak-pine sugrud 1,352.6
C,-LOP Moist birch-oak-pine sugrud 720.6
C,A Damp alder sugrud 179.7
C-A Swamp alder sugrud 14.0
Total area, ha 6,778.8

Source: compiled by the authors

The park is divided into several functional zones:
the protected area, the zone of regulated recreation

[
==
=
/
/

Protected area

(which is subdivided into two subzones), and the eco-
nomic zone (also divided into two subzones) (Fig. 1).

Zone of regulated recreation with seizure of land from land users
Zone of regulated recreation without seizure of land from land users
Economic zone with seizure of land from land users

Economic zone without seizure of land from land user:
7T \

Figure 1. Functional zones of the Starohut forest massif of the Desniansko-Starohutskyi NNP

Source: NNP Desniansko-Starohutskyi (2024)
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The protected area is located in the northern part
of Starohut forest, covering 2,294.3 hectares. Tropho-
topes in the protected zone are divided into two cat-
egories: subors, which occupy 1,500.5 hectares, and
sugruds, which cover 793.8 hectares. An analysis of
the hygrotopes within the park’s protected area shows
that the largest areas are occupied by fresh soil -
1,181.1 hectares - and moist soil - 849.4 hectares.
Smaller areas are occupied by damp soils - 238.0 hec-
tares — and swamp areas - 25.8 hectares. There are no
dry or very dry conditions within the reserve zone. The
recreational zone occupies 57.55% of the study area,
amounting to 3,901.3 hectares. This zone is dominat-
ed by subors - 2,746.3 hectares — with a significantly
smaller area occupied by sugruds - 1,153.2 hectares.
There are very few monoculture pine forests - 1.8 hec-
tares - and no oak forests. Forest-covered hygrotopes
in the recreational zone are distributed as follows:

fresh - 2,336.4 hectares, moist - 1,164.2 hectares,
damp - 352.4 hectares, swamp - 47.6 hectares, and
dry - 0.7 hectares.

The economic functional zone of the Starohut
part of the park occupies 583.2 hectares, constitut-
ing 8.6% of the total area. The trophotopes in this
zone are primarily represented by sugruds, covering
319.9 hectares, while subors occupy 263.3 hectares.
There are no monoculture pine forests or oak forests.
Among the hygrotopes, fresh soil conditions pre-
dominate - 430.7 hectares, followed by moist soils -
137.5 hectares. Very small areas are occupied by damp
soils in depressions - 15.0 hectares. There are no very
dry, dry, or swamp conditions in the park’s economic
zone. The distribution of forest types by edaphic con-
ditions in the Starohut forest can be seen in Table 5.
The percentage of hygrotopes in various functional
zones of the Starohut forest is presented in Figure 2.

Table 5. Typological structure of forest vegetation by functional zones
of the Starohut part of the Desniansko-Starohutskyi NNP

Functional areas Trophotopes
Hygrotopes Total area, ha
of the park Bor Subor Sugrud Grud
Very dry - - - -
Dry - - - -
Protected area Fresh - 862.9 318.2 - 1,181.1
Moist - 470.3 379.1 - 849.4
Damp - 148.0 90.0 - 238.0
Swamp - 19.3 6.5 - 25.8
Very dry - - - -
Dry 0.7 - - 0.7
Recreation zone Fresh 1.1 1,543.0 792.3 - 2,336.4
Moist - 893.8 270.4 - 1,164.2
Damp - 269.4 83.0 - 3524
Swamp - 40.1 7.5 - 47.6
Very dry - - - -
Dry - - - -
Economic zone Fresh - 188.6 242.1 - 430.7
Moist - 66.4 71.1 - 137.5
Damp - 6.7 - 15.0
Swamp - - - -
Total area, ha 1.8 4,510.1 2,266.9 - 6,778.8
Source: compiled by the authors
40 -
35 0.01 H Dry
30 M Fresh
25 Moist
% 20 m Damp
15 B Swamp
10-
5 a
O -

Protected area

Recreation zone

Economic zone

Figure 2. The ratio of hygrotopes in various functional zones of the Starohut part of the National Park, %

Source: compiled by the authors
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The study of the typological structure of the Staro-
hut forest massif, based on the main forest-forming

species, revealed that the largest areas are occupied by
P sylvestris and B. pendula (Table 6).

Table 6. Typological structure of the Starohut forest massif according to the main forest-forming species

Soil moisture conditions, ha

Trophotopes Species Total, ha
Very dry Dry Fresh Moist Damp Swamp
Bor P sylvestris - 0.7 11 - - - 1.8
P, sylvestris - - 2,486.1 1,076.7 171.4 15.6 3,749.8
B. pendula - - 94.8 326.9 232.8 253 679.8
Subor A. glutinosa - - - 1.3 20.7 18.5 40.5
P abies - - 10.1 13.2 - - 233
P tremula - - 1.3 124 0.8 - 14.5
Q. robur - - 2.1 - - - 2.1
P sylvestris - - 1,039.0 299.2 29 1,341.1
B. pendula - - 205.2 271.2 47.8 527.3
A. glutinosa - - - 21.0 129.0 160.9
P.abies - - 54.3 339 - 88.2
Sugrud Q. robur - - 21.1 66.8 - 879
P tremula - - 30.8 264 - 57.2
P strobus - - 0.6 2.1 - 2.7
R. pseudoacacia - - 1.0 - - 1.0
T. cordata - - 0.6 - - 0.6
L. decidua - - 0.1 - - 0.1

Source: compiled by the authors

P sylvestris is an ecologically adaptable species,
adapted to various moisture conditions; it is found
in five hygrotopes and dominates in fresh, moist, and
damp soil conditions. Of all ten forest-forming species,
only P. sylvestris is present under dry conditions. The
total area of P, sylvestris in the Starohut forest massif
is 5,092.7 hectares. B. pendula is also a species with a
wide ecological amplitude, growing in various types of
hygrotopes but preferring fresh, moist, and damp con-
ditions. In the Starohut forest, B. pendula occurs in sub-
ors - 679.8 hectares — and sugruds - 527.3 hectares. A.
glutinosa, like birch,is found in two trophotopes - subors
and sugruds - covering 40.5 and 160.9 hectares, respec-
tively. This species prefers moist, damp, and swamp soil
conditions. P. abies has a narrow ecological amplitude,
growing in two trophotopes - subors and sugruds - and
occupying very small areas - 23.3 and 88.2 hectares,
respectively. This species prefers fresh and moist soils.

Q. robur is a plant that does not tolerate damp or
swamp soil. In the study area, the species primarily grow
on elevated terrain in sugruds, occupying 87.9 hectares.
In some locations, Q. robur is found as an associated
species in subors, covering an area of 2.1 hectares. The
species thrives in two hygrotopes - fresh and moist.
P tremula is also present in two trophotopes and pre-
dominates in sugruds. The total area of presence of this
species in the forest is 71.7 hectares and it prefers fresh

and moist soil conditions. T. cordata is found only on
fresh soil in drifts, covering an area of 0.6 hectares. In-
troduced forest-forming species in the Starohut forest
massif — Larix decidua, Pstrobus, and Robinia pseudoa-
cacia - occupy a small area in sugruds on fresh hygro-
topes.

During the fire of 2023, all types of forests grow-
ing on the eastern side of the massif were damaged,
except swamp communities: dry pine bor - A P, fresh
pine bor - AP, fresh oak-pine subor - B,OP, fresh lin-
den-oak-pine sugrud - C,LOP, and moist birch-oak-pine
sugrud - C,LOP. This fire became the largest since the
establishment of the Desniansko-Starohutskyi Nation-
al Natural Park. According to Sentinel satellite images,
the area of forest affected by the fire is approximately
500 hectares. In the northeastern part of the park, the
fire raged for more than a week, with no possibility of
extinguishing it due to the danger posed by proximi-
ty to the state border. As a result of the fire, 33 forest
blocks were damaged to varying degrees. This repre-
sents a fifth of the land covered with forest vegetation
and a third of the recreational zone. The area of forest
phytocenoses damaged by the fire consists mainly of
forest crops of P sylvestris older than 60 years. Accord-
ing to the Global Fire Information Management System,
15.6% of the forest area in the park was affected by fire
in May 2023 (Fig. 3).
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Figure 3. Area of fire spread in the NPP Desniansko-Starohutskyi, May 2023

Source: compiled by the authors

As a result of repeated shelling and fires, popula-
tions of many species in the eastern and northern parts
of the Starohut forest were on the verge of extinction:
Primula veris L., Corydalis solida (L.) Clairv., Clinopodi-
um vulgare L., Trifolium montanum L., Galium boreale L.,
Cardamine bulbifera (L.) Crantz, Pimpinella saxifrage L.,
Steris viscaria (L.) Rafin., Vaccinium myrtillus L., Vaccinium
vitis-idaea L., Filipendula vulgaris Moench, Ulmus glabra
Huds, Acer campestre L., Acer platanoides L.,and Pinus syl-
vestris L.. Plant species listed in the Red Book of Ukraine
were affected, including Lycopodium annotinum L., Hu-
perzia selago (L.) Bernh., Diphasiastrum zeilleri (Rouy)
Damboldt, Dactylorhiza incarnata (L.) Soo, Dactylorhiza
fuchsia (Druce) Soo, Epipactis helleborine (L.) Crantz,
Carex brunnescens (Pers.) Poiret., Platanthera bifolia (L.)
Rich., and Salix starkeana Willd.. Populations of region-
ally rare species protected in the Sumy region were also
negatively affected by the fire, such as Gymnocarpium
dryopteris (L.) Newman, Viola riviniana Rchb., Helianthe-
mum chamaecistus Mill., Salix rosmarinifolia L., and Salix
myrsinifolia Salisb..Some of these are included in the list
of the International Union for Conservation of Nature.

The problem of using forest typology in practice
can be traced in the works of modern authors. Accord-
ing to I.Myskovets et al. (2024), forest typology is crucial
for forest restoration. The authors assert that anthropo-
genic landscapes should be incorporated into forest ty-
pology, but priority attention should be given to natural
forest phytocenoses to ensure the rational use of forest
resources and the maximum preservation of the nat-
ural forest ecosystem. The idea of restoring damaged
forest phytocenoses based on an ecological approach is
present in the works of authors such as O. Prikhodko et
al. (2019), H. Berglund and T. Kuuluvainen (2021), and
A.Bugno-Pogoda and T. Durak (2021).

The problem of the restoration of damaged forest
phytocenoses is also relevant for intrazonal territories.
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According to M. Dodan and S. Peric (2019), reforestation
efforts in the coniferous forests of Croatia should be
conducted with consideration for the ecology of spruce
forests and their resistance to hurricane winds. A study
by E. Collado et al. (2023) of mixed forests in the Med-
iterranean revealed a direct relationship between pine
growth processes and soil moisture. The study assesses
the impact of local moisture on the quality of forest
cover formation. The authors advocate for forest resto-
ration in conditions that closely resemble natural ones,
taking into account the landscape diversity of the area
to cultivate forests that are more adapted to climate
change by increasing the biodiversity of the planted
forest species. Ch.Haga et al. (2022) employed the LAN-
DIS-1l Net Ecosystem Carbon and Nitrogen Succession
extension to optimally plan forest species composition
for restoring damaged forest cover in the Oshima-Hi-
yama National Forest in southern Hokkaido, northern
Japan. R. Seidl et al. (2018) are deeply convinced that,
in the conditions of the Austrian Alps, mixed forests are
better adapted to the impact of the bark beetle than
monoculture coniferous stands. In analysing the spatial
patterns of landscape disturbance, the authors identi-
fied an uneven distribution of risk for coniferous phyto-
cenoses. Therefore, they propose planting broad-leaved
species adapted to the changed climate alongside co-
nifers. W. Mason et al. (2021) note that there is a grow-
ing interest in Europe in ecological forest management
strategies that enhance species and structural diversity
through the use of irregular silvicultural systems. The
core principle of the European Continuous Forest Cov-
er Strategy is that natural forest stands are established
following the forest types of the original stands, using
authentic seed sources.

Thus, researchers highlight the importance of using
forest typology for the restoration of forest ecosystems,
with priority given to natural phytocoenoses and the




consideration of landscape diversity. The significance
of an ecological approach in forest restoration is em-
phasised by numerous authors who note that utilising
natural conditions is key to successfully adapting for-
ests to climate change and enhancing their biodiver-
sity. Ecological forest management, particularly based
on the establishment of mixed forests and the use of
irregular silvicultural systems, contributes to improving
the resilience of forest stands to adverse factors such as
pests and extreme weather conditions. In many regions
of the world, emphasis is placed on restoring forests
under conditions that closely resemble natural ones to
preserve biodiversity and ensure their resilience to fu-
ture challenges.

CONCLUSIONS

In the course of the study, it was established that
the territory of the Starohut forest massif within the
Desniansko-Starohutskyi NNP is represented by the fol-
lowing trophotopes: bors, subors, and sugruds. Bors oc-
cupy dry and fresh hygrotopes on flat terrain, covering
an area of 1.8 hectares or 0.02% of the total forest area.
Subors occupy fresh, moist, damp, and swamp hygro-
topes, with a total area of 4,510.1 hectares, or 66.53%.
In the same hygrotopes, sugruds grow on an area of
2,266.9 hectares, which is 33.44% of the study area; no

Tykhonova et al.

B. pendula occupies a much smaller area - 1,207.1 hec-
tares, A. glutinosa - 201.4 hectares, P abies - 111.5 hec-
tares, and Q. robur - 90.0 hectares. Other tree species
are poorly represented. The protected area of the Staro-
hut forest massif is dominated by fresh pine subors,
with an admixture of birch, black alder, and spruce -
1,181.1 hectares, and moist pine-birch-alder-oak sub-
ors — 849.4 hectares. The recreation zone is dominated
by fresh subors - 2,336.4 hectares, and moist sugruds -
1,164.2 hectares. The economic zone is dominated by
subors - 430.7 hectares, and sugruds — 137.5 hectares.
As a result of logging, military aggression, and forest
fires in the eastern part of the park, the following forest
types were damaged: dry pine forest, fresh pine forest,
fresh oak-pine subor, fresh linden-oak-pine subor, and
damp birch-oak-pine subor. After the end of military
actions, it is necessary to study the condition of tro-
photopes in more detail to carry out forest restoration
works that are close to natural conditions.
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AHoTauif. MeTolo [OCNIgKEHHS OYNO BM3HAYEHHSI TMMNOMOTiIYHOI CTPYKTypu CTaporyTcbKoro JlicCOBOro MacuBy B
Mexax [ecHsHcbKo-CTaporyTcbkoro HawuioOHanbHOro NPUPOAHOrO MAPKY Ha OCHOBI YKPAiHCbKOT LIKOAM NiCOBOI
Tunonorii AnekceeBa-lorpebHska. Mnowa nicoBoro MacuBy CTaHOBWTb 6778,8 ra. Ha pocnigkyBaHivi Teputopii
BMAINEHO Taki TpodoTtonu: 6opu, cybopu Ta cyrpyau. bopw, Wo cknagaTbCs 3 COCHOBUX YrpyrnoBaHb 3 AOMILLKO
H6epesu, 3aiMatoTb CyXi Ta CBIXIi MirpoToNM Ha PiBHUHHMX MicLeBoCTaX, 3aiMatoun 1,8 ra abo 0,02 % Big 3aranbHOI
nnowwi nicy. Cybopwu, WO CKNaAaoTbCs 3 COCHOBO-AYOOBUX YrpynoBaHb 3 yyacTo 6epesn Ta 0CMKM, 3yCTpivaoTbCs y
CBIXMX, BONOTMX, MOKPUX Ta Nepe3BOSIOXKEHUX rirpotonax, 3aMatoum 4510,1 ra abo 66,53 % teputopii. Cyrpyau, wo
CKNaparTbesa 3 AyO60BO-COCHOBMUX IMMOBO-K/IEHOBMX JIiCiB HA PiBHMHAX Ta OCMKOBO-6€pe30BO-NMMNOBO-KIEHOBUX
NICiB Y 3HMXKEHHAX, 3alMatoTb 2266,9 ra abo 33,44 % Teputopii CraporyTcbkoro nicoBoro Macupy. [opylieHb He
BuaBNeHo. [locniAXeHHAMM BCTAHOBNEHO, LLLO OCHOBHOH) J1iCOYTBOPHKOYOK NOPOAOI0 B HALLIOHAILHOMY MApPKY € COCHA
3BuYaiiHa (Pinus sylvestris), aka 3aimae 5092,7 ra. Betula pendula 3aimae MeHwy nnowy — 1207,1 ra, we mMeHwy - Alnus
glutinosa (201,4 ra), Pice aabies (111,5 ra) Ta Quercus robur (90,0 ra). IHWi nopoau AepeB NpeacTaBNeHi HE3HAYHO
Mipoto. Y 3anoBiaHi 30HI NapKy nepeBaxalTb CBiXi Cybopu Ta Cyrpyaku 3 LOMIWKOK 6epesw, Biflbxu YOpHOI Ta
AMHKU 3aranbHoto nioweto 1 181,1 ra Ta Bonori COCHOBO-6epe30B0-BiNibX0BO-AYH0BI cybopw Ta cyrpyaku — 849,4 ra.
Y pekpeaLiiHilii 30Hi nepeBaxatoTb CBiXi rigpoTonu 3 cybopamu Ta cyrpyfamu — 2336,4 ra. Y rocnopapcbkin 30Hi
nepeBaXaroTb CybOpU Ta Cyrpyam Ha CBiXMX MiLLaHUX I'PyHTaX, 3aranbHoto naouweto 430,7 ra. OTpuMaHi pesynbratu
[atoTb 3MOry BiLHOBMTM MPUPOSHI TUMM NICiB Ha TepuTOPiaX, WO NOCTpaXhanu BiA MacwTabHux noxex 2023-
2024 pp.Ta iHWKWX aHTPOMOrEHHUX BNAUBIB

Knrouosi cnoBa: Tunu nicy; rinpotonu; TpodoTonu; 6iopisHOMaHITTS; piaKicHi Buan dnopu
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Article’s History: Abstract. The purpose of the study was to conduct a chorological analysis of six
Received: 12.03.2024 species of the genus Dianthus in the Nakhchivan Autonomous Republic, using field and
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Accepted: 25.09.2024 population status, and genetic diversity. As a result of the study of six species of the
genus Dianthus, significant differences were found in their geographical distribution,
ecological niches, and adaptation to local conditions. Molecular genetic analysis
showed a high level of genetic diversity among populations of Dianthus nahcivanensis
and Dianthus nakhchivanicus, which confirmed their uniqueness and endemic status. It
has also been proven that the genus Dianthus has a high species diversity and shows
significant variations in its distribution depending on the geographical and climatic
conditions of the region. The study used geobotanic methods to determine the habitats
of species and analyse factors affecting their distribution. In particular, features of
the habitat were identified in connection with the local conditions of the Nakhchivan
Autonomous Republic, which included a significant number of endemic species.
The genetic analysis performed using the polymerase chain reaction method and
sequencing helped to identify the level of genetic diversity and establish phylogenetic
relationships between populations. It was found that Dianthus raddeanus, Dianthus
parviflorus, Dianthus nakhchivanicus and Dianthus nahcivanensis species are more
vulnerable due to the impact of anthropogenic activities, in particular agriculture and
grazing, which has led to a decrease in the area of their habitat. Modelling using the
maximum entropy method showed potential zones of expansion of species habitats
under favourable ecological conditions. The results obtained were important for
understanding the ecological patterns of distribution of the genus Dianthus in the
region and the development of strategies for preserving biodiversity in the face of
climate change and anthropogenic pressure. Based on the study, it was recommended
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to create or expand protected areas, limit anthropogenic impact, and conduct additional monitoring of the number

and genetic structure of Dianthus populations

Keywords: endemics; distribution zone; genetic diversity; anthropogenic impact; biodiversity conservation

INTRODUCTION
Genus Dianthus (carnation) belongs to the family Car-
yophyllaceae and includes more than 300 species dis-
tributed mainly in temperate and subtropical zones of
Eurasia. This genus is an important object of botani-
cal research due to its considerable diversity and the
presence of endemic and rare species in need of pro-
tection. In the South Caucasus region, in particular in
the Nakhchivan Autonomous Republic, Dianthus is rep-
resented by a number of unique species that demon-
strate significant ecological plasticity and genetic
diversification. However, despite this, research on bio-
geography, ecology, and genetic diversity of represent-
atives of the genus Dianthus in this region is limited.

In the scientific literature, it has been repeatedly
noted that species of the genus Dianthus are of great
evolutionary and ecological importance because of
their ability to adapt to diverse ecosystems. Some
species of this genus are widely distributed in Eurasia
and North Africa, while others are narrowly endemic.
In particular, studies have shown that endemic spe-
cies such as Dianthus nahcivanensis and Dianthus na-
khchivanicus, have limited geographical distribution
and significant genetic isolation, which makes them
vulnerable to environmental changes (Terlevi¢ et
al., 2022). In addition, studies of the chemical com-
position of extracts of these compounds can open up
new opportunities for creating safer pharmaceutical
products. Thus, M.Z. Mladenovi¢ et al., (2023) study
identified 275 components that were part of the flow-
er extract, while 18 of them, as it was noted, were
completely new compounds. In a more up-to-date
2024 paper, P-J. Hou et al. (2024) discovered the me-
dicinal properties of clove extract in the prevention of
urolithiasis. A large study was also conducted by the
A.K. Celik et al. (2024) research group, which revealed
high anti-cancer and antioxidant activity of endem-
ic species of Dianthus. In the Republic of Azerbaijan,
researchers from the Institute of Plant Chemistry of
the Academy of Sciences identified 6 compounds with
Dianthus helenae which subsequently demonstrated
anticonvulsant and nootropic effects (Yusupova et
al., 2021). All this may indicate a significant potential
for further study of this genus not only in the frame-
work of geobotanical research, but also in medical and
pharmaceutical chemistry.

Previous studies of the Caucasus flora have shown
that the South Caucasus region is an important cen-
tre of biodiversity with a large number of endemic
species, including not only representatives of the ge-
nus Dianthus, but also many other families (Beker &

Raczka, 2019; Kuljanishvili et al., 2021). In particu-
lar, the Nakhchivan Autonomous Republic is a place
of distribution of numerous endemic and rare plant
species, which makes this region key for the protec-
tion of biodiversity. Given the climatic and geological
features of the region, many species show high adap-
tation to harsh conditions such as lack of moisture,
increased solar radiation, and stony soils (Elizbarash-
vili et al., 2021). One of the key problems that arose in
the study of the flora of the Caucasus is the influence
of anthropogenic factors on natural ecosystems. A
number of studies show that grazing, agriculture, and
construction have a significant impact on the popula-
tion status of many plant species, including members
of the genus Dianthus.

However, since 2018, significant progress has been
made in understanding the molecular genetics of spe-
cies of the genus Dianthus (Lin et al.,2022; Franzoni et
al., 2023). The use of modern methods of molecular
genetic analysis allows researchers to determine the
genetic structure of populations, the level of genetic
diversification, and to identify relationships between
similar species. In particular, studies using polymer-
ase chain reaction (PCR) and DNA (deoxyribonucleic
acid) sequencing methods have revealed unique ge-
netic markers for rare and endemic species (Meng et
al., 2023). However, anthropogenic factors can lead to
a significant decrease in the number and fragmenta-
tion of populations, which increases the risk of extinc-
tion of individual species. Vulnerable species grow-
ing in regions with significant anthropogenic impact
showed low regenerative capacity and genetic diversi-
ty (Glibovytska et al., 2024). Thus, the study of species
of the genus Dianthus in Nakhchivan is an important
contribution to understanding the biogeography and
genetic structure of the plant world of the Caucasus.
The results of this study can serve as a basis for devel-
oping strategies for the protection of rare and endem-
ic plant species in the region,and contribute to further
research on the genetic diversity of representatives of
the genus Dianthus.

The purpose of this study was to carry out a com-
prehensive chorological analysis of six species of the
genus Dianthus growing in the Nakhchivan Autono-
mous Republic, using both field and molecular genetic
methods. Special attention was paid to the following
species: Dianthus raddeanus, Dianthus orientalis, Dian-
thus parviflorus, Dianthus elegans, Dianthus nahcivanen-
sis, and Dianthus nakhchivanicus, which are important
components of the region’s mountain ecosystems.

Scientific Horizons, 2024, Vol. 27, No. 10

137



138

Chorological analysis of species of the genus Dianthus...

MATERIALS AND METHODS

In the course of the study, several aspects of the biol-
ogy and ecology of six species of the genus Dianthus,
which grew up in the Nakhchivan Autonomous Repub-
lic, were analysed. In addition to molecular genetic
analysis, laboratory analysis and the use of modern
methods of geographic information systems (GIS), a
comprehensive field study was conducted, which in-
cluded the collection of geographical data, soil char-
acteristics, determination of microclimatic conditions,
and assessment of the state of populations and an-
thropogenic impacts. The collected samples were
identified at the species level using Caucasian flora
determinants, after which they were dried and her-
barised for further analysis in the laboratory. During
the collection of samples, the main ecological param-
eters of habitats were recorded, in particular the type
of soil, the level of illumination, air temperature, and
relative humidity.

Field studies were conducted during two growing
seasons (from May to October 2022 and 2023) in var-
ious environmental conditions of the Nakhchivan Au-
tonomous Republic. Surveys were carried out by route
expeditions, during which samples of plant material
were collected from various types of habitats, such
as highlands, foothills, and forest-steppe and steppe
ecosystems. During field work, GPS devices were used
to accurately determine the coordinates of species’
growth sites. The following parameters were record-
ed in each growth site: geographical coordinates (lat-
itude, longitude, altitude above sea level); soil type
and its physical and chemical properties; microclimat-
ic conditions (temperature, humidity, illumination);
population status (density, number, degree of dam-
age); presence of anthropogenic influences (degree of
grazing, traces of land cultivation, development).

Herbarium collections from local and internation-
al botanical institutes and museums were also used
to obtain more detailed data, which contained infor-
mation about collection sites, morphological features,
flowering periods, and other characteristics of species
Dianthus. The herbarium of the National Institute of
Azerbaijan provided access to important data on spe-
cies collected in the country, including the Nakhchivan
Autonomous Republic: herbarium samples of Dianthus
elegans and Dianthus parviflorus, information on histor-
ical collection sites of species and their prevalence in
mountainous areas, data on soil conditions and climatic
characteristics of places where samples were collect-
ed. The herbarium of the Nakhchivan Institute of Bot-
any was one of the key sources of information about
endemic species of Dianthus from the region. The fol-
lowing data were used: herbarium samples of Dianthus
nahcivanensis and Dianthus nakhchivanicus, sample col-
lection sites, in particular exact coordinates and envi-
ronmental conditions, morphological descriptions such
as stem length, leaf shape, flower structure, information
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about flowering periods, which helped in determining
the phenological phases of species.

Methods of chorological analysis were used to de-
termine the distribution areas of species of the genus
Dianthus. Habitat maps were created based on litera-
ture data, herbarium collections, and samples obtained
during field surveys. For this purpose, geographic in-
formation systems (Gls) were used, which helped to
combine various data sources and build maps of areas
indicating high-altitude belts and habitat types. QGIS
software was used for data analysis and visualisation.
1:50000 and 1:100000 scale topographic maps of the
region were used to analyse the geographical distribu-
tion of species, and geological maps to determine the
relationship between soil conditions, topography, and
species distribution of Dianthus.

Data on the distribution of species were analysed
using the maximum entropy model (MaxEnt), which
helped to identify potential distribution zones of spe-
cies considering environmental factors. Data on tem-
perature, humidity, light, and other parameters that are
critical for species survival in certain conditions were
collected and processed. The model was calibrated
based on 75% of the training data, and the remaining
25% was used to test the accuracy of the forecast. Dur-
ing field studies, soil samples were collected from dif-
ferent areas where the species grew. Each soil sample
was collected at a depth of 10-15 cm, which is stand-
ard for analysing the surface layer of soil. Soil collec-
tion sites corresponded to the coordinates of species
growth points of Dianthus.

The collected samples were dried at room tem-
perature and then transported to a laboratory for fur-
ther analysis. The laboratory analysis included several
stages. First, the physical properties of the soil were
determined by granulometric analysis to determine the
content of sand, silt, and clay in the samples. The sieve
analysis method and the hydrometric method were
used to assess the mechanical composition of the soil.
Soil pH values were also measured using an electronic
pH meter. The Valkley-Black method (burning organic
matter) was used to analyse the organic matter content.
Nitrates, phosphates, and other mineral elements were
determined by spectrophotometry. Atomic absorption
spectrometry and colour testing methods were used to
analyse the content of macro- and microelements such
as nitrogen, potassium, and phosphorus. This helped to
assess the potential of the soil to support plant growth.
These data were used to establish correlations between
soil types, their physical and chemical properties, and
the state of populations of species in the genus Dianthus.

Molecular genetic analysis was performed to as-
sess the genetic diversity of Dianthus species and their
evolutionary relationships. For this purpose, the poly-
merase chain reaction (PCR) method with randomly
amplified DNA (RAPD) and DNA sequencing analysis
were used. DNA was isolated from the samples using




the standard CTAB (cetyltrimethylammonium bromide
method) method, which is effective for isolating DNA in
plant samples with a high content of polyphenols and
polysaccharides. The quantity and quality of the isolated
DNA were checked by spectrophotometry and agarose
gel electrophoresis. The optimal DNA concentration in-
dex for subsequent manipulations was at least 50 ng/uL.
Atotal of 48 samples were taken from different popula-
tions of each species, followed by DNA extraction using
the QlAamp DNA Mini Kit in accordance with the man-
ufacturer’s instructions. PCR primers were developed
based on chloroplast genes and nuclear markers, which
made it possible to assess both chloroplast and nucle-
ar genetic diversity. The PCR procedure was performed
using a temperature cycle consisting of denaturation
at 95°C, annealing of primers at 50-60°C, and elonga-
tion at 72°C. The number of PCR cycles was optimised
to 35-40 to achieve the maximum amount of amplified
product without losing the specificity of the reaction.

The samples were then sequenced using the Sanger
method, and the results were analysed using MEGA X
software suite to build phylogenetic trees and deter-
mine the level of genetic diversity of each species. The
obtained DNA sequences were compared with Nation-
al Center for Biotechnology Information (NCBI) (2024)
databases to determine phylogenetic relationships and
potential evolutionary lineages. PCR products were an-
alysed by electrophoresis in 2% agarose gel using mo-
lecular weight markers to compare amplicon sizes. The
obtained data from sequencing and PCR analysis of am-
plicons were used to assess the level of genetic diversity
among populations. Indicators such as the Nei’s genet-
ic diversity index, heterozygosity level, and the number
of alleles per locus were used. Calculations were per-
formed using the GenePop and Arlequin programmes.To
assess the impact of anthropogenic factors on the num-
ber and distribution of species, local residents, agricul-
tural workers and environmentalists were interviewed,
and satellite images of the territory over the past 20
years were analysed. The survey was conducted using
standardised questionnaires that contained the follow-
ing blocks of questions: general information on land use,
the impact of grazing, anthropogenic load and devel-
opment, nature conservation, and species conservation.
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A total of 150 respondents were interviewed, in-
cluding: 75 people, mostly farmers and landowners,
who had many years of economic experience in the re-
gion, 50 people who worked directly in fields and pas-
tures, with an average work experience of more than 15
years, 25 experts who participated in field research and
observations in the Nakhchivan Autonomous Republic.
The work experience of environmentalists ranged from
10 to 25 years, which provided a high level of expert as-
sessment of anthropogenic impacts. Areas with active
anthropogenic activity were also identified, in particu-
lar, agricultural land, grazing and development areas.
Based on the collected data, indices of the impact of
anthropogenic factors for each habitat of species of the
genus Dianthus were calculated. The data was integrat-
ed into GIS, which helped to create risk maps for each
species and assess the degree of extinction of popula-
tions. All the data obtained were subjected to statistical
analysis using software. Variance analysis (ANOVA) was
used to compare environmental parameters between
different species and populations. Correlation analyses
were used to analyse the relationship between genetic
diversity and anthropogenic factors.

RESULTS

During the study, field and laboratory studies of six
species of the genus Dianthus were conducted in the
Nakhchivan Autonomous Republic, covering the collec-
tion of geographical, environmental, and genetic data
for a comprehensive assessment of their biological and
environmental characteristics. The results of the study
showed that the species of the genus Dianthus in the
South Caucasus region has an uneven distribution as-
sociated with the diverse environmental conditions
present in this region. It was found that the greatest
abundance and diversity of species is observed at alti-
tudes from 1500 to 2500 metres above sea level, where
species such as Dianthus raddeanus and Dianthus ori-
entalis grow. In the flat and foothill areas, in particu-
lar in the Nakhchivan Autonomous Republic, species
Dianthus parviflorus and Dianthus elegans were mainly
found. These species have shown resistance to harsher
climatic conditions, such as high temperatures and low
precipitation (Table 1).

Table 1. Distribution of the main species of Dianthus in the region by climatic conditions

Species of Dianthus  Height belt (m) Latitude Longitude Soil type t':‘:;:?:tsren;{,acl) precig\:::iaogne (mm)
Dianthus raddeanus 1,200-1,400 39.240° N 45420°E Stony, gravel 10-15 600-800
Dianthus orientalis 1,500-1,700 39.300° N 45.450° E Sandy loam 8-12 500-700
Dianthus parviflorus 1,100-1,300 39.200° N 45.480° E Sandy, clay 12-18 200-400
Dianthus elegans 1,700-1,900 39.380° N 45.400° E Forest, loamy 14-20 300-500
Dianthus nahcivanensis ~ 1,400-1,600 39.400° N 45.360° E Stony soils 14-24
oianus 1600-1800  39290°N  45390°E  ounan 14-22

Source: created by the author
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Species Dianthus elegans was found on the highest
mountain areas (1700-1900 m), while Dianthus parvi-
florus grew at lower altitudes (1100-1300 m). Dianthus
nakhchivanicus grows at altitudes of 1600-1800 m,
while Dianthus nahcivanensis recorded at altitudes of
1400-1600 m. Species of Dianthus raddeanus, Dianthus
parviflorus, and Dianthus orientalis were found at alti-
tudes from 400 to 1500 m, indicating a wider ecological
habitat. These data showed that the species adapted to
different ecological niches in the study region.

Microclimatic conditions in the growing areas var-
ied depending on the altitude zone and location. Tem-
peratures ranged from 18°Cto 28°Cduring the growing
season.The highest temperatures were recorded in pop-
ulations Dianthus raddeanus, Dianthus orientalis, and Di-
anthus parviflorus, which grew in low-lying areas where
the average daily temperature reached 28°C.In high-al-
titude populations of Dianthus nahcivanensis and Dian-
thus nakhchivanicus, the temperature conditions were

more moderate, with an average of about 20-22°C. In
terms of humidity, populations located at high altitudes
had higher humidity levels (up to 70% in the morning),
while low-lying populations were characterised by low-
er humidity levels (40-50%). Illumination in all places
of growth was high, which met the specific environ-
mental requirements of the genus Dianthus to the light.

The population status showed different levels of
density and abundance for each species. Dianthus parv-
iflorus showed the highest abundance, while Dianthus
elegans had the lowest density. Dianthus nahcivanensis
and Dianthus nakhchivanicus showed moderate levels
of density and abundance, which indicated stable pop-
ulations in their habitats (Table 2). Population assess-
ment also included analysis of plant damage. Signifi-
cant damage was recorded in populations of Dianthus
raddeanus and Dianthus orientalis through grazing and
trampling, which led to a decrease in the population
size and damage to root systems.

Table 2. Status of Dianthus species populations in the South Caucasus region

Species Density (plants/m?) Number (individuals) Degree of damage (%)
Dianthus raddeanus 30-40 150-200 10-15
Dianthus orientalis 25-35 100-150 20
Dianthus parviflorus 40-50 250-300 10

Dianthus elegans 10-20 50-80 15
Dianthus nahcivanensis 20-30 120-180 10-12
Dianthus nakhchivanicus 15-25 80-100 12

Source: created by the author

Dianthus elegans, which was recorded at altitudes
up to 1900 m, was characterised by the ability to grow
on red soils in more severe climatic conditions. The soils
on which the species grew ranged from stony to red
clay soil. Species Dianthus elegans was characterised by

the highest content of organic matter and nitrogen in
the soil, which explains its distribution on red soils. Di-
anthus nahcivanensis and Dianthus nakhchivanicus had a
slightly lower content of organic substances and grew
on stony and mountainous chernozems (Table 3).

Table 3. Soil types and their physical and chemical properties

Species Soil type pH Organic content (%) Nitrogen (%)
Dianthus raddeanus Stony soils 7 3.2 0.14
Dianthus orientalis Mountain chernozems 6.8 3.5 0.15
Dianthus parviflorus Loam 7.1 2.8 0.12
Dianthus elegans Red soils 7 4 0.18
Dianthus nahcivanensis Stony soils 6.7 2.9 0.13
Dianthus nakhchivanicus ~ Mountain chernozems 6.9 37 0.16

Source: created by the author

Analysis of the soils in which the studied species
grew showed significant variability in physical and
chemical properties. The soils in the areas of Dianthus
nahcivanensis growth had high stoniness and low hu-
mus content (about 2.5%), which indicated that this
species was adapted to poor conditions. The soils on
which Dianthus nakhchivanicus grew were character-
ised by moderate stoniness and a humus content of
3.1-3.5%, which created more favourable conditions
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for growth. In species populations of Dianthus rad-
deanus, Dianthus orientalis, and Dianthus parviflorus,
the soils were moderately sandy with a low content
of nitrogen and organic matter, which indicated their
adaptability to harsh environmental conditions.

As a result of the conducted chemical analysis of
the soil for the study of six species of the genus Dian-
thus in the Nakhchivan Autonomous Republic, the fol-
lowing results were obtained regarding the content




of mineral elements and macronutrients in various soil
samples. Soil samples were taken from growth sites of the
species Dianthus raddeanus, Dianthus orientalis, Dianthus
parviflorus, Dianthus elegans, Dianthus nahcivanensis, and
Dianthus nakhchivanicus. Nitrogen content was relatively
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stable in all samples, with the highest rates found at
growth sites of Dianthus parviflorus and Dianthus nah-
civanensis. The potassium and phosphorus content were
highest in the soils with Dianthus parviflorus, which
may indicate more fertile soils in these areas (Table 4).

Table 4. Content of trace elements in the soils at the growth sites of the species of Dianthus

Species Nitrogen (mg/kg) Potassium (mg/kg) Phosphorus (mg/kg)
Dianthus raddeanus 8 300 15
Dianthus orientalis 7 250 12
Dianthus parviflorus 9 320 18
Dianthus elegans 7.5 280 14
Dianthus nahcivanensis 8.2 310 16
Dianthus nakhchivanicus 6.5 230 10

Source: created by the author

The results obtained showed that the soils of
the growth of species of the genus Dianthus have a
neutral-alkaline pH, moderate organic matter con-
tent, and different levels of macro- and microele-
ments. This indicated that the species of the genus
Dianthus can adapt to different soil conditions, but
there have been some advantages over more fertile
and nutrient-rich areas. The conducted interview of
local residents, agricultural workers and environmen-
talists helped to collect information on the impact

of anthropogenic factors on species of the genus Di-
anthus in the Nakhchivan Autonomous Republic. The
data obtained were presented in the form of tables
for convenient evaluation of the results. According to
the results of the interview, most agricultural workers
used pesticides to treat their land, which contributed
to a change in the flora and, possibly, a decrease in
the number of some species of Dianthus. Environmen-
talists recorded a high proportion of changes in the
flora of the region (Table 5).

Table 5. General information on land use

Category Number Average duration Pesticide use Changes in flora
of respondents of respondents of activity (years) (%) and soil (%)
Local residents 75 60 55

Agricultural workers 50 80 70
Environmentalists 25 N/A 80

Source: created by the author

Grazing significantly affected vegetation, especially
in regions with large livestock numbers. Environmen-

talists noted a significant decline in the populations of
some species of Dianthus in such territories (Table 6).

Table 6. Impact of grazing

Catedory of respondents Number Average number Vegetation Changes
gory P of respondents of livestock per farm changes (%) in soils (%)
Local residents 75 65 50

Agricultural workers 50 70 65
Environmentalists 25 N/A 85 70

Source: created by the author

Anthropogenic activities, in particular development
and changes in water resources, have caused a deterio-
ration in the environmental situation. Environmentalists

noted that new buildings have had a particularly neg-
ative impact on the growth areas of rare species of Di-
anthus (Table 7).
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Table 7. Anthropogenic load and development

Category Number New buildings Changes in water Environmental
of respondents of respondents nearby (%) resources (%) degradation (%)
Local residents 75 30 50

Agricultural workers 50 45 60
Environmentalists 25 65 80

Source: created by the author

Only a small proportion of local residents and agri-
cultural workers were aware of the existence of rare and

endemic species of Dianthus (Table 8), while environ-
mentalists actively supported measures to protect them.

Table 8. Nature conservation and species conservation

Category Number Knowledge Support
of respondents of respondents of rare species (%) for security measures (%)
Local residents 75 30 20
Agricultural workers 50 25 35
Environmentalists 25 95 90

Source: created by the author

The survey showed that a small part of the lo-
cal population showed knowledge of rare species,
which indicates the need to raise awareness and
implement conservation measures to preserve the
local flora. Anthropogenic factors such as agricultur-
al activity, grazing, and land-use changes were also

found to have a significant impact on populations
of rare and endemic species (Table 9). In areas with
intensive grazing, significant vegetation damage has
been observed, which may lead to a decrease in the
number of species, such as Dianthus nahcivanensis,
in the future.

Table 9. Influence of anthropogenic factors on population size

. Type of anthropogenic Impact Change .
Species impact level in population (%) Main threats
Dianthus orientalis Grazing of livestock Moderate -20 Soit degragauon,
trampling
Dianthus raddeanus Agriculture Moderate -25 Reduct|on.of natural
habitats
Dianthus parviflorus Development High -40 Loss of habitat
Dianthus elegans Agriculture Low -15 L”T."ted competlt.|on
with other species
Dianthus nahcivanensis Intensive grazing High -50 . Trampling, .
environmental pollution
Dianthus nakhchivanicus Agriculture High -45 Loss of natural habitats

Source: created by the author

Spectrophotometric analysis showed that the con-
centration of isolated DNA in all samples exceeded
50 ng/uL, which allowed the use of these samples for
further PCR analysis. The quality of the isolated DNA
was checked by agarose gel electrophoresis, where all
samples showed clear bands, indicating no DNA degra-
dation. For each of the six species of Dianthus, several
genetic markers were amplified, in particular microsat-
ellites or single sequence repeats (SSRs) and internally
transcribed spacers (ITS). The optimal annealing tem-
perature of the primers was 55°C for SSR markers and
52°C for its markers. After 35 PCR cycles, amplicons of
the desired size were obtained, which was confirmed
by the results of electrophoresis in 2% agarose gel. All
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the samples under study gave different amplification
products, the dimensions of which coincided with those
expected in previous studies.

The amplified DNA fragments were sequenced ac-
cording to the Sanger method. The resulting DNA se-
quences were mapped to databases to identify species
and verify the relationship between them. All six spe-
cies were found to have characteristic genetic polymor-
phisms that clearly distinguished their genetic profiles.
In general, the species Dianthus nahcivanensis and Dian-
thus nakhchivanicus they found a high level of genetic
diversity compared to other species. This was due to the
isolation of their populations, which adapted to specif-
ic growth conditions. Genetic diversity in these species




was concentrated within populations, which indicated
their long-term existence in localised regions.

On the contrary, species Dianthus raddeanus, Dian-
thus parviflorus, and Dianthus orientalis exhibited lower
levels of genetic diversity, indicating greater genetic
isolation and possible historical “bottle necks”. This in-
dicated a decrease in genetic exchange between pop-
ulations, which may be the result of anthropogenic
factors, such as habitat fragmentation. Molecular ge-
netic analysis of Dianthus raddeanus showed significant
genetic diversity, which indicates the potential for ad-
aptation and survival in changing environmental con-
ditions. However, the identified local genetic isolates
confirmed the need for more research on the impact of
population fragmentation on the long-term conserva-
tion of the species.

Phylogenetic analysis showed the evolutionary re-
lationships between populations of different species
of the genus Dianthus. It was found that Dianthus nah-
civanensis and Dianthus nakhchivanicus form separate
clusters, which confirmed their genetic isolation from
other species. They showed genetic closeness to each
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other, indicating a common origin or a long history of
coevolution in isolation. Other species, such as Dian-
thus raddeanus and Dianthus orientalis, formed separate
phylogenetic groups that also indicated a long evolu-
tionary history and specific adaptations to different en-
vironmental conditions.

Genetic analysis determined the level of genetic
diversity within and between populations, established
phylogenetic relationships between species, and iden-
tified possible mechanisms of adaptation to different
environmental conditions. Most species, such as Dian-
thus orientalis and Dianthus raddeanus, demonstrated
a high level of genetic diversity (heterozygosity up to
0.75), which indicates their adaptive potential and high
resistance to changes in environmental conditions (Ta-
ble 4). Endemic species of Dianthus nahcivanensis and
Dianthus nakhchivanicus had significantly lower rates
of genetic diversity (heterozygosity up to 0.42), which
indicates limited genetic variability (Table 10). This may
be due to their isolation and narrow distribution area,
which increases the risk of extinction due to environ-
mental changes or anthropogenic factors.

Table 10. Genetic diversity of species of the genus Dianthus

Species Heterozygosity Level of genetic diversification Number of allelic variants

Dianthus orientalis 0.75 High 12

Dianthus raddeanus 0.68 High 10

Dianthus parviflorus 0.55 Average 8

Dianthus elegans 0.60 Average 9

Dianthus nahcivanensis 0.42 Low 6

Dianthus nakhchivanicus 0.40 Low 5

Source: created by the author

A study of six species of the genus Dianthus in the DISCUSSION

Nakhchivan Autonomous Republic revealed signif-
icant genetic and ecological diversity, but all species
were vulnerable to anthropogenic factors and climate
change. Analysis of species habitats of Dianthus in the
South Caucasus established that most species of this
genus demonstrate highly specialised ecological re-
quirements and have a limited habitat. This makes
them vulnerable to environmental changes and an-
thropogenic impacts. Endemic species, such as Dian-
thus nahcivanensis and Dianthus nakhchivanicus, require
special attention to the protection and preservation of
their places of growth. The conducted research investi-
gated in detail the chorological features of the species
of the genus Dianthus in the South Caucasus, identified
key factors affecting their distribution and conserva-
tion,and developed specific measures to preserve these
species. The results can serve as a basis for further re-
search and strategies for managing the conservation of
plant biodiversity in the region.

The study of the six species of the genus Dianthus,
which are common in the territory of the Nakhchivan
Autonomous Republic, used a comprehensive approach
to investigate their ecology, geographical distribution,
population status, and genetic structure. The selected
methods helped to obtain a holistic view of the eco-
logical features and threats to the species under study.
The main research methods were field surveys, analy-
sis of physical and chemical properties of soils, study
of microclimatic conditions of growth sites, and molec-
ular genetic surveys to investigate the genetic diversity
of populations.

Field studies have made it possible to determine
the geographical coordinates of the growth sites of
each species, including altitude above sea level, soil
type, and microclimatic conditions (temperature, hu-
midity, and light). These data were important for un-
derstanding each species’ ecological niches and their
adaptive potential. The analysis of the physical and
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chemical properties of soils included the determina-
tion of acidity (pH), the concentration of basic minerals,
and the content of organic substances. This approach
revealed how soil conditions affect the growth and dis-
tribution of these species.

Studies of endemic plant species required special
attention. The literature sources contain conflicting
opinions about their adaptability to different climatic
conditions. M. Behroozian’s et al. (2020a) research team
questioned the general assumption that endemic spe-
cies have narrow ecological niches.Using environmental
modelling and functional characteristics analysis, they
found that some species of Dianthus demonstrate signif-
icant ecological variability and adaptation to different
environmental conditions. This led to the assumption
of their ability to occupy a variety of ecological niches,
which goes against traditional ideas about endemics
as highly specialised species (Behroozian et al., 2020a).

In this study of Dianthus species, both specific and
more general ecological traits characteristic of differ-
ent populations were identified. The ability of endemic
species to adapt and occupy wider ecological niches
is partially substantiated, since some species, such as
Dianthus raddeanus and Dianthus nahcivanensis indeed,
demonstrated adaptation to various microclimatic
conditions and changes in soil composition (Zubtso-
va et al., 2019). These species can grow in different
conditions of altitude and humidity, which confirms the
idea of ecological plasticity. However, for some other
species, such as Dianthus parviflorus and Dianthus na-
khchivanicus, environmental specialisation remained
prominent. They showed a significant dependence on
specific environmental conditions, such as soil type
and light levels, which is consistent with the tradition-
al view of highly specialised endemics. Thus, the study
partially confirmed Behroozian’s thesis about the var-
iability of ecological niches in some endemic species.
However, it did not refute the opinion about the tra-
ditional highly specialised ecological strategy in cer-
tain populations. On the other hand, C.A.M. Marshall et
al.(2022) study, which examined factors affecting plant
endemism in two West African forest centres, focused
on various environmental and climatic variables, and
environmental characteristics such as altitude, forest
type, climatic conditions, and anthropogenic impact.
Climatic conditions, in particular precipitation, were
found to be a significant predictor of endemism. The
paper also highlighted the importance of protecting
these forests due to their significant role in the con-
servation of rare and endemic species.

The South Caucasus region is characterised by
the proliferation of zones with endemic plant crops
(Nikolaishvili & Dvalashvili, 2015; Noroozi et al., 2019).
Although it is also possible to find among the litera-
ture sources of fauna research, in particular amphib-
ians (Gasimova, 2021), with similar habitats, in the
framework of this study, were rather auxiliary. A suc-
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cessful object of research can be called the species
of the family Caryophyllaceae, not only in the study of
endemics (Behroozian et al., 2020b), and to better un-
derstand the overall impact of climatic conditions and
human influence on the flora of regions with specif-
ic climatic conditions. In general, the high diversity of
species in this family allows studying a wide range of
morphological, ecological, and genetic variations. This
helps to study the processes of evolution, adaptation,
and speciation. In addition, species of this family are
found in various ecosystems - from mountainous areas
to steppes and deserts. This allows to study their ad-
aptation to various climatic and environmental condi-
tions and their interaction with the environment. Many
representatives of Caryophyllaceae have relatively small
genomes, which makes them convenient for molecular
genetic research such as DNA sequencing and genetic
mapping. Their genetic characteristics allow studying
speciation processes, population genetics, and evolu-
tionary history (Boxriker et al., 2018). As indicated by
G.A\W. Bauer et al. (2021), species of this family exhibit
various morphological features, which allows studying
phenotypic plasticity and the influence of various en-
vironmental factors on external features.

P. Sharma’s et al. (2022) paper was considered an
important literary source for analysis, as the molecular
methods used, such as SSR markers, helped to inves-
tigate genetic diversity and phylogenetic relationships
between species, which is relevant in the context of
analysing the genetic variability of endemic species.
Both studies used molecular genetic markers to assess
the genetic diversity of species. The difference was that
P. Sharma’s et al. research focused on the cultural spe-
cies of Dianthus caryophyllus and its mutant forms that
emerged after radiation exposure. But the current study
focused on natural populations of endemic species of
the genus Dianthus in the natural environment, without
the intervention of the mutation process. While improv-
ing breeding methods and species identification helps
to prevent the extinction of entire plant and animal
habitats, it is also important to improve conservation
measures and monitor the overall situation of species
(Honchar et al., 2023). Great contribution to the study of
adaptability and factors influencing distribution of Di-
anthus was made at the Latvian Institute of Biology us-
ing the example of Dianthus superbus, researchers have
found that destructive human activity causes more dam-
age to the population than the specifics of local soils (Os-
valde et al., 2021). Such results indicate the expediency
of conducting lectures and activities to inform the pop-
ulation about the environmental situation in the region.

Heavy metals, which have become an integral part
of environmental impact factors with the develop-
ment of industrialisation, also have high risks for plant
populations (Jalilova et al., 2024). Thus, the K. Qiao et
al. (2023) research group found that Dianthus spicul-
ifolius had higher resistance to cadmium and lead




compared to five other species of the genus Dianthus,
and it was able to accumulate more heavy metal ions in
its shoots. Future studies of the endemic species of the
genus Dianthus on the ability to accumulate heavy met-
al ions are relevant, as they can form an idea of their
resistance to polluted environments and potential for
phytoremediation. To assess the level of genetic diver-
sity both between different populations and within the
same population, molecular genetic analysis performed
for each of the species is widely used in modern scien-
tific practice. Molecular markers such as microsatellites
and DNA sequencing help to identify genetic relation-
ships between populations and assess their status in
terms of genetic metabolism (Burdina & Priss, 2016).
Genetic data allowed studying how individual popula-
tions of species Dianthus adapted to different environ-
mental conditions, such as climate change or specific
soil characteristics. This was important for understand-
ing the ecological boundaries of species and determin-
ing their optimal habitat zones.

The study of six species of the genus Dianthus in
the Nakhchivan Autonomous Republic provided impor-
tant data on their geographical distribution, population
status, influence of anthropogenic factors, and genetic
structure. The species Dianthus raddeanus, Dianthus ori-
entalis, Dianthus parviflorus, Dianthus elegans, Dianthus
nahcivanensis, and Dianthus nakhchivanicus are impor-
tant components of the region’s flora, and their study
helps not only to better understand local biodiversity,
but also to develop strategies for their conservation.

CONCLUSIONS

In the course of the study, a comprehensive chorologi-
cal analysis of the species of the genus Dianthus in the
South Caucasus was carried out, with a particular focus
on the flora of the Nakhchivan Autonomous Republic.
The results obtained established the specific distribu-
tion areas of the species under study, their ecological
and genetic characteristics, and determined the in-

Novruzova

The relevance of this study is to expand knowledge
about the biogeography of species of the genus Dian-
thus and their distribution in the South Caucasus region.
The study provided a more accurate understanding of
species distribution patterns, their environmental pref-
erences, genetic diversity, and potential risks associat-
ed with anthropogenic factors. Such knowledge can be
used to develop a conservation strategy for rare and en-
demic species,and to manage biodiversity in the region,
which is particularly important given climate change
and increasing anthropogenic pressures. However, the
study was subject to certain limitations that affected
the results obtained. First, field studies were conducted
only during two growing seasons, which could lead to
limited understanding of seasonal population dynam-
ics. Long-term observations can provide more data on
changes in the abundance and distribution of species
over different years. Second, the analysis of molecular
genetic diversity was performed only based on random-
ly selected samples,which could limit the completeness
of the genetic profile of populations. A wider selection
of samples and the use of additional genetic markers
can improve the accuracy of the results obtained. In ad-
dition, potential species habitats were modelled using
a specific set of ecological parameters, while other fac-
tors, such as competition with other species or interac-
tion with local fauna, were not taken into consideration.
The use of additional biotic and abiotic parameters can
improve the accuracy of distribution models.

Thus, this study has made an important contribu-
tion to understanding the ecological and genetic char-
acteristics of species in the genus Dianthus in the South
Caucasus.Despite some limitations, the results obtained
are valuable for further research and preservation of
the floral diversity of the region. Further research that
addresses the above omissions could greatly expand
knowledge about these species and contribute to their
more effective conservation.

fluence of anthropogenic factors on the state of their ACKNOWLEDGEMENTS
populations. This study found that each species has a  None.
well-defined ecological niche, depending on factors
such as temperature, humidity, soil type, and the degree CONFLICT OF INTEREST
of anthropogenic impact. None.
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XoponoriuyHuii aHani3 suaie poay Dianthus y MNiBaeHHOKaBKa3bKOMY perioHi
3 aKUeHTOM Ha ¢pnopi HaxiueBaHCbKOi ABTOHOMHOI Pecny6niku

Ensana Hoepysosa
KaHouoaT 6ionoriyHnx Hayk
HaxiueBaHCbKMI AepXKaBHUI yHiBepCUTET
AZ7012, YHiBepcuTeTCbKE MicTeYKO, M. HaxiueBaHb, A3epbanoxaH
https.//orcid.org/0009-0003-3547-6025

AHoTauis.MeToto gocnigkeHHs 6yno npoBeaeHHS XOpONOriYHOro aHanisywectu Buais poay DianthusyHaxiueBaHCbKin
ABTOHOMHIW Pecnybniui 3 BUKOPUCTaHHAM MOJIbOBMX Ta MOMEKYNSPHO-reHeTUYHMX MeTofiB. OCHOBHa yBara byna
npuaineHa ix reorpadiyHoOMy NOLMPEHHIO, NONYAALIMHOMY CTaTyCy Ta reHETMYHOMY Pi3HOMaHITTIO. B pe3ynbrari
[OCNIKEHHS wecTn BuaiB pomy Dianthus ©ynu BusBNeHi 3HAYHi BiAMIHHOCTI B iX reorpadiyHoOMy MOLMPEHHI,
€KONOriYHMX HilWax Ta afanTtauii 4O MicLeBMX YMOB. MonekynsipHO-reHeTMYHUIM aHani3 Nokasas BUCOKUI piBEHb
reHeTMYHOro pi3HOMaHITTa cepen nonynauiv Dianthus nahcivanensis Ta Dianthus nakhchivanicus, \wo nigTBepamo ix
YHIKaNbHICTbTa eHAEMIYHUI CTaTyC. TaKOX A0BEAEHO, WO pif Dianthus Mae BUCOKe BUAOBE PiSHOMAHITTS | AEMOHCTPYE
3HaYHi BapiaLii NOWMpPEHHS 3aexXHO Bif reorpadiyHmx Ta KNiMaTUYHUX YMOB perioHy. Y AocniaXeHHi BUKOPUCTAHO
reoboTaHiYHi MeToAM A9 BUSHAYEHHS apeaniB BMAIB Ta aHaNi3y GaKTopiB, LLLO BMIMBAKTbL HA iX NOWMPEHHS. 30KpeMa,
6ynu BUSIBNEHI 0COBNMBOCTI apeany y 3B>93Ky 3 NOKaNbHUMKM ymMoBaMu HaxiyeBaHcbkoi ABTOHOMHOI Pecny6nikuy,
[0 CKNagy SIKOro BXOAMTb 3HAYHA KifbKiCTb €HAEMIYHUX BUAIB. [EHETUUYHMI aHani3, NpoBeAEeHMI 3a AOMOMOro
MEeTOAY NofiMepasHOoi NaHLroBOI peakLii Ta CeKBEHYBAHHS, LO3BO/IMB BUSBUTU PiBEHb FEHETUYHOIO PiSHOMAHITTS
Ta BCTAHOBWUTU (inoreHeTUYHi 3B'A3KM Mix nonynauiamu. BctaHosneHo, wo Buau Dianthus raddeanus, Dianthus
parviflorus, Dianthus nakhchivanicus Ta Dianthus nahcivanensis € 6inbll Bpa3nMBUMHK Yepes BNAMB aHTPOMOreHHOI
LiSNbHOCTI, 30KpeMa CiflbCbKOro rocnoAapcTBa Ta BUMMACaHHA Xyaobu, WO MpU3BeNo A0 CKOPOYEHHS MAOLL iXHiX
apeanis. MofentoBaHHA 3 BUKOPUCTAHHSAM METOAY MaKCMMaSbHOI eHTPONii MOKa3ano NOTEHLiMHI 30HWU PO3LLUMPEHHS
apeanis BUAIB 3a CNPUSTAMBUX EKONOTYHUX YMOB. OTPMMaHi pe3ynsTaTi € BaXAUBUMU A5 PO3YMIHHS €KONOTYHUX
3aKOHOMipHOCTel nowupeHHs poay Dianthus B perioHi Ta po3pobku cTpaTeriit 36epexeHHs Oiopi3HOMaHITTS
B YMOBAX 3MiHM KNiMaTy Ta aHTPOMOreHHOro TUCKY. 3a pe3ynbTaTaMu A0CNIOXEHHS peKOMEeHLO0BAHO CTBOPUTU
abo po3wupuT 3anoBigHi TepuTopii, 0OMEXUTU aHTPOMOreHHWI BNAMB Ta NPOBOAMTU LOLATKOBUIA MOHITOPUHT
YMCENbHOCTI Ta FrEHETUYHOI CTPYKTYpW nonynauin Dianthus

KniouoBi cnoBa: eHpoeMiku; apean; reHeTUYHE Pi3HOMAHITTS; aHTPOMOreHHMI BMNMB; 36epexeHHs 6iopi3HOMaHITTS
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introduction of organic farming, and water management. The results revealed that Ukraine is lagging behind
in all the parameters under study. In the area of restoration of degraded land, it was found that the area of
restored land in Ukraine (8.4% of the total area of degraded land) is almost twice less than the average of the
EU countries studied (16.8%). Investments in land restoration in Ukraine (310 EUR/ha) are only 39% of the EU
average (792 EUR/ha). The analysis of the development of organic farming showed that the share of organic
land in Ukraine (1.1% of the total agricultural area) is almost 6 times lower than the average for the EU countries
under study (6.7%). The number of certified organic producers in Ukraine (3.2 per 100,000 population) is 6.4
times lower than the average for EU countries. In the field of water management, it was found that the irrigation
efficiency in Ukraine (60%) is significantly lower than the EU average (77.4%), and the share of land with drip
irrigation in Ukraine (5.2%) is 3.5 times lower than the EU average (18%). The calculation of the integral index of
compliance with EU requirements showed that Ukraine (56 points) significantly lags behind the average of the
EU countries studied (82.4 points). Based on the identified differences and successful practices of EU countries,
a set of recommendations has been developed to improve the management of sustainable land use projects in
Ukraine. Key recommendations include the development of a comprehensive national strategy, the creation of
specialised financing funds, the introduction of economic incentives, the modernisation of monitoring systems,
the harmonisation of standards with the EU, and large-scale educational campaigns. The study emphasises the
need to significantly improve approaches to managing sustainable land use projects in Ukraine to bring them
closer to EU standards and ensure efficient use of land resources

Keywords: environmental efficiency; institutional capacity; integral index; economic incentives; adaptation of

legislation; innovative technologies

INTRODUCTION

Sustainable development of land use is one of the
priorities of the European Union (EU) policy aimed at
ensuring the rational use of land resources, preserving
ecosystems, and improving the quality of life of the
population. In the context of Ukraine’s European in-
tegration aspirations, the issue of adapting Ukrainian
approaches to land management in accordance with
EU requirements and standards is becoming particu-
larly relevant. The problem of managing sustainable
land use development projects attracts the attention
of many researchers. Theoretical aspects of sustain-
able land use were considered by W.C. Adinugroho et
al. (2024). The researchers emphasised the need to in-
tegrate environmental, economic, and social factors in
land use planning. Project management issues in the
context of sustainable development were investigated
by R.Sweeney et al. (2023). The researchers emphasised
the importance of considering the principles of sustain-
ability at all stages of the project life cycle, emphasis-
ing the need to integrate economic, environmental, and
social aspects into project management processes.

The specifics of implementing the principles of
sustainable land use in the EU countries are the sub-
ject of active research. V. Maliene et al. (2024) ana-
lysed the positive impact of European directives and
programmes on the development of sustainable land
use practices. In particular, the study by P. Borrelli et
al. (2020) was devoted to the analysis of soil erosion
risks in EU countries and the development of strategies
for adapting land use to climate change. These stud-
ies were of particular importance for Ukraine, given its
significant agricultural potential and vulnerability to
climate change, and can serve as a basis for developing

its own sustainable land use strategies using the Euro-
pean experience.

An important aspect of the study was also the anal-
ysis of modern technological solutions used in the EU
to manage sustainable land use projects. A. Vitale and
C. Salvo (2024) considered the prospects for using Ge-
ographic Information Systems (GIS), remote sensing
technologies, and artificial intelligence to monitor land
resources and support management decision-making.
L. Kong et al. (2020) focused on the potential of using
big data technologies to optimise land use in EU urban
agglomerations. Special attention should be paid to the
issue of involving stakeholders in the management of
sustainable land use projects.The EU experience demon-
strates the importance of active participation of the
public, business and scientific community in land pol-
icy planning and implementation processes. The study
by J. Newig et al. (2023), S. Yudina et al. (2024) showed
that effective interaction between different stakehold-
er groups contributes to improving the quality of man-
agement decisions and reducing land-use conflicts.

In the context of Ukraine, T.V. Lisova (2024) analysed
the current state of land reform and challenges asso-
ciated with the implementation of European land use
standards. The researcher noted the need to improve
the regulatory framework, develop institutional capac-
ity and effectively control land resources. However, the
specific mechanisms for adapting successful European
practices to Ukrainian conditions remain understudied.
To deepen our understanding of sustainable land use
issues in the context of Ukraine’s European integration,
attention should be paid to the research by M.I. Se-
mych (2019). The researchers considered the issue of
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harmonisation of the Ukrainian land management sys-
tem with European standards. They stressed the need
for an integrated approach to implementing changes
that considers both legislative and institutional aspects.

The issues of digitalisation of land management
and the introduction of innovative technologies in land
use processes were considered by U. Sakthi et al. (2023).
The researchers analysed the potential of using block-
chain technologies and the Internet of Things to in-
crease the transparency and efficiency of land transac-
tions in the EU, which can be a useful experience for
Ukraine in the context of land market development.
The study by D. Stober et al. (2021) focused on spatial
planning and the integration of sustainable develop-
ment principles into territorial governance processes
in EU countries. The researchers proposed innovative
approaches to balancing economic, social and envi-
ronmental interests in land use planning, which can
be adapted to Ukrainian realities. An important aspect
is also the study of economic mechanisms for promot-
ing sustainable land use. In this context, the study by
B. Bartkowski et al. (2020) was devoted to the analysis
of the effectiveness of various instruments of economic
regulation in the field of land use in the EU, includ-
ing tax incentives, subsidies, and market mechanisms.
These studies can be useful for developing economic
incentives for sustainable land use in Ukraine.

Issues of land management in the context of rural
development were considered by G. Peer et al. (2020).
The researchers analysed the experience of EU coun-
tries in implementing integrated approaches to ru-
ral development that combine the tasks of landscape
conservation, maintaining biodiversity and ensuring
the economic viability of rural communities. The fun-
damental impact of sustainable land use policies on
the socio-economic development of EU regions was
investigated by L. Scheurer and A. Vranken (2024). It
concerned the analysis of the impact of sustainable
land use policies on the socio-economic development
of EU regions. The researchers proposed a methodolo-
gy for evaluating the effectiveness of sustainable land
use projects, which can be adapted for monitoring and
evaluating such initiatives in Ukraine.

The purpose of this study was to conduct a compara-
tive analysis of the management of sustainable land use
development projects in Ukraine and the EU countries
and develop recommendations for improving Ukraini-
an practices in accordance with the EU requirements.

MATERIALS AND METHODS

A comprehensive approach was used to conduct the
study, including an analysis of statistical data, the reg-
ulatory framework, and an expert survey. The study was
conducted in the period from January to June 2024 and
covered five member states of the European Union -
Poland, Romania, Bulgaria, Greece, Spain, and Ukraine.
Official sources Eurostat (2024) and State Service of
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Ukraine for Geodesy, were used for analysis. In particu-
lar, the following indicators were analysed:

B area of restored land (% of the total area of de-
graded land);

B land restoration investment (EUR/ha);

B share of organic land (% of total agricultural
area);

B number of certified organic producers (per
100,000 population);

B organic products market (EUR per capita);
irrigation efficiency;
share of land with drip irrigation;
water reuse (million m*/year);
water stress index.

The SPSS Statistics 28.0 software suite was used
for processing statistical data. Descriptive statistics,
correlation analysis (Pearson correlation coefficient),
and regression analysis were used. The statistical sig-
nificance of the results was evaluated using the Stu-
dent’s t-test at the significance level of p <0.05. The
analysis of the regulatory framework included the study
of key EU documents on sustainable land use develop-
ment, in particular: European Green Deal (2021), Com-
mon Agricultural Policy for 2023-2027 (2022), and EU
Biodiversity Strategy for 2030 (2020), Directorate-Gen-
eral for Environment (2021), European Environment
Agency (2024). The relevant Ukrainian regulations and
strategic documents were also analysed to assess their
compliance with EU requirements.

To obtain expert assessments, an anonymous on-
line survey of 30 specialists in the field of land admin-
istration and sustainable development from the EU and
Ukraine was conducted in the period from May 15 to
June 30, 2023. The sample was formed by the snowball
method with the initial selection of experts according
to the following criteria: the presence of a specialised
higher education (Master’s or Doctor of Science in the
field of land management, ecology, or sustainable de-
velopment), at least 5 years of experience in the rele-
vant field, the presence of at least three peer-reviewed
publications on the research topic over the past 5 years.
Distribution of respondents: 25 experts from EU coun-
tries (5 each from Poland, Romania, Bulgaria, Greece,
and Spain) and 5 experts from Ukraine. The question-
naires were sent out by email with a link to the Google
Form survey. Prior to the survey, all participants provid-
ed informed consent to the processing of their data in
accordance with the requirements of the GDPR and na-
tional legislation. The survey was conducted in English,
with the possibility of providing answers in Ukrainian
for experts from Ukraine. The study was approved by
the Ethics Committee of the National University “Ky-
iv-Mohyla Academy” (protocol No. 5 of 31 March 2016)
and was conducted in compliance with ethical stand-
ards, including voluntary participation, data confiden-
tiality, and the ability to withdraw at any stage of the
survey. The questionnaire contained 20 closed-ended




questions on a 5-point Likert scale and 5 open-ended
questions. Questions related to assessment:

m effectiveness of existing mechanisms for man-
aging sustainable land use development projects;

® compliance of national policies with EU re-
quirements;

B  major challenges and obstacles to implement-
ing sustainable land use principles;

B promising areas for improving project manage-
ment.

Methods of descriptive statistics, factor analysis,
and content analysis of answers to open-ended ques-
tions were used to analyse the survey results. Based on
the data obtained, an integral index of compliance of
the management of sustainable land use development
projects with EU requirements was developed. The in-
dex was calculated using the equation (1):

[=0.3A+0.3B+0.2C+0.2D, (1)

where | - integral index; A - indicator of regulatory
compliance (0-100 points); B - indicator of institutional
capacity (0-100 points); C - indicator of resource pro-
vision (0-100 points); D - indicator of project perfor-
mance (0-100 points). The weight coefficients were de-
termined based on expert assessments.

RESULTS

The study focused on three key aspects of managing
sustainable land use projects in line with EU require-
ments: restoration of degraded land, introduction of or-
ganic farming and water management in the context of
agricultural production. A comparative analysis of the
situation in Ukraine and five EU countries (Poland, Ro-
mania, Bulgaria, Greece, and Spain) revealed significant
differences in approaches and effectiveness of sustain-
able land use development projects. The results were
based on the analysis of statistical data, an expert sur-
vey, and calculation of the integral index of compliance
with EU requirements. The overall picture indicates a
significant lag of Ukraine from the studied EU countries
in all the aspects considered. Differences in investment
volumes, the effectiveness of implemented measures,
and the development of appropriate infrastructure
are particularly noticeable. The analysis of successful
practices of EU countries helped to identify key success
factors and develop recommendations for bridging the
existing gap.

Restoration of degraded land. The restoration of
degraded land is a key aspect of sustainable land use
development, which is an integrated approach to land
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management and use. This approach is aimed at en-
suring long-term land productivity, maintaining its
ecological integrity and promoting the socio-economic
sustainability of regions. In the context of global chal-
lenges such as climate change, population growth and
increased food security, the restoration of degraded
land is of particular importance. It not only facilitates
productive use of areas that have lost their fertility due
to erosion, pollution, or overexploitation, but also con-
tributes to the conservation of biodiversity, improving
water and air quality, and mitigating the effects of cli-
mate change (Skydan et al., 2021).

A comparative analysis of approaches to the resto-
ration of degraded land in the countries of the Europe-
an Union and Ukraine revealed significant differences
in methodologies, investments, and the effectiveness
of implemented measures. EU countries, guided by the
principles of EU Soil Strategy for 2030 (2021), imple-
ment comprehensive strategies that combine innova-
tive technologies with traditional land use methods.
In particular, the following advanced approaches are
widely used: phytoremediation - the use of specially
selected plants to remove pollutants from the soil; bi-
oremediation - the use of microorganisms to decom-
pose toxic substances; agroforestry — the creation of
protective forest belts to prevent soil erosion (Mel-
nychenko, 2024; Skliar et al., 2024). In addition, con-
siderable attention is paid to the introduction of crop
rotations and the cultivation of cover crops that con-
tribute to the restoration of the structure and increase
soil fertility. These methods not only effectively restore
degraded land, but also ensure the long-term sustaina-
bility of agroecosystems.

In contrast, approaches to the restoration of de-
graded land in Ukraine are characterised by a certain
limitation and predominance of traditional methods.
In particular, simple reclamation is often used by fill-
ing with a fertile layer of soil, which does not always
ensure sustainable restoration of the ecosystem. The
use of modern remediation technologies and biological
recovery methods remains limited, due to both insuffi-
cient funding and the lack of a comprehensive national
strategy in this area (Fedoniuk et al., 2024). The intro-
duction of agroecological practices that would promote
natural soil restoration is also slow, due to a lack of
awareness among farmers and a lack of appropriate in-
centives. To quantify the effectiveness of measures to
restore degraded land, a comparative analysis of key in-
dicators was conducted between the EU countries and
Ukraine (Table 1).

Table 1. Comparison of indicators of restoration of degraded land (2024)

Area of restored land (% of the

Country total area of degraded land) Recovery investment (EUR/ha) Recovery efficiency (points*)
Poland 18.5 850 72
Romania 15.3 720 6.8
Bulgaria 14.1 680 6.5
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Table 1. Continued

Area of restored land (% of the

Country total area of degraded land) Recovery investment (EUR/ha)  Recovery efficiency (points*®)
Greece 16.7 790 7.0

Spain 19.2 920 7.5
Ukraine 8.4 310 43

Note: recovery efficiency was evaluated by experts on a 10-point scale
Source: created by the authors based on D. Verhoeven et al. (2024) and the State Service of Ukraine for Geodesy

An analysis of the data presented in Table 1 re-
vealed significant differences between approaches to
the restoration of degraded land in Ukraine and the EU
countries. Comparison of Ukraine’s indicators with the
average values for the EU countries under study showed
a significant lag in Ukraine in all key parameters. The
difference in investment in land restoration is particu-
larly noticeable, which directly affects the effectiveness
of these measures. Such low indicators of Ukraine indi-
cate the presence of serious systemic problems in the
approach to the restoration of degraded land and the
need for drastic changes in this area.

An expert survey conducted as part of the study
revealed key success factors that contribute to the ef-
fective restoration of degraded land in the EU coun-
tries. Among them, the implementation of comprehen-
sive national soil restoration programmes, significant
investments in research and innovative restoration
technologies, and the active involvement of local com-
munities and the private sector in restoration projects
stand out. Notable examples of such successful initia-
tives are the Land Restitution (2024) in Spain and the
Land from Scratch (2024) in Poland. These programmes
are distinguished by their integrated approach, which
provides not only direct financing of land restoration
work, but also a wide range of related activities. In
particular, they include systematic training of farmers
in modern methods of restoring and preserving soil
fertility, the introduction of advanced soil monitoring
systems using satellite technologies and drones, and
the development and implementation of economic
incentives to promote sustainable land use practices.
The effectiveness of these programmes is confirmed
by impressive results: over the past 5 years, signif-
icant areas of degraded land have been successfully
restored. The LIFE programme, which aims to finance
innovative environmental projects, provides signifi-
cant support for initiatives to restore degraded land
and preserve biodiversity. The Common Agricultural
Policy for 2023-2027 (2022) also plays an important
role, which encourages farmers to adopt sustainable
land use practices through a system of subsidies and
economic incentives. These initiatives create a strong
institutional and financial framework for implement-
ing effective measures to restore degraded land in
EU countries. These achievements not only reflect the
quantitative aspect of restoration, but also indicate
qualitative changes in approaches to land manage-
ment, the development of a new culture of land use,
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and an increase in environmental awareness among
farmers and landowners.

In contrast to the successful experience of the EU
countries, the situation in Ukraine is characterised by
the presence of significant obstacles to the effective
restoration of degraded land (Bragina et al., 2018).
According to experts, the main problems are chronic
underfunding of restoration projects, the use of out-
dated technologies and methods, and imperfect leg-
islative framework in the field of soil protection and
restoration. The lack of a clear national strategy for the
restoration of degraded land that sets out long-term
goals, funding mechanisms and criteria for evaluating
the effectiveness of rehabilitation measures is particu-
larly acute. Limited budget resources allocated for this
purpose lead to the fact that most restoration projects
in Ukraine are fragmented, cover small areas and do
not have a long-term effect. The experts also noted the
serious problem of insufficient coordination between
different departments and levels of government, which
often leads to duplication of efforts, inefficient use of
already limited resources, and a lack of a systematic ap-
proach to solving the problem of land degradation.

A diagram was created to visually represent the
identified differences in the efficiency of restoring de-
graded land between the EU countries and Ukraine
(Fig. 1). It shows a significant lag in Ukraine in terms of
the effectiveness of restoring degraded land compared
to European countries. The diagram not only illustrates
the current state of affairs, but also highlights the scale
of challenges facing Ukraine in the field of restoring
degraded land, and the need for drastic changes in ap-
proaches to land management.
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Figure 1. Comparison of the efficiency
of degraded land restoration
Source: created by the authors




Considering the identified problems and the sig-
nificant lag of Ukraine in the restoration of degraded
land, experts have developed a number of recommen-
dations to bridge this gap. The key recommendation
was the development and implementation of a com-
prehensive national programme for the restoration of
degraded land, which should be coordinated with the
EU Soil Strategy for 2030 (2021). Such a programme
should include clearly defined objectives and indica-
tors of success, detailed funding mechanisms (with
a particular focus on attracting private investment
through public-private partnership mechanisms), and
an effective monitoring and evaluation system. Ex-
perts emphasise the need for a significant increase in
investment in land restoration, suggesting the use of
various sources of funding, including the state budget,
funds from international financial organisations, and
the creation of a specialised fund for the restoration of
degraded land. Special attention is paid to the impor-
tance of implementing a modern system for monitor-
ing and evaluating the efficiency of recovery projects,
similar to that used in the EU. Such a system will not
only track progress in real time, but also provide the
ability to quickly adjust the land restoration strategy
based on the data obtained and analyse the effective-
ness of implemented measures.

The implementation of these recommendations
will require significant efforts and resources, but it is
critical for ensuring the sustainable development of
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agriculture and the conservation of natural resources
in Ukraine. Successful implementation of best practices
in restoring degraded land will not only increase ag-
ricultural productivity and improve the environmental
situation, but also bring Ukraine closer to European
standards of land management, which is an important
step towards European integration.

Introduction of organic farming. The introduction
of organic farming is another key aspect of sustaina-
ble land use development, which plays a crucial role
in ensuring long-term agricultural land productivity
and maintaining ecological balance. Organic farming
involves moving to crop cultivation methods that min-
imise the use of synthetic pesticides and fertilisers,
thereby reducing the chemical load on the soil and
water resources. This approach not only helps restore
natural soil fertility and preserve biodiversity, but also
ensures the production of safe and nutritious food. In
the context of growing global concerns about food se-
curity, climate change and environmental degradation,
organic farming is becoming increasingly important as
a strategic area for the development of the agricultural
sector. A comparative analysis of the development of
organic farming in the European Union and Ukraine re-
veals significant differences in the approaches, scale of
implementation, and efficiency of this sector. To quanti-
fy these differences, a detailed study of key indicators of
organic sector development in selected countries was
conducted (Table 2).

Table 2. Comparison of organic farming development indicators (2024)

Share of organic land

Number of certified organic producers

Organic products market

Country (% of total agricultural area) (per 100,000 population) (EUR per capita)
Poland 5.8 18.3 62
Romania 4.2 127 41
Bulgaria 3.5 10.9 35
Greece 10.3 321 95

Spain 9.7 28.6 87
Ukraine 11 3.2 8

Source: created by the authors based on Eurostat (2024)

The analysis of the data presented in Table 2 re-
vealed a significant lag in the development of the
organic sector in comparison with the EU countries
studied. Ukraine is significantly inferior in all key indi-
cators. The share of organic land in Ukraine is almost
6 times less than the average indicator of the studied
EU countries. The number of certified organic producers
per 100,000 population in Ukraine is significantly lower
than in the EU countries. The organic market in Ukraine
also remains underdeveloped: the cost of organic prod-
ucts per capita in Ukraine is 7-12 times less than in the
EU countries under study. These data clearly illustrate
the significant potential for the development of the or-
ganic sector in Ukraine and the need to step up efforts
in this line.

An expert survey conducted as part of the study
revealed key success factors for the introduction of
organic farming in the EU countries. Central to this
process is the effective implementation of the EU’s
organic production action plan, which is part of the
broader Farm to Fork Strategy (2020). This plan pro-
vides for a comprehensive approach to stimulating
both demand and supply of organic products, including
financial support for producers, infrastructure devel-
opment, and raising consumer awareness. Significant
financial support for farmers in the transition to or-
ganic production plays an important role. For exam-
ple, Spain has a subsidy programme that covers up to
70% of certification costs and up to 50% of necessary
equipment costs during the first three years of switch-
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ing to organic production. This support allows farmers
to overcome initial financial difficulties and achieve
profitability faster. In addition, the EU has a well-de-
veloped system of certification and quality control of
organic products, which ensures a high level of con-
sumer confidence. Active consumer awareness is also
an important element of success. A striking example
of such activities is the Greek national programme Or-
ganic Food in Schools (Malissiova et al., 2022), which
not only provides students with organic products, but
also conducts regular educational events for children
and their parents about the benefits of organic food.
This initiative contributes to the development of sus-
tainable demand for organic products in the long term
and educates a new generation of conscious consum-
ers. As part of the EU’s Green Course policy, innovative
projects aimed at supporting organic farming are also
being actively implemented. For example, the Organ-
ic Farm Knowledge Platform (2021) project provides
farmers with access to the most up-to-date knowledge
and practices in the field of organic production, and
the European Innovation Partnership initiative “Agri-
cultural Productivity and Sustainability” (2023) pro-
motes collaboration between scientists, farmers, and
agribusiness to develop innovative solutions in the
field of sustainable agriculture.

In contrast to the successful experience of the
EU countries, the situation with the development of
organic farming in Ukraine is characterised by the
presence of significant obstacles. The main problem,
according to experts, is insufficient state support for
the organic sector. Unlike the EU countries, Ukraine
does not have systematic programmes to subsidise
farmers who switch to organic production (Borko &
Jammal, 2024). This leads to the fact that the cost of
transition falls entirely on the shoulders of produc-
ers, which in conditions of limited financial resourc-
es becomes a significant barrier. Another important
problem is the difficulty of certifying products accord-
ing to EU standards. The cost of certification for an
average farm can reach EUR 5,000-7,000, which is a
significant financial burden for Ukrainian farmers. In
addition, the certification procedure is often lengthy
and bureaucratically complex, which further discour-
ages potential producers of organic products. Experts
also noted the problem of low purchasing power of
the population and insufficient consumer awareness
of the benefits of organic products. This leads to low
domestic demand for organic products: about 70% of
Ukrainian organic products are exported, while the do-
mestic market remains underdeveloped. The lack of a
well-developed infrastructure for storing, processing,
and distributing organic products is also a significant
constraint on the development of the sector. To visual-
ly represent the difference in the share of organic land
between the EU countries and Ukraine, a comparative
chart was created (Fig. 2).
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Figure 2. Comparison of the share of organic land
Source: created by the authors

This chart clearly demonstrates Ukraine’s signifi-
cant lag in the share of organic land from the lead-
ing EU countries, which underlines the need to step
up efforts in this area and implement comprehensive
measures to stimulate the development of the organ-
ic sector. Considering the identified problems and the
significant lag of Ukraine in the field of organic farm-
ing, experts have developed a number of recommen-
dations to bridge this gap. The key recommendation
is the development and implementation of a com-
prehensive national strategy for the development of
organic production, coordinated with the Action Plan
for the Development of Organic Production in the
EU (2022). This strategy should include a number of
interrelated activities. First, it is necessary to create
an effective system of financial support for farmers
in the transition to organic production, which may in-
clude subsidies, soft loans, and tax preferences. This
support should be sufficient to cover the additional
costs associated with the transition to organic farm-
ing methods and ensure a stable income for farmers
during the transition period. Second, it is important to
simplify the certification procedure for organic prod-
ucts and harmonise Ukrainian standards with Europe-
an ones. This will reduce producers’ certification costs
and facilitate access of Ukrainian organic products to
EU markets. The creation of a national certification
system that is internationally recognised can be an
important step in this line. Third, it is necessary to
stimulate the development of the domestic market for
organic products. This can be achieved through the in-
troduction of public procurement of organic products
for schools, hospitals, and other government agencies,
and through the support of local producers and the
creation of specialised markets for organic products.
An important aspect is also the development of in-
frastructure for the storage, processing, and distribu-
tion of organic products, which can be implemented
through public-private partnerships.

Experts stressed the importance of conducting
large-scale educational campaigns to raise consumer
awareness of the benefits of organic products. These




campaigns should reach different segments of the
population and use a variety of communication chan-
nels, including social media, television, schools, and
community organisations. In addition, it is recommend-
ed to introduce specialised educational programmes
for farmers who want to switch to organic production,
in order to improve their competencies in the field of
organic technologies and management methods. Ulti-
mately, an important aspect is the promotion of scien-
tific research and innovation in organic farming. The
creation of specialised research centres, support for
cooperation between scientists and farmers, and the
implementation of pilot projects on testing innovative
organic technologies can be key factors for improving
the efficiency and competitiveness of the Ukrainian
organic sector.

The implementation of recommendations for the
development of organic production in Ukraine will re-
quire significant efforts and resources, but it is neces-
sary to ensure the sustainable development of agricul-
ture, approach European standards, and obtain broad
positive effects. Successful implementation of these
measures will contribute to the development of the
organic sector, have a positive impact on the econo-
my, environment, and public health. The development
of organic farming also opens up new opportunities
for the export of Ukrainian products to the markets
of the EU and other countries, which can become an
important factor in economic growth and integration
of Ukraine into the global value chains of sustainable
agriculture.
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Water resources management. Studies have shown
significant differences between the approaches of
Ukraine and EU countries to water resources manage-
ment. In particular, it is important to implement the
Water Framework Directive (2000), which introduces
an integrated approach to water management at the
river basin level. This directive promotes integrated
water management by combining quantitative and
qualitative aspects. Similar approaches are being im-
plemented in Ukraine, but much more slowly than in
the European Union countries. Data analysis showed
that EU countries have made significant strides in im-
plementing water-saving technologies in agriculture.
For example, in Spain and Greece, drip irrigation sys-
tems are widely used, which can save up to 50% of wa-
ter compared to conventional methods. In Ukraine, the
share of land with drip irrigation remains low, due to in-
sufficient funding and low awareness of farmers about
the benefits of this technology. Experts note that the
introduction of modern irrigation systems could signif-
icantly increase the efficiency of water resources use in
Ukrainian agriculture.

Water reuse is also an important aspect of water
management. In EU countries, especially in regions
with limited water resources, technologies for waste-
water treatment and reuse for irrigation are actively
developing. For example, in Spain, more than 100 mil-
lion m® of water is reused annually, which significantly
reduces the load on natural water sources. In Ukraine,
this practice has not yet become widespread, which is
reflected in the following data (Table 3).

Table 3. Comparison of water management performance indicators (2024)

Country Irrigation efficiency (%) Shar?r;;;i?:n":;? drip (mmiac:f\rn:e;/‘;:ar) Water stress index”
Poland 78 15.3 42 1.8
Romania 72 12.7 35 2.1
Bulgaria 70 11.9 28 2.3

Greece 82 22.6 89 3.5

Spain 85 274 124 3.8
Ukraine 60 5.2 12 2.7

Note: water stress index: ratio of total water intake to available renewable water resources
Source: created by the authors based on C. McLennan et al. (2024), Eurostat (2024) and State Service of Ukraine for

Geodesy

The expert survey revealed the key factors that de-
termine the higher efficiency of water resources man-
agement in the EU countries: consistent implementa-
tion of the EU Water Framework Directive, significant
investments in the introduction of innovative irrigation
and water conservation technologies, a developed sys-
tem for monitoring the state of water resources, active
involvement of farmers in programmes to improve
water use efficiency. But in Ukraine, experts noted a
number of significant problems: the obsolescence of
irrigation systems (up to 70% require modernisation

or replacement), the slow introduction of water-saving
technologies due to the lack of financial resources, an
inefficient system for monitoring water resources,and a
low level of awareness of farmers about modern meth-
ods of efficient water use.

Based on the analysis of the situation and recom-
mendations of experts, a set of measures was devel-
oped to overcome the backlog of Ukraine in the field
of water resources management: development and
implementation of a national water resources man-
agement strategy, a large-scale programme for the
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modernisation of irrigation systems, the creation of a
system of economic incentives for farmers, improving
the system of monitoring and management of water
resources. To assess the overall level of compliance
of sustainable land use project management with EU
requirements, an integral index was developed and

calculated for each of the countries under study (Ta-
ble 4). This index considers four key components: requ-
latory compliance, institutional capacity, resource sup-
port, and project performance. Each component was
evaluated on a scale from 0 to 100 points based on
statistical analysis and expert assessments.

Table 4. Integrated EU compliance index (2024)

Country coﬁsll;:\itcoen(lA) Institutio?Ba)l capacity Resource provision (C) Project p(eI;;‘ormance Integral index (1)
Poland 92 85 78 83 85.3
Romania 88 79 72 76 79.5
Bulgaria 85 76 68 72 76.1
Greece 90 82 75 80 824
Spain 95 88 82 87 88.7
Ukraine 65 58 45 52 56.0

Source: created by the authors based on Schillaci et al. (2023), State Service of Ukraine for Geodesy

The integral index was calculated by equation (1).
The results showed that Ukraine lags significantly be-
hind the EU countries in all components of the index.The
greatest lag is observed in terms of resource provision
and project performance. This indicates the need not
only to harmonise legislation and develop institutional
capacity, but also to significantly increase investment
in sustainable land use development projects and im-
prove the efficiency of their implementation in Ukraine.

Recommendations for improving project manage-
ment.Based on the identified differences and successful
practices of the EU countries, it is possible to develop a
comprehensive set of recommendations for improving
the management of sustainable land use development
projects in Ukraine in accordance with EU requirements.
The key element should be the development and im-
plementation of a comprehensive national strategy for
sustainable land use development, which would cover
all three aspects under study: the restoration of de-
graded land, the development of organic farming, and
water resources management. This strategy should be
consistent with relevant EU directives and initiatives, in
particular the EU Soil Strategy for 2030 (2021), Organic
Action Plan, and Water Framework Directive (2000).

In the field of restoration of degraded land, it is
recommended to create a specialised fund to finance
restoration projects, which would combine funds from
the state budget, international financial organisations,
and private investors. It is important to introduce a sys-
tem of economic incentives for landowners who are
actively engaged in the restoration of degraded land,
including tax incentives and subsidies. It is also nec-
essary to develop and implement a modern soil mon-
itoring system that would allow rapid identification of
problem areas and assessment of the effectiveness of
restoration measures. For the development of organic
farming, the key recommendation is to create an ef-
fective system of financial support for farmers during
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the transition to organic production. This system may
include subsidies to cover certification costs, soft loans
to purchase necessary equipment, and compensation
for possible temporary crop declines during the tran-
sition period. It is also important to simplify the certi-
fication procedure for organic products and harmonise
Ukrainian standards with European ones. It is recom-
mended to develop and implement a national infra-
structure development programme for the storage,
processing, and distribution of organic products, which
can be implemented through public-private partner-
ship mechanisms. It is equally important to conduct
large-scale information and educational campaigns to
raise consumer awareness of the benefits of organic
products and stimulate domestic demand.

In the field of water resources management, the
key recommendation is the development and imple-
mentation of a national programme for the modern-
isation of irrigation systems, with a focus on the in-
troduction of water-saving technologies such as drip
irrigation. It is important to create a system of eco-
nomic incentives for farmers who implement efficient
water use methods, including grants for the purchase
of modern equipment and preferential tariffs for irriga-
tion water. It is also recommended to develop technol-
ogies for wastewater treatment and reuse for irriga-
tion, especially in regions with limited water resources.
To enhance institutional capacity, it is important to
establish an interagency coordinating body that en-
sures the coordinated implementation of sustainable
land use policies at all levels. It is also necessary to
develop and implement a comprehensive profession-
al development programme for specialists in the field
of land and water management, which would consider
the best practices of EU countries.

An important aspect is to develop cooperation with
research institutions and universities to encourage in-
novation and transfer knowledge to practical land use.




To improve monitoring and evaluation of the effective-
ness of projects, it is recommended to implement a
single information system that would allow real-time
monitoring of progress in the implementation of sus-
tainable land use development projects and assess
their impact on environmental and socio-economic in-
dicators. This system should be integrated with the rel-
evant European databases to ensure comparability of
indicators. The implementation of these recommenda-
tions will require significant efforts and resources, but
it is critical for ensuring the sustainable development
of the agricultural sector of Ukraine and approaching
European standards of land management. The success-
ful implementation of these measures will not only
contribute to solving environmental problems and
improving agricultural efficiency, but also create new
opportunities for economic growth and integration of
Ukraine into the European space.

DISCUSSION

The results of the study indicate a significant lag be-
tween Ukraine and the EU countries in the field of man-
aging sustainable land use development projects. This
lag is observed in all three key aspects: the restoration
of degraded land, the introduction of organic farming,
and water management. Such results are important for
understanding the current state and prospects for the
development of sustainable land use in Ukraine in the
context of European integration processes.

In the field of restoration of degraded land, Ukraine
shows significantly lower indicators compared to the
EU countries under study. The share of restored land in
Ukraine (8.4%) is almost half that of the EU countries
(14.1-19.2%), and the volume of investment in resto-
ration (310 EUR/ha) is 2-3 times lower. These findings
are consistent with the study by P. Borrelli et al. (2020),
which identified high risks of soil erosion in Eastern Eu-
ropean countries, including Ukraine, and stressed the
need to step up efforts to restore degraded land. The
results also support the findings of T.V. Lisova (2024) on
the need to improve the regulatory framework and in-
crease the institutional capacity of Ukraine in the field
of land management. It is important to note that the
low efficiency of restoring degraded land in Ukraine
(4.3 points out of 10) compared to the EU countries (6.5-
7.5 points) can be associated not only with insufficient
funding, but also with the use of outdated technologies
and methods. This confirms the arguments of A. Vitale
and C.Salvo (2024) on the importance of implementing
modern geoinformation systems and remote sensing
technologies for effective land management.

In the field of organic farming, the results of the
study show an even more significant lag in Ukraine.
The share of organic land in Ukraine (1.1%) is signifi-
cantly lower than in the EU countries (3.5-10.3%), and
the number of certified organic producers per 100,000
population in Ukraine (3.2) is 3-10 times less than in
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the EU countries under study. These data are consistent
with conclusions of |. Soares et al. (2024) on the impor-
tance of integrating sustainability principles into all as-
pects of project management in the agricultural sector.
Especially important is the significant lag of Ukraine
in terms of Organic Market Development (EUR 8 per
capita compared to EUR 35-95 in the EU countries).
This confirms the arguments of E. Butenko and Y. Los-
hakova (2019) on the need for an integrated approach
to the development of the organic sector, which would
include not only supporting producers, but also stimu-
lating demand for organic products.

In the field of water resources management, the
results of the study also indicate a significant lag in
Ukraine. Low irrigation efficiency (60% compared
to 70-85% in the EU) and a small share of land with
drip irrigation (5.2% compared to 11.9-27.4% in the
EU) indicate the need to modernise irrigation systems
in Ukraine. These results support the conclusions of
P.A.Schulte et al. (2022) on the importance of introduc-
ing innovative technologies to improve the efficiency
of water resources use in agriculture. It is important to
note that the low level of water reuse in Ukraine (12
million m3/year compared to 28-124 million m3/year
in the EU countries) indicates the need to develop
technologies for wastewater treatment and reuse for
irrigation. This is consistent with recommendation of
D. Stober et al. (2021) on the integration of sustainable
development principles into water management pro-
cesses. The analysis of the integral index of compliance
with EU requirements shows that Ukraine significantly
lags behind the countries under study in all compo-
nents: regulatory compliance, institutional capacity,
resource support, and project performance. Particular-
ly low indicators of Ukraine in terms of resource pro-
vision components (45 points compared to 68-82 in
the EU countries) and project performance (52 points
compared to 72-87 in the EU countries) confirm the
conclusions of I. Fazey et al. (2020) on the need for
an integrated approach to implementing sustainable
development principles in land use.

It is important to note that the identified problems
in the field of managing sustainable land use devel-
opment projects in Ukraine are systemic in nature and
require a comprehensive solution. This is consistent
with the conclusions of J. Newig et al. (2023) on the
importance of effective interaction between different
groups of stakeholders to improve the quality of man-
agement decisions in the field of land use. The results
of the study also support arguments of F. Terribile et
al.(2024) on the positive impact of European directives
and programmes on the development of sustainable
land use practices. Significantly higher indicators of EU
countries in all the studied aspects indicate the effec-
tiveness of the European policy in the field of sustain-
able land use development. An important aspect iden-
tified in the course of the study is the significant lag of
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Ukraine in the implementation of innovative technol-
ogies for land and water resources management. This
the findings of L. Kong et al. (2020) on the importance
of using big data and artificial intelligence technolo-
gies to optimise land use. The results of the study also
indicate the need to develop economic mechanisms for
stimulating sustainable land use in Ukraine. Low invest-
ment rates in the restoration of degraded land and the
development of organic farming support arguments of
B.Bartkowski et al. (2020) on the importance of effective
economic regulatory instruments in the field of land use.

Special attention should be paid to the signif-
icant lag of Ukraine in the development of organic
farming. This confirms the conclusions of R.M. Petres-
cu-Mag et al. (2019) on the need to implement inte-
grated approaches to rural development that would
simultaneously address the challenges of landscape
conservation, maintaining biodiversity, and ensuring
the economic viability of rural communities. It is im-
portant to continue studying the impact of sustainable
land use policies on the socio-economic development
of regions. The results of the study are also consistent
with the findings of L. Scheurer and A. Vranken (2024)
on the need to develop a methodology for evaluating
the effectiveness of sustainable land use projects that
would consider both environmental and socio-eco-
nomic aspects. The analysis of the results of the study
also highlights the need to develop a system for mon-
itoring and evaluating the effectiveness of sustainable
land use projects in Ukraine. This is in line with rec-
ommendations of U. Sakthi et al. (2023) on the use of
blockchain technologies and the Internet of Things to
improve transparency and efficiency of land manage-
ment. Special attention should be paid to problems in
the field of water resources management in Ukraine,
considering global climate changes, which is confirmed
by the conclusions of P. Borrelli et al. (2020), B. Rexha et
al. (2024) on the need to develop adaptive land-use
strategies for climate change.

The results of the study highlight the need for sig-
nificant changes in approaches to managing sustain-
able land use development projects in Ukraine. A sig-
nificant lag behind the EU countries in all the aspects
under study indicates the need for a comprehensive
solution to problems, which would include improving
the regulatory framework, strengthening institutional
capacity, increasing investment, and introducing inno-
vative technologies. Overcoming this gap is critical not
only for ensuring the sustainable development of the
agricultural sector of Ukraine, but also for the success-
ful European integration of the country. The implemen-
tation of European standards and practices in the field
of land and water resources management will not only
increase the efficiency of agriculture and solve environ-
mental problems, but also open up new opportunities
for economic growth and integration of Ukraine into
the European space.
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The results of the study also indicate the need for
further scientific research in the field of evaluating the
effectiveness of sustainable land use development pro-
jects, developing innovative technologies for land and
water resources management, and studying the impact
of sustainable land use policies on the socio-econom-
ic development of the regions of Ukraine. These areas
of research should become a priority for the Ukrainian
scientific community in the context of the country’s Eu-
ropean integration aspirations and global challenges to
sustainable development.

CONCLUSIONS

The study comprehensively analysed the management
of sustainable land development projects in Ukraine
and the EU countries, focusing on three key aspects:
restoration of degraded land, introduction of organic
farming, and water resources management. The re-
sults of the study revealed a significant lag of Ukraine
from the studied EU countries in all the parameters
considered. In the field of restoration of degraded
land, it was found that the area of restored land in
Ukraine (8.4% of the total area of degraded land) is
almost twice less than the average for the EU coun-
tries under study (16.8%). Investment in land restora-
tion in Ukraine (310 EUR/ha) accounts for only 39%
of the EU average (792 EUR/ha). The recovery effi-
ciency estimated by experts in Ukraine (4.3 points) is
significantly lower than the average of the EU coun-
tries (7 points). Analysis of the development of organ-
ic farming showed that the share of organic land in
Ukraine (1.1% of the total agricultural area) is almost
6 times less than the average indicator of the studied
EU countries (6.7%). The number of certified organic
producers in Ukraine (3.2 per 100,000 population) is
6.4 times less than the EU average (20.5). The market
of organic products in Ukraine (EUR 8 per capita) is 8
times less than the average of the EU countries (EUR
64). In the field of water resources management, it was
found that irrigation efficiency in Ukraine (60%) is sig-
nificantly lower than the EU average (77.4%). The share
of land with drip irrigation in Ukraine (5.2%) is 3.5
times less than the average of EU countries (18%).The
volume of water reuse in Ukraine (12 million m3/year)
is 5.3 times less than the average of the EU countries
(63.6 million m3/year). The calculation of the integral
index of compliance with EU requirements showed
that Ukraine (56 points) significantly lags behind the
average of the EU countries surveyed (82.4 points). The
greatest lag is observed in terms of resource provision
and project performance. Based on the identified dif-
ferences and successful practices of the EU countries,
a set of recommendations has been developed to im-
prove the management of sustainable land use devel-
opment projects in Ukraine. The key recommendations
are: development of a comprehensive national strate-
gy; creation of specialised funding funds; introduction




of economic incentives; modernisation of monitoring
systems; harmonisation of standards with the EU and
large-scale educational campaigns.

Among the limitations of the study, it is worth not-
ing the insufficient consideration of regional features
of implementing the principles of sustainable land use
in Ukraine and the limited number of experts involved.
In addition, the impact of land reform on the possibili-
ties of implementing European land use standards was
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the study of the impact of climate change on land use
practices and the improvement of methods for eval-
uating the effectiveness of sustainable development
projects. Special attention should be paid to the study
of mechanisms for involving various groups of stake-
holders in the management of sustainable land use de-
velopment projects and the development of economic
instruments to encourage sustainable practices.

not considered in detail. Promising areas for further re- ACKNOWLEDGEMENTS
search are the analysis of the impact of land reform  None.
on the implementation of the principles of sustainable
land use, the development of differentiated approaches CONFLICT OF INTEREST
to project management in different regions of Ukraine, None.
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AHoTauif. MeToto pocnigxkeHHs 6yno npoBefeHHs NOPiBHANBHOIO aHaNi3y ynpaB/iHHS NPOEKTAMM CTaNoro po3BUTKY
3eMNeKOpUCTYBaHHS B YKpaiHi Ta kpaiHax €CTa po3pobka pekoMeHau,ii WoA0 BAOCKOHANEHHS YKPATHCbKMX MPAKTUK
BignoBigHo fo BMMor €sponericbkoro Coto3y. Metoponorig 6a3yBanacs Ha CUCTEMHOMY NiAXOAi Ta BKAKOYaNa aHani3
CTaTUCTUYHUX OAHWX, NPOBELEHHS eKCMEePTHOrO OMUTYBAHHSA Ta PO3paxyHOK iHTErpasbHOro iHAeKCy BiAMnoBiAHOCTI
BuMoram €C. [locnigKeHHS 30CcepenyBanocs Ha TpbOX KAKYOBMX acrnekTax: BiAHOBMNEHHI AerpafloBaHUX 3eMefb,
BNPOBAMKEHHI OpraHiyHoro 3emnepobcTBa Ta ynNpaBAiHHI BOAHWMMM pecypcamu. Pesynbtat BUSBMAKM 3HaAuHe
BiACTaBaHHS YKpaiHM 3a BCiMa AO0CHigKyBaHMMM napameTrpamu. Y cdepi BiLHOBNEHHS [erpagoBaHMX 3eMefb
BCTAHOB/EHO, LU0 NIOLLA BiAHOBNEHWX 3eMenb B YKpaiHi (8,4 % Big, 3aranbHOi NAoLWi AerpagoBaHNX 3eMenb) Maxe
BABIYi MEHLUA 33 CepefHii NOKa3HMK AOCNigKyBaHMX KpaiH €C (16,8 %). IHBecTMLiT y BiGHOBNEHHS 3eMenb B YKpaiHi
(310 €/ra) ctaHoBnatb avwe 39 % Big cepenHboro nokasHuka KpaiH €C (792 €/ra). AHani3 po3BUTKY OpraHiyHoro
3eMn1epobCTBa NMoOKasaBg, WO YacTka opraHiyHux 3emenb B YkpaiHi (1.1 % Bifg 3aranbHOi CinbCbKOrocnoAapCbKoi
NAoLLi) Mamxe B 6 pa3iB MeHLUA 3a CepefHii NOKa3HMK AocniaxyBaHux kpaiH €C (6,7 %). KinbkicTb cepTudikoBaHUX
OpraHiyHMx BUpobHumKiB B YKpaiHi (3,2 Ha 100 000 HaceneHHs) y 6,4 pa3u MeHLa 3a cepefHii NnokasHuK kpaiH €C.
Y cdepi ynpasniHHg BOAHUMU pecypCammn BUSBEHO, WO edeKTUBHICTb 3poLeHHs B YkpaiHi (60 %) 3Ha4YHO HMXKYa
3a cepefHivi nokasHuk kpaiH €C (77,4 %), a yacTka 3eMenb 3 KpanenbHUM 3poLieHHAM B YkpaiHi (5,2 %) y 3,5 pa3u
MEHLA 33 cepefHiin nokasHuk kpaiH €C (18 %). Po3paxyHOK iHTerpanbHoOro iHAeKkcy BignoBigHocTi BuMoram €C
nokasas, wo YkpaiHa (56 6aniB) CyTTEBO BiACTAE Bif CepefHbOro MOKa3HWMKa AOCNILKYBaHWX kpaiH €C (82,4 6anu).
Ha ocHoBi BMsABNEHMX BIAMIHHOCTEW Ta YCNiWHMX NPaKTUK KpaiH €C po3pobneHo KoMMnekc pekoMeHAauin ans
BAOCKOHANIEHHS YNPaBiHHA MPOEKTAMM CTANOr0 PO3BMTKY 3EMNEKOPUCTYBAHHS B YKpaiHi. KntoyoBi pekomMeHaauii
BK/IIO4AIOTb PO3POOKY KOMMIEKCHOI HALiOHAaNbHOI CTpaTerii, CTBOPEHHS cnewuianizoBaHMX (QOHAIB (iHAHCYBaHHS,
BMPOBAOXKEHHS €KOHOMIYHUX CTMMYNiB, MOAEPHI3aALI0 CUCTEM MOHITOPMHIY, rapMoHi3aulito ctaHzapTiB 3 €C Ta
npoBeAeHHs MacwTabHMX OCBITHIX KaMnaHii. JocnimkeHHs niakpecntoe HeobXifHICTb CYyTTEBOr0 BAOCKOHANEHHS
niaxXoniB 40 yNpaBAiHHS NPOEKTAMM CTANIOr0 PO3BUTKY 3€MNEKOPUCTYBAHHS B YKpaiHi 418 HABAMXKEHHS A0 CTaHAApTIB
€C 1a 3abe3neyeHHs ePeKTUBHOrO BUKOPUCTAHHS 3eMeNlbHUX pecypciB

KntouoBi cnoBa: ekonorivyHa eheKTUBHICTb; IHCTUTYLiIMHA CNPOMOXHICTb; iIHTErpaNbHUI iIHAEKC; EKOHOMIYHI CTUMYNIK;
afanTaLig 3aKoHO4ABCTBA; iIHHOBALLIMHI TEXHONOTIT

Scientific Horizons, 2024, Vol. 27, No. 10



https://orcid.org/0000-0001-7663-5991
https://orcid.org/0000-0002-1005-1229
https://orcid.org/0000-0001-6012-6666
https://orcid.org/0000-0002-3691-7975
https://orcid.org/0009-0009-1604-5952
https://doi.org/10.1007/978-3-031-59925-5_10
https://economics-msu.com.ua/uk/journals/tom-11-1-2024/upravlinnya-ta-administruvannya-finansovikh-resursiv-z-vikoristannyam-tsifrovikh-tekhnologiy

XypHan
«HAYKOBI FOPU30OHTU»

Tom 27,N2 10
2024

PeparyBaHHSA aHIIOMOBHMX TEKCTIB:
C. Boposcbkui

BianosiganbHui1 pepakrop:
[. Kokpa

PeparyBaHHa 6i6niorpagiuHmx cnuckiB:
[. Kokpa

Komn'toTepHa BepcrTKa:
O. MiHueHko

MignucaHo po opyky 3 opuriHan-maketa 25.09.2024
YM. opyk. apk. 19
Tupax 100 npum.

BupasHuuTBO: [M0NICHKMI HALiOHANBHUI YHIBEpCUTET
10008, 6-p Crapuit, 7, M. XXutomup, YkpaiHa
Ten. (0412) 22-04-17
E-mail: info@sciencehorizon.com.ua
https://sciencehorizon.com.ua


https://sciencehorizon.com.ua

Journal
"SCIENTIFIC HORIZONS"

Volume 27, No. 10
2024

Editing English-Language Texts:
S.Vorovsky

Managing Editor:
D. Kokra

Editing Bibliographic Lists:
D. Kokra

Desktop Publishing:
0. Glinchenko

Signed to the print with the original layout 25.09.2024
Conventional Printed Sheet 19
Circulation 100 copies

Publisher: Polissia National University
10008, 7 Staryi Bvld., Zhytomyr, Ukraine
Tel. (0412) 22-04-17;

E-mail: info@sciencehorizon.com.ua
https://sciencehorizon.com.ua/en


https://sciencehorizon.com.ua/en

