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the quality of pork. the following methods are used to fulfil the purpose of the study: zootechnical (live weight
dynamics, determination of average daily and relative gains), biochemical (analysis of chemical composition
and microelement content in muscles, indicators of pork quality: moisture content, tenderness, marbling, colour
intensity), morphological (slaughter yield parameters determination), and statistical (identification of substantial
differences between values). The effectiveness of the chelated copper complex with glycine on the growth intensity
of pigs, slaughter parameters, chemical and microelement composition of muscles, and pork quality indicators
after cold storage is investigated. It is established that the additional introduction of a chelated copper complex
into the diet increased the intensity of average daily weight gain of pigs by 9.1% and relative live weight gain
by 4.5 percentage points. From pigs of this group, heavier carcasses were obtained by 4.5 percentage points with
a smaller fat thickness over the 6-7 thoracic vertebra by 10.6% and an internal fat mass of 7.5%, and 9.7% more
internal organs. Pork was obtained from animals of the experimental group with a lower fat content by 10.0
percentage points, a higher protein content - by 3.9 percentage points, and ash - by 12.1 percentage points. The
diet with a chelated copper complex increased the moisture capacity and tenderness of pork after cold ageing,
and helped reduce the caloric content of meat. The concentration of minerals in muscle tissue in the experimental
group was higher in terms of copper, manganese, cobalt, iron, and zinc. Based on the obtained data, the possibility
of effective feeding of the copper chelate complex with glycine to fattening pigs was established

Keywords: young pigs; live weight; microelement additive; chelated copper; slaughter yield; internal organ yield;

meat quality

INTRODUCTION

It is necessary to provide proper feeding for the young
animals, ensuring that they receive all the necessary
nutrients to achieve the full genetic potential of meat
breed pigs. This problem can be solved by using feed
additives of various origins and therefore the diets of
animals are determined depending on their physio-
logical state and level of productivity, which proves the
relevance of the chosen subject. The studies conducted
by Ukrainian and foreign researchers A. Hutsol et al.
(2018) and O. Skoromna et al. (2019) show that the use
of feed with a sufficient amount of all the necessary
nutrients contributes to the achievement of high rates
in the reproduction, growth, development, and fat-
tening of pigs. A variety of feed additives are used to
improve feed consumption and increase the efficiency
of its use, achieve maximum productivity, and obtain
better quality products. Among feed additives, enzyme
preparations, protein, amino acid, mineral and vitamin
supplements, probiotics, prebiotics, and acidifiers are
often used. Feed additives with antibacterial and im-
munostimulating properties, such as acidifiers, copper,
and zinc, are added to the diets of pigs to maintain a
balanced microbiota in the gastrointestinal tract and
to control pathogens. Betaine and the trace element
chromium, have a positive effect on energy and lipid
metabolism in the pig body, which is described in the
study by R.Fu et al. (2021). Animals are fed supplements
containing enzymes to improve the absorption of nutri-
ents and have a positive effect on the state of the gas-
trointestinal tract. However, the data obtained on the
use of these additives and their impact on pig growth
productivity vary from one researcher to another. They
explain such discrepancies in the results obtained by
the physiological state of development of animals, the
period of their rearing and fattening.
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O.Skoromna et al. (2019) noted that the importance
of micronutrient supplements to the animal diet lies in
the fact that they are involved in the formation of cells,
tissues, organs, physiological, catalytic and regulatory
functions in animals, and accordingly their inclusion in
the animal diet is necessary. Mineral supplements are
added to the pig’s diet to improve health, digestion, and
productivity (Myronenko & Usachova, 2022). Depend-
ing on the phase of pork production, a different amount
of each mineral element is required in the animals’
diet. The results of the study by N. Grushanska et al.
(2018) and S. Villagémez-Estrada et al. (2020) confirm
the positive effect of mineral supplements to improve
the mineral status of piglets in rearing. They also es-
tablished that in the case of excessive accumulation of
these elements in the tissues, they are removed from
the body. Maintaining 50% of the need for copper, iron,
manganese, and zinc in a diet based on corn and soy
meal is justified. A decrease in the content of certain
trace elements (zinc, copper, manganese and iron) in
the diets of pigs does not negatively affect the produc-
tivity of animals, but it causes a substantial decrease in
the release of these minerals from the faeces. The main
factor affecting the elimination of mineral elements
is their concentration in feed and does not depend on
the source of origin.J. Faccin et al. (2023) confirmed an
increase in the use of alternative sources of chelated
minerals, such as copper, manganese, selenium, and
zinc. Feeding diets with organic trace elements included
leads to an improvement in meat quality indicators.
X.Bo et al.(2022) explain this by greater enzyme activi-
ty and protein biosynthesis. Under such conditions, pork
is more resistant to protein oxidation, pork belly has
a greater moisture-retaining ability. The concentration
of complex minerals (calcium, zinc, copper, magnesium,
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manganese, iron) in the diet of pigs improves the effi-
ciency of feed use and meat quality, while not affecting
the percentage of lean meat.

Copper is a component of metalloenzyme systems,
and it can activate enzymes to better function in various
biochemical processes. C.Espinosa & H. Stein (2021) ar-
gue that the growth-stimulating effect of copper occurs
in pigs of different ages due to a decrease in the fre-
quency of diarrhea and an increase in the efficiency of
feed use by the body. They attribute this improvement
to the effect of copper on enzymes involved in diges-
tion and lipid metabolism. A number of authors, such as
X. Li et al. (2022) state that the quality of meat is not
affected by the dose of copper in the diet of animals.

After analysing the above studies, it was determined
that the problem of proper feeding of young pigs has not
been sufficiently examined, so the purpose of the study is
to investigate the effect of copper chelate on the growth
rate of pigs, slaughter indicators, and pork quality.

MATERIALS AND METHODS

The scientific-economic study was conducted at the “Ple-
banivskyi Sad” farm in Vinnytsia region, Ukraine, during
2022-2023, focusing on the hybrid piglets F1 (Velyka
BilaxLandras). For this purpose, 24 pig heads with an av-
erage initial live weight of at least 32 kg were selected,
which were divided into various feeding rations and
raised to a final live weight of approximately 110-120 kg.
The selected hybrid piglets were divided into 2 groups
of 12 heads each. Groups of experimental animals were
formed by the method of analogue groups, considering
such factors as origin, age, gender, and live weight. The
piglets involved in the study were obtained from sows of
the Velyka Bila x Landras breed. In the course of studies
related to feeding fattening pigs, a complete mixed feed
was used that met the nutritional requirements for pigs
and provided them with all the nutrients.

Piglets aged 75 days were selected for testing. At
the beginning of the experiment, the pigs were given
mixed feed “Grower”, in the second period of fatten-
ing - mixed feed “Finisher”. The period of feeding mixed
feed “Grower” lasted 35 days, “Finisher” - 55 days. In the
first period of fattening, piglets were fed mixed feed
“Grower” until they reached a live weight of 65 kg. The
composition of mixed feed “Grower” included: corn -
25%, wheat - 25%, barley — 23%, sunflower meal - 12%,
wheat bran - 7%, soy cake - 3%, protein mineral vita-
min supplements (PMVS) - 5%. The nutritional value of
such a diet was 2173 Kcal in terms of metabolic energy,
157 g of digested protein. During the second fattening
period, the pigs were fed mixed feed “Finisher” until they
reached a live weight of 110 kg. The composition of this
mixed feed included: barley - 38%, wheat - 24%, wheat
bran - 12%, corn - 9%, sunflower meal - 9%, PMVS -
4%. In terms of nutritional value, mixed feed provided
the body of pigs with 2051 kcal of metabolic energy,
and 148 g of digestible protein. Pigs of the control and
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experimental groups were fed the main diet. Addition-
ally, a mineral supplement was added to the diet of ex-
perimental pigs of the second group chelate complex
copper, which contains 5% copper, 20% glycine. The test
additive was given to pigs together with water, at the
rate of 0.3 kg/ton of water. During the entire fattening
period, pigs had arbitrary access to feed and water.

Pig growth was monitored by individual weigh-
ing at the beginning and end of each fattening period.
Based on the results of weighing, the live weight of
animals, average daily, absolute and relative weight
gains during the experiment were determined. In the
experiments, the consumed feed was recorded and the
consumption of mixed feed per 1 kg of pork growth was
calculated. Growth efficiency was evaluated by the av-
erage daily and relative live weight gain.

At the end of the experiment (day 110), 4 pigs were
selected from each group that were not fed for 12
hours, and then slaughtered by electric shock (250 V,
0.5 A, for 5-6 seconds) to assess the effect of the copper
chelate complex on slaughtering and pork quality. The
long back muscle and internal organs (liver, spleen, kid-
neys, heart) were removed and weighed on an electric
scale. In the muscle tissue of pigs, the physico-chem-
ical parameters of the longest back muscle were deter-
mined: the level of initial moisture - by drying samples
at a temperature of 60-65°C; hygroscopic moisture -
by drying the suspension in a drying cabinet at a tem-
perature of 103%2°C; protein content - by Kjeldahl's
method; moisture retention capacity and tenderness-by
pressing; caloric content-by mathematical calculation
method based on chemical composition; acidity (ph) -
by potentiometric method using a pH meter; colour in-
tensity — using a photoelectrocolourimeter. Qualitative
indicators of pork in terms of mineral content were de-
termined by atomic absorption spectrometry on PRK-1M.

Data analysis was performed using variance analysis
(ANOVA) using Excel 2010 software. The data is expressed
as the average value of x*SD. Differences between the
groups were considered statistically substantial at P<0.05
(adjusted for Bonferroni), comparisons were classified as
substantial (P<0.05) or insubstantial (p>0.10). ALl experi-
mental studies were conducted in accordance with mod-
ern methodological approaches and in compliance with
the relevant requirements and standards, in particular,
they meet the requirements of DSTU ISO/IEC 17025:2005
(2006). The keep of animals and all manipulations were
conducted in accordance with the Order by the HCM of
Ukraine No.416/20729 on the “Approval of the Procedure
of Animal Tests in Research Institutes” (Law of Ukraine
No. 249, 2012), the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and
other Scientific Purposes (European convention..., 1986).

RESULTS AND DISCUSSION

Studies conducted with additional administration of
copper chelate complex show a positive effect on the
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growth dynamics of pigs, slaughter indicators, and the
quality of the resulting pork.The use of a chelated copper
complex in the diet of fattening pigs (the second group)

increased their live weight by 5.6% (p<0.05) in 110 days
and by 6.5% (p<0.05) at 165 days in comparison with

the indicators of animals of the control group (Table 1).

Table 1. Growth rate of fattening pigs and feed payment for the introduction
of a chelated copper complex into the diet, xxSD, n=12

Indicator

Group

control (MD) experimental (CC)

Live weight of pigs at the beginning of the feeding period of mixed feed “Grower” (75 days), kg 32.5%0.9 32.6x0.7
Live weight of pigs at the end of the feeding period of mixed feed “Grower” (110 days), kg 62.6%2.2 66.1%+1.5
Absolute increase 30.1¢1.1 33.5+0.96'

Average daily increase in live weight of pigs during the period of feeding mixed feed “Grower”, g 860+24 957+22"
Relative increase in live weight of pigs during the period of feeding mixed feed “Grower”, % 63.3%1.2 67.9+1.3
Live weight of pigs at the end of the Finisher’s mixed feed period (165 days), kg 112.5+8.4 119.8+7.9
Absolute increase 49.9+1.0 53.7#1.1

Average daily increase in live weight of pigs' during the period of feeding mixed feed to the 90817 976423

Finisher, g

Relative increase in live weight of Pigs during the period of feeding mixed feed to the Finisher, % 57.0%2.1 57.8%£1.9°
Average daily live weight gain for the study fattening period 888+19 969+25"

Note: * - P<0.05; ™ - P<0.01; ™ - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors

Additional feeding of the copper chelate complex
with mixed feed “Grower” increased the average daily
growth in pigs by 11.3% (p<0.01), and during the period
of feeding mixed feed “Finisher” - by 7.5% (p<0.05). For
the entire study period of fattening animals, the aver-
age daily weight gain was higher in the second group
by 9.1% (p<0.01). This accordingly had a positive ef-
fect on the relative increase in live weight of pigs. The
supplement contributed to an increase in this indi-
cator during the fattening period by 4.5 percentage
points. Slaughter rates in pigs of both groups differed
depending on the feeding diet. The use of a copper

chelate complex in feeding fattening pigs increased
the slaughter yield by 4.5 percentage points (p<0.05)
compared to the animals of the control group. Pigs of
the experimental group had a smaller fat thickness
over the 6-7 thoracic vertebra by 10.6% (p<0.001). Ac-
cording to the indicator of the area of the “muscle eye”,
the best results were obtained in pigs for feeding the
copper chelate complex, in which the advantage was
6.3% (p<0.05). Under the influence of a mineral sup-
plement in the second group, the weight of internal
fat decreased by 7.5% (p<0.05), the weight of the front
legs increased by 4.2% (Table 2).

Table 2. Indicators of pig slaughter with additional introduction
of a chelated copper complex into their diet, xxSD, n=4

i Group
Indicator .
control (MD) experimental (CC)
Pre-slaughter weight, kg 111.2+3.8 115.63.2
Slaughter weight, kg 81.3£2.4 88.4£2.9
Slaughter yield, % 73.1%1.2 76.4x1.1
Lard thickness over 6-7 thoracic vertebra, mm 32.1+0.9 28.7+0.8™"
Internal fat, kg 1.74*0.06 1.61%0.04
Area of the “muscle eye”, cm? 44.3%0.8 47.1+0.9°
Head weight, kg 4.2%0.07 4.7%0.03
Leg weight, g:
front 76324 795%28
rear 804£23 803.5¥1.97

Note: * - P<0.05; ™ - P<0.01; ™ - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors
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The effect of a mineral supplement on the mass
of internal organs was determined from the conduct-
ed studies. Under the influence of the test drug, liver
weight increases by 12.7% (p<0.001), hearts - by 10.0%
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(p<0.01), lungs - by 10.0% (p<0.001). There was also a
slight increase in kidney mass by 4.4% and a decrease
in spleen mass by 4.3% compared to the control data
(Table 3).

Table 3. Weight (g) and slaughter yield (%) of internal organs of pigs with additional introduction
of a chelated copper complex into their diet, g, x * SD, n=4

. Group
Indicator
control (MD) experimental (CC)
Liver, g 1832+46 2064+48™
% 1.65+0.08 1.78+0.05
Heart, g 378%17 416+19”
% 0.34%0.02 0.36%0.03
Lungs 485+12 542+18™
% 0.44%0.07 0.47%0.06
Kidneys 33937 354%23
% 0.30+0.02 0.31£0.03
Spleen 188+34 161£27
% 0.17+0.01 0.14%0.02
Mass of internal organs, g 322647 3539+93"

Note: * - P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors

In general,9.7% more internal organs were received
from pigs of the experimental group (p<0.01). Feeding
pigs a chelated copper complex in the diet increases
not only the total slaughter yield but also the slaughter
yield of internal organs. Correction of diets with trace
elements increases the yield of the liver and heart by 7.8
percentage points and 5.9 percentage points, lungs -
by 6.8 percentage points. There was a slight increase
in renal yield by 3.3 percentage points and a decrease
in spleen yield by 17.6 percentage points compared to
the control data. Important indicators for fattening pigs
are meat qualities, in particular, chemical composition,

caloric content, marbling, and tenderness of meat. The
nutritional value of meat depends on the quantitative
ratio of moisture, protein, fat, mineral elements, and in-
dicators of pork. The use of a copper chelate complex
in pig feeding slightly increases the level of dry matter
in meat of the second group. In meat samples of this
group, the protein content and ash residue increased
by 3.9 percentage points and 12.1 percentage points,
respectively (p<0.001). Therewith, there is a decrease in
the fat content in the meat of pigs that were fed the ex-
amined mineral preparation by 10.0 percentage points
(p<0.01) (Table 4).

Table 4. Chemical composition of pig meat with additional introduction
of a chelated copper complex into their diet, % (x£SD, n=4)

Grou,
Indicator P -
control (MD) experimental (CC)
dry matter, % 91.6%£2.4 92.3%2.7
Protein, % 64.82.6 67.3%2.4
Fat, % 22.8+0.7 20.5%0.9
Ash 3.3+0.1 3.7%0.1"

Note: * - P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors

The moisture-retaining properties of meat affect
its technological characteristics, namely, juiciness and
tenderness. When storing pork, these indicators vary
depending on the shelf life and feeding factor of pigs.
Moisture capacity is a substantial characteristic of meat

and is determined by the amount of bound moisture in
it. The more bound water contained in meat, the higher
its technological properties will be. The action of the
copper chelate complex leads to an increase in bound
moisture in the muscles of pigs, which indicates an
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increase in the juiciness of muscle fibres. When using
the copper chelate complex, no changes were identi-
fied in the acidity, colour intensity, and tenderness of
pig meat compared to the control sample. Marbling
indicates the ratio of muscle to adipose tissue and is
an important indicator that affects the taste and level

of intramuscular fat in pork. It was established that
feeding a mineral additive of the copper chelate com-
plex led to a slight increase in the content of total and
bound moisture in pig meat after daily exposure. The
mineral supplement examined did not affect the active
acidity value of the pH of meat (Table 5).

Table 5. Indicators of pork quality after ageing with the additional introduction
of a chelated copper complex into their diet, xSD, n=4

Daily exposure time

30-day exposure time

Indicator Group
control (MD) experimental (CC) control (MD) experimental (CC)
Total humidity, % 74.8%2.1 75.1%2.4 74.3%1.8 74.9+1.7
incl. bound, % 42.5%0.9 43.4+0.9 42.1+0.8 43.3+0.6
ph 5.6%0.2 5.6%0.2 5.4%0.2 5.4%0.2

colour intensity, E-0° 14.6+0.18 15.1+0.13 11.7+x0.4 11.3+0.5

Tenderness, cm?/g 287%12 328+13° 238+14 282+11°

Marbling 11.8+0.2 10.1+04™ 9.6%0.2 8.2+0.3™
Caloric content, KJ 4818+43 4727%39° 4442+3) 4193+64™

Note: * - P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors

The presence of adipose tissue gives pork tender-
ness and increased caloric content. However, a large
amount of fat in meat leads to a decrease in protein
levels, which in turn reduces its nutritional value. Due
to the action of the copper chelate complex, there is an
increase in the tenderness of meat by 14.3% (p<0.05)
and a decrease in the level of marbling - by 14.4%
(p<0.001) compared to the corresponding indicators in
the control. According to the results of the calculation,
it was identified that a decrease in the fat content in
the meat of pigs of the experimental group affected a
decrease in its caloric content by 1.9%.

Long-term storage of pork in a frozen state for 30
days has made some changes in its quality indicators.
It has reduced the level of total and bound moisture.
In addition, during the 30-day ageing of frozen pork,
there was a decrease in its colour intensity in the con-
trol group by 19.8%, in the experimental group - by
25.1%, marbling - by 18.6% and 18.8%, respectively.
In addition, long-term storage of pork made changes

in the caloric content of meat, this indicator decreased
in the control by 7.8%, in the experimental group - by
11.3%. Slightly better indicators were obtained in the
experimental group, where a chelated copper complex
was introduced into the diet of pigs. In terms of col-
our intensity in the samples of this group, compared
with pork of animals that were fed the main diet, the
decrease was by 21.2 percentage points, marbling -
almost at the same level. The copper chelation com-
plex also made changes in the caloric content of pork.
Higher-calorie pork was obtained in the control group
of animals.

Analysis of the chemical composition of pork iden-
tified changes in the selected samples depending on
the diet of pigs. The additional introduction of a che-
lated copper complex into the diet of animals led to an
increase in the content of zinc in the muscles of pigs by
7.7% (p<0.001), manganese - by 13.2% (p<0.001), cop-
per - by 18.6% (p<0.001), cobalt - by 22.8% (p<0.01),
and iron - by 8.4% (p<0.001) (Table 6).

Table 6. Microelement composition of pig muscles with additional introduction
of a chelated copper complex into the diet of animals (xSD, n=4)

Group
Indicator X
control (MD) experimental (CC)

Zinc, mg/kg 138.7%2.3 149.4£2.6™
Manganese, mg/kg 0.83+0.01 0.94+0.02™
Sulfur, mg/kg 7.78%0.11 9.23%0.12™
Cobalt, mg/kg 2.02+0.11 2.48+0.14"

Iron, mg/kg 72.5%1.4 78.6%1.5"

Note: * - P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors
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Thus, high-quality pork in terms of the content of
trace elements (zinc, copper, manganese, and cobalt) was
established in the group of pigs that were additionally
injected with a chelated copper complex in the diet.
Pig breeding in Ukraine has been expanding in the area
of industrial production in recent years and is becoming
competitive on the world market. For this purpose, sub-
stantial efforts are being made to increase production
volumes and improve the quality of pork. These data are
consistent with other researchers who believe that che-
lated forms of trace elements are effective in feeding an-
imals. According to the results of the study, it was estab-
lished that the chelated complex of copper with glycine
affects the growth rate of pigs, slaughter indicators, and
pork quality. Indicators of animal growth intensity are in-
fluenced by a number of factors,among which the breed
and feeding factors (Garmatyuk et al.,, 2020). Interbreed-
ing substantially increases the average daily live weight
gain of pigs (Karpenko, 2020). In the conducted studies
on examining the effect of additional administration of a
copper chelate complex, hybrid young animals of Velyka
BilaxLandras were used. Copper is used in pig feeding
as an additive to stimulate animal productivityVarious
sources of copper can alter the composition of the gut
microbiota and improve gut health (Xiong et al, 2023).
The use of unconventional natural mineral additives in
diets for fattening young pigs led to more efficient use
of minerals in diets, which contributed to more intensive
growth of animals and reduced feed costs per unit of
production (Bomko & Baranyuk, 2017; Verbelchuk et al,,
2021). Given the limited amount of copper supplements
in pigs’ diets, the use of chelated copper may be an alter-
native to maintain the effect of stimulating growth and
reducing exposure to the environment.

Mineral supplement based on chelated trace el-
ements (copper, zinc, iron, manganese), examined by
M. Chorny et al. (2018) on young pigs, allowed for higher
average daily gains with lower feed costs, which con-
tributed to additional profits. The use of biomicroele-
ment complexes in feeding enhances the metabolic
processes and stimulates the growth rate of young
pigs. Complexes containing copper and cobalt in com-
bination with tryptophan have a more noticeable stim-
ulating effect on the clinical and physiological state
of animals (Espinosa et al, 2019). The use of organic
copper and zinc in pig feeding does not have a last-
ing effect on growth productivity. These trace elements
can maintain their serum concentrations and substan-
tially reduce the faecal excretion of these elements.
The wide spectrum of action of chelated compounds
of trace elements causes an increase in multiple preg-
nancies, nest weight, improved pig viability, increased
pig weight, improved slaughter yield and physical and
chemical properties of meat. Accordig to M. Chorny
et al. (2018), additional levels of microminerals (copper,
iron, and manganese) do not affect the activity of liver
enzymes, but severe intoxication with copper and zinc
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compounds leads to metabolic disorders and irrevers-
ible pathological processes in the liver. The use of a
chelated form of copper with glycine in our studies is
confirmed by other data from researchers on the stim-
ulating effect of micromineral supplementation on the
growth rate of fattening pigs.J.Zhao et al. (2014) inves-
tigated the feasibility of replacing CuSO, on chelated
copper as a growth stimulator in pigs. They established
that pigs fed chelated copper were 6.0% heavier at the
end of the experiment, they used feed more efficiently
and obtained heavier carcasses from them.The authors’
study confirms the data of previous researchers on the
positive effect of the copper chelate complex on the
increased yield of carcasses and internal organs.

The use of mineral supplements containing various
forms of trace elements increases the growth and devel-
opment of young animals, which further increases the
profitability of pork production (Korobka et al., 2018).
Therewith, the introduction of carbon dioxide and che-
lated forms of salts into the diet of pigs has substan-
tially better indicators. The introduction of copper, even
in low doses, into the diet of pigs contributes to healthy
changes in the composition of intestinal bacteria and
increases growth productivity (Li et al, 2021). Enrich-
ing the diets of pigs with mineral additives of natural
origin contributes to better preservation of livestock,
increases the mineral content in slaughter products,
ensuring high-quality pork. The use of mineral supple-
ments in feeding improves the quality and biological
value of meat (Razanova et al, 2022). With the intro-
duction of the protein-vitamin-mineral supplement
“Minactivit”, the slaughter yield of pigs increased, and
the physico-chemical parameters of muscle tissue
(water retention capacity, protein content) improved,
the yield of fat in the carcass decreased (Suprovych
et al., 2019). Similar results were obtained for feeding
LG-MAX and Sal-Plex additives in feeding pigs during
rearing and fattening, but in this study, the fat content
of pork (Tkachik & Tkachuk, 2019). The results of this
study also showed that a chelated copper complex can
improve the chemical and mineral composition of pork,
and its quality indicators after cold ageing. Studies of
the feeding factor of introducing a chelated copper
complex into the diet of fattening pigs contributed to
more intensive growth of animals, obtaining a higher
slaughter yield of carcasses and high-quality pork.

CONCLUSIONS

In the course of the study, the intensity of pig growth
was determined and indicators of slaughter and quality
of pork with the additional introduction of a chelated
copper complex into the diet were measured and deter-
mined. The results fully fulfil the set goal of the study.
Additional feeding of the copper chelate complex in-
creased the live weight of pigs in 110 days by 5.6%, 165
days - by 6.5% compared to the control, increased the
average daily weight gain for the study fattening period
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by 9.1%, and the relative increase in live weight - by 4.5
percentage points.

Under the influence of the examined drug in the
experimental group, the slaughter yield is higher by 4.5
percentile points and the area of the “muscle eye” - by
6.3%, the thickness of lard over the 6-7 thoracic ver-
tebra is smaller by 10.6%, the mass of internal fat is
increased by 7.5%, the mass of internal organs (liver,
heart, lungs, and kidneys) increases by 9.7%. In the
meat samples of the second group, the protein and ash
residue content was increased by 3.9 percentage points
and 12.1 percentage points, respectively, and the fat
content was reduced by 10.0 percentage points. Under
the action of the copper chelate complex, there is an in-
crease in meat tenderness by 14.3%, a decrease in mar-
bling - by 14.4%, and caloric content - by 1.9%. Long-
term storage of pork made some changes in its quality
indicators and the best indicators were obtained in the
experimental group, where a chelated copper complex
was introduced into the diet of pigs. The additional in-
troduction of a chelated copper complex into the diet
of animals led to an increase in the content of zinc in
pig muscles by 7.7%, manganese - by 13.2%, copper -
by 18.6%, cobalt — by 22.8%, and iron - by 8.4%.

Future research in this area should be aimed to fur-
ther improve understanding of the effects of the copper
chelate complex on pork growth rate, slaughter rates,
and quality. It is important to conduct a more detailed
study of the molecular and biochemical mechanisms
underlying improved feed growth and conversion using
this complex. The research may also include an analysis
of the effects of the copper chelate complex on pig me-
tabolism and hormone levels to better understand the
underlying mechanisms.
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AHotauif. EdekTMBHICTb BeaeHHS MPOMMCIOBOrO KOHKYPEHTOCMPOMOXHOMO CBMHApCTBA B YKpaiHi 3anexuTb
BiA piBHS ropisni i 3abe3neveHoCTi TBapMH HEOOXigHMMMK BiONOrYHO AKTMBHWMMM peyvoBMHAMW. HemocCTaTHICTb
MiHEpaNbHUX PEYOBUH CMIPUUYMHSAE 3HUXKEHHS TEMMIB POCTY, 36iNblUIEHHS TPMBANOCTi Nepioay BiAroAiBAi, HAAMIpHe
CMOXMBAHHS KOPMIB i, BiANOBIAHO, NiABULLEHHS BAPTOCTI CBMHMHMU, LLO 3YMOBJIHOE aKTyasbHiCTb 00paHoi TeMu. MeToto
LOCNiKeHHS O6yno BUSBWUTM BM/IMB MiHEpaNbHOI [0DABKM XENaTHOro KOMMeKCy Mifi Ha MSICHY MpOAyKTUBHICTb
ribpuaHUX CBUHEN Ta AKiCTb CBUHUHW. [IN BUKOHAHHS METU J0CNIAXKEHb BUKOPUCTAHI HACTYMHI METOAM: 300TEXHIYHI
(OMHaMika XMBOi MacW, BU3HAYEHHS CepefHbOAO0OOBMX i BiAHOCHWMX MPUPOCTiB), BioXiMiyHi (aHani3 XiMiyHoro
CKNagy Ta BMICTY MIiKpOENeMEHTIB Y M3aX, MOKA3HUKIB SIKOCTI CBMHUHWU: BMICT BOJIOTU, HiIXHICTb, MapMypOBICTb,
iHTEHCMBHICTb 3abapBieHHs), MOPPONOriYHi (BU3HAUYEHHS MOKA3HUKIB 3a0010), CTAaTUCTUYHI (BU3HAYEHHS JOCTOBIPHOI
pi3HMLI MiX 3HauyeHHaMM). [locnigkeHo ePeKTUBHICTb XeNaTHOro KOMMIEKCY Midi 3 MiLMHOM Ha iHTEHCMBHICTb
POCTY CBMHEN, MOKA3HWKM 330010, XiMIYHMI Ta MiKpOENEMEHTHUI CKNag, M93iB, MOKA3HMKM SKOCTi CBMHWMHM Micns
XONOAHOI BUTPUMKMK. BCTaHOBNEHO, WO AOAATKOBE BBEAEHHS A0 PaLiOHY XeNaTHOro KOMMAeKCy Midi nifBuLLyBano
{HTEHCMBHICTb CepeaHbOA000BUX NPUPOCTIB CBMHEN Ha 9,1 % Ta BIAHOCHOrO NpPUPOCTY XMBOI MacK Ha 4,5 n.n. Big
CBMHEN JaHOT rpynu OTPUMAHO Bax4i TywWi Ha 4,5 n.n. 3 MEHLIOW TOBLUMHOK WNKKY Hag, 6-7 rpyLHUM XpebueMm Ha
10,6 % Ta Macot BHYTPILWHbOIO XMUpY Ha 7,5 %, a Takox Ha 9,7 % 6inblue BHYTPIiLWHiX opraHis. Big TBapuH gocnigHoi
rpynu OTPUMaHO CBUHMHY 3 MeHWMM Ha 10,0 n.n. BMicTOM xupy, 6inbwmm BMicToM Binky — Ha 3,9 n.n Ta 301 — Ha
12,1 n.n. PauioH 3 xenaTHMM KOMMIEKCOM Mifi NiABULLYBaB MiCNS XONOAHOI BUTPUMKM BOMIOTOEMHICTb TA HiXKHICTb
CBMHWHM, CNPUAB 3HMKEHHIO KaNOPiMHOCTI MAca. KOHLLeHTpaL,is MiHepanbHUX PEYOBMH Y MA30Bi TKaHWUHI Y AOCAIAHIN
rpyni 6yna BMLLOK 33 BMICTOM Mifi, MapraHuo, Ko6anbTy, 3ani3a, LMHKY. Ha niacTaBi oTpUMaHUX AaHUX LOCTIAKEHD
BCTAHOB/IEHO MOX/IMBICTb e(PEKTUBHOMO 3rofA0BYBAHHS XeNaTHOrO KOMMAEKCY MiAi 3 MiLMHOM CBMHSAM Ha BiAroAisni

KniouoBi cnoBa: MONOAHSK CBUMHEN; XXMBA Maca; MiKpoenieMeHTHa [00aBKa; xenatHa Migp; 3abiiHuin BUXig,; BUXIA
BHYTPILUHIX OPraHiB; gKiCTb MICa
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Abstract. The decrease in productivity in cows is directly related to the pathologies
of the organs of the reproductive system that occur at the end of the transit period,
therefore it is important to improve the methods of diagnosis and preventive therapy of
cows in this period. The purpose of the work was to establish the forms of pathologies
that occur in the transit period in cows, their interrelationship and the causes that
cause them in terms of seasonal dynamics. When conducting research, morphological,
clinical (examination, palpation), laboratory (bacteriological studies of the uterus), and
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statistical (statistical reliability) methods were used. The research was conducted in the limited liability company
“Milk of the Fatherland” in 2 departments where unattached housing is used. The occurrence of subinvolution of
the uterus against the background of litter retention and persistent corpus luteum was established by 9.5% more
in the 1st department.A 43.5% correlation of the prevalence of delayed involution with endometritis was revealed.
An increase, 12.8% in January and up to 14.1 in February, of cases of subinvolution of the uterus was established,
while in May the similar indicator was 5.0%. The prevalence of persistent corpus luteum was established up to
16.8%, luteal cyst — up to 1.7%, ovarian follicular cyst — 2.1%. The presence of microflora in the uterine cavity
(E. coli, Ps. aeruginosa and S. aureus - 49.8% S. aureus and E. coli - 33.5%, Pr. vulgaris and E. coli - 16.7%) provoked
the occurrence inflammatory processes: chronic endometritis — 10.4%, vulvovaginitis - 18.1%, cervicitis - 21.4%.
Research results can be used to develop new and improve existing methods of treatment of cows with pathology
of genital organs in the transit period in farms of different forms of ownership

Keywords: transit period; inflammatory processes; subinvolution of the uterus; endometritis; cervicitis; salpingitis

INTRODUCTION

The processes of restoration of the uterus after partu-
rition to the state characteristic of a non-pregnant cow
are an important factor for further reproductive capac-
ity. The delay in the involution of the organs of the re-
productive system of cows is the main factor in the de-
velopment of inflammatory and destructive processes,
which subsequently lead to infertility and early culling
of cows. At the same time, the cost of the obtained
products increases due to overspending of feed and a
decrease in herd productivity in general as a result of
the use of repair cows (heifers), which, as a rule, have
lower milk yields compared to cows aged 4-6 years.

Researchers Q.. Pascottini et al. (2022) claim the de-
velopment of maladaptive mechanisms in cows in the
postpartum period due to a negative energy balance,
characterized by increased resistance of uterine tissues
to insulin and excessive formation of adipose tissue. An-
other researcher, D.C. Wathes (2022), came to similar con-
clusions, but he also emphasizes the importance of ge-
netic programming during pregnancy for structural and
physiological modifications to the future female’s fertility.

In addition, it is known that a large number of
cows have a postpartum period of more than 30 days,
which is due to the development of subinvolution of
the uterus and requires stimulation of the organs of the
reproductive system (Chen et al., 2023). Most authors
indicate vitamin E and selenium deficiency as a con-
tributing factor to the development of uterine subin-
volution (Dresen et al, 2023). In addition, researchers
Y.M. Somagond et al. (2023) obtained positive results
when using multivitamin and multimineral products to
prevent transit period pathologies in cows. As a result
of research by B.R. Crites et al. (2022) is the establish-
ment of a correlation between a low level of selenium
in the blood serum of cows and a delay in the resorp-
tion of the corpus luteum in cows in the postpartum
period, which causes not only the development of sub-
involution of the organs of the reproductive system in
cows, but also provokes the creation of prerequisites
for the development of inflammatory processes in the
uterus, and the mammary gland.
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Important is the report of the authors
P.Taechamaeteekul et al. (2022) that with subinvolution
of the uterus caused by an insufficient amount of pros-
taglandin F2a, the amount of colostral antibodies in co-
lostrum decreases. And as noted by R. Rekawiecki et al.
(2020), during subinvolution, a decrease in the activity
of the releasing hormone was observed, which indirectly
affects the level of progesterone and the regression of
the corpus luteum. The results of the study on the neg-
ative impact of oxidant stress are described in the work
of M. Zachut & G.A. Contreras (2022). Other scientists
indicate the development of postpartum pathology as
a result of the action of mycotoxins, in particular zear-
alenone (Chekan et al., 2022).

Along with this, researchers N.F. Krivoy &
L.A. Franchuk (2018) suggest, along with clinical stud-
ies, for the diagnosis of postpartum endometritis, the
use of laboratory tests with Benedict’s reagent, which,
according to the authors, increases the effectiveness
of diagnosing subclinical endometritis. Other scientists
L.Fedonyuk et al.(2021) point out the crucial importance
of the disruption of metabolic processes in late dryness,
which leads to the development of postpartum pathol-
ogies, in particular, endometritis and subinvolution, and
suggest the use of supplements containing anionic salts
of a new generation for the purpose of prevention

Effective work on the development of new and im-
provement of existing methods of diagnosis and treat-
ment of cows with pathologies of the genital organs re-
quires the establishment of correlational relationships
between pathologies (cause-effect), as well as provok-
ing and contributing factors (seasonality, disruption of
homeostasis) determined the purpose of these studies.
The aim of the work was to establish the causes and
prevalence of gynecological and accompanying pathol-
ogy in cows in the postpartum period, taking into ac-
count seasonal dynamics in a comparative aspect.

MATERIALS AND METHODS

The research was carried out on the basis of the Limited
Liability Company of the Agricultural Company (LLC)




“Moloko Vitchyzny” in 2 departments with a non-affil-
iated system of maintenance in the period from 2020
to 2022. In both departments, a flow-shop keeping sys-
tem has been implemented, the grouping of animals is
carried out based on the productivity and physiological
state of the animal. In the 2nd department, one-moment
start-up is used, with the subsequent transfer of animals
to a separate room and their separation into early and
late dry periods. During the dry season, animals are kept
on deep litter. There is a separate maternity room with
two individual boxes. The milk productivity of animals
per lactation is 6000-6500 kg., the 2nd department and
5000-5500 kg in the 1st department. In the 2nd depart-
ment, synchronization and stimulation of the sexual cy-
cles of cows is used, in the 1st — insemination of animals
is used to determine the optimal time of sperm injection.

At the same time, the study of obstetric pathology
(calving period) was conducted on the cattle of cows of
the first department (n=62) and the second (n=78). Clin-
ical signs of diseases were taken into account: delayed
litter was considered when the placenta did not sep-
arate within 8 hours, endometritis was characterized
by the release of purulent exudate from the genitals.
Diagnosis of subinvolution of the uterus is carried out
by visual control of the nature of lochia and a rectal
examination on the 10-14th day after childbirth, using
palpation (the size of the uterus is more than 40 cm in
diameter), as well as observation of the clinical condi-
tion of the animals. To clarify the diagnosis and monitor
the recovery of animals with postpartum subinvolution
of the uterus, tests of Katerynov and Dyudenko with
lochia were used. Pankov’s obstetric and gynecological
spoon (ALP) was also used for diagnosis.

The study of the anatomical and topographic state
of the uterus (sonographic examination of the genitals,
contractility of the uterus, its size, presence of contents,
topography of the uterus) was carried out using a so-
nographer - Tringa Vet 50S with a linear sensor. In cows
with subinvolution of the uterus, the content of cervical
mucus was studied on the 5-7th day after childbirth.
The content of the cervix was obtained, after the previ-
ous dry treatment of the external genitalia, by the rec-
tocervical method using a plastic catheter (pretreated
with rectified alcohol), a sanitary cover and a Jeanette
syringe. Later, the lochia was placed in sterile plastic
tubes for washing and sent to the Sumy Regional State
Laboratory of Veterinary Medicine to find out microbi-
ocinosis of the uterus due to subinvolution.

Vulvovaginitis was diagnosed using a vaginal exami-
nation (examination) and the presence of serous exudate.
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Cervicitis was established on the basis of a rectal exam-
ination (a pear-shaped increase in the cervix from 7 to
12 cm was detected). For the diagnosis of gynecological
pathology, a rectal examination was performed accord-
ing to the generally accepted method (palpation) and the
use of ultrasound diagnostics (USD) using a sonograph -
Tringa Vet 50S with a linear sensor. The size (subclin-
ical endometritis, salpignitis, hypotrophy of the ovaries),
presence of formations (persistent corpus luteum, luteal
and follicular cysts), response to contraction massage
(uterine atony, rebirth) were taken into account.

In order to establish the fecundity of cows in a sea-
sonal aspect, a pregnancy study was carried out with
the help of a sonographer - Tringa Vet 50S with a linear
sensor and pregnancy was established. Thus, in the first
department, 295 cows were examined in winter, 368 in
spring,356 in summer,and 296 in autumn.Similarly,cows
in the second department were examined: 365 cows in
winter,215 in spring,270 in summer,and 285 in autumn.

All experimental studies were conducted according
to modern methodological approaches and in compli-
ance with the relevant requirements and standards, in
particular, they meet the requirements of DSTU ISO/IEC
17025:2005 (2006). Keeping of animals and all manip-
ulations were carried out in accordance with the provi-
sions of the Procedure for Conducting Experiments and
Experiments on Animals by Scientific Institutions (Law
of Ukraine No. 249, 2012), the European Convention on
the Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (1986).

RESULTS AND DISCUSSION

Among the cows of farms in the northern region, the
prevalence of uterine subinvolution depended on the
seasonality of calving, housing conditions (namely, a
high concentration of animals in a limited area, group
sectional housing, limited exercise and insolation),
feeding technology (insufficient energy in the diet and
balancing it at the expense of concentrated feed, pres-
ence of mycotoxins in feed). Thus, in a farm with an
acceptable and average level of micromycete contam-
ination of fodder, uterine subinvolution did not exceed
20-30%, acute postpartum metritis 25%, and subclin-
ical metritis 35%. At the same time, obstetric and gy-
necological diseases were registered 2-3 times more
often in animals from farms with a high level of feed
contamination by mold fungi and their toxins (Chekan
et al., 2022). The structure of obstetric pathology in the
1st and 2nd departments of LLC AF “Moloko Vitchyzny”
is shown in Table 1.

Table 1. The structure of obstetric pathology causing complications in the postpartum period (n=140)

Milk of the Fatherland JSC

Causes of gynecological pathology

1 department

2 departments

Number of heads

% Number of heads %

Litter retention 4

5.2 3 3.8
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Table 1, Continued

Milk of the Fatherland JSC

Causes of gynecological pathology

1 department

2 departments

Number of heads % Number of heads %

Subinvolution of the uterus 19 174 12 79
Endometritis 26 21.7 35 23
Vulvovaginitis 7 7.6 18 11.8
Cervicitis 6 4.9 10 6.6
In total 62 56.8 78 51.3

Source: developed by the authors

The prevalence of obstetric pathology in the 1st
department prevailed over the indicators of the 2nd
department. Thus, the retention of manure increased
by 1.5% compared to other farms. The subinvolution
of the uterus, which developed both against the back-
ground of litter retention and independently in the first
department, was 9.5% higher compared to the 2nd de-
partment. Subsequently, in the 1st department, 37.3%
of sick cows and 43.5% of animals in the 2nd depart-
ment had subinvolution of the uterus complicated by

endometritis, the course of which in the 1st department
decreased by 1.3%, compared to the other department.

The frequency of vulvovaginitis and cervicitis in
the 2nd department exceeded the incidence in the 1st
department by 4.2% and 1.7%, respectively. The prev-
alence of general obstetric pathology in the 1st de-
partment was 5.5% higher than the indicators of other
farms. The next stage of research was the study of the
prevalence of subinvolution of the uterus in the sea-
sonal aspect (Table 2).

Table 2. Seasonal dynamics of the spread of uterine subinvolution (n=55)

3 s 0§ § = z; ¢ z 8 £ & £ £ %
8 T 5 £ % ¢ 3 % % = B § & %
= i < g ° 2 3 S
In total 39 71 67 54 40 37 3 35 41 59 89 42 610
hotel heads
subinvolution 5 10 6 3 2 2 2 3 4 5 10 3 55

% 12.8 14.1 9.0 5.6 5.0

5.6 5.6 8.6 9.8 8.5 11.2 71 9.0

Source: developed by the authors

The most cases of the disease were registered in
February 14.1%, January 12.8% and November 11.2%,
and in March it decreased to 9.0%. Uterine subinvolu-
tion was the least recorded in cows at the end of spring
and summer, from April to July its percentage did not
exceed 5.6%. An upward trend has been observed since
August. Such a seasonal manifestation of subinvolu-
tion in the economy is associated with mass calving of
cows and the influence of adverse environmental fac-
tors (accumulation of animals in one sector after birth,
movement of cows to stalls and contamination of open
birth canals, low level of carotene and microelements
of copper (Cu) and zinc (Zn) in blood serum of animals,
contamination of feed with molds).

After analyzing the reasons that lead to the de-
velopment of subinvolution of the uterus in cows in
these farms, the main and mediating factors were es-
tablished: the crowding of animals in one sector after
childbirth, moving cows to stalls and contamination of
open birth canals, feeding poor-quality feed containing
aflatoxins, low level carotene and microelements Cu
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and Zn in animal blood serum, the presence of heavy
metal salts in colostrum (exceeding the maximum per-
missible levels of arsenic (As), mercury (Hg) and lead (Pb),
overstretching of the uterus in multiple pregnancy, large
fetus, violation of steroidogenesis in pregnant cows, the
presence of accompanying pathologies and complica-
tions during pregnancy, improper delivery, in particular,
premature extraction of the fetus, which leads to a vio-
lation and weakening of the rhythm of uterine contrac-
tions, pathological births and injuries of the birth canal,
previous abortions and chronic inflammatory processes
of the uterus, delayed litter.

As a result of the complication of pathologies
during childbirth, there is the development of gyne-
cological pathology, which in the vast majority blocks
the fertility of cows and is a primary criterion for the
development of methods of treatment and prevention
of infertility in the postpartum and service periods. At
the same time, the following gynecological pathologies
of a functional and inflammatory nature were detected
(Table 3).
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Table 3. Analysis of gynecological pathology

Milk of the Fatherland JSC

In general, for these

Causes of gynecological pathology 1st department 2nd department departments
Goal % Goal % Goal %
Vulvovaginitis 77 18.1 17 8,9 94 15.2
Cervicitis 91 214 16 8.4 107 17.3
Chronic metritis 40 9.4 20 10.5 60 9.7
Subclinical metritis 30 7 31 16.2 61 9.9
Salpingitis 4 0.9 2 1 6 1.0
Persistent yellow body 42 9.9 32 16.8 74 12.0
Ovarian hypotrophy 55 12.9 28 14.7 83 13.5
Luteinous cyst 17 3 1.6 10 1.6
Follicular cyst 4 0.9 4 2.1 8 1.3
Clinical norm 34 8 18 9.4 52 8.4
Atony of the uterus 12 2.8 11 5.7 23 3.7
Degeneration 30 7 9 4.7 39 6.4
Total infertile animals 426 100 191 100 617 100.0

Source: developed by the authors

The frequency of inflammatory processes of repro-
ductive organs in cows in both farms ranged from 46.6
to 58.5% of the total number of gynecological patholo-
gies. Inflammatory processes of genital organs in cows
registered in the 1st department exceeded the indi-
cators of animals of other farms by 12%. In this farm,
acute inflammatory processes, such as cervicitis and
vulvovaginitis, prevailed among the gynecological pa-
thology of cows accompanied by inflammatory genesis.
Their prevalence was 2.3 and 1.9 times higher com-
pared to chronic metritis and 3.1 and 2.6 times higher
compared to subclinical inflammatory processes of the
uterus. The frequency of salpingitis in both farms was
almost the same and did not exceed 1%.

In addition to inflammatory processes of repro-
ductive organs in cows, a significant share of the to-
tal number of gynecological pathologies was ovarian
dysfunction. The prevalence of ovarian dysfunction in
both farms ranged from 28.5 to 35.2%. The main num-
ber among ovarian dysfunction was persistent luteal
corpuscle and ovarian hypotrophy, which exceeded the
frequency of luteal cysts by 5.8 and 7.6 times and the
number of follicular cysts in the 1st department by 9
and 12%. A similar trend was observed in the 2nd de-
partment. Persistent corpus luteum and ovarian hypo-
trophy exceeded the frequency of luteal cysts by 10.5
and 9.2 times, respectively. The number of follicular
cysts was lower by 14.7 and 12.6% compared to persis-
tent corpus luteum and ovarian hypotrophy.

Among barren cows,the number of clinically healthy
cows did not exceed 10% in both farms. Violation of
the rigidity of the uterus was 2.8 and 5.7%, respec-
tively,and was 2 times greater in the 2nd department,

compared to other farms. Among ovarian rebirths,
sclerotic processes prevailed and accounted for 7
and 4.7% of the total gynecological pathology. In the
first two days after birth, 81.7% of the animals, which
later developed acute subinvolution of the uterus, had
abundant discharge of liquid bloody lochia, while the
mucous plug in the cervical canal was absent in 87.6%
of the animals. During the normal course after the ho-
tel period, in 43.1% of animals, lochia is represented
by a small amount of thick, cloudy, viscous mucus of a
straw-yellow or light brown color, which is located in
a small amount both in the vaginal cavity and in the
cervical canal, forming mucous cork, which is a kind
of protective barrier that prevents the penetration of
microflora into its cavity.

During the study, intensive contamination of the
uterine cavity with conditionally pathogenic microflora
was established. And by the 7th day of the experiment,
100% of the test animals had different strains of mi-
croorganisms isolated from the cervical mucus sam-
ples. However, the introduction of the tested means
already during this period contributed to positive
changes in the microbial ecosystem of the reproduc-
tive organs.Among 15 samples of contents taken from
the cervix of cows suffering from subinvolution, Es-
cherichia coli was isolated in 64% of the animals. Con-
tamination of the uterus by Staphylococcus aureus and
Pseudomonas aeruginosa was diagnosed in 33.3% and
20% of cows. The smallest microbial contamination of
the uterus was Proteus vulgaris, it was isolated in only
6.7% of animals.

In all animals, the microbial landscape of
the uterus was represented by an association of
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microorganisms. The association with E. coli, Ps. aerug-
inosa and S. aureus - 49.8% of the total number of
cases. The association with S. aureus and E. coli was
determined as the next most common, which was 33.5%.
The association of the following microorganisms was
the least common among the farm’s cows - Pr.vulgaris
and E. coli (16.7%). Thus, the leading role in the devel-
opment of subinvolution is played by pathogenic mi-
croflora, which contaminates the uterine cavity up to 7
days after delivery and complicates the course of the
pathological process. The general condition of cows
with subinvolution of the uterus is depressed, appetite
and productivity decrease. In some animals, there is a
subfibrillar increase in body temperature and slowing
down of scar contractions.

When conducting a rectal examination in the first
two days after calving in the majority of animals that
later developed acute subinvolution of the uterus,47.1%
of the animals did not have any discharge of lochia, and
52.9% of the cows showed abundant discharge of lig-
uid blood lochia, while the mucous plug in the cervical
canal was absent in 88.2% of the animals. The rigidity
of the uterus is weakly expressed, the folds of its sur-
face are insignificant, while when examining clinically
healthy cows 2-3 days after calving, pronounced trans-
verse and longitudinal folds were found on the surface
of the uterus, during massage it became a bumpy, dense
consistency.

In case of subinvolution in cows, on the 6-7th day
after childbirth, the uterine horns hang over the edge
of the pubic bones, which cannot be reached by hand,
the uterus does not respond to contraction during pal-
pation, there is fluctuation, the walls are loose, without
pronounced folds, after the massage, lochia of a lig-
uid consistency may be released. dirty-gray color and
a slightly similar mass with impurities of the decay of
caruncles or pieces of caruncles with areas of the cho-
roid. In the normal course of the postpartum period,
lochia has a thick homogeneous mass with an admix-
ture of red-brown mucus.

When examining cows with subinvolution on the
10-11th day after calving, the uterus has dimensions’
characteristic of a 3.5-4.0 month pregnancy, is located
in the abdominal cavity, responds poorly to massage,
after which lochia of a liquid or semi-liquid dark con-
sistency is released from the genitals. brown with ad-
mixtures of a small amount of mucus, while with the
normal course of involutional processes, the uterus
has a size characteristic of a 2.5-3.0 month pregnancy
with the release of homogeneous lochia of brown or
straw-yellow color. The criteria for the completion of
the involution of the uterus are: a decrease in its size,
when it is freely grasped by the hand, is located in the
pelvic cavity, its horns are relatively symmetrical, elas-
tic and elastic in consistency and respond to massage
(Table 4).

Table 4. Indicators of genital involution in cows depending on the course of the postpartum period

Physiological course of the Subinvolution of the

Indexes postpartum period, n=17 uterus, n=19
Periods of cessation of vibration of the middle uterine arteries, days 2.5+0.13 4.9+0.17%
Thickening of sacro-gluteal ligaments, days 2.7+0.23 5.2+0.31*
Periods of cessation of lochia discharge, days 14.7+1.2 24.9+0.8*"
Completion of genital involution, days 24.6+2.4 32.6+1.6"

Notes: * - p<0.05, ** - p<0.001
Source: developed by the authors

The vaginal part of the cervix is reduced in size, de-
signed in the form of a rosette, protrudes into the vaginal
cavity by 2.0-2.5 cm, there is no swelling of the folds. The
mucous membrane of the vagina is pale pink, smooth,
shiny,moderately moistened, the discharge of lochia from
the cervical canal stops. It was established that in cows
with acute postpartum subinvolution of the uterus, the
vibration of the middle uterine arteries is 2 times longer
(p<0.001) than in animals with a normal course of the
postpartum period, and sacro-gluteal ligaments tighten
1.93 times (p<0.001) later. joints The nature and amount
of lochia released from the genital tract is significantly
different. During subinvolution, the cessation of lochia
secretion is delayed by 10.2 days (p<0.001) and the com-
pletion of involutional processes by 10.2 days (p<0.05).
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The level of protein-carbohydrate compounds (hex-
ose bound to protein, seromucoids, ceruloplasmin, and
sialic acids) and sex steroids (progesterone and estra-
diol) in the blood of sick animals also has diagnostic
value for subinvolution of the uterus. The results of the
research indicate that there are significant differences
between the course of the postpartum period in normal
conditions and with acute subinvolution of the uterus
in cows in terms of indicators of the state of the gen-
ital organs, the nature and amount of secreted lochia,
depending on the timing of the research, the time of
cessation of lochia secretion and the completion of the
involution processes. The next stage of research was to
find out the fertilizing ability of cows at different times
of the year (Table 5).
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Table 5. Fertilization of cows during the year in experimental farms

Season
winter spring summer autumn
add add add add
wasps wasps wasps ———————————— wasps ——————————
% % n % n %
1 department 295 91 30.8 368 134 36.4 356 93 26.1 296 107 36.2
2 departments 365 128 35.1 215 91 42.3 270 91 33.7 285 136 477

Notes: - number of inseminated animals, pl. - the number of pregnant animals after insemination

Source: developed by the authors

The lowest number of fertilizations was obtained
in the 1st department in the summer season, which is
caused by temperature stress. At the same time, this
indicator was 15.3% higher in winter, 28.3% in spring,
and 27.9% in autumn. The largest number of fertiliza-
tions was received in the autumn period in the 2nd
department. It was 26.4% higher than the similar fig-
ure in winter, 11.3% in spring and 29.6% higher. At the
same time, fertilization in all seasons of the year in the
2nd department was significantly higher than the sim-
ilar indicators of the 1st department. The course of the
postpartum period, and thus the fertility of cows, di-
rectly depends on the course of childbirth, in particular,
the delay of litter and the introduction of microflora
during delivery. At the same time, rare cases of simul-
taneous manifestation of inflammatory processes in
different parts of the reproductive system (pathologies
of the ovaries, oviducts, uterus and vagina) are impor-
tant. All this leads to overgrazing and reduced productiv-
ity, which in turn leads to economic losses and higher
prices of livestock products.

It was established that the subinvolution of the or-
gans of the reproductive system in cows in the postpar-
tum period occurred against the background of endo-
metritis from 37.3% in the first department to 43.5% in
the second department. Other researchers P. Nyabinwa
et al. (2020) indicate that postpartum endometritis is
recorded at the level of 23.5% of the total number of
cows that have calved, which leads to a decrease in pro-
ductivity. Some authors, N. Pascal et al. (2021), indicate
that often endometritis occur in a complex with subin-
volution of the uterus after delivery assistance and lit-
ter retention within 21-60 days after delivery. However,
during the research, data was obtained that after giving
birth assistance, the manifestation of cervicitis in cows
was registered at the level of 4.9% in cows of the 1st
department to 6.6% in cows of the 2nd department in a
complex with subinvolution of the organs of the repro-
ductive system of cows.

Characterizing the seasonal dynamics of uter-
ine subinvolution, most researchers associate the in-
crease in the number of diagnosed cases with mass
calvings, while paying attention to the fact that in the
winter-spring period, the insufficiency of vitamins and
trace elements in the diets of cows is common, which

coincides with the results of studies (Lin et al,, 2021).
It was established that in the postpartum period and
in cows against the background of the development of
subinvolution, cervicitis was recorded in 17.3% and vul-
vovaginitis in 15.2%. Researchers D.A. Vallejo-Timaran
et al.(2021) claim that about 23% of cows have clinical
or subclinical cervicitis or vulvovaginitis, while the
amount of interleukins IL 1 and IL 8 and cytokines in the
vaginal mucus increases, indicating the development of
inflammatory processes. According to T.0. Cunha et al.
(2021) a high level of progesterone, reducing the local
protective capacity of the mucous membrane of both
the cervical canal and the vagina, provokes the devel-
opment of microorganisms, and therefore the develop-
ment of inflammatory processes.

P. Skliarov & O. Zubkov (2021) note the impor-
tance of using an algorithm for predicting the course
of the postpartum period, which consists of a number
of indicators of both homeostasis (the main markers of
inflammation) and clinical condition, which fully coin-
cides with the data obtained during the study. However,
the authors point out the importance of the complete-
ness of the fetoplacental complex. Along with this, it
is important to complicate the course of the postpar-
tum period as a result of overdistention and improper
joint placement of the fetus, as noted by LV. Koreyba
(2014). At that time, the authors A.. Kraevskyi &
A.G. Seredzhimova (2018) note that litter retention is
more common in first-born cows, and injuries during
childbirth are the cause of postpartum complications.
The data are consistent with the research concept and
will be part of further research.

Researchers O.B. Pascottini et al. (2023) indicate the
presence of young neutrophils in large numbers in the
cervical and uterine mucus and claim that the main rep-
resentatives of the exudate microflora in endometritis
are E. coli, Streptococcus uberis and Trueperella, which is
confirmed by the data obtained during current research.
Y.Yi et al. (2022), who claim that during inflammation
of the endometrium, microvilli of the epithelium are
destroyed, necrobiosis of cells and edema of the epi-
thelium is observed, and the presence of a large num-
ber of microorganisms on the surface of the mucous
membrane. This practically coincides with the results
obtained during research.
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Based on the above, we can say that postpartum
complications are common pathologies in farms of
various forms of ownership both in our country and
abroad. However, given the large number of publica-
tions, the problem remains relevant and requires fur-
ther research.

CONCLUSIONS

Subinvolution of the organs of the reproductive system
is from 7.9% to 17.4% and is a consequence of litter re-
tention, which is from 3.8% to 5.2% and the imbalance
of individual hormones in the postpartum period and is
a prerequisite for the development of such inflammatory
processes as endometritis from 21.7% to 23.0%, vulvo-
vaginitis from 7.6% to 11.8% and cervicitis from 4.9% to
6.6%. Delayed uterine involution has a seasonal pattern,
so the highest percentage of 14.1% is diagnosed in Feb-
ruaryand 12.8% in January,and the lowest in May is 5.0%,
which is associated with mass calvings and poor rations.

As a complication of subinvolution of the uterus, a
violation of the secretion of both local hormones - per-
sistent corpus luteum from 9.9% to 12.0%, and chronic
inflammatory processes — metritis from 9.4 to 9.7% was
noted. In the seasonal aspect, subinvolution of the or-
gans of the reproductive system in cows most often
occurs in January (12.8%) and February (14.1%), and
the least this pathology was diagnosed in May (5.0%)
and April,June and July (5.6%). Subinvolution of the or-
gans of the reproductive system is a consequence of

the development of gynecological pathology of an in-
flammatory nature (vulvovaginitis - 15.2%, cervicitis -
17.3%, salpingitis - 1.0%), a violation of the hormonal
background (persistent corpus luteum - 12.0%, luteal
cyst - 1.6%, follicular cyst - 1.3%), and non-inflammatory
(uterine atony - 3.7%, rebirth - 6.4%).

With subinvolution of the organs of the repro-
ductive system, the involution lasts 1.33 times longer
(the period of cessation of uterine artery vibration is
1.96 times, thinning of the uterine ligaments is 1.93
times, the period of cessation of lochia discharge is
1.69 times). Fertilization in the seasonal aspect was
the highest in spring (36.4%) in the first compartment
and in autumn (47.7%) in the second, and the lowest in
summer (26.1% in the first compartment and 33.7% in
the second). In further research, it is planned to devel-
op prognostic tests for the occurrence and complexity
of transit flow in cows and to test effective treatment
schemes for cows with this pathology.
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AHoTauifl. 3HWXKEeHHS NPOAYKTUBHOCTI Y KOpiB 6e3nocepefHbo NOBM3aHO i3 NAaTONOri MM OPraHiB CTaTeBOi CUCTEMMU, LLLO
BMHMWKAKOTb HANPUKIHLI TPAH3UTHOrO Nepioay,TOMY BXK/IMBUM € yAOCKOHANEHHS METOAIB AiarHOCTUKM Ta MPEBEHTUBHOT
Tepanii kopiB y faHoOMy nepioai. MeToto poboTu 6yno BCTaHOBWUTM (OPMM MATONOTIN, LLLO BUHUKAKOTb Y TPAH3UTHOMY
nepioai y Kopis, iX B3aEMO3B3KY Ta MPUYMH, WO iX BUKAUKAIOTb Y PO3Pi3i CE30HHOI AUHAMIKK. [pu npoBeaeHHi
[OCNigpKeHb 3aCTOCOBYBaIM MOP®ONOrivHi, KNiHiYHI MeToam (ornsagn, nmanbnauisa), nabopaTtopHi (6akTepionoriyHi
[OCNIAKEHHS BMICTUMOrO MaTKM), CTAaTUCTUYHI (CTaTUCTMYHA AOCTOBIpHICTb). [loCnifXeHHS NpoOBOAMAU B TOBApPUCTBI
3 0OMeXeHo BiANOBIfANbHICTIO «MoMOKO BiTuM3HM» Ha 2-X BiALiNEHHAX, e BUKOPUCTOBYETbCS Oe3npusasHe
YTPUMaHHS. BCTAaHOBNEHO BUHUKHEHHS CYyDiHBOMOLIT MaTKM Ha QOHI 3aTPUMKM NOCAILY Ta NEPCUCTEHTHOTO XKOBTOTO
Tina Ha 9,5 % Ginble y 1-my BigaineHHi. BuseneHo kopensuito NOWMPEHOCTi 3aTPUMKM iHBOMOLT i3 EHLOMETPUTOM
y 43,5 %. BctaHoBneHo niguweHHs, 12,8 % y ciyHi Ta fo 14,1 y notoMy BMNaakis CybiHBOMOLIT MaTKK, TOAI 9K Y
TPaBHi AHANOriYHMI NokasHuK cknae 5,0 %. BCTaHOBNEHO MOLIMPEHHS NMEPCUCTEHTHOMO XOBTOro Tina Ao 16,8 %,
ntoTeiHoBoi Kictn — po 1,7 %, donikynapHoi Kictu seuHmkiB — 2,1 %. HasBHiCTb Yy NOPOXHUHI MaTku Mikpodnopu
(E. coli, Ps. aeruginosa Ta S. aureus - 49,8 % S. aureus T1a E. Coli - 33,5 %, Pr.vulgaris Ta E. coli - 16,7 %) npoBokyBano
BMHWKHEHHS 3anafibHUX NPOLLECIB: XPOHiYHOro eHaomMeTpuTy - 10,4 %, BynbBOBariHity — 18,1 %, uepsiunty - 21,4 %.
Pe3ynbtati pocnigkeHb MOXyTb OYyTM BMKOPWUCTAHI A9 PO3pOOKM HOBUX Ta YAOCKOHANEHHS iCHYHOUMX METOLIB
NiKyBaHH$ KOPIiB i3 MATONONEK CTaTeBMX OPraHiB y TpaH3MTHOMY Nepiofi y rocnogapcTBax pisHoi GopMu BAACHOCTI.

KniouoBi cnoBa: TpaH3UTHMIA Nepiog,; 3ananbHi NpoLecH; Cy6iHBOMIOLLIS MATKW; EHAOMETPUT; LLePBILLUT; CaNbMiHTiT
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Accepted: 25.10.2023 dogs, so the aim of this study was to investigate the impact of these and a number of

other factors on the susceptibility to cancer in this species. The research was based
on the analysis of a single database of veterinary clinics in Bishkek, which includes
328 confirmed cases of cancer in dogs. The most common breeds were German (n=48)
and Central Asian Shepherds (n=23), Rottweilers (n=18), Dachshunds (n=18), Poodles
(n=17), Shar Pei (n=14), Pekingese (n=14), and a group of outbred dogs (n=70). Benign
neoplasms were recorded in 140 cases, accounting for 54.3% of the total number of
tumours in pure-bred dogs. Benign tumours predominated in large breed dogs (n=75),
or 53.6% of the total number of benign tumours, and the highest growth of malignant
tumours was detected in small breed dogs (59%) (n=29). Dogs, regardless of breed,
were more vulnerable to tumour formation between the ages of 6 and 12 years. The
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database analysis revealed that females were more likely to develop cancer than males, with mammary tumours
being the main diagnosis in females (36.3%). Small dog breeds had a higher risk of developing mammary tumours
than large dogs. The obtained results revealed breed-specific features of the manifestation of morphological types
of tumours in dogs and made it possible to determine the critical periods of their formation

Keywords: new formations; oncological pathology; predisposition; database; statistical analysis

INTRODUCTION

The domestication of dogs and their use for human
benefit as part of animal husbandry was one of the first
to develop, so today there is a considerable variety of
dog breeds, which are divided into service, hunting, in-
door and decorative. Other classifications have seven
to ten groups of dog breeds depending on their origin,
size, or use. According to other classifications, there are
seven to ten groups of dog breeds depending on their
origin, size, or direction of use (Lehari, 2022). But de-
spite this diversity of dogs, their main purpose in the
animal world is as a companion for humans. In the
work of J. Benz-Schwarzburg et al. (2020), it is indicated
that human relationships with domestic dogs are very
common and often result in a strong shared attach-
ment and in treating these dogs as family members or
even children. Such relationships are biopsychosocial
in nature indicates that dogs are able to sense their
owner’s emotional state and respond to their owner’s
social gestures, and this allows them to form complex
attachment relationships with humans. This is con-
firmed in the studies of AM. Chira et al. (2023) con-
ducted with dogs of different breeds and in different
countries. Therefore, when a person gets a dog, he/she
assumes the responsibility to take care of it, to monitor
its health, to protect it from dangers.

One of the most dangerous and difficult-to-treat
diseases of pets is cancer. In the Kyrgyz Republic, ac-
cording to A.Sh. Irgashev et al. (2016), oncological dis-
eases in animals are poorly studied from a scientific
point of view, while veterinary clinics have established
diagnosis and treatment of sick animals. Modern knowl-
edge of physiology, feeding, and treatment of dogs has
allowed increasing the life expectancy of these pets
for a significant period of time. But, the flip side of this
phenomenon, has been an increase in the incidence
of cancer diagnosis in adult dogs, as confirmed by the
findings of D.H. Thamm (2019), who indicates that 30%
of dog mortality is caused by different types of tumours
diagnosed mainly in older animals. Histological studies
confirm the similarity of cancerous masses in dogs to
human tumours. The most common tumours are lym-
phoma, melanoma, osteosarcoma, bladder carcinoma
and multiple types of brain cancer. Considering the sim-
ilarities between cancers in dogs and humans, makes
these pets, according to T.G. Guimaraes et al. (2022), the
best biological subjects to study the therapeutic effects
of different treatments on the body for their subse-
quent application in human therapy.
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Studies of oncological diseases in dogs in
Kyrgyzstan, despite their relevance, are rather limited.
The main directions over the last few years have been
the study of skin tumours and mammary gland tumours
by S.N.Ishenbaeva and A.Sh.Irgashev (2022). A difference
of these studies is the small number of control animals.
Although in the robot D. Steven (2020) points out that a
high inbreeding coefficient in most dog breeds, may be
responsible for the development of tumours, and such
results can only be obtained on a larger number of ani-
mals with known heritability. Such works will allow stud-
ying and carrying out mapping of separate loci of genes
responsible for the development of tumours of different
types in the organism of not only dogs, but also humans.
Moreover,the similarity and adequacy of the immune sys-
tem response, at spontaneous development of oncology
in dogs, allows studying the mechanisms of cytological
response at the early stage of the disease and analysing
the immunogenetic influence of drugs and physical ap-
proaches in treatment on the human organism.

Based on the insufficient study of canine onco-
logical diseases in Kyrgyzstan, as well as taking into
account the social aspects of companion relationships
between dogs and humans, and physiological and im-
munological similarity of oncological processes in the
organism of these species, makes the study of genetic
and paratypical factors of tumour development in dogs
an actual direction of scientific work. Therefore, the aim
of this article was to study the prevalence of cancer
pathology in dogs depending on their breed and age in
Bishkek city.

LITERATURE REVIEW

Recently, the number of cancers in dogs has increased;
this trend in companion animals is related to their ac-
cumulation of significant fatty tissue stores. According
to the observations of P.H. Marchi et al. (2022), over-
weight is one of the reasons for the increase in cancers
in dogs. Mostly cancerous neoplasms are diagnosed
in epithelial and lymphoid tissues. Thus, in the work
by J.S. Munday et al. (2019), tumours were detected in
the tissues of the outer skin, B. do Nascimento Borges
(2022) and H.Y.Lim et al. (2022) in the mammary gland,
B. Clerc-Renaud et al. (2021) and Q. Gao et al. (2019) -
in the urogenital tract, K. Kliczkowska-Klarowicz and
R. Sapierzynski (2019) and M. Cray et al. (2020) in oral
soft tissues, and K.M. Makielski et al. (2019), D.G. O'Neill
et al. (2023), J. Beck et al. (2022), G.L. Edmunds et al.




(2021),and L. Leonardi et al. (2021) significant numbers
of tumours have been found in bone tissue.

The growth of tumours occurs as a consequence of
genetic or other changes in the cells of animals, which,
according to PH.Marchi et al. (2022) is a consequence of
DNA damage due to various gene mutations. The causes
of genome damage can also be chemical, physical and
biological agents such as viruses, hormones, carcino-
gens and other factors. In the studies of M.I. Crescio
et al. (2022) in dogs, the main disposing factors for the
development of oncology are breed, age, sex, as well as
various surgical interventions in the body of animals
that lead to hormonal shifts (castration).

According to A.M. Oberbauer et al. (2019), the pre-
disposition to oncological diseases in dogs of differ-
ent breeds depends on their heredity. This is primarily
due to a rather close inbreeding in the breed to some
prominent progenitor. But, sometimes, a high genetic
predisposition, even in unrelated groups of dogs within
the same breed, may depend on genetic selection used
to meet breed standards. Castration of males and fe-
males reduces the risks of mammary and genitourinary
cancers, but increases the likelihood of osteosarcoma,
lymphosarcoma, haemangiosarcoma and mast tumours.
C. Kraus et al. (2023) confirm the breed dependence of
cancer mortality in dogs. In studies on 118 breeds and
more than 40 thousand dogs, reliable results were ob-
tained that in small breed animals, the development
of cancerous tumours was observed less frequently in
comparison with large breeds, and at this time the life
expectancy in old age decreased with increasing body
size of the animals. The life expectancy of dogs dying of
cancer showed the same trend. J. da Silva and B.. Cross
(2023) in their work also conclude that the main cause
of mortality in dogs is cancer pathology. Which may be
related to the accelerated increase in body size of the
animal at an early age.Also in the work of K. Pinello et al.
(2022), it is indicated that statistical information based
on a sample of 16272 oncology records shows that the
formation of malignant tumours in dogs and cats occurs
8-9 months later than benign tumours. Females had a
higher risk of developing cancer than males. In addi-
tion, the place of residence of animals did not affect the
frequency of pathology, but the risk of malignant neo-
plasms increased by about 20% every three years of life.

MATERIALS AND METHODS

The source of materials for the study was a joint da-
tabase of veterinary clinics in Bishkek, which included
328 diagnostic records of oncologically ill dogs with tu-
mours of various localizations. Oncological material for
the study was provided by the veterinary clinics “Sam-
son”, “Gauhar” and “Animal Planet”, as well as by Faculty
of Veterinary Medicine at the Kyrgyz National Agrarian
University named after K.I. Skryabin. Histological sam-
ples of dog tumours obtained by different methods of
investigation: autopsy and biopsy were subjected to
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further histopathological examination in the histology
laboratory of the Department of Veterinary and Sanitary
Expertise, Histology and Pathology at the Kyrgyz Na-
tional Agrarian University named after K.l. Skryabin. All
canine cases were classified according to the Interna-
tional Histological Classification of Tumours of the World
Health Organization (WHO) (Roccabianca et al., 2021).

In each case of confirmed oncological pathology, a
complete animal history was collected whenever pos-
sible. It was mandatory to record information about
the dog’s breed, age, sex, sterilization status and other
factors that could influence the predisposition to the
disease. Depending on the age of the animals were di-
vided into five groups: the first was 0-3 years, the sec-
ond 3-6 years, the third 6-9 years, the fourth 9-12 years
and the fifth included dogs that were 12 years of age or
older at the time of diagnosis. The age of the animals
was established by subtracting the date of birth from
the date of diagnosis. The breed of the dogs was deter-
mined by the records in the animal’s passport, or in case
of its absence - by the relevant breed traits. Unbred an-
imals were singled out in a separate group. When stud-
ying the influence of body size on tumour development,
animals were divided into three groups: small, medium
and large. Animals of small dog breeds (weighing up
to 12 kg and growing up to 28 cm) were automatically
included into the small group. Such breeds included To-
terriers, French Bulldogs, Bolognese, Chihuahua, York-
shire Terriers, Russian Toy, Spitzes. The medium-sized
animals - breeds, whose average weight of represent-
atives was 12-25 kg, and the height at the withers was
within 28-60 cm - dachshunds, poodles, Shar Pei, boxer,
cocker spaniels were included. The group of large dogs
included breeds with the weight of adult animals ex-
ceeding 25 kg and having a height above 60 cm - Ger-
man Shepherd, Rottweiler, Doberman, Labrador, Central
Asian Shepherd. In cases with mongrel dogs, they were
assigned to a certain group depending on the weight
and height established at the diagnosis of the disease.

According to the results of external signs and his-
tological studies of tumours, all cases were grouped
according to the new WHO classification adapted for
small animals in the work of M.A.M Sharif (2006),and for
convenience of further analysis they were divided into
benign and malignant tumours. The obtained results of
the studies were subjected to mathematical processing
using TIBCO Statistica v 14.0.0.15 software (USA). Sta-
tistical analysis was performed by genetic-mathemati-
cal and biometric methods using descriptive statistics
tool and analysis of variance. Sample averages and the
strengths of influence of individual indicators on the
propensity of dogs to cancer were calculated.

RESULTS

The main focus of the research work was to conduct a sta-
tistical analysis of records from an information database
of cancer in cats and dogs compiled by veterinary clinics
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that practice the diagnosis and treatment of neoplasms
in pets. The information database included records of
328 dogs that belonged to up to 46 different breeds
and were diagnosed with neoplasms between 2017 and
2022. A prerequisite for entering animals into the data-
base was confirmation of the cancer diagnosis by the re-
sults of histological diagnosis of tumours. The majority
of information entries in the database referred to female
cases - 63%, indicating a significant difference (P<0.05)
in the susceptibility to oncology specifically in females.

This situation could be caused by a significant
number of dogs with mammary gland pathology, which
appears only in females and accounted for 36.3% of all
tumours in animals. At the same time, the mean age
of animals of both sexes at the time of cancer diag-
nosis was approximately the same and was about 8
years. The database contained records of pets and shel-
ter dogs treated or autopsied at these institutions. The
breed composition of the animals whose information
was used in the study is presented in Figure 1.

= Non-breed
Boxer

= Pug

= German Shepherd

= Pekingese

= Poodle
Rottweiler
Central Asian Shepherd Dog
Dachshund

= Chihuahua

= Chappet

= Others (36 breeds)

Figure 1. Breed composition of oncologically ill dogs in Bishkek for the period 2017-2022

Source: compiled by the authors

The proportion of dogs from other breeds with
cancer, the number of which was more than 1%, be-
longed to the breeds Basset Hound - 1.2%, Cane Cor-
so - 1.2%, Kurtshaar - 1.2%, Jack Russell Terrier - 1.5%
and Husky - 1.5%, while representatives of the other
32 breeds that were present in the database were less
than 1%. This distribution of animals may have been
due not so much to the genetic predisposition of ani-
mals to cancer, but to the significant number of animals
of these breeds in Bishkek. Due to the lack of reliable
information on the number of animals of each breed
in the service area of veterinary clinics, it is possible
to consider the results obtained only as an established
trend that needs further confirmation. But the number
of animals in separate breeds allows studying the influ-
ence of separate genetic and paratypical factors on on-
cological predisposition of animals. Therefore, further
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research work was conducted mainly on breeds with
significant number of records in the database, namely
German Shepherd Dog (n=48), Central Asian Shepherd
Dog (n=23), Rottweiler (n=18), Dachshund (n=18), Poodle
(n=17), Shar Pei (n=14) and Pekingese (n=14), and also
in statistical processing were included mongrel dogs
(n=70), the number of which prevailed in the sample.
One of the main parameters that the researchers
believe has a predisposition to the occurrence of can-
cer is the size of the animals. The study distributed and
analysed the incidence of disease in both pure-bred and
mongrel animals according to their size.While in the case
of pure-bred animals, the distribution of animals was
based on breed classification,in the case of mongrel dogs
they were assigned to one group or another according to
their height and body weight at the time of diagnosis.
The results of this distribution are presented in Figure 2.

Non-breed

Medium-size ® Small

Figure 2. Distribution of dogs with oncology depending on the size of the breed

Source: compiled by the authors
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In controlled pure-bred animals, the highest number
of patients was among large-sized dogs - 48.9% (P<0.05)
ofthewhole population,whichis significantly higher com-
pared to medium and small animals, while no significant
difference between animals of different sizes with onco-
logical diagnosis was observed among pure-bred dogs.

Further analysis of the prevalence of tumours of
different types showed that in pure-bred dogs the inci-
dence of malignant and benign tumours was almost at

== Benign tumours
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the same level, with a slight increase in the incidence of
benign neoplasms. Whereas in mongrel dogs, the inci-
dences were at a lower level, with higher incidences of
malignant pathology. Benign neoplasms were recorded
in 140 cases out of the total number of tumours in pure-
bred dogs, accounting for 54.3%, while malignant tu-
mours were detected in 118 pure-bred animals, account-
ing for 45.7%. The incidence of oncological diseases in
dogs of different breeds is presented in Figure 3.

Malignant tumours

2

Medium-sized breeds

Small breeds Non-breed dogs

Figure 3. Oncology incidence in dogs depending on breed size

Source: compiled by the authors

In the pure-bred population, there was a preva-
lence of animals with a confirmed diagnosis of benign
tumours. Among large and medium breeds of dogs, the
difference between different types of neoplasms was
19% and 8%, respectively, in favour of benign pathol-
ogy. The highest increase of malignant tumours was
found in small breed dogs, 59% (n=29). In the case of
mongrel animals, the incidence of malignant tumours
was higher than benign tumours. This may be a con-
sequence of owners’ failure to refer tumour problems
of animals to clinics in a timely manner, as, in most
cases, diagnoses of cancer were made shortly before
the animals themselves died. This may suggest that
the owners of such dogs do not pay proper attention
to these pathologies until they affect the general con-
dition of the dog. And considering that the majority
of mongrel animals came to clinics from shelters for
homeless animals - it confirms this assumption. The
small number of animals with benign tumours in the
group of mongrel animals can also be argued by this

approach, as their impact on the animal’s body is min-
imal. Another probable explanation for the increase in
the number of dogs with malignant cancer in the group
of pedigree animals is the increase in the proportion
of small and medium-sized dogs, in which, similarly to
pure-bred animals, this type of tumour predominates.
The strength of influence of the indicator of the size
of animals in the breed on the probability of benign or
malignant tumour development in pure-bred animals
was 18% (P<0.01), while in the population of mongrel
dogs the insignificant number of animals in the groups
did not allow obtaining a reliable result.

The next factor whose influence was analysed on
the predisposition to tumour development in dogs
was their age. For this purpose, only pure-bred animals
whose exact age was documented were included in the
study group, in order to reduce the statistical error of
using possible or approximate age in mongrel dogs. The
results of grouping dogs, according to the two factors
investigated, age and body size, are shown in Figure 4.

up to 3 years o —
3 to 6 years e
6 to 9 years  ——
9 to 12 years old  ——
over 12 years old E—
0 10 20 30 40 50 60 70 80 90

W Medium-size breeds

m Small breeds

Large breeds m Total

Figure 4. Distribution of oncologically ill pure-bred dogs by age criterion at the time of diagnosis

Source: compiled by the authors
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The incidence of oncology in dogs, depending on
age, falls under a normal distribution with maximum
manifestation of pathology in the interval from 6 to 9
years. It is during this period that the maximum num-
ber of diseased animals of both large and small breeds
manifests itself. In dogs of medium breeds, the peak
of morbidity is slightly shifted to a later period - from
9 to 12 years. Depending on the age, animals from 6
to 12 years of age have a much higher probability of
developing malignant tumours during this period than
young dogs. Thus, malignant tumours were diagnosed
in young animals up to 3 years of age only in 10 cases
(36%), whereas in later periods this diagnosis only in-
creased, so at the age of 3 to 6 years they were detected
in 21 dogs (43%), from 6 to 9 years in 49 (60%), from 9
to 12 years in 36 (57%), and in animals over 12 years
of age only in 11 cases (28%). Whereas benign tumours
were mostly manifested in older animals. This tendency
can only be explained by the increased probability of
tumour formation, including malignant tumours, during
the period of intensive growth of animals. Only malig-
nant tumours, due to more active metastasis, are able to
manifest in the organism much earlier than benign ones.
Therefore, diagnosis of such neoplasms occurs at a later
age, which was observed in the conducted studies.

Large breed dogs were more vulnerable at the age
of 6 to 9 years, during this period, tumours were diag-
nosed in 45 animals, which was 55.5% of the total num-
ber of cases in this age group. Whereas in the same an-
imals, only at the age of over 12 years, the incidence of
cancer is almost halved. In young dogs of small breeds
up to 3 years of age, tumours were found very rarely,
and mostly they were malignant neoplasms. With in-
creasing age, the number of neoplasms only increased,
but the ratio of different types of tumours was on the
side of malignant pathology. The strength of the effect
of the dog’s age on oncological susceptibility, calcu-
lated by single factor analysis of variance, was found to
be 21% (P<0.05). The analysis of breed dependence of
oncological pathology manifestation revealed that no
neoplasms were detected in poodles under 3 years of
age, but the main number of tumours was diagnosed in
animals over 9 years of age - 82% of cases. In dogs of
the Shar Pei breed, epithelial skin lesions were most of-
ten observed in 57% of cases. In Boxers, tumours were
localized in the head region - 40% and were predom-
inantly benign neoplasms in up to 80% of cases and
were diagnosed before the age of 8 years. In Pekingese
dogs, the main diagnosis was malignant mammary tu-
mours in 71% of cases.

When analysing the manifestation of oncological
pathology depending on the sex of animals, it was
revealed that in males the most frequent neoplasms
were skin tumours up to 25% and genital organs 3.9%,
and in females the main site of localization was the
mammary gland - 36.3%, at that the most frequent
epithelial neoplasms of the mammary gland were
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diagnosed in German shepherd dogs - 22 cases, which
made 8.5% of all cases of oncology in this breed. No
such pathology was detected in female Shar Pei and
Labrador breeds. Due to the small number of sterilized
animals, mostly from the number of mongrels, the re-
sults of the analysis for this indicator were not reliable
and will be investigated in detail in subsequent works.
Also, if possible, it is planned to carry out genetic and
selection analysis of the influence of paternal breeds
on the manifestation of diseases in mongrel animals
and correlation analysis of the manifestation of cancer
pathology in different generations.

DISCUSSION

Veterinary oncology, especially in the context of small,
domestic animals, is becoming a major focus of most
clinical facilities that practice animal medicine.The sig-
nificant use of dogs for business purposes in pure-bred
breeding or their use as human companions brings a
new level of veterinary care to these animals. And with
current knowledge and diagnostic capabilities, the real
causes of disease and death in dogs are coming to the
fore. Therefore, the results obtained need revision and
more in-depth knowledge. Such a direction, which is de-
veloping at a very fast pace, is veterinary oncology. Re-
search in this direction is carried out both to improve the
treatment of different types of neoplasms and to inves-
tigate predisposition factors in the development of such
pathology. The results of genetic and statistical analysis,
which are presented in this paper, are also one of the
directions of accumulation of knowledge base in vet-
erinary oncology. The results obtained should help dog
owners to identify critical moments in the life of their
pets in order to ensure their long and healthy existence.

In the study conducted, the main focus of the re-
search work was to investigate the influence of breed
and age of dogs on their predisposition to develop can-
cer pathology. At the same time, the breed aspect was
studied with the involvement of additional factors: body
size and gender identity. The obtained results of predis-
position to tumour formation in the controlled animals
allowed ranking the breeds of dogs by intensity of the
disease in the following descending order: German and
Central Asian shepherd dogs, Rottweiler, Dachshund,
Poodle, Shar Pei and Pekingese. In contrast, breeds such
as Bulldogs, Dalmatians, Taigans, St Bernards, Yorkshire
Terriers, Jack Russell Terriers and Riesenschnauzers
showed a lower risk of developing tumours. In studies
conducted by N.R. Senthil et al. (2020) observed quite
different incidence rates among animals of individual
breeds. Thus, the incidence of German Shepherd dogs
was minimal - 3.9%, and the highest incidence of tu-
mours was found in mongrel dogs, which is confirmed
by the results of studies by A.L. Martins et al. (2022).
The difference in results obtained between different
researchers could be due to the difference in the pop-
ulation size of a particular breed in the area where the




experiments were conducted. The probability of an in-
crease in the number of animals with cancer was found
to be directly proportional to the population size. But,
despite the number of breeds in all studies, the breeds
that are more susceptible to cancer have fallen into the
risk group. These include the Golden Retriever and the
Rottweiler. In addition to the previous authors, infor-
mation about the high predisposition to the disease in
such animals is also given in their studies by M. Cray
et al. (2020).

The age dynamics of oncological diseases in dogs
of different breeds indicates that the maximum man-
ifestation of pathology occurs between 6 and 9 years
of life. At the same time, the number of diseased an-
imals in the conducted studies fall under the normal
distribution, which indicates its natural nature, which is
not influenced by any side or unnatural conditions. On
this basis, it can be stated that similar results can be
expected in other studies where there was no artificial
selection of control animals. This was confirmed by the
results of cancer screening presented in the work by
J. Rafalko et al. (2023) on a group of dogs numbering
3452 animals diagnosed with cancer. In this work, the
average age of dogs at initial diagnosis was 8.8 years,
which corresponds to the results obtained when ana-
lysing the database of oncologically diseased animals
in Bishkek. In the work of these authors, it is also indi-
cated that in pure-bred dogs, oncological diseases were
diagnosed at a much earlier age in comparison with
non-breed animals. In this case, the weight of animals
was inversely proportional to their age at the time of
diagnosis of the disease. In the studies referenced in
this paper, large breed dogs were also diagnosed with
tumours at an earlier age than small breeds.

Similar results were obtained in the work of
A.Doherty et al. (2020), in which, when analysing infor-
mation on genotypic and phenotypic characteristics of
more than 72,000 dogs, it was concluded that breeds
with high average body weight had higher mortality
rates from cancer problems and shorter life expectancy.
Although the work of A.M. Oberbauer et al. (2019) makes
some distinction on the propensity to develop tumours
between the natural body weight of an animal that
meets breed traits and overweight that is a consequence
of spaying or overfeeding animals. Initially, when carry-
ing out the work, it was also planned to analyse materi-
als on the influence of castration of males and females
on the morbidity of animals. But in the process of its
implementation, it turned out that among the sterilized
animals there were only mongrel animals, and in insig-
nificant quantity. Such a sample did not allow obtaining
representative results, so this research was postponed
until the next work.

Analysis of the information database of veterinary
clinics in Bishkek on oncological problems of dogs
showed that neoplasms were more often registered in
large breeds of dogs. Moreover, the ratio of different

Irgashev et al.

types of tumours changed with age. In older dogs, the
probability of diagnosing a malignant neoplasm de-
creased and the frequency of benign tumours increased.
The logical explanation for this trend is the lack of early
diagnosis of neoplasms in dogs in Kyrgyzstan, and the di-
agnosis of oncology is made already at physiological dis-
orders in animals, when clinical signs appear. Preventive
screening of animals for early diagnosis of oncological
problems, even in pure-bred animals, which are used in
breeding for profit, is not carried out, and the detection
of tumours occurs as a result of the manifestation of dys-
function of the body, or with obvious clinical signs. Since
malignant neoplasms in the organism progress much
faster than benign ones, they are detected at an earlier
age. This can explain the current dynamics of the detec-
tion of neoplasms in dogs in Bishkek.

The analysis of the influence of sex on the pre-
disposition to oncological problems indicated a sig-
nificantly higher probability of tumour development
in female dogs compared to males. The difference be-
tween the sexes in the studies was 26%. The studies of
A.M. Koterbay et al. (2020) on Chow Chow animals and
of K.Pinello et al. (2022) on a population of 13006 dogs
of different breeds indicate that there is a greater like-
lihood of tumours being found in female individuals. In
the case of the animals from Bishkek, this significant
preponderance in the incidence in females was associ-
ated with the prevalence of tumours in the mammary
gland, which accounted for more than 36% of all tu-
mours in this sex.

The analyses conducted support the hypothesis
that age and breed factors both separately and in com-
bination influence the susceptibility of dogs to onco-
logical pathology. These observations allowed iden-
tifying the peculiarities of the manifestation of some
morphological types of tumours in dogs of different
breeds and to determine the critical periods of their
formation. The results obtained confirm the importance
of annual examinations in dogs for the prevention of
oncology, as well as the need to register cases of can-
cer in animals, which will facilitate the development of
new approaches for the prevention of diseases in dogs,
as well as increase their life expectancy.

CONCLUSIONS

Based on the materials of the unified information da-
tabase of veterinary clinics of Bishkek on cases of dogs
with oncological diseases, as well as on the results ob-
tained during its statistical analysis, the following con-
clusions and suggestions for future scientific work can
be made. In pure-bred dogs, the ratio of morphological
types of tumours was approximately at the same level,
with a slight increase of benign neoplasms 54%. The
influence of sex on the predisposition to tumour for-
mation in dogs, in the studies carried out, revealed a
significant increase in this pathology in females - 63%,
the reason for this was the high level of neoplasms
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in the mammary gland, the proportion of which was
36.3% of all tumours in this sex. The most predisposed
breeds to oncological pathology were dogs of large
breeds, namely German (n=48; 14.6%) and Central
Asian shepherd dogs (n=23; 7%). In representatives of
these breeds, benign tumours prevailed (n=75), or 54%
of the total number of benign masses. Whereas malig-
nant tumours were predominantly detected in small
breed dogs, 59% (n=29). The maximum manifestation of
oncological pathology in dogs, regardless of breed, was
observed between 6 and 12 years of age. At the same

increase the effectiveness of treatment procedures.
Firstly, such screening is recommended for dogs used
for pure-bred breeding and service companion dogs.
In order to accumulate knowledge about the manifes-
tation and predisposition of dogs to oncological pa-
thology in future studies it is planned to conduct re-
search on the influence of sterilization of animals of
both sexes on the development of tumour neoplasms
in them, and to conduct genetic and selection analysis
on the manifestation of oncology in related animals in
different generations.

time, with increasing age, the probability of diagnosing

malignant neoplasm decreased. ACKNOWLEDGEMENTS
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AHorTauisfl. 36inbleHHs YMCenbHOCTi cobak K LOMALLHIX TBApPWH CTaBUTb Nepes BeTepUHapHUMU BaxiBLAMM 3aBOAHHSA
MOLYKY HOBMX MiAXOAiB ANS NpodinakTMKK iX 3aXBOPHOBAHOCTI Ta PaHHbOI CMepTHOCTI. Bik i mopoay BBaXalTb
OCHOBHMMMW KPUTEPIIMU PU3KKY YTBOPEHHS NYX/IMH Y cOBaK, TOMY METOHO LLbOr0 AOCIAKEHHS 6YN0 BUBYEHHS BNANBY
LUMX | HU3KM iHWKUX YUHHUKIB HA CXWMNbHICTb PO3BMTKY OHKOMOTYHOI NAToNOrii B LbOro B1Ay TBApMH. [locnigxeHHs
FPYHTYBanMCA Ha aHani3i eaMHOI 6a3un JaHMX BETEPUHAPHUX KIiHIK MicTa Billkek, Wo BKAOYaE 328 niaTBEpOXeHUX
BMMaAKiB OHKOMOTMiYHOI naTonorii y cobak. HannowwpeHiwmmm nopoaamum 6ynu Himeubki (n=48) i cepenHboasiaTchbki
BiB4apku (n=23), poteinepu (n=18), Takeu (n=18), nyneni (n=17), wapnei (n=14), nekiHecu (n=14), a Takox rpyna
6e3nopoaHmnx cobak (n=70). JobposikicHi HoBoyTBOpeHHS b6ynu 3adikcoBaHi B 140 Bunaakax, wo craHosuno 54,3 %
Bifl 3arasibHOI KiflbKOCTi MYX/JIMH YMCTOMOPOAHMX cobak. JobposKicHI NyxnuHM nepeBaxanu y cobak BeNMKUx nopig,
(n=75),a60 53,6 % Big 3aranbHOI KiNbKOCTi 4OBPOSKICHUX YTBOPEHb, @ HAMBINbLIMIA PiCT 3N0SKICHUX MYXAUH BUSBUIM
B cobak ManeHbkux nopif 59 % (n=29). Cobaku, He3anexHo BifL MOPOLHOI NMPWUHANEXHOCTI, BUABMAMCA Binblu
ypa3nvMBMMM L0 YTBOPEHHS MyXAuUH Y BiLi Big 6 oo 12 pokis. [ig yac aHanizy 6a3un gaHUx BUSBMNOCS, LLO Y CAMOK
MMOBIpHICTb OHKONOTIYHOT NaTosorii Byna BMLLOK, HiXXK Y CaMLiB, MPU LbOMY OCHOBHWMM [iarHO30M Yy CaMoK 6ynu
NYXAMHU MOJTIOYHOI 3a103K — 36,3 %. Y ApibHMX nopif cobak pu3mnK po3BUTKY MYyXAMH MOMOYHUX 33103 OYB BULLMUM,
HiX Y BennKnx cobak. OTpuMMaHi pe3ynbTaTv BUSIBUAM NOPOLHI 0CO6AMBOCTI NposiBy MOPHONOTiIYHUX TUMIB MYX/IUH Yy
cobak i ganu 3Mory BU3Ha4YMTU KPUTUYHI Nepioam iX yTBOPEHHS
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INTRODUCTION

Technological measures in the cultivation of any cul-
ture should ensure economy, ease of use, obtaining
stable productivity while simultaneously forming op-
timal indicators of economic efficiency. The specified
factors, the selection of varieties and the possibility
of optimizing nutrition on a resource-saving basis
determine the relevance of this article. Winter barley
in Ukraine, and in particular in the Southern Steppe
zone, is an important crop of the grain wedge, it signif-
icantly increases productivity by optimizing nutrition,
which in turn affects the overall costs and profitability
of cultivation.

It is possible to significantly improve plant nu-
trition, to obtain a high yield with at the same time
high-quality indicators of grain at low costs. It is appro-
priate to effectively manage the processes of forming
the productivity of winter barley on a resource-saving
basis through the use of optimization of nutrition with
modern biological preparations in the main periods of
plant growth and development. In addition to having
a beneficial effect on growth processes and increasing
the yield level, each element of cultivation technology
must be economically feasible and ensure profitabil-
ity and profitability, that is, not significantly increase
costs and unit cost of production.

0. Vinyukov et al. (2021) have established with
their own studies that inoculation of seeds with a
microbiological preparation in the technologies of
growing winter wheat helps to increase the supply of
nutrients to plants that stimulate the development of
plants during the growing season, and, as a result, in-
creased the parameters of the crop structure. Based
on the results of research by I. Mosiychuk et al. (2022),
who conducted research with biological prepara-
tions Oracle multicomplex, Vimpel 2 and a mixture of
preparations Vimpel 2 + Oracle multicomplex, formed
the opinion that biological preparations significantly
affect the sowing quality of spring barley seeds of the
Sebastian and Helios varieties. The most effective is
the use of a mixture of drugs Vimpel 2 + Oracle multi-
complex, that is, the use of biological drugs in a com-
plex increased growth processes, and also increased
the energy of germination and laboratory germination
of seeds.

Yu. Mashchenko et al. (2023) believe that the yield
of winter wheat in grain-steam-row crop rotation
when using the organo-mineral fertilization system
with the biopreparation Mikofrend was 6.18 t/ha, and
the increase from mineral fertilizers was 0.56 t/ha. A
significant increase in yield was obtained due to the
biological preparation, which was recorded in the ver-
sion without fertilizers - 0.45 t/ha. That is, scientists
have confirmed that the use of a biological prepara-
tion significantly increased the yield. A number of au-
thors, I. Kohut et al. (2021) determined the influence of
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growth regulators on the productivity of winter barley
sowing Highlight in the conditions of the Southern
Steppe of Ukraine. Thus, the use of the scheme with
Chlormequat chloride at a dose of 1.5 l/ha and Terpal
at a dose of 1.0 I/ha led to a lengthening of interphase
periods, which in turn led to the longest vegetation
period of winter barley in this experiment - 169 days.
Application of Terpal at a dose of 2.0 l/ha shortened
the vegetation period by 2 days compared to the first
scheme. Winter barley completed the growing season
the fastest in the control variant, where the length of
the growing season was 156 days.

The author O. Makuha (2021) reports in her re-
search that when spring barley seeds are treated with
the phosphate-mobilizing biopreparation albobacter-
in, the increase in net profit compared to the control
variant varied from UAH 851/ha in the Sovira variety
to UAH 1,011/ha in the variety Helot. At the same
time, the increase in profitability ranged from 4.9% to
5.6%, depending on the variety. Under the influence
of the biological preparation polymyxobacterin, an
even higher increase in net profit was observed for
the specified varieties, namely UAH 1,303/ha and UAH
1,704/ha, respectively. The level of profitability also
increased, being 7.6% and 9.5%, respectively, for these
varieties.

Among the most cost-effective components of the
cultivation technology of any crop should be the se-
lection of the variety. It should be adapted to a certain
zone, provide a high yield potential, and for winter
barley also be frost-resistant, have signs of resistance
to adverse environmental conditions and changes in
soil and climatic conditions. After all, under absolute-
ly identical growing conditions, the realization of the
genetic potential of productivity within varieties can
manifest itself and differ significantly. The listed stud-
ies contributed to the development of the topic, but
the most productive varieties and biological prepa-
rations for foliar feeding of plants during important
phases of their vegetation have not yet been deter-
mined. That is why the purpose of the research was to
substantiate the economic aspects of the introduction
of the use of biological preparations on winter barley
varieties during the main periods of plant growth and
development.

MATERIALS AND METHODS

The research was conducted with winter barley during
2016-2019 at the Educational and Scientific Practical
Center of the Mykolaiv National Agrarian University.
The scheme of the experiment included the following
options: Factor A - varieties of winter barley: Worthy,
Valkyria, MIP Oscar and MIP Yason; Factor B - biological
preparations: control (water treatment), Azotophyt, My-
cofriend, Melanoriz, Organic balance (Table 1).




Gamayunova & Kuvshinova

Table 1. Scheme of the experiment

Factor A - varieties:

Factor B - biologics:

Worthy (st) Control (water treatment)
Valkyrie Azotophyt

MIP Oscar Mycofriend

MIP Yason Melanoriz

Organic balance

Source: developed by the authors

The research material was four varieties of winter
barley presented by leading institutions of Ukraine:
Dostoiny and Valkyrie from the Breeding and Genetic
Institute — National Center for Seed Science and Varie-
tal Research in Odesa, which are recommended for all
zones of Ukraine since 2014. Additionally, MIP Oscar
and MIP Yason are represented by the Myroniv Wheat
Institute named after V.M. Crafts of the National Acad-
emy of Agrarian Sciences of Ukraine and included in
the register of plant varieties of Ukraine in 2016-2017
(State register of plant varieties, 2023). In the experi-
ment, the effect of four biopreparations, namely Azoto-
phyt, Mycofriend, Melanoriz, and Organic Balance, was
studied on the specified varieties of winter barley.

Azotophyt is a systemically acting biological prepa-
ration that contains natural Azotobacter bacteria chroo-
coccum and biological products of their vital activity. It
stimulates the development of the root system of plants,
strengthens their immune system, improves the quality
of the soil, helps to increase the yield and increases the
nitrogen content in the soil. Mycofriend is a mycorrhizal
biopreparation containing Glomus fungi sp., rhizosphere
microorganisms that contribute to the formation of my-
corrhizae. Also included are phosphate-mobilizing bac-
teria and bacteria with fungicidal properties. Melanoriz
is a complex mycorrhizal preparation created to nour-
ish plants and protect them from diseases. It contains
mycorrhizal fungi Glomus, Aspergillus terreus, Trichoder-
ma lignorum, Trichoderma viride, which help plants ab-
sorb nutrients and protect them from diseases. Organic
balance is a biological preparation that stimulates the
growth and development of agricultural crops, provides
stress resistance and balanced nutrition. It contains a
concentrated mixture of live producer bacteria that
provide plants with nitrogen, phosphorus and potas-
sium, and also have fungicidal properties to protect
plants from bacterial and fungal diseases. The research
was conducted during 2017-2018 and 2018-2019, and
the drugs were used at a dose of 200 g/ha, while the
working solution was 200 l/ha.

Foliar fertilizing of winter barley was carried out at
specific moments of the growing season. The first ad-
ditional feeding took place during the spring tillering
of the plants, and the second and third feeding took
place after tillering, at the beginning of the emergence
of the plants in the tube. The soil on the experimen-
tal sites was southern chernozem, with an average

concentration of mobile nutrients. The content of or-
ganic matter in the 0-30 cm soil layer was 2.9-3.2%,
and the pH ranged from 6.8 to 7.2. The area of the sow-
ing plot was 72 m?, while the area of the accounting
plot was 30 m? and the experiment was conducted
using four times repetition. The predecessor for sow-
ing winter barley was peas. All varieties of barley were
sown in accordance with the optimal terms for this cli-
matic zone. Taking into account information about the
predecessor and the level of soil nutrition, no mineral
fertilizers were used, and the method of growing winter
barley corresponded to the generally accepted for the
Southern Steppe of Ukraine, except for the factors that
were the object of study.

The cost of gross production was determined by
multiplying the yield of the crop by the price of 1 ton
of grain. The cost of cultivation was determined by di-
viding production costs by yield. Conventionally, the
net profit was determined by the difference between
the cost of gross products and production costs. The
level of profitability is by dividing net profit by produc-
tion costs. In order to assess the economic efficiency of
growing winter barley varieties under the influence of
foliar fertilizing with biological preparations and jus-
tifying the expediency of the researched factors, tech-
nological maps were drawn up and calculations were
made of the cost of products, production costs for culti-
vation, cost price, conditional net profit and the level of
profitability (at the prices of 1.12.2022).

Experimental plant studies, including the collec-
tion of plant material, conformed to the principles
established by the relevant institutional, national or
international standards. The authors followed the re-
quirements and provisions of the Convention on the
Conservation of Biological Diversity (1992), as well as
the Convention on Trade in Endangered Species of Wild
Fauna and Flora (1979).

RESULTS AND DISCUSSION

The economic efficiency of the use of biological prepa-
rations for the researched varieties of winter barley was
determined: the cost of gross production, the cost of
growing a unit of production, the level of profitability
of production. It has been established that the use of
complex biological preparations twice in the main peri-
ods of winter barley plant development (in the phase of
spring tillering and at the beginning of the emergence
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of plants into the tube) increases the efficiency of crop
cultivation and ensures an increase in the level of prof-
itability. During the research, there was also determined
that the cost of gross production for the cultivation of
winter barley varied to a certain extent depending on

the varietal composition and biological preparations,
which is associated with fluctuations in the levels of
grain yield according to the variants. With fertilizing,
and especially in both phases, this indicator increased
regardless of the variety (Table 2).

Table 2. The cost of gross production when growing winter barley grain depending on the variety and biological
preparations (average for 2017-2019), thousand UAH/ha

Feeding option Variety (factor A)
(factor B) Worthy Valkyrie Oscar Jason the average factor B

(Wati??rlg{%em) 187 20.1 211 184 196
Azotophyt | 214 24.0 24.2 20.6 225
Azotophyt [+l| 22.6 25.0 25.0 22.3 237
Mikofrend | 21.2 22.8 231 20.1 21.8
Mycofriend [+ 21.6 237 24.5 20.8 22.7
Melanoriz | 19.8 21.3 22.3 19.2 20.6
Melanoriz I+l 20.3 22.5 22.8 20.3 21.5
Organic balance | 20.4 25.2 25.8 22.6 23.5
Organic balance I+l 21.4 26.5 26.3 23.5 244
Average factor A 20.8 23.4 239 20.9 22.3

Notes: Period of foliar fertilization: | - in the phase of spring tillering; I+Il - in the phase of tillering and at the beginning

of the emergence of plants into the tube
Source: developed by the authors

In the control, and especially with the cultivation
of the Yason variety, this indicator was the lowest -
18.4 thousand UAH/ha, and when using the biological
preparation Organic-Balance on sowing the Valkyria
variety in both phases, it increased to 26.5 thousand
UAH/ha or by 44 .0% and was the maximum. Cultivation
of the Oscar variety provided these indicators at the
levels of 26.3 thousand UAH/ha and 42.9%. The highest
value of gross production on average for all variants
over the years of research - 23.9 thousand hryvnias/ha
was provided by the cultivation of the Oscar winter bar-
ley variety. In the Valkyrie variety, it was 23.4 thousand
hryvnias/ha, and in the Dostoiny variety, it decreased

cost of gross production thousand hryvnias/ha
30

to 20.8 thousand hryvnias/ha, or by 14.9%. It was de-
termined almost the same for the cultivation of Yason
winter barley - 20.9 thousand hryvnias/ha.

Fertilization with Organic-Balance biological
preparation twice during the growing season ensured
an increase in the value of gross production for all va-
rieties to UAH 24.4 thousand/ha, which is 24.5% more
compared to the control option (treatment of crops with
water). The effectiveness of the use and advantages of
biological preparations, which are taken for research, is
illustrated in Fig. 1, which shows the average values of
the cost of grown products for carrying out one and two
treatments of weeding plants.

N
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[EN

[1o¢]
%(5) 1 19,6

15 -
10 -
5 -
O,

Control
(water treatment)

Azotophit

Mycofriend

Melanoriz Organic-Balance

Figure 1. Cost of gross production under the influence of biological preparations
(average by varieties for 2017-2019), thousand UAH/ha

Note: *Organic balance for 2018-2019
Source: developed by the authors

The cost of growing 1 ton of winter barley grain
is @ minimum of UAH 1.7 thousand. determined by the
Valkyrie variety after a one-time sowing treatment with
the drug Azotophyt (Table 3).
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This indicator increased to 2.29 thousand hryvnias/t
or by 32.9% when growing the Yason variety treated
with the same biological preparation in the spring bud-
ding phase.
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Table 3. Cost of growing 1 ton of winter barley grain depending on the influence of the studied factors
(average for 2017-2019), thousand UAH

Feeding option Variety (factor A)
(factor B) Worthy Valkyrie Oscar Jason The average factor B

(Wat%?'t\gg%ent) 1.99 1.87 1.80 2.02 1.92
Azotophyt | 2.20 1.70 1.98 2.29 2.04
Azotophyt I+I 2.21 1.74 1.72 2.23 1.98
Mikofrend | 2.06 1.92 1.90 2.16 2.01
Mycofriend I+ 2.14 197 191 2.22 2.06
Melanoriz | 2.19 2.05 1.96 2.25 2.11
Melanoriz I+ 2.27 2.07 2.04 2.27 2.16
Organic balance | 213 1.76 1.72 1.94 1.89
Organic balance I+lI 2.16 1.78 1.79 1.99 1.93
Average factor A 2.15 1.87 1.87 2.15 2.01

Notes: Period of foliar fertilization: | - in the phase of spring tillering; I+Il - in the phase of tillering and at the beginning

of the emergence of plants into the tube
Source: developed by the authors

According to the varietal composition, the Valkyria
and Oscar varieties provided the advantage in form-
ing the minimum values of the cost of production of
1 ton of grain at the level of UAH 1.87 thousand. For
the cultivation of other researched varieties, this indi-
cator increased to UAH 2.15 thousand/t or by 14.9%. On
average, based on the nutritional background (factor B),
the lowest cost of growing 1 ton of grain of the stud-
ied crop at the level of UAH 1.89 thousand was deter-
mined by the option of using the drug Organic-Balance
once in the tillering phase. This indicator increased by
14.2% (up to 2.16 thousand hryvnias/t) during two-time

feeding with the drug Melanoriz. In the conditions of a
market economy, one of the main criteria for the eco-
nomic efficiency of technological processes is the ob-
taining of conditional net profit and the level of profita-
bility.A comparison of indicators of conditional net profit
shows that it was the lowest (10,000 hryvnias/ha) when
growing the Yason variety with a one-time feeding with
the biopreparation Melanoriz during the tillering phase
(Table 4). A significant increase of this indicator to 16.4
thousand hryvnias/ha or by 64.0% was provided by the
Valkyrie variety after two-time treatment of crops with
the biological preparation Organic-Balance.

Table 4. Conditionally net profit when growing winter barley grain depending on the variety composition and
biological preparations (average for 2017-2019), thousand UAH/ha

Feeding option Variety (factor A)
(factor B) Worthy Valkyrie Oscar Jason the average factor B

(Wati?,t\lrzggnl;ent) 10.8 121 13.0 105 116
Azotophyt | 114 15.3 14.0 10.6 12.8
Azotophyt I+l| 12.0 15.7 15.8 11.7 13.8
Mikofrend | 11.9 135 13.8 10.9 125
Mycofriend [+ 11.8 13.8 14.6 11.0 12.8
Melanoriz | 10.6 12.0 13.0 10.0 114
Melanoriz I+11 10.5 12.6 12.9 10.5 11.6
Organic balance | 111 15.8 16.3 13.2 14.1
Organic balance I+l 11.6 16.4 16.3 13.5 14.4
Average factor A 11.3 14.1 14.4 113 12.8

Notes: Period of foliar fertilization: | - in the phase of spring tillering; I+Il - in the phase of tillering and at the beginning

of the emergence of plants into the tube
Source: developed by the authors

The average factorial values proved the advantage
of growing the Oscar variety, which provided an increase
in conditional net profit to UAH 14.4 thousand/ha, which
was 27.4% higher than the level of the Dostoiny and

Yason varieties, which generated a profit of UAH 11.3
thousand/ha Ha. With regard to factor B (nutritional
background), the advantage of two-time feeding of crops
with the preparation Organic-balance, which contributed
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to the growth of the studied indicator to 14.4 thousand
hryvnias/ha, was substantiated. The minimum level
of conditional net profit (11.4 thousand hryvnias/ha)
was provided by one-time feeding with the biological

thousand hryvnias/ha

[ YR
ONDAOCOOON DO

Control Azotophit

Mycofriend

preparation Melanoriz. A clear confirmation of the advan-
tages of the biological preparation Organic-Balance and,
conversely, the lowest efficiency in ensuring the condi-
tional net profit from Melanoriz, are the data in Figure 2.

I

Melanoriz Organic-Balance

Figure 2. Conditional net profit depending on the biological preparation
(average by varieties for 2017-2019), thousand UAH/ha

Source: developed by the authors

An important indicator of economic efficiency
is the profitability of culture production. The level
of profitability of the elements of the winter barley
grain cultivation technology, depending on the vari-
etal composition and biological preparations, ranged
from 105.4% in the version with the Yason variety

for a one-time sowing treatment with the biological
preparation Azotophyt. In the Valkyrie variety, in the
same variant, it increased to 177.1%, or the difference
between these identical variants of feeding with Azo-
tophyt in the phase of spring tillering was 68.0 rela-
tive percent (Table 5).

Table 5. The level of profitability of winter barley grain cultivation technology depending on the variety composition
and biological preparations (average for 2017-2019), %

Feeding option Variety (factor A)
(factor B) Worthy Valkyrie Oscar Jason average by factor B

(Wat%?:gg%ent) 1362 1509 160.5 1332 1452
Azotophyt | 1134 1771 136.8 105.4 133.2
Azotophyt I+I 113.0 170.7 172.7 110.3 141.7
Mikofrend | 128.2 144.2 1474 118.0 1345
Mycofriend I+ 119.4 138.8 146.0 1119 129.0
Melanoriz | 114.8 129.6 139.2 108.7 1231
Melanoriz I+ 107.1 1276 130.6 107.1 118.1
Organic balance | 1204 167.6 172.5 142.0 150.6
Organic balance I+lI 117.6 163.3 162.1 136.2 144.8
Average factor A 1189 152.2 152.0 119.2 135.6

Notes: period of foliar fertilization: | - in the phase of spring tillering; I+Il - in the phase of tillering and at the beginning

of the emergence of plants into the tube
Source: developed by the authors

On average, in relation to the varietal composition,
the studied indicator reached the highest level of 152.0
and 152.2% for the cultivation of Oscar and Valkyria
varieties, respectively. The Dostoiny and Yason varieties
have a significantly lower profitability level of 118.9;
119.2% or 27.5-28.0 relative percent less compared to
the Valkyrie and Oscar varieties. According to feeding
options, the lowest level of profitability was determined
on an average of 118.1% for two-time use for feeding
the drug Melanoriz. This indicator exceeded 150% for
a one-time feeding with the biological preparation
Organic-Balance. This testifies to the high economic
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efficiency of foliar fertilizing of plants of winter barley
varieties with the biological preparation Organic-Bal-
ance, and the use in both phases is 144.8%.

It should also be noted that the use of Organic Bal-
ance for top dressing, especially in the spring tillering
phase, increased the profitability levels of the produc-
tion of all studied varieties of winter barley, except for
the Dostoiny variety, the cultivation of which achieved
the highest profitability in the control option for the
treatment of sowing plants with water without the use
of biological preparations. The reaction of winter barley
varieties to foliar fertilizing is presented in Figure 3.
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Figure 3. The level of profitability of growing winter barley varieties depending on foliar fertilizing with biological
preparations (average for 2017-2019), %
Notes: control (water treatment); Average values for variants of feeding with biological preparations

Source: developed by the authors

At the same time, despite a certain decrease in the
profitability of growing winter barley varieties in the
case of seed fertilization, and vice versa, a certain in-
crease in the cost price compared to the control, the
conditional net profit at the same time increases in most
variants of the experiment, which indicates the expedi-
ency and payback of the incurred costs and generally
confirms the economic efficiency of this technological
measure. Studies and calculations have confirmed that
a certain agricultural measure, which is included in the
technology of growing an agricultural plant, should be
distinguished by positive results in relation to the main
economic indicators. It should not be highly expensive
in terms of the total cost of cultivation, provide condi-
tional net profit and level of profitability,and not signif-
icantly increase the cost price.

The most important factors of the agro-economic
efficiency of growing winter barley, which were deter-
mined under the influence of the use of such an el-
ement in technology as foliar feeding with modern
biological preparations to optimize plant nutrition on
the basis of resource conservation, are consistent with
the previously obtained results of many scientists con-
ducted with winter crops (Vozhegova & Krivenko 2019;
Pozniak, 2019; Gamayunova & Kuvshinova 2021).

A number of studies by H. Huang et al. (2019) testify
to a significant increase in yield levels with the use of
mineral fertilizers to feed grain crops. However, growing
costs due to the high cost of both the fertilizers them-
selves and their direct application are increasing. The
introduction of resource-saving measures in cultivation
technology, in particular biological preparations and
re-regulating substances, has a favourable effect both
on the growth processes and yield of plants,and on in-
dicators of economic efficiency. According to the results
of research by A. Krivenko (2019) and comparing the
use of mineral fertilizers and biological preparations
on winter wheat after black steam at the Odesa Agri-
cultural Research Station, the advantage of the latter
was noticeable: the level of profitability in the option

of using N, was 115.1%, and Azotophyta - 154.2%.
The grain yield was at the levels of 4.06 and 3.97 t/ha,
respectively, production costs were 9.9 and 8.2 thou-
sand UAH/ha, conditional net profit was 11.4 and 12.6
thousand UAH/ha, and the cost of production 2.44 and
2.06 thousand UAH/t, respectively. In the studies of the
same author, grain yield from the use of complete min-
eral fertilizer NP, K +N, was formed at the level of
5.41 t/ha, or significantly higher, but the level of prof-
itability decreased to 95.7% and the cost of cultivation
increased to 2.68 thousand hryvnias/t.

Research by D. Lovarelli et al. (2019) also confirmed
that, compared to other technological factors, mineral
fertilizers or optimization of plant nutrition, including
on the basis of resource conservation, affect the level of
harvests to a much greater extent. For nutrition, it is im-
portant to create other favourable conditions for each
culture. In the conditions of climate change, particularly
the increase in its aridity, it is expedient to pay consid-
erable attention to soil cultivation measures. This ele-
ment in plant growing technology is quite expensive
and affects the water-physical properties of the soil.

The issue of growing winter barley in crop rota-
tion on irrigated dark-chestnut soil in the conditions
of Southern Ukraine was investigated by the authors of
M. Malyarchuk et al. (2022) established that the maxi-
mum efficiency of grain - 6.96 t/ha was formed by the
crop with a combination of long-term disk tillage (12-
14 cm) and fertilization with N, P, per 1 ha of the crop
rotation area against the background of making sideral
fertilizer (spring mustard) and use of crop rotation
by-products. In the specified variant, in addition to the
highest grain yield, the authors also obtained the max-
imum level of profitability - 242.8% at the same time
the lowest cost price — UAH 2,042/t. They also report
that the level of grain yield was significantly influenced
by the fertilization system in crop rotation, compared to
the methods of cultivation.

Research by L. Kolomiets et al. (2022), carried out
on the basis of organic technology for growing winter
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wheat and spring barley in the conditions of the Right
Bank Forest Steppe of Ukraine, established the effec-
tiveness of the combination of no-till soil cultivation
with the use of biological preparations. This ensured an
increase in the grain yield of winter wheat by 28% and
spring barley by 15% and was economically efficient. In
particular, the costs of growing spring barley with the
use of tillage and biological preparations were reduced
by 10% for a profitability level of 159%. In addition to
favourable economic factors, agricultural production
under this approach is based on ecological principles
of natural resource protection.

Research by I. Vogeler et al. (2023) confirmed that
growing catch crops effectively reduces nitrogen leach-
ing costs in farming systems. This becomes possible due
to the fact that these crops absorb post-harvest mineral
nitrogen from the soil before the onset of the main winter
percolation season. Modelling shows that catch crops can
reduce nitrogen leaching costs by 38-64% if grown annu-
ally and by 21-39% if grown biennially. The replacement
value of nitrogen fertilizers varies on average from 28
to 44 kilograms of nitrogen per hectare, but they show
high annual variability. It is important to note that in-
dicators of nitrogen replacement by fertilizers do not
always correlate with the nitrogen content consumed
by the catch crop before its harvest. This may be due
to the long-term effect of the process of nitrogen min-
eralization from the catch crop residues, as well as the
competition for nitrogen resources from the catch crop.

Thus, on the basis of a review of literary sources and
the results of own research, the importance of plant nu-
trition as one of the defining elements of technology is
highlighted. At the same time, it is also substantiated
that this measure can be carried out with minor addi-
tional investments. The use of biological preparations
can increase the yield and quality of agricultural crops,
ensure rational use of nature and economic expediency,
because the output of products increases to a great-
er extent, compared to the incurred costs of resources.
This is extremely important for the effective function-
ing of the agricultural sector, which provides more than
50% of the income of the Ukrainian economy and is a
priority (Vakulenko, 2022). A certain record in relation
to the gross collection of grain and leguminous crops,
which in 2021 was collected by 33.5% more compared
to the previous year 2020, was provided by the agrari-
ans of Ukraine (Miroshnyk & Baglai 2022).

Authors V. Gamayunova et al. (2019) testify that
the issue of increasing the level of grain production
efficiency should be resolved both at the state and re-
gional levels. At the same time, the area of winter grain
crops in the Mykolayiv region varies from 65.1 to 71.7%
in most years, and according to methodological recom-
mendations, their specific weight should not exceed
60% of the arable area. However, there is currently a
war going on in Ukraine, the acreage of crops is de-
creasing, and there are difficulties with the material
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and technical support of farms. In this regard, the ef-
fectiveness of the production of agricultural crops in
the war and post-war periods, to increase the output
of products, it is necessary to contribute to this on the
basis of resource conservation, and the research and
proposals of the current research.

CONCLUSIONS

Determining the economic efficiency of growing winter
barley with the inclusion in the technology of the ele-
ment of optimizing nutrition on the basis of resource
conservation and environmental friendliness, namely
the use of modern biopreparations, proved their positive
impact. The cost of gross production for all varieties
during the years of cultivation without the use of biolog-
ical preparations for feeding amounted to 19.6 thousand
hryvnias/ha on average, and in the most optimal variants
of the experiment it increased to 23.7-24.4 thousand
hryvnias/ha. Conditionally net profit, respectively, is de-
fined as: 11.6 and 13.8-14.4 thousand hryvnias/ha. The
cost of a unit of production for fertilizing with biological
preparations in most variants of experiments on aver-
age varied insignificantly by variety, and the cultivation
of Valkyrie and Oscar varieties, which formed the highest
yield, even decreased compared to the control.

The level of profitability also changed with a sim-
ilar dependence. In the control, it was 145.2% on av-
erage by variety, with fluctuations from 133.2 (Yason
variety) to 160.5% (Oscar variety). Foliar fertilizing with
biological preparations of Dostoiny and Yason varie-
ties led to a decrease in the profitability of cultivation,
and Valkyrie and Oscar varieties to growth, especially
with the use of Organic Balance and Azotophyt. Thus,
according to the results of research and calculations,
farms in the Southern Steppe zone of Ukraine, engaged
in the cultivation of winter barley, are advised to place
it after the best predecessors, in particular after peas,
to sow high-yielding varieties Oscar and Valkyrie, and
to process the crops of plants in the phases of tillering
and emergence into the tube biological preparations
Organic Balance and Azotophyt. This will ensure the
formation of stable levels of grain harvest and profita-
bility and profitability of production.

Prospects for further research in the field of eco-
nomic efficiency of growing winter barley may include
a more in-depth analysis of the impact of different va-
rieties of barley on the yield and quality of products in
view of the conditions of different regions, as well as
research on optimal doses and methods of using bi-
ological preparations to increase productivity and re-
duce costs for chemical fertilizers and plant protection.
In addition, an important direction can be the assess-
ment of the influence of environmental factors on the
cultivation of barley and the development of recom-
mendations for sustainable and stable cultivation of
the crop in conditions of climate change and preserva-
tion of soil fertility.
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EKOHOMiYHa epeKTUBHICTb BUPOLLYYBaHHSA S4YMEHIO O3UMOIrO
y 30Hi NMiBaeHHoro Cteny YKpaiHu 3a BNJIMBY copTy i 6ionpenaparTiB

BaneHTtuHa BacuniBHa NamaroHoBa

[loKTOp CiNbCbKOrocnoaapcbkmx Hayk, npodecop
MMKONAIBCbKMI HALLIOHANBbHUIA arpapHuUiA YHiBepCuTeT
54000, syn. leopris ToHrag3se, 9, M. Mukonais, YkpaiHa
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AHoTauif. AKTyanbHiCTb CTaTTi MONSrae y BM3HAYEHHI HaWbinbw onTMManbHUX copTiB i Gionpenaparis, aki
3abe3neyyoTb OTPUMAHHS BMCOKOI MPUOYTKOBOCTI Ta peHTabenbHOCTI BUPOLLYBAHHS SYMEHI0 03MMoro. MeToto
[ocnipKeHb 6yno BU3HAYUTU OCHOBHI MOKA3HUKM €KOHOMIYHOI e(heKTUBHOCTI eleMeHTiB TEXHOMOTIi BUPOLLYBaHHS
SYMEHIO 03MMOr0 33 NPOBEAEHHS MO33aKOPEeHEeBUX MiAKMBAEHb MNOCIBY POC/AMH B OCHOBHI nepioan BereTauii
6ionpenapatamu. [pu NpoBefeHHi [OCNiAXKEeHb BUKOPUCTOBYBAIN 3arasbHOMNPUIAHATI METOAM: CUCTEMHUI MiaXig
i CUCTeMHWI aHani3, NONbOBMIM Ta CTATUCTUYHMI. Y CTaTTi HaBeO4EHO [AaHi eKOHOMIYHOI ePEeKTUBHOCTI efleMeHTIB
TEXHONOrii BMPOLLYBaHHS SUYMEHI0O 03MMOr0 3a pe3ynbTaTaMu LOCNIAKEHb, MPOBEAEHMX 3 YOTMPMa COpTaMu
KynbTypr B YyMOBax HaBYanbHO-HAayKOBO MPAKTUYHOMO LEHTPY MWKONAiBCbKOrO HALiOHANBLHOMO arpapHoro
yHiBepcuTeTy y 2016-2019 pp. MNpoaHanizoBaHo BNAMB L0OOPY COPTY, MPOBEAEHHS MO3aKOPEHEBUX MiAKMBIIEHD
Cy4yacHMMM BakTepianbHMMKM NpenapatamMm Ha OCHOBHI MOKA3HWMKM EKOHOMIYHOT edeKTMBHOCTI BMPOLLYBAHHS
SYMEHI0 03MMOro. BctaHoBNEHO, WO BapTiCTb BUPOLLEHOIO 3epHa 3anexarna i 3MiHBanach 3a BNANBY 0cobnmBocTen
copty, bionpenaparty Ta KinbKoCTi NpoBeAeHUX NigkuaieHb. OTpUMaHHS MakCMManbHOI BapTOCTi 3epHa 3abe3neunno
BMPOLLYBaHHS COPTiB fYMeH0 03uMoro Banbkipis Ta Ockap 3a npoBefeHHs M03akopeHeBUX NiAXuBAEHb Y da3n
KYLLiHHS | BUXoAy pocnuH y Tpybky 6ionpenapatom OpraHik-6anaHc: 26,5 1a 26,3 TMc. rpH/ra BianosigHo. LLi x copTu
y pasi ABOPa30BOro nifxxmMBneHHs A30TodiToM cpopMyBanu BapTiCTb 3epHa No 25 TUC. rPH/Ta, a Y KoHTponsx — 20,1
i 21,1 T1c. rpH/ra BiANOBIZHO. 3 aHANOMYHOK 3aNEXKHICTIO 3MiIHIOBANUCh | MOKA3HUKM YMOBHO YMUCTOrO NpUBYTKY Ta
piBHS peHTabenbHOCTI. 3HAYEHHS BEIMYMHU COBIBapTOCTi BUPOLLYBAHHS OAMHML NPOAYKLIi S4MEHI0 03MMOro Manu
NPOTUNEXHY 3anexHicTb. OTpMMaHi HayKOBi pe3ynbTaTi AOCNIAXKEHb Ta BU3HAYEHHS CMPUSTUMYTb BUPOLLYBAHHIO
SUMEHIO 03MMOr0 Ha 3acafax pecypco3bepexeHHs 3 BUKOPUCTAHHAM 6ionpenapaTtiB Ang MNiaBULLEHHS
NPOAYKTUBHOCTI Ta OCHOBHUX YUHHUKIB EKOHOMIYHOI ePeKTUBHOCTI

KniouoBi cnoBa: BapTiCTb BMPOLLEHOTO 3€pHa; YMOBHO UMCTMI NpMOYTOK; piBeHb peHTabenbHOCTi; cobiBapTiCTb
BMPOLLYBAHHSA OAMHMLI NPOSYKLIi
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Life and Environmental Sciences of Ukraine “Boyarka Forest Research Station” during 2019-2023. According to
research, the MS nutrient medium with the addition of 0.25 mg-L? of kinetin stimulated the active proliferation of
microshoots and root system. Optimum plant development took place on the nutrient medium vitro for a 25-30-
day cycle of cultivation, which contributed to successful adaptation to environmental conditions. The proportion
of adapted Betula ex vitro hybrid plants on agroperlite substrate was more than 60% for 30 days. Significant plant
viability (more than 80%) was obtained under the conditions of preliminary exposure of the plant root system in
auxin solution (1.0 mg/L1AA, 1.0 mg/L NAA, 1.0 mg/LIBA) for 25-30 minutes followed by daily spraying of leaves with
20% glycerin for 15-20 days. Adapted plants had typical pigmentation without signs of chlorosis and vitrification.
In the spring, the survival rate of plants under environmental conditions was more than 80% and indicated a high
level of adaptability after in vitro. The developed protocol for the adaptation of the Betula ex vitro hybrid allows
obtaining high plant survival in environmental conditions. The practical value of the research is obtaining plants
adapted to environmental conditions ex vitro, which in the future can be used to qualitatively enrich the range of

artificial plantings in settlements

Keywords: culture in vitro; birch; microclonal propagation; substrate, viability

INTRODUCTION

Microclonal propagation is considered as a component
of intelligent management of natural resources, which
emphasizes the use of high-quality plant material in
vitro. Application of technologies in vitro allows you to
save and multiply valuable plant genotypes, create a
plant bank, carry out cryopreservation, improve health
and obtain plants with the necessary quality param-
eters. Such technologies are an effective way of ob-
taining high-quality plant material of forest-forming
species. Obtained plant tissues in vitro — a model for
genetic and cellular engineering. In this context, micr-
oclonal propagation of the triploid interspecific hybrid
Betula ex vitro, which has a high growth rate and resist-
ance to adverse environmental factors, is an extremely
urgent task. Such propagation allows obtaining genet-
ically homogeneous plants throughout the year from
a minimum amount of donor material. Adaptation of
woody plants ex vitro as the final and important stage
of microclonal propagation shows how much the proto-
col invitro is effective and can be used in large volumes
for mass cultivation and high-quality enrichment of ar-
tificial plantations.

In the world practice of research with tissue culture
of woody plants in vitro aimed at the study of plant ma-
terial’s juvenileness and the expression of target genes;
intraspecific reaction of plants to LED lighting; devel-
opment of a protocol for microclonal propagation, study
of the regenerative capacity of tissues under the action
of the components of the nutrient medium; determina-
tion of the anatomical, biochemical and physiological
state of tissues; study of plant adaptation ex vitro.

In particular, the authors of M. Zeps et al. (2022)
studied the intraspecific response of plants in vitro sil-
ver birch (Betula pendula Roth.) and clones of hybrid
aspen (Populus tremuloides Michx. x Populus tremula L.)
from the eastern Baltic to LED artificial lighting (LED).
It was established that the studied light treatments did
not affect the density of stomata and the secondary cell
wall of xylem in birch stems, as well as the length of
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stomata, stem radius and phloem width of hybrid as-
pen.In the study, scientists B.Krivman et al. (2023) evalu-
ated the expression of the target genes responsible for
the juvenile microRNAs during the micropropagation of
white birch, and also determined the factors affecting
the juvenile genotypes and their different morphogenic
ability in vitro.

Researchers S.Valimaki et al. (2021) studied the re-
generative capacity of in vitro of dormant plant buds
of Ulmus laevis Pall. and Ulmus glabra Huds. after cryo-
preservation. The authors also studied tissue initiation
on DKW nutrient medium with the addition of growth
regulators and tested the rooting of microshoots dur-
ing short-term induction in a liquid nutrient medium
followed by adaptation. P. Chmielarz et al. (2023) de-
veloped a protocol for microclonal propagation of
800-year-old Quercus robur L. plants using WPM and
QL nutrient medium based on previous studies of
M. Quorin & P. Lepoivre (1977).

Scientists J. Martins et al. (2022) investigated the
effect of BA and kinetin (6-furfurylaminopurine) in
WPM nutrient medium on the anatomical, biochemical
and physiological condition of Q. robur shoots. Authors
N. Dimitrova et al. (2021) note that plant adaptation ex
vitro is a rather important stage that generally deter-
mines the success of micropropagation. It was estab-
lished that the biostimulant Lumbrical (1:16, v:v), which
was added to the substrate (peat, perlite, 1:1; peat-per-
lite, 1:1, v/v), increased the efficiency of plant adapta-
tion ex vitro Pyrus communis L., improved vegetative
growth and photosynthetic characteristics. H. Ribeiro
et al. (2022) to adapt microshoots of walnut hybrid
rootstock ‘Paradox’ (Juglans hindsi x Juglans regia) cl.
‘Vlach’ used rhizogenesis ex vitro using a substrate (co-
conut fibre, perlite, vermiculite, 80:10:10%). Researchers
M. Capuana et al. (2022) established that for the adap-
tation of Salix acmophylla (Boiss.) in vitro, it is advisable
to use an autoclaved substrate consisting of garden
soil, peat, and sand (3:2:1).



https://uk.wikipedia.org/wiki/Pall.

N. Sharma et al. (2023) investigated various strate-
gies (hydroponics, photoautotrophic acclimation, bioti-
zation) to achieve successful acclimation of plants ex
vitro. Authors O. Chornobrov & O.Tkachova (2020) note
that to prevent dehydration of Fragaria vesca L. ex vitro
effectively apply the method of daily spraying of leaves
with 30% glycerin solution for 30 days. They also note
the influence of the length of time plants are kept in
conditions of high relative humidity (85-90%) on the
efficiency of adaptation of F. vesca, because its sudden
change is a stress for plants.

Analysis of the literature indicates that the effec-
tiveness of the adaptation of woody plants ex vitro to
environmental conditions depends on a complex of in-
ternal and external factors, and quite often a significant
percentage of waste is recorded. This, in turn, determines
the need to develop an individual adaptation protocol
and carefully select cultivation conditions for success-
ful plant survival ex vitro. That is why the goal of the
study was to develop an optimal protocol for the adapta-
tion of plants of the triploid interspecies hybrid Betula ex
vitro to environmental conditions. Research objectives:
1) to analyse the effect of various substrates on the effi-
ciency of adaptation of hybrid plants; 2) to establish the
viability of hybrid plants under the conditions of keep-
ing the root systems in different auxin solutions; 3) to
investigate the effect of different concentrations of
glycerol on the growth characteristics of hybrid plants.

MATERIALS AND METHODS

The research was carried out at the Plant Biotechnol-
ogy Laboratory of the Separated Subdivision of Na-
tional University of Life and Environmental Sciences
of Ukraine “Boyarka Forest Research Station” during
2019-2023. Aseptic regenerating plants of the triploid
interspecific hybrid Betula were used for the research.
This hybrid was obtained at the Scientific and Research
Institute of Forestry “Silava” (Latvia) by artificial polli-
nation of a suspended birch with downy birch pollen.
The Betula hybrid has a high growth rate and resist-
ance to adverse environmental factors. Plants in vitro
were cultivated on MS nutrient medium according to
T. Murashige & F. Skoog (1962), with the addition of
growth regulators of the cytokinin type of action ac-
cording to the method of M. Melnychuk et al. (2003),
V. Kunakh (2005), S. Park (2021). 100 mg-L'* myo-inositol,
30 g-l'* were added to the nutrient media sucrose and
7.0-7.3 g-l'*microbiological agar. The indicator of acidity
of the environment (pH) was adjusted to the level of 5.7-
5.8.The plant material was cultivated in a light room at
a temperature of 24+1°Cand illumination of 2.0-3.0 klx
with a 16-hour photoperiod and a relative humidity of
70-75%. Aseptic conditions were created according to
methods generally accepted in biotechnology (Slater
et al.,2003; Smith, 2012; Clark & Pazdernik, 2015).
Regenerants with a cultivation cycle of 25 days
were adapted to the conditions of ex vitro in a stepwise
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manner, which consisted of adaptation to the conditions
of the adaptation room and environment. Plants were re-
moved from the test tubes with tweezers, the root system
was washed from the remnants of the nutrient medium
in tap water with subsequent transfer to 0.001% KMnO,
(2-3 min). Plants were planted in plastic containers with
avolume of 0.25 |, 1 pc. in the following substrates: river
sand; coarse-grained agroperlite; horse peat, agroperlite,
vermiculite (1:1:1); coconut fibres; coconut fibres, agrop-
erlite (1:1). After planting, the plants were sprayed with
water. Regenerants were fed once every 30 days with a
solution of macro- and microsalts for 2 MS. The plants
were kept in conditions of high relative humidity (HRH)
(85-90%) for 3-5 days. HRH was determined using a dig-
ital thermohygrometer. Planting material was placed in
glass containers. The main methods of gradual adapta-
tion of plants were performed according to the method
of H. Kushnir & V. Sarnatska (2005).

The HRH was gradually reduced to the level of
60-70% by means of artificial ventilation. Plants were
sprayed with water when signs of wilting appeared. To
increase the number of transplanted plants, the root sys-
tem was kept for 15-20 minutes in a solution of aux-
ins (1.0 mg/l IAA (indole-3-acetic acid), 1.0 mg/L NAA
(1-naphthylacetic acid), 1.0 mg/l IBA (indole-3-butyric
acid). Plants not treated with auxins were used as a con-
trol. We determined the effect of concentrations of glyc-
erol solution (10%, 20%, 30%, 60%) on the morphometric
parameters of plants, which were previously kept for 15-
20 minutes in auxin solution and planted on an agrop-
erlite substrate. Spraying of leaves with glycerin solution
was carried out for 15-20 days. Plants were grown in an
adaptation room under Osram Fluora phytolamps (illu-
mination 3.0-4.0 klx, 16-hour photoperiod) at a temper-
ature of 21+2°C. Plant viability was recorded after the
appearance of new leaves (30 days of adaptation).

60 days after adaptation, the plants were trans-
planted into containers with a volume of 0.33 L in a
substrate (agroperlite, coconut fibres, peat, 2:1:1). Start-
ing from May and ending in September, container cul-
ture of plants lasts 2-8 hours. was in environmental
conditions. In autumn, the plants were transplanted
into containers with a volume of 1.0-1.5 L in a substrate
(peat, agroperlite, coconut fibres, vermiculite, 4:1:1:1).In
autumn 2021, the plants were planted in the environ-
ment. In winter, at temperatures below -10°C, plants ex
vitro covered with agrofibre. Plant viability was deter-
mined in the spring.

Biotechnological methods, such as microclonal
propagation, as well as statistical approaches, including
arithmetic mean, standard error, and one-way analysis
of variance (ANOVA), were used for the research. Sta-
tistically, the experimental data were processed using
the MS Excel analysis package. Results are presented
as M*m (M - arithmetic mean, m - standard error). To
analyse the effect of substrates, auxins, and glycerol on
the efficiency of plant adaptation, a one-way analysis of
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variance (ANOVA) was performed. When conducting the
research, the requirements of the Convention on Bio-
logical Diversity (1992) were observed.

RESULTS AND DISCUSSION

Active proliferation of explants by activating the growth
of existing meristems, forming the root system, and ob-
taining Betula hybrid plants was obtained on MS with
the addition of 0.25 mg/Lkinetin (Fig. 1, a). According to
the results of the study, the MS nutrient medium mod-
ified with 0.25 mg/L kinetin (6-(furfuryl-amino)purine)
simultaneously stimulated the development of the

microshoots and the roots of interspecific hybrid Betula
plants (Fig. 1, b). On the 30th day of cultivation, plants
were obtained in vitro with the following morphomet-
ric parameters: the share of regeneration-capable ex-
plants - 93.4%2.5%, microshoot length - 5.8%#0.3 cm,
the share of rooted microshoots - 96.4*1.6%, root
length - 4.2#0.3 cm. Plants in vitro had pigmentation
characteristic of the hybrid, signs of chlorosis and vitri-
fication were not fixed (Fig. 1, c).

The substrate is of great importance for the surviv-
al of regenerating plants, and the efficiency of adapta-
tion depends on its correct selection (Table 1).

el X gp{{“

———

Figure 1. Betula interspecific hybrid plants in vitro on the nutrient medium and adaptation to conditions ex vitro
Note: a) plant in vitro; b) roots of plants, 30 days of cultivation; c) plants in a culture room on MS with the addition
of kinetin; d) ex vitro plants on agroperlite substrate in glass containers in an adaptation room; e) plants ex vitro in
distilled water with auxins; birch container culture, 63 days (f) and 95 days of adaptation (g); h) plants ex in vitro under

environmental conditions
Source: photographed by the authors

Table 1. Efficiency of plant adaptation of interspecific hybrid Betula ex vitro to the conditions of the adaptation room
and their growth on substrates, 30-day cultivation

- -
2 Composition of The efficiency of plant The beglp ning of the . ) Pigmentation of
] . PRI formation of new Linear growth

9] substrates adaptation ex vitro % shoots

> leaves, era

1 river sand 0 - - -

2 agroperlite 64.0+5.1 14-18 active green
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Table 1, Continued

- -
.g Composition of The efficiency of plant Tl;e beglp ning of the . ) Pigmentation of
] . L o ‘ormation of new Linear growth
o substrates adaptation ex vitro % shoots
> leaves, era
horse peat, agroperlite, " ) .
3 vermiculite (1:1:1) 27.0%3.0 35-38 weak light green
4 coconut fibres 32.0¢4.1 35-38 weak light green
5 coconut fibres: 42.0£3.0 25-30 average -J/-

agroperlite (1:1)

Notes: 1. mean * standard error; 2. linear growth: active (more than 3 cm), medium (2.0-2.9 cm), weak (less than 1.9 cm),

absent (-)
Source: developed by the O. Chornobrov

Insignificant plant growth was recorded on sub-
strates containing peat, agroperlite, and vermiculite
(option 3); coconut fibres (option 4); coconut fibres,
agroperlite (option 5). Such variants of substrates con-
tributed to weak and medium growth of plants, which
mostly had light green pigmentation. To adapt plants

ex vitro for each genotype, it is necessary to select the
substrate individually. According to the research results,
agroperlite substrate was optimal for the growth and
survival (more than 60%) of Betula hybrid plants ex vitro
(Fig. 1,d). The composition of the substrate had a signif-
icant effect on the viability of plants (Table 2).

53

Table 2. Final results of one-way analysis of variance plants for Betula interspecies hybrid plants ex vitro in the
conditions of the adaptation room

Analysis of variance

Source of variation SS df MS F P-value F critical
Effectiveness of adaptation of plants on different substrates
Between groups 11653.75 3 3884,5833 64.0756 3.92 3.2389
Viability of plants due to the endurance of roots in auxins
Between groups 3800 3 1267 38 443 4.0662
Liveability plants by spraying with glycerin solution
Between groups 5625 3 1875 17.3077 0.0007 4.0662

Notes: SS - level of reliability; df - the number of degrees of freedom; MS - variances; F is the estimated value of Fisher’s
test; P-value - calculated value of minimum significance; F_.. is the critical value of Fisher’s test
Source: developed by the O. Chornobrov

rit”

To increase the number of viable plants of the
hybrid Betula ex vitro the roots before planting in the

substrate was kept for 25-30 minutes in auxin solutions
(IAA,NAA, IBA, Fig. 1, e) (Table 3).

Table 3. Characteristics of plant growth of hybrid Betula ex vitro in the conditions of an adaptation room for roots in
auxins on an agroperlite substrate, 30 day

Survival of plants  The beginning of the formation Pigmentation

Auxin Linear growth? Other signs

ex vitro' % of new leaves, day plants
IAA 53.3%33 22-25 average light green signs of chlorosis
NAA 26.7%+3.3 28-30 weak -//- -//-
IBA 56.7+3.3 22-25 average -//- -//-
no signs of chlorosis
IAA, NAA, IBA 76.7%£3.3 18-20 active green and vitrification were

detected

Notes: 1. mean * standard error; 2. linear growth: active (over 2.0 cm), medium (1.0-1.9 cm), weak (less than 0.9 cm), absent
Source: developed by the O. Chornobrov

Maintenance of plant roots Betula hybrid ex vitro in
different versions of auxin solutions reliably influenced
their viability. The difference in survival rates of regen-
erants with the use of different auxins was statistically
significant (F_ =38,F  =4.0662; F _ >F _ Table 2). Under

calc. crit. calc. crit.;

the conditions of the use of several auxins, more than 70%
survival rate, active growth was obtained, the plants had
pigmentation typical for the hybrid without signs of chlo-
rosis and vitrification. For to prevent dehydration of regen-
erants, various methods are used, in particular, spraying
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with a glycerin solution. The results of the effect of glyc-
erin concentrations on the viability of plants (the root

systems were pre-treated with a mixture of auxins and
planted in an agroperlite substrate) are shown in Table 4.

Table 4. Growth characteristics of hybrid Betula ex vitro for spraying
with glycerin solution on agroperlite substrate, 30 day

The viability of plants in the

The beginning of

Glycerin co;centratlon, conditions of the adaptation  the formation of I;:‘vstar:’ P'gmfa ':‘té tion Other signs
° room?, % new leaves,era 9 P
no signs of chlorosis
K1 76.7%3.3 18-20 active green and vitrification were
detected
10 56.7%6.7 22-25 average green -//-
20 83.3%3.3 16-21 active -//- -//-
30 36.7+8.8 22-25 average light green signs of chlorosis
60 26.7%3.3 26-31 weak -//- -//-

Notes. 1. control; 2. mean value * standard error; 3. linear growth: active (over 2.0 cm), medium (1.0-1.9 cm), weak (less

than 0.9 cm), absent
Source: developed by the O. Chornobrov

Based on the results of the research, a reliable in-
fluence of the concentration of glycerol on the viabil-
ity of Betula ex vitro hybrid plants was established. In
the case of using a 20% solution of glycerin, more than
80% of viable Betula hybrid plants with active growth
and new leaves were obtained. The plants had the typ-
ical hybrid morphology and pigmentation (Fig. 1, f, g).
The plants in the containers adapted well to the en-
vironmental conditions and were characterized by ac-
tive growth: at the beginning of May, the height of the
plants was 34.4%1.3 cm, the proportion of adapted ones
was more than 95.2+1.8% (Fig. 1, h). Hybrids planted
in open ground in autumn showed 86.0£1.7% survival
rate in spring, which indicated a high level of adapta-
tion of plants in vitro to environmental conditions.

So,the artificial solid universal nutrient medium MS
was used for the initiation and regeneration of Betula
hybrid explants. R. Rathwell et al. (2016) investigated
the regeneration of B. lenta plants also on solid nutrient
medium, but preferred WPM. O. Chornobrov et al. (2019)
introduced into culture in vitro endangered plant Salix
retusa L. and Salix alpine Scop. using nutrient medium,
MS with the addition of 0.25-0.50 mg/Ll kinetin and
2.0 g/lof activated carbon (regeneration frequency over
80%). The selection of different basic environments is
determined by the study of tissues of different geno-
types of Betula in vitro and, accordingly, their different
necessity in inorganic and organic substances.

R. Rathwell et al. (2016) used Y2 DKW with the
addition of auxin (20 uM IBA) for active rhizogene-
sis of B. lenta plants with 80% of rooted microshoots.
L.K. Simola (1985) for obtaining B. pendula plants in
vitro used a nutrient medium with the introduction of
cytokinins and auxins, in particular 5-10 mg/l zeatin and
0.1-0.2 mg/LNAA. S. Valimaki et al. (2021) used semi-
solid or liquid nutrient medium %2 DKW with 3-5 mg/l
IBA for 2-3 days in the dark for rooting microshoots of
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U. laevis and U. glabra. According to the results of this
study, the proportion of rooted microshoots of interspe-
cific hybrid Betula on nutrient medium with cytokinin
was more than 90%. Plants of different genotypes are
cultivated on different types of nutrient media and use
different consistencies.

According to the results of this study, the relatively
low survival rate of plants of interspecies hybrid Betula
on such types of substrates (peat, agroperlite, vermic-
ulite; coconut fibres; coconut fibres, agroperlite) is due
to the stress that occurs during the transition from het-
erotrophic to autotrophic nutrition. Each genotype of
plants involves the use of an individual approach to the
selection of the substrate for adaptation. In particular,
according to L.K. Simola (1985) it was found that peat
humic substrate is optimal for the survival of B. pendula
plants; according to N. Dimitrova et al. (2021) for P.com-
munis plants, it is — peat-perlite substrate; according to
M. Capuana et al. (2022) for S. acmophylla — a mixture
of garden soil, peat, and sand; according to S. Valimaki
et al. (2021) for U. laevis and U. glabra - light sphagnum
peat. According to the results of this study, it is advisa-
ble to adapt Betula ex vitro hybrid plants on an agroper-
lite substrate (over 60% survival rate).

To increase the survival rate of woody plants, various
methods are used, in particular, auxins, biostimulants,
glycerin, etc. are used. In particular, according to the re-
sults of this study, more than 70% survival rate was ob-
tained using the procedure of keeping the root system of
Betula interspecies hybrid plants in auxin solution (IAA,
NAA, IBA). Research by N. Dimitrova et al. (2021) showed
the positive effect of using biostimulants, in particular,
Lumbrical, to improve vegetative growth and photosyn-
thetic characteristics of P.communis ex vitro plants.

Authors S. Valimaki et al. (2021) tend to improve
the adaptation of U. laevis and U. glabra recommend the
use of short-term induction of microshoots in a nutrient




medium with auxin, followed by planting in sphagnum
peat in mini-greenhouses. The proportion of rooted and
adapted plants was 18% for U. laevis and 64% for U. gla-
bra at 41 days. It is also noted that the use of a liquid
nutrient medium reduces injury to the roots and is less
time-consuming, as it does not need to be washed from
the remains of the nutrient medium.

0. Chornobrov & E. Tkachova (2020) established in
the study the expediency of spraying F. vesca ex vitro
with a 30% solution of glycerin for 30 days, the treat-
ment of which reduced the dehydration of plants and
made it possible to obtain more than 70% survival rate.
According to the results of this study, in the case of ap-
plying the following procedure: using a 20% glycerin
solution, keeping the roots in auxin solution followed
by planting on an agroperlite substrate, more than
80% of viable plants of the Betula interspecies hybrid
were obtained. For comparison, the indicator of sur-
vival of plants ex vitro for other species is: B. lenta -
37% for R. Rathwell et al. (2016); B. pendula - 95% for
L.K. Simola (1985); U. laevis — 18% and U. glabra - 64%
for S.Valimaki et al. (2021); S. acmophylla - 90% accord-
ing to M. Capuana et al. (2022); walnut hybrid rootstock
‘Paradox’ - 84% by H. Ribeiro et al. (2022).

In general, the efficiency of plant adaptation ex
vitro depends on a complex of internal and external
factors, therefore a careful selection of the protocol,
which includes the technology of microclonal propaga-
tion and acclimatization, is the key to the success of ob-
taining viable plants. The procedure for the adaptation
of a triploid interspecific Betula hybrid was developed
in this study ex vitro provides a new tool that allows ob-
taining high viability of healthy planting material under
environmental conditions and provides a platform for
further research.

CONCLUSIONS

Betula interspecies hybrid has been developed ex
vitro using agroperlite substrate, auxins and glycerin

Chornobrov et al.

solution, which allows obtaining more than 80% sur-
vival in environmental conditions. The optimal condi-
tions for the proliferation of microshoots and the roots
were the use of nutrient medium MS with the addition
of 0.25 mg/Lkinetin during a 30-day cultivation cycle.

The composition of the substrate had a significant
effect on the viability of Betula hybrid plants ex vitro
in the conditions of the adaptation room. Weak growth
of plants was recorded on substrates containing horse
peat, agroperlite, and vermiculite; coconut fibers; coco-
nut fibres, agroperlite. According to research, the agrop-
erlite substrate is optimal for growth and survival (over
60%) of plants. Endurance of root systems of Betula hy-
brid plants ex vitro in auxin solutions reliably affected
survival. Under the conditions of keeping plant roots in a
mixture of 1.0 mg/L IAA, 1.0 mg/L NAA and 1.0 mg/L more
than 70% received IBA within 25-30 minutes survival
with active growth and typical pigmentation.

A reliable influence of experimental concentra-
tions of glycerol on the viability of the hybrid was es-
tablished, Betula ex vitro. In the case of daily spraying
of plants 20% glycerin solution for 15-20 days, more
than 80% were obtained of viable plants. Spring viabil-
ity of hybrid plants Betula ex vitro, planted in autumn
under environmental conditions, was more than 80%.
Further research can be directed to a detailed study of
the genetic and molecular mechanisms that underlie
the adaptation of the hybrid Betula ex vitro to variable
environmental conditions. Additional studies may in-
clude the analysis of physiological and morphological
features of these plants under the influence of various
factors, such as soil conditions, climatic conditions and
competition with other species.
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Oco6nueocTi aganTauii pocnuH MXkBuaoBoro riépuay Betula ex vitro

OkcaHa KpiiBHa YopHobOpoB

Kananpar cinbCbkorocnoaapcbKnx Hayk, 3aBifyBay HaykoBo-gocnigHoi nabopatopii 6iotexHonorii pocivH
Binokpemnenwuii nigpo3ain HauioHanbHoro yHiBepcuTeTy BiopecypciB i NpMpoAOKOPUCTYBaHHS YKpaiHu
«bogpcbka nicoBa gocnigHa CTaHuUis»
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3 HAYKOBO-N1iCOrOCnoAapCbKOi JisIbHOCTI
BipokpemneHnui nigpo3ain HauioHanbHOro yHiBepcuTeTy 6iopecypciB i NpMpoaoKOPUCTYBaAHHS YKpaiHK
«bospcbka nicoBa gocnigHa CTaHLUig»
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Anaronii IBaHoBn4y Kapnyk

[loKTOp eKOHOMIYHMX HayK, npodecop
Bipokpemnenui nigpo3ain HauioHanbHOro yHiBepcuTeTy 6iopecypciB i NpMpoaoKOPUCTYBaHHS YKpaiHK
«bospcbka nicoBa gocnifHa CTaHLUig»
08150, Byn. JliconocniaHa, 12, M. boapka, YkpaiHa
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Poman iMuTtpoBuu Bacunuwimx

[loKTOp CiNlbCbKOrocnoaapcbkmx Hayk, npodecop
HaBuyanbHO-HAayKOBWI iIHCTUTYT iICOBOrO i CaA0BO-NAPKOBOr0 rocnoaapcTea
HauioHanbHuMI yHiBepcuTeT BiopecypciB i NpMpOLOKOPUCTYBAHHS YKpaiHu
03041, syn. l[epoie 060opoHu, 15, M. Kuis, YkpaiHa
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AHoTauif. MiKpoK/IoHaNlbHE PO3MHOXEHHS $SIK OAMH i3 MeTofiB GioTexHonorii [LO3BONISE OLEPXKATU FEHETUYHO
OAHOPIAHI POCAUHM YNPOAOBX POKY 3 MiHIManbHOI KiNbKOCTI LJOHOPHOrO MaTtepiany. AnanTalis poCiuH ex Vitro po
YMOB [OBKININS — 3aKNHOYHUI | BaXIMBUIA €Tan MiKPOK/IOHANIbHOMO PO3MHOXEHHS. MeTa A0CNIAKEHHS — BU3HAYEHHS
ONTUMANIbHOIO PEXUMY afanTaLii poCauH TPUNIOILHOIO MiXKBMAOBOrO ribpuay Betula ex vitro Lo YyMOB LOBKins.
[ns pocnipkeHb BMKOPUCTOBYBaAM BiOTEXHOMOTiYHI (MiIKPOKIOHANbHE PO3MHOXEHHS) Ta CTAaTUCTUYHI (CepepHe
apudmeTnyHe, CTaHAApTHa MNOXMOKa, ogHodakTopHMi aucnepciiHuin aHaniz (ANOVA)) metoau. JocnipkeHHs
30iMCHEHO Yy HAayKOBO-AOCNIAHIM nabopatopii 6ioTexHonorii pocivH BigokpemneHoro nigpo3ainy HauioHanbHoro
yHiBepcuTeTy 6iopecypciB i NpMpOAOKOpUCTYBaHHSA YkpaiHu «bosipcbka nicoBa focnigHa ctaHuis» ynpogosx 2019-
2023 p. 3a goCnigkeHHAIMK XKMUBUIbHE cepenoBule MS 3 goaaBaHHaM 0,25 Mra KiHETUHY CTUMYNIOBANO akTUBHY
nponidepawito MiKponaroHy i KopeHeBoi cucteMu. Ha xMBUAbHOMY cepefoBuLLi BiAOYBCS ONTUMANbHUIA PO3BUTOK
POC/AWH in vitro 3a 25-30-0060BUI LMKN KYNbTUBYBAHHS, LLO CNPUAB YCNiWHIM aganTauii 4o yMOB [OBKinAs. YacTtka
a[anToOBaHMX pPOCAMH Tibpupay Betula ex vitro Ha arponepnitoBoMy cybcTpaTi ctaHoBuna noHas 60 % Ha 30-g06y.
3HaYHy MPUXMBAOBAHICTb pocaunH (noHad 80 %) opepkaHO 33 YMOB MONEpeaHbOro BUTPUMYBAHHS KOPEHEBOI
CUCTEMM POC/MH Y po3umHi aykcuHiB (1,0 Mr-ntlAA, 1,0 mr-nt NAA, 1,0 mr-nt IBA) ynpogoex 25-30 XB i3 HaCTynHWUM
WoAeHHUM 0bnpuckyBaHHaM anctkiB 20 % rniuepuHoM ynpogosx 15-20 aib. AgantoBaHi pocanHM Manu TUNOBY
nirMeHTauito 6e3 03Hak x10po3y Ta BiTpudikaLii. HaBeCHi NpMXMBNIOBAHICTb POC/IMH B YMOBAX AOBKINNS CTaHOBMANA
noHag 80 % i ceigumna nNpo BMCOKUIM piBEHb NPWCTOCOBAHOCTI Nicns in vitro. Po3pobneHni npoTokon agantauii
ribpuay Betula ex vitro LO3BONSE OQEPXKYBATU BUCOKY NPUXKMBIIIOBAHICTb POC/IMH B YMOBaX AOBKinAs. [pakTuyHO0
LiHHICTIO AOCNIOXEHHS € OAEPXaHHA afanTOBaHWX A0 YMOB OOBKINNSA POCAUH ex Vitro, aKi B NoAanbLOMy MOXYTb
BMKOPWMCTOBYBATH AN SIKiCHOTO 36arayeHHs aCOPTUMEHTY LWTYYHUX HACaAKEeHb HACEIEHMX MYHKTIB

KniouoBi cnoBa: kynbTypa in vitro; 6epesa; MikpoK/OHasIbHE PO3MHOXEHHS; CYOCTPaT; NPUXKMBIIIOBAHICTb
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the level of damage to the ground part, and determine the degree of damage and resistance of viburnum plants.
Recommendations for avoiding or reducing the risks of powdery mildew in viburnum orchards are provided.Nitrogen
fertilisers should be applied in early spring and avoided in late summer to limit the growth and development of
annual shoots, the tissue of which is more sensitive to the powdery mildew pathogen. It has been shown that
formative, regulatory, and sanitary pruning in early spring can improve lighting and air circulation in the basal part
of viburnum plants, intensify the growth of permanent shoots and form the desired type of bush (tree) in the system
of fruit or ornamental horticulture. It has been proved that in the conditions of the Northern Forest-Steppe of Ukraine,
it is advisable to grow highly resistant (Anya, Osinnia, Elina, Omriana) and resistant (Kralechka, Plododekorna, Sonetta,
Horikhova, Yaroslavna) varieties (forms) of European cranberrybush of the Institute of Horticulture of the National
Academy of Agrarian Sciences of Ukraine against powdery mildew. It is recommended to use resistant and medium-
resistant varieties of common dwarf viburnum ‘Eskimo’ and common ‘Roseum’ for ornamental gardening (Viburnum
opulus Roseum). The practical value was in a determination that powdery mildew of European cranberrybush
‘Roseum’ does not affect other species of the genus Viburnum L. under artificial inoculation; it was confirmed that
the susceptibility of viburnum plants to this disease can be significantly reduced by low-susceptible and resistant
varieties and species of the genus Viburnum L. and timely agronomic measures

Keywords: species (varieties, forms) of the genus Viburnum L.; powdery mildew; fungal disease; species assessment;

control measures

INTRODUCTION

Diseases constantly accompany biological objects, in-
cluding plants. Up to 40% of direct losses are incurred
by major crops as a result of biotic stress, and in some
years, crops such as wheat, potatoes and others have
been affected by pathogens and have fallen out of the
crop structure by almost 100% (Backyard Garden Infor-
mation Source, 2023). Often, the environmental factors
that cause crop losses are incorrect strategies for man-
aging and controlling phytopathogens, which include
forecasting, cultural, biological and agrochemical man-
agement. Biological control is becoming increasingly
important due to its environmental friendliness com-
pared to chemical control. However, the poor quality
and timeliness of the implementation of agricultural
management elements in the phytocenosis manage-
ment system led to the large-scale use of fungicides.
Plant tolerance and resistance are of great importance,
which is the best option for preventing disease damage
and increasing their range. This is achieved through the
development of genetics, plant breeding and biotech-
nology. Reduced genetic diversity promotes the emer-
gence and spread of pathogens to the point where dis-
eases become both local and widespread.

T. Moskalets et al. (2019) state that direct losses
from pathogens amount to about 20-40%. Represent-
atives of the multispecies genus Viburnum L. are no ex-
ception, and among the complex of unfavourable biotic
environmental factors, they suffer significantly from
several diseases, including fungal diseases,which inhib-
it the processes of increasing the number of viburnum
orchards. One of the most dangerous fungal diseases
of viburnum is powdery mildew, one of the most com-
mon diseases in Europe, North America and elsewhere.
Powdery mildew is host-specific, meaning that a certain
type of pathogen cannot survive without a proper host
plant (Morini, 2020). N. Pinchuk et al. (2018) reported

that the causative agent of powdery mildew of plants of
the genus Adoxaceae is the monophage Microsphaera
viburni (Duby) S. Blumer, 1933 (homotypic synonym of
Erysiphe viburni Duby, 1830), which affects and reduces
the productivity and decorative value of infected plants,
inhibiting their growth and development, the number
of inflorescences and fruits.

V.P. Heluta and I.M. Anishchenko (2021) reported
that in Ukraine, the damage to common viburnum (Vi-
burnum opulus L.) plants is mainly observed in the west-
ern and northern regions, which manifests itself locally
or as an epiphytotic disease, in particular, the mani-
festation of which was noted in 1989. Wijayawardene
et al. (2022) note that the powdery mildew pathogen
is unique because, in the absence of free water on the
leaf surface, which often inhibits spore germination, it
is capable of rapid functional activity, usually in partial
shade and strong thickening, in particular, germination
and infection of a larger plant surface with spores.

J. Kubina (2017) states that the pathogen mainly af-
fects young leaves of viburnum (old leaves are almost
not damaged) and affects the distribution of carbohy-
drates and other nutrients in the plant, creating a pow-
erful local sink in places where leaves are affected by
fungal infections. S. Martin (2019) reports that powdery
mildew reduces the radial growth of tree species with
a cumulative and delayed effect over many years. The
significant impact of powdery mildew on plants is as-
sociated with altered growth patterns, either environ-
mental factors (pests, critically low and high air tem-
peratures, etc.) or elements of agronomic practices (e.g.,
the formation of a viburnum plant by a tree or bush). Ac-
cording to J. Williamson (2021), in many cases, powdery
mildew progresses, and the affected areas may increase,
often covering the entire leaf, branch or stem (in par-
ticular those closest to the soil surface), and chlorosis
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or necrosis of the affected leaf tissue is observed. Pane
et al. (2021) argue that downy mildew fungal infections
can often reduce the overall cold tolerance of plants.
As noted by R. Panstruga and H. Kuhn (2019), pow-
dery mildew fungal colonisation of plants can disrupt
local microbial community structures associated with
the root/rhizosphere, and other (foliar) phytopathogens
can interact with powdery mildew and mycoparasites
can influence the outcome of plant-powdery mildew in-
teractions. Successful colonisation by powdery mildew
will affect pre-existing foliar and possibly even micro-
bial communities. A. Gross et al. (2021) believe that in
any case, powdery mildew will have a significant impact
on plants in both cultivated and natural coenoses and
will determine the duration of vegetation existence, in
particular under global climate change, which will de-
termine the severity of the disease, mainly by changing
the phenological synchrony of the pathogen-host plant.
Therefore, the epidemiological detection and man-
agement of phytopathogenic foci to reduce the risks

Ty NSl
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and scale of their manifestation in the context of glob-
al food and environmental security is relevant. The re-
search aims to investigate the ecological and bioeco-
logical features of powdery mildew on viburnum plants
and develop measures for its control.

MATERIALS AND METHODS

Viburnum powdery mildew damage was monitored at
the experimental plots of the Institute of Horticulture
of the National Academy of Agrarian Sciences of Ukraine
(NAAS) and its research network during 2018-2021. Va-
rieties/breeding forms of common viburnum (Viburnum
opulus L.) of Ukrainian selection were involved in the
study of the degree of plant damage: Anya, Ulyana, Yaro-
slavna, Elina, Horikhova, Omriana, Sonetta, Kralechka,
Osinnia, Plododekorna and viburnum species: V. hordovi-
na; V. carthyphyllum; V. rhytidophylloides (Viburnum x rhy-
tidophylloides); V. Burkwood; V. wrinkled viburnum (Vibur-
num rhytidophyllum HemsL.); V. opulus Roseum; V.sargentii
Koehne Onondaga; V. opulus L., variety Eskimo (Fig. 1).

-7

7 8

Figure 1. Photos of individual samples of Viburnum officinale and Viburnum hirsuteum were used in the study
Note: 1 - Kralechka; 2 - Plododekorna; 3 - Horikhova; 4 — Soneta; 5 - Anya; 6 - Elina; 7 - Yaroslavna; 8 - Viburnum lantana

Source: photographed by the authors

Observations and records of plants were carried out
during May and September (Methods of qualification...,
2023). Leaves of the studied varieties were collected
twice during the growing season. During the vegetation
of viburnum plants, 10-15 leaves were taken from 3 trees
(bushes) of each variety/species (5 leaves x 3 replica-
tions) to determine the area affected by powdery mildew.

Plant material was collected in parchment bags. Each
sample of a particular viburnum plant variety/species
was labelled with the sample number, place, and time of
collection. Visual examinations were carried out in the
basal part and on the periphery along the entire vertical
crown of the plants. The assessment of viburnum plant
resistance was performed in three periods: the first one -
10 days after the first diseased plants were detected in
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the experiment, the second one - 2-3 weeks after the first
one, i.e.,during the period of the greatest development of
the disease, the third one - at the end of harvesting.

The degree of powdery mildew damage to vibur-
num leaves was determined on a scale of points. Pro-
cessing the data obtained, the percentage of disease
development or damage to plant organs (P) was calcu-

lated using the formula:
a

~ bx9

@)

where: a - sum of damage scores of all plants in the
replication; b - number of plants in the replication; 9 -
maximum damage score. The lower the degree of dam-
age, the higher the resistance of plants of a particular
variety (Table 1).
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Table 1. Methods for assessing the level of damage and resistance of viburnum plants to the disease
caused by Microsphaera viburni (Duby) S. Blumer

Damage scale Damage stage Damage to the surzace of plant Resistance scale Resistance
organs, % score
Absent or .
0-1 exceptionally weak <5 High ?
2-3 Weak 5-25 Resistant 7
4-5 Average 26-50 Average 5
6-7 High 51-75 Weak 3
8-9 Highly resistant >75 Exceptionally weak 1
Source: Methods of qualification... (2016)
. AxB
The average damage score of viburnum plants was = %

determined by the formula:

B = Z@xb)
N

where B is the average plant damage score; )(axb)
is the sum of the products of the number of affected
plants and the corresponding damage score; N is the
total number of plants under study.

The plant damage coefficient was determined by
the formula:

where K is the damage coefficient (in our conditions,
it ranges from 1.07 to 2.41, with an average of 1.5);
A - percentage of affected plants; B - average lesion
score.

To facilitate the work on accounting for foliar dis-
eases on viburnum plants (Methods of qualification...,
2023),a corresponding calendar for phytopathological
accounting was developed, part of which is presented
in the methodological part of the article (Table 2).

Table 2. Calendar of phytopathological inspections of viburnum plants

Time of Disease Damage type Indicator
monitoring of monitoring
It affects leaves and shoots. The affected organs have a greyish-whitish, spidery, or Stage of
At noticeable  Powdery  powdery coating, which later becomes red or brown, and in late summer with dotted damage of
damage mildew black cleistothecia. Affected leaves curl, harden, and fall off prematurely. Annual leaves and
shoots do not grow, or have weak growth, often bend, and gradually die. shoots, %

Source: Methods of conducting phytopathological studies for artificial infection of plants (2016)

In parallel with the diagnostics of viburnum plants,an
experiment was set up that included variants of foliar in-
oculation of two-year-old viburnum plants with a suspen-
sion of conidia or particles of powdery mildew mycelium
according to the accepted methodology (Methods of con-
ducting phytopathological studies for artificial infection
of plants, 2016). The experimental design included two
variants: 1 - without inoculation (control), and 2 - with
inoculation. Among the experimental plants, samples of
viburnum Viburnum opulus L. varieties Yaroslavna, Elina,
Omriyana, Autumn, Kralechka, Plododekorna, Horikhova
and Anya; V. opulus Roseum; V. opulus L. Eskimo variety;
V. rhytidophyllum Hemsl.; Viburnum x carlcephalum; V. lan-
tana; V. lantana var. variegatum; Viburnum x rhytidophylloi-
des; Viburnum x burkwoodii; V. sargentii Koehne. The num-
ber of plants of the studied species (variety) of viburnum
was 3 copies, which was perceived as a 3-fold replication
of the experiment. The extent and score of damage were
determined based on the data in Table 1.

To test the resistance of the new forms of Viburnum
vulgare plants, an experiment was conducted that in-
volved artificial infection of young plants (the average
height of which did not exceed 1 m) with the powdery

mildew pathogen by spraying a special inoculum from
the affected leaves with spores of the fungus Micros-
phaera viburni. For this purpose, the most favourable
conditions for infection were chosen, which are created
at a temperature of +18-25°C and high air humidity of
about 60-80% (third decade of May). Statistical data
processing was carried out using Statistica-6.0 com-
puter software. The study complied with the require-
ments of the Convention on Biological Diversity (1992).

RESULT

Regular inspections revealed that white powdery spots
appear on the leaves and stems of affected viburnum
plants. During 2018-2019, thorough examinations of
viburnum plants in the collection nursery were carried
out and it was found that the first visible symptoms
of powdery mildew are raised bubbly areas on young
leaves, which eventually cause them to curl, exposing
the lower surface of the leaves. At the same time, the
affected leaves are covered with a white (May-June),
later (July-August) light grey or grey-white, like talcum
powder, powdery coating (loose mycelium), mostly on
the upper part of the leaf blade (Fig. 2).
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Figure 2. Part of viburnum leaf
Note: not affected (A) and affected (B) by powdery mildew
Source: photographed by the authors

Young leaves of the lower tier were often noted to
be the most affected, and as the disease progressed, leaf
spots increased in size, accompanied by the formation
of a large number of asexual spores, as a result, moulds
could often appear on the leaves, which, in particular
on plants with generative buds, made it impossible for
them to open. In the second part of summer, the leaves
of severely affected plants developed brown spots with
purple or red colouration around the infection. The dis-
ease usually appears in the summer and reaches its peak

at the end of the summer period. In 2018-2019 in the
northern part of Ukraine, environmental factors contrib-
uted to the manifestation of powdery mildew on com-
mon viburnum plants, and according to Table 3, varieties
and forms of common viburnum Anya, Elina, Omriana
and Osinnia are highly resistant, the degree of damage
was 1 point, fruit varieties and forms Yaroslavna, Sonetta,
Horikhova, Kralechka, Plododekorna and decorative vari-
ety Eskimo were resistant (7 points),and Viburnum opulus
Roseum was medium resistant (5 points) (Table 3).

Table 3. Results of the assessment of the degree of damage and resistance of viburnum plants to powdery mildew,
average value for 2018-2019

Name of the species/variety (breeding form)

Degree of damage, points Resistance scale  Damage scale

V. opulus L. Anya variety
V.opulus L. Elina variety

V. opulus L. Omriana variety 1 Highly resistant ?
V. opulus L. Osinnia variety
V.opulus L. Kralechka variety
V. opulus L. Plododekorna variety
V.opulus L. Eskimo variety .
V.opulus L. Sonetta variety 3 Resistant /
V. opulus L. Horikhova clone
V. opulus L.Yaroslavna variety
V. opulus Roseum 5 Average 5
7 Weak 3
None of the species/varieties received this number of points g Exceptionally 1
weak

Source: compiled by the authors

Plants of other species of the genus Adoxa L.
(Adoxaceae Trautv.) (V. rhytidophyllum Hemsl.; Vibur-
num x carlcephalum; V. lantana; V. lantana var. variega-
tum; Viburnum x rhytidophylloides; Viburnum x burkwoo-
dii; V. sargentii Koehne) hadnosigns of powdery mildew
damage. It was noted that the incubation period largely
depends on weather conditions and the resistance
of the variety to the disease. At 5-10 days, a powdery
white coating was observed on the plants of certain
species (varieties), which is nothing more than the sur-
face mycelium and conidial sporulation of the fungus.
However, conidial sporulation became widespread after
the visual presence of plant damage by the disease.The
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growth of new shoots of affected plants occurred, but
less intensively than in the control variant. Spreading
through the affected plant, conidia got on young leaves
and caused a secondary infection, which manifested it-
self shortly before the end of the growing season.

It is worth noting that dry hot weather (up to +27-
30°C) during the summer period caused a decrease in
the resistance of a certain species (variety) of viburnum
plants to the disease (wilting of plant shoots, which
contributed to their damage, as the fungus penetrates
more easily into the plant, which is close to plasmol-
ysis), and, consequently, massive conidial sporulation
of the fungus and an increase in the area of damage.




Thus, it can be assumed that the harmfulness of pow-
dery mildew is due to increased transpiration of plants,
disruption of the synthesis of organic compounds, the
impaired outflow of plastic substances into the stems
and roots, and rapid ageing of leaves.

A noticeable outbreak of secondary infection was
observed during re-growth, with the affected leaves
hardly drying out as compared to the primary infection.
It should be noted that the secondary infection mani-
fested itself mainly on the underside of the leaf, with
the leaves becoming coarser, acquiring a felt-like ap-
pearance and in places of significant accumulation of
mycelium, mainly on the surface of annual shoots, fruit-
ing bodies of the fungal pouch stage - cleistothecia -
were formed, in which one bag with eight sackspores
was formed by the end of the growing season. At the
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same time, mature cleistothecia remain overwintering
on the affected shoots.

It is worth noting that the marsupial stage does not
play a role in the maintenance and development of fun-
gal infection. For example, in temperate climates, the
pathogen overwinters in leaf and fruit buds with my-
celium, which it penetrates in summer during their for-
mation. It was found that after foliar inoculation, pow-
dery mildew appears only on common viburnum in the
period from the budding phenophase with damage to
5% of leaves and increases the level of its development
by about 22% in the phase of growth and fruit filling
after a decrease in the average daily air temperature
of about 20°C and an increase in air humidity of more
than 70% (Il decade of August-I decade of September)
(Table 4).

Table 4. Damage and resistance level of Viburnum vulgare plants depending on artificial inoculation with powdery
mildew fungus

Damage to the surface of plant organs, %

Type (variety, form, cultivar) of before inoculation

after inoculation

Damage stage Resistance level

viburnum

vegetative budding fruit growth and
budding phase phase ripening phase
Viburnum opulus L. Yaroslavna variety 0 9 18 weak resistant
Viburnum opulus L. Anya variety 0 5 5 exceptionally weak highly resistant
Viburnum opulus L. Elina variety 0 3 3 exceptionally weak highly resistant
Viburnum opulus L. Omriana variety 0 10 23 weak resistant
Viburnum opulus L. Sonetta variety 0 3 5 exceptionally weak  highly resistant
Viburnum opulus L. Horikhova clone 0 5 5 exceptionally weak  highly resistant
Viburnum opulus L. Osinnia variety 0 5 5 exceptionally weak highly resistant
Viburnum opulus L. Kralechka variety 0 12 27 average average
Viburnum opulus L. Plododekorna variety 0 3 4 exceptionally weak highly resistant
Viburnum opulus Roseum 0 13 29 average average
Viburnum opulus L. Eskimo variety 0 16 19 weak resistant
Viburnum rhytidophyllum HemsL. 0 0 0 none -
Viburnum = carlcephalum 0 0 0 none -
Viburnum lantana var. Aureum 0 0 0 none -
Viburnum lantana var. Variegatum 0 0 0 none -
Viburnum = rhytidophylloides 0 0 0 none -
Viburnum x burkwoodii 0 0 0 none -
Viburnum sargentii Koehne Onondaga 0 0 0 none )

variety

Note: *The powdery mildew pathogen did not manifest itself as it is not specific to the host plant

Source: compiled by the authors

After inoculation, Viburnum vulgare varieties Anya,
Elina, and forms Sonetta, Plododekorna, and Horikhova
had a very low degree of damage (25) and were noted as
highly resistant. Cultivar Yaroslavna, from Omriana and
V. opulus L. variety Eskimo, are characterised as resistant,
and a form of common viburnum Kralechka V. opulus
Roseum - as medium resistant. No signs of lesions af-
ter inoculation on viburnum plants of V. rhytidophyllum

Hemsl, V. x carlcephalum, V. lantana var. Aureum, V. lantana
var. Variegatum, V. x rhytidophylloides, V. x burkwoodii and
V.sargentii Koehne of Onondaga cultivar were not found,
which confirms the high species specificity of the patho-
gen to the host plant. Biometric studies carried out in the
middle and at the end of the growing season revealed
that shoot growth in viburnum plants affected by pow-
dery mildew decreased by 1.3-1.6 times (Table 5).

Scientific Horizons, 2023, Vol. 26, No. 11

63



64

Microsphaera viburni (Duby) S. Blumer: Ecological and biological features...

Table 5. Comparative assessment of annual shoot growth of two-year-old viburnum plants on variants without
inoculation and inoculation with powdery mildew fungus, average value for 2019-2020

The average length of an annual

shoot, cm Deviation of data from the

Type (variety, form) of viburnum Variant

middle of the

variant with an inoculation to
the variant without inoculation

vegetation vegetation
get: period ending (,cm)
period
) ) ) No inoculation 254 41.6
Viburnum opulus L. Elina variety -
Inoculation 28.5 394 -2.2
No inoculation 49.7 63.5
Viburnum opulus L. Anya variety
Inoculation 48.6 58.5 -5
) ) No inoculation 33.8 49.5
Viburnum opulus L. Sonetta variety -
Inoculation 35.3 51.5 2
No inoculation 52.7 81.5
Viburnum opulus L. Horikhova clone
Inoculation 50.4 78.5 -3
No inoculation 216 42.8
Viburnum opulus L. Osinnia variety -
Inoculation 23.5 39.5 -3.3
Viburnum opulus L. Plododekorna No inoculation 184 63.5
variety Inoculation 17.5 68.9 5.4
No inoculation 49.9 61.8
Viburnum opulus L. Yaroslavna variety -
Inoculation 35.5 52.6 -9.2
) ) ) No inoculation 304 63.3
Viburnum opulus L. Omriana variety -
Inoculation 27.7 60.2 -3.1
No inoculation 15.3 39.1
Viburnum opulus L. Eskimo variety
Inoculation 16.5 31.2 -7.9
Viburnum opulus L. Kralechka No inoculation 39.5 54.7
variety Inoculation 32.5 49.0 -5.7
No inoculation 237 58.5
Viburnum opulus Roseum
Inoculation 18.5 31.7 -26.8

Source: compiled by the authors

As noted, the occurrence of powdery mildew was
noted only on plants of the species Viburnum opulus L.
It was found that for varieties Sonetta and Plododeko-
rna on the variants of inoculation, the growth of an-
nual shoots was not inhibited. For the varieties Elina,
Anya, Horikhova, Osinnia, Omriana and Kralechka, the
inoculation variant showed a decrease in the length of
the annual shoot by 2.2-5.7 cm compared to the con-
trol (without inoculation). However, the greatest effect
of powdery mildew on shoot growth was for common
viburnum cultivars Yaroslavna and Viburnum opulus Ro-
seum, 9.2 and 26.8 cm, respectively.

The types of fertilisers and methods of their appli-
cation were determined to have a significant impact on
the manifestation of the powdery mildew pathogen. In
particular, nitrogen fertilisers (in the form of ammoni-
um, potassium, or calcium nitrate) should be applied
in early spring and avoided in late summer to Limit the
growth and development of annual shoots, whose tis-
sue is more susceptible to fungal infection. It has been
shown that pruning measures to remove excess and
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damaged shoots in the summer can improve lighting
and air circulation in the basal part of viburnum plants,
intensify the growth of permanent shoots and form the
desired type of bush (tree).

During viburnum planting, it is necessary to ensure
sufficient distance between plants and to thin out in-
dividual bushes (trees) every spring to ensure air cir-
culation in the ground part. In the irrigation system of
mother and cuttings nurseries, and hybrid nurseries,
if necessary, it is advisable to use only drip irrigation,
avoid water getting on the leaves, and prevent contact
of the ground part of viburnum plants with wet soil. It
is recommended to use cultural control: fruit change
and selection of resistant varieties. It is recommended
to alternate resistant varieties with those that are more
or less susceptible to powdery mildew. Summarizing
the above, we can say that measures for early diagnosis
of viburnum plants for fungal diseases, timely preven-
tive measures, selection of resistant varieties adapted
to a particular area, compliance with the elements of
agricultural technology, control in the nursery, etc. will




reduce the manifestation of powdery mildew in the or-
chards of the crop under study.

DISCUSSION

Powdery mildew, which is an obligate biotrophic phy-
topathogen, forms mycelium (fungal filaments), which,
unlike the perinosporosis pathogen, which functions
on the lower part of the leaf, grows only on the leaf
surface, spreading haustoria, or root-like structures, into
the epidermal (upper) cells of the plant without affect-
ing the tissue. The downy mildew fungus overwinters
on plant debris in the form of cleistothecia or myce-
lium and in spring the cleistothecia form spores that
are transferred to the host plant by rain, wind or insects
(Host and Disease Descriptions, 2023).

As noted by V. Heluta (2022), the obligate fungus of
powdery mildew grows as thin layers of mycelium on
the surface of infected plant organs, feeding on epider-
mal cell products using suckers. The formed asexual
spores, known as conidia, are formed in chains on the
affected surface of the plant. The presence of myceli-
um and conidia on the affected surface, such as a leaf,
looks like a white or grey powdery mass. As noted by
H.D. Shin et al. (2019), the spores are transported by
abiotic environmental factors to healthy areas of the
plant or other plants.

J. Drago (2023) notes that when the conidial stage
season ends, the downy mildew produces spherical fruit-
ing bodies (multicellular structure) in the form of small
black or dark brown specks called cleistothecia, the
overwintering stage of the pathogen that accumulates
on infected plant parts or plant debris under the bush
(tree). In May-June, under favourable weather conditions,
sexual spores - ascospores of fruiting bodies — cause new
infections and are the next cycle of the disease.

T. Moskalets et al. (2023) reported that if in autumn
powdery mildew spores get on generative buds, new
inflorescences form late and are often distorted, which
further determines the decorative effect or productivity
of viburnum plants, Since the development of powdery
mildew has significant fluctuations, which is expressed
in changes in the coverage of the pathogen’s habitats
and in the intensity of plant damage, which affects the
condition of plants, it is appropriate to have informa-
tion about the pathological process, which includes five
phases: 1 - the phase of appearance on the plant, path-
ogen transmission, germination and growth of the in-
fectious agent; 2 - the phase of rooting in plant tissue
under certain environmental conditions; 3 - the phase
of pathogen incubation, growth, and reproduction; 4 -
the beginning of the disease development, accompa-
nied by morphophysiological changes, symptoms, and
sporulation; 5 - the phase of separation from the host
plant and spread of the infectious agent in the area of
diseased and still healthy plants.

Therefore, understanding the disease life cycle is
vital for the care and protection of cultivated plants,
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with conidial sporulation forming in spring on shoots
affected from the previous year being the primary infec-
tion, and conidia forming on primary affected plant or-
gans spreading throughout the garden, getting on young
leaves and causing a secondary infection, the manifesta-
tion of which was noted after flowering (June) more than
once during the growing season, which ends with the
formation of bags and bags of spores as a baggy stage
of the fungus to mature fruiting bodies - cleistothecia,
which overwinter in a closed form on the shoots.

M. Bradshaw et al. (2021) believe that an improved
understanding of the phylogeny and taxonomy of the
powdery mildew pathogen is also of great ecological
and applied importance. Identification of the powdery
mildew pathogen allows for the analysis of the fungus
morphology and also reveals the co-evolutionary re-
lationship between powdery mildew species and host
plants. M. Bradshaw et al. (2020), after studying the phy-
logeny and systematics of powdery mildew of viburnum
species, noted that the fungus Microsphaera hedwigii or
Microsphaera viburni, which affects common viburnum,
should be reduced to synonyms, two new species, Ery-
siphe viburniphila and Erysiphe pseudoviburni, previously
identified as Erysiphe viburni (including Erysiphe hed-
wigii), infect plants of Viburnum edule, V. tinus, V. odorat-
issimum var. awabuki,and V.sieboldii cultivated in North
American, East Asian and European, areas.

T. Shirouzuet al. (2022) note that another species
of powdery mildew Erysiphe viburni-plicati Meeboon &
Takam affects plants of V. plicatum Thumb. in particu-
lar plants of V. plicatum Thumb. var. plicatum f. glabrum
(Koidz. ex Nakai) Rehder and, according to molecular
studies, significantly differs from other powdery mil-
dew pathogens - Erysiphe miranda, E. shinanoensis,
E. hedwigii and E. viburni - in the presence of one ascus
per chasmothecia and fewer chasmothecial append-
ages (up to 5 per chasmothecia). The fungus Erysiphe
hedwigii affects plants of V. arrogantum. The pathogen
Erysiphe pseudoviburni affects plants of the V. sieboldii
species, Erysiphe viburni - V. edule, Erysiphe viburni af-
fects V.opulus.And the species of powdery mildew fungi
Erysiphe hedwigii and Erysiphe viburni, infect the same
host plant (Heiskanen & Valkonen, 2021).

However, as noted by M. Liu et al. (2021), genetic
analysis is required to confirm the morphometry of
powdery mildew. Since powdery mildew is difficult to
detect at an early stage, as its signs and symptoms are
often invisible. At the initial stages, the powdery mildew
pathogen affects only a small percentage of the total
leaf area of viburnum plants and creates a slight stress
that does not affect the normal growth and develop-
ment of the plants under study. In particular, as noted
by R. Sanchez-Lucas et al. (2023), powdery mildew-af-
fected plants have low photosynthetic productivity.

Laurel viburnum (V. tinus L.) plants are severely
affected by powdery mildew (George, 2022). Canadian
viburnum (V. lentago) is also susceptible to powdery
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mildew, particularly when submerged, without pruning
measures and in partial shade. V. buldeneum plants are
also susceptible to powdery mildew (Backyard Garden
Information Source, 2023). V. farreri, unlike plum vibur-
num and others, is known for its resistance to diseases,
including powdery mildew (Sanchez, 2018).

On ornamental crops, powdery mildew spoils their
appearance and destroys the marketability of flowers
(VseRoste, 2023). Natural hybridisation, heterokaryosis
and mutations lead to the emergence of new races of
pathogens over time, which overcomes plant resistance
and leads to epiphytoties. The large areas occupied
by a particular variety contribute to the emergence of
aggressive races, their infectious onset and spread in-
crease rapidly, and there is a need to replace the variety
with a more resistant one. Plant resistance is one of
the best ways to combat plant diseases (Plant Disease
Resistance, 2022). K. Wang et al. (2023) argue that the
implementation of scientific programmes on the im-
plementation of classical, marker-assisted breeding,
biotechnology, and genetic engineering methodologies
remains an alternative in the fight against diseases.

Therefore, as noted by Q. Li et al. (2020), the search
for source material and the creation of new genotypes in
the development of long-term resistance with a broad
spectrum of action is an economical and environmen-
tally friendly approach to the control of crop diseases
for sustainable agricultural production. Thus, studying
the signs of disease manifestation and implementing a
strategy for the selection, creation, and introduction of
new varieties (forms, cultivars) of viburnum will reduce
the manifestation of phytopathogens in the orchards of
the crop under study.

CONCLUSIONS

manifestation of fungal pathogens, it was found that the
powdery mildew pathogen with the highest degree of
damage of 3 points was detected on plants of certain va-
rieties of common viburnum (Plododekorna, Yaroslavna,
Kralechka, Eskimo, etc.) only in 2018-2019, with the co-
efficient of powdery mildew damage ranging from 1.1 to
2.5.Viburnum variants Viburnum rhytidophyllum Hemsl.,
Viburnum x carlcephalum Cayuga variety), Viburnum lan-
tana var. Aureum, Viburnum lantana var. Variegatum, Vibur-
num x rhytidophylloides, Viburnum » burkwoodii (Mohawk
variety) x Viburnum sargentii Koehne (Onondaga variety)
were not affected by powdery mildew.

By creating a stimulating infectious background, it
was possible to distinguish varieties (forms) of Vibur-
num vulgare by the degree of damage and resistance
and to formulate recommendations for production. Ac-
cording to the results of the evaluation, the following
varieties (forms) of common viburnum were classified
as highly resistant: Anya, Elina, Sonetta, Horikhova, Au-
tumn and Plododekorna, resistant: Yaroslavna, Omriana
and Eskimo, and medium resistant: Viburnum opulus Ro-
seum, Viburnum opulus L., form Kralechka. It was found
that under artificial inoculation with spores of the com-
mon viburnum powdery mildew fungus (Microsphaera
viburni (Duby) S. Blumer), no damage to plants of other
species of the genus Viburnum L. was observed, which
confirms the data of other scientists on the species
specificity of powdery mildew pathogens.

A promising area for further research is the involve-
ment of non-susceptible or low-susceptible species and
varieties of the genus Viburnum L. to powdery mildew
in the breeding and production processes in the system
of ornamental and fruit horticulture, which will prevent
the occurrence of this disease.

As a result of phytopathological studies of plants of ACKNOWLEDGEMENTS
the genus Viburnum L. conducted during 2018-2021 in  None.
the collection nursery of the Institute of Horticulture of
the National Academy of Agrarian Sciences of Ukraine CONFLICT OF INTEREST
(northern part of the Forest-Steppe of Ukraine) for the  None.
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Microsphaera viburni (Duby) S. Blumer: ekonoro-6ionoriuHi oco6nusocTi,
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AHoTauif. AKTyanbHICTb AaHOT TeMU MONFra€ B HEOOXiAHOCTI MOPIBHANLHOMO OLHIOBAHHS Pi3HMX BUAIB KANMHU B
CTiiKOCTi NpOTX BOPOLLHMCTOT POCK, XBOPOOU, SiKa ranibMye (i3ionorivHi NpoLecy B poC/IvH, HEraTMBHO BNIMBAKUM Ha
piCT, pPO3BMTOK i BpOXKAMHICTbTa LEKOPATUBHICTb. MeTa LOCNiAKEeHb — BUBYEHHS BI0eK0N0riYHMX 0COBIMBOCTEN MPOSBY
Microsphaera viburni (Duby) S. Blumer i po3po6sieHHs 3aX0/iB WOA0 KOHTPOI GOPOLIHUCTOT POCKU Y Cafax KanuHU.
Mig Yac pocnioxeHHs 6y BUKOPUCTaHI MeToAM Ta METOAMKM NpoBedeHHs GeHOoNorii, CTBOPeHHS NPOBOKALiMHUX
(OHIB, OL,iHIOBAHHS PIBHA YPAXKEHHS HA3€MHOT YaCTUHW, BCTAHOB/IEHHS CTYNEHS YPAXKEHHS | CTIMKOCTI POC/MH KaNUHU.
HapaHo pekoMeHaauii Woa0 YHUKHEHHS abo 3MEHLIEeHHS pU3KKiB NosSBY BOPOLIHMCTOI POCK B CaAax KasuHM, gKi
nepenbayatoTb. 3'9COBAHO, L0 a30THI L0OPMBA OPEYHO BHOCUTU PAHO HABECHI i YHMKAKOUM iX BHECEHHK HaNPUKiHL
NiTa, 3 MeTol 0BMEXEHHSPOCTY i PO3BUTKY OAHOPIYHMX MArOHIB, TKAHWHA SKMX € Binbl YyTAMBOK A0 36yAHMKA
6opoLHucToi pocu. [locnimkeHo, Wwo npoeefeHHs GOPMYKY0i, perytoyoi i CaHiTapHoi 0Opi3KM paHO HaBeCHi
[L03BONISIE MOKPALMUTM OCBITNEHHS | LMPKYNALiO NOBITPS B 6a3anbHili YaCTUHI POCAUH KaNMHK, IHTEHCUMPiKyBaTH
PiCT MOCTiIMHMX MAroHiB Ta chopMyBaTH BGaxkaHMI TWUN Kylla (oepeBus) B CMCTEMI MNOLOBOIO YM LEKOPATUBHOMO
canisHuuTBa. [loBeneHo, wo B ymoBax [liBHiuHoro Jlicocteny YkpaiHu B cMCTEMi MI0OA0OBOr0 CadiBHUUTBA AOLINBHO
BMpoLLyBaTH BMCOKOCTINKI (AHS, OciHHg, EniHa, Ompigna) i cTiviki (Kpaneuka, lMnopoaekopHa, CoHeTTa, lopixosa,
SlpocnaBHa) NpoTM HGOPOWHMCTOI pocucopTi (HOPMM) KanMHU 3BMYAHOI IHCTUTYTY cagiBHMUTBA HauioHanbHOI
akageMmii arpapHmx Hayk YkpaiHu. PekoMeHA0BaHO Ans AeKOPAaTUMBHOMO CaAiBHULTBA BMKOPWUCTOBYBATM CTiMKI
i cepedHbOCTIVKI COPTU KanuHu 3BMYanHoi kapaukosoi (Viburnum opulus L.) EckiMO i KannHu 3BMYaliHOi Poseym
(Viburnum opulus Roseum). [pakTU4Ha LiHHICTb NONgrana B 4OBEAEHHI, L0 HOPOLLHMUCTA pOCa KaNIMHKU 3BUYaMHOI Npu
WITYYHIR IHOKYNALii He ypaxye iHWi Buaun poay Viburnum L.; nigTBEpAXEHO, WO CNPUAHATAMUBICT POC/IMH KanuHK A0
Microsphaera viburni (Duby) S. Blumer MOXHa iCTOTHO 3HMXYBAaTV 32 PaxXyHOK ManoCNPpUNHATAUBUX | PE3UCTEHTHUX
BMAIB i copTie poay Viburnum L.Ta CBOEYACHUX aepomexHiyHux 3axodie

Kniouogi cnoBa: Buau (coptu, popmu) poay Viburnum L.; 6opoluHncTa poca; rpubHa XBopoba; oLiHKa BUAIB; 3aX04m
KOHTPOSO
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increase in the level of supply of the topsoil with mobile nitrogen, phosphorus, and potassium compounds,and had
a positive effect on the biometric parameters and productivity of white cabbage plants. All fertilisation systems,
except for the application of microbial preparations only provided a significant increase in yields in the range
of 21.6-71.8%. However, a significant increase in the content of vitamin C in cabbage heads was observed for all
fertilisation systems studied, except for the use of 40-60 t/ha of manure + N, P, K,. and N, P, K.  +“NutriVant
Plus Universal” The nitrate content in the heads did not increase significantly after fertilisation. The ineffectiveness
of using the system of microbial preparations, including seed treatment with Azotobacter chroococcum, and soil
treatment before pre-sowing cultivation with Roundfix, to optimise the nutrition of white cabbage plants was
noted. (Paenibacillus polymyxa, Bacillus megaterium var. phosphaticum, Enterobacter, Azotobacter chroococcum, Bacillus
subtilis) and five foliar fertilisers Organic Balance (Bacillus subtilis,Azotobacter chroococcum, Paenibacillus polymyxa).
The practical value is determined by obtaining results for adjusting fertiliser doses when planning their application
in crop rotations of farms of different forms of ownership

Keywords: Brassica oleracea var. capitata L.; fertilisation systems; soil; crop rotation; irrigation; cultivation

INTRODUCTION

Ukraine, possessing fertile soils and a favourable cli-
mate, could become one of the world’s future food sup-
pliers, according to the Food and Agriculture Organisa-
tion (n.d.). However, it is worth noting that the use of
soil resources in Ukraine is not always rational, which
causes various degradation processes. This includes a
decrease in the level of organic matter (humus), an in-
crease in erosion processes, deterioration of soil agro-
physical properties (increased dispersion, density, dete-
rioration of structure and filtration capacity), changes in
the acid-base state of the soil, signs of salinity, toxicity,
and allopathy. All of this leads to a decrease in yields,
deterioration in the quality of agricultural products, in-
dicators of natural and effective soil fertility, and de-
terioration of the ecological state of the environment
(Lykhovyd et al., 2022).

Degradation processes are particularly intense in
vegetable production due to the specifics of vegetable
growing technologies. Thus, an urgent need arises to
develop and implement vegetable-growing technolo-
gies that, in addition to increasing yields, also help to
preserve or restore soil fertility. The key aspects of this
approach include choosing the right crop rotation, op-
timising tillage, and improving plant nutrition. Accord-
ing to L. Zhang et al. (2022), the introduction of even
short-term crop rotations (e.g., beans - mustard - rice)
in combination with the use of calculated fertiliser
rates contributes to a significant increase in yields,
maintaining yield stability and sustainability of the
crop production system.

Sustainable agricultural biocenosis relies on a suf-
ficient amount of soil organic matter, the main sources
of which are organic and green manure fertilisers. The
use of organic fertilisers not only increases the humus
content in the soil but also contributes to the stability
of soil aggregates due to the binding effect of humic
substances and microbial waste products (Reichert
et al., 2018). The combination of organic and mineral
fertilisers leads to an increase in carbon sequestration,
which is explained by the increase in the amount of
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plant residues due to the increase in plant productivity.
However, without organic fertilisers, even high rates of
mineral fertilisers cannot change the humus content.
In their research, G. Xiapu et al. (2018) noted that the
use of organic-mineral fertilisation systems provide the
maximum impact on crop yields and soil C and N re-
serves, but the use of high manure rates can lead to an
increased risk of nitrogen losses in the environment.

The introduction of a scientifically based system
for optimising the nutrition of vegetable plants should
ensure not only a sustainable increase in yields but
also an increase in fertility by improving its parame-
ters (agrochemical, microbiological, water and physical)
(Stoessel et al., 2018). This has become especially rele-
vant in the context of martial law and the energy crisis.
O.Zhernova et al. (2022) believe that under such condi-
tions in Ukraine, the volume of fertiliser application has
decreased sharply and, as a result, the yield of crops,
including white cabbage, has decreased.

X.W. Cui et al. (2022) determined that the combined
application of mineral and organic fertilisers increased
the marketable yield and quality of white cabbage. The
most effective was the replacement of 30% of organic
fertilisers with mineral fertilisers, which increased the
yield by 32.2%, the vitamin C content by 14.9%, the sol-
uble sugar content by 5.5%, the efficiency of nitrogen
absorption from fertilisers by 97% and the overall ag-
ronomic efficiency of fertilisers by 55.6%. According to
L.Jinetal. (2022),a 30% reduction in the rate of mineral
fertilisers when used in combination with organic fer-
tilisers not only increases yields but also improves the
physical and chemical composition of the soil, the num-
ber and diversity of beneficial bacteria and fungi in it.

It is worth noting that significant reductions in min-
eral fertiliser rates also have negative consequences for
cabbage yields. Nitrogen fertiliser rates are particu-
larly carefully controlled (Gonzaga et al., 2021). A com-
bination of organic and mineral fertilisers with green
manure is also effective. For example, in studies on
chernozem soils in Kazakhstan, the maximum level of




cabbage yield and vitamin C content in heads is en-
sured by the application of 60 t/ha of manure + 3 t/ha
of straw and N, (Boteva et al., 2019).

Therefore, it is necessary to study the long-term use
of fertilisers in crop rotations and their aftereffects on
soil nutrient regime, the productivity of vegetable plants
(especially white cabbage), and soil fertility, which will
allow adjusting fertiliser doses when planning their
application in farm crop rotations. The research aims
to determine the effect of different nutrition optimisa-
tion systems on soil nutrition, biometric parameters of
plants,yield, and quality of late-ripening white cabbage
in irrigated vegetable-fodder crop rotation.

MATERIALS AND METHODS

The research was carried out in 2020-2022 in a station-
ary long-term experiment of the Institute of Vegetable
and Melon Growing of the National Academy of Agrarian
Sciences of Ukraine. The experimental plots are located
in the southeastern part of the Left-Bank Forest-Steppe
of Ukraine, which is characterised by unstable moisture.
During the years of research, the average amount of
precipitation was 471 mm, with the highest amount of
precipitation (57-73 mm) observed in June and July. The
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spring and autumn months were dry, with productive
moisture reserves in the soil layer up to one metre rang-
ing from 116 to 138 mm in April, and from 39 to 77 mm
in July (Archive of meteorological data, n.d.).

The experiment site is located on land with typ-
ical chernozem, which is low-humus, heavy and loamy;,
with signs of forest loam. The agrochemical state of
the topsoil has the following indicators: the sum of
absorbed bases-26.0 mg-eq per 100 g of soil; pH of
the salt extract-5.7; hydrolytic acidity-2.8 mg-eq per
100 g of soil; humus content - 4.3%; hydrolysable nitro-
gen-139 to 144 mg/kg; exchangeable potassium-91
to 266 mg/kg; mobile phosphorus - 140 to 430 mg/kg
of soil. The experiments were conducted on long-term
stationary plots as part of a 9-year cycle of vegetable
and fodder crops, including the following successive
crops: barley with grass - alfalfa (first and second year of
use) - cucumber —winter wheat -onion -tomato - white
cabbage -table beetroot. Stationary trials were started
in 1968. The experimental design included 12 different
variants of fertiliser application systems: mineral, or-
ganic, organo-mineral, resource-saving (with local use of
mineral fertilisers), and complex using a calculated dose
of mineral fertilisers and microelements (Table 1).

Table 1. Fertilisation systems for white cabbage in crop rotation

Fertilisation system in crop rotation

Fertilisation system for white cabbage

1. Without fertilizer

Without fertilizer

2. Green manure with a complex of microbial chemicals

Complex microbial chemicals

3.Manure 14 t/ha + NPK

Manure 60 t/ha + N, P.. K

120" 120" "90

4.Manure 21 t/ha

Manure 90 t/ha

5.NPK

NP, K

120" 120" "90

6.Manure 14 t/ha

Manure 40 t/ha

7.Manure 14 t/ha + %2 NPK

Manure 40 t/ha + N_P_ K

60 60 "45

8.Manure 21 t/ha + ¥2 NPK

Manure 60 t/ha + N_P, K

60 60 "45

9.NPK (calculated) + microfertilisers N, oP,eoKs ot foliar dressing “NutriVant Plus universal” at 2 kg/ha in 3 terms
10.Manure 14 t/ha + %2 NPK (locally) Manure 40 t/ha + N, P, K, (locally)
11.Manure 21 t/ha + 1/4 NPK (locally) Manure 60 t/ha + N, P, K, (locally)

12.Biological (organic fertilisers + green manure +
microbial preparations)

Manure 40 t/ha + complex of microbial preparations

Source: compiled by the authors

In the experiments, organic fertilisers were applied
in the form of cattle manure, and mineral fertilisers (in
all experimental variants, except for variants 10 and 11,
where fertilisers were applied locally) - in the form of
nitroammophoska, ammonium nitrate and potassium
chloride. The microbial application system included seed
treatment with Azotophyte (1 l/t), soil treatment with
pre-sowing cultivation with Groundfix (5 l/ha), foliar
feeding with Organic Balance (2 l/ha) five times (3-4 true
leaves, 6-7 true leaves, rosette formation, beginning of
head formation, 25-30 days after the previous application).

NutriVant Plus Universal is a fertiliser designed for
foliar application to crops outside the root zone. Its

composition includes the following components: nitro-
gen (N) - 19%, phosphorus (P205) - 19%, potassium
(K,0) - 9%, magnesium (MgQO) - 2%, manganese (Mn) -
0.04%, zinc (Zn) - 0.02%, copper (Cu) - 0.005%, iron
(Fe) - 0.08%, molybdenum (Mo) - 0.005% (ICL Specialty
Fertilizers Logo Vector, n.d.). This fertiliser is used for fo-
liar feeding of plants at three stages: at the stage of 3-4
true leaves, during rosette formation and at the initial
stage of head formation.

Azotophyt-p is a formula containing live cells of
the rhizosphere bacterium Azotobacter chroococcum,
which is capable of fixing nitrogen from the environ-
ment and transferring it to plants. This bacterium also
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synthesises vitamins, amino acids, and phytohormones
and produces antifungal substances. The number of live
microorganisms of the bacterium Azotobacter chroo-
coccum is at least 1x109 CFU/g (Brochure about AZO-
TOPHYT, n.d.).

Organic-Balance-P is a biological product designed
to stimulate the growth and development of plants of
various crops and increase resistance to diseases, pests,
and stress. The composition of the product includes
live bacteria that perform the following functions: fix
nitrogen, mobilise phosphorus and potassium, have an
antagonistic effect on fungi, produce biologically active
substances such as vitamins, phytohormones, fungi-
cides, antibiotics,amino acids, enzymes, and contain or-
ganic food sources and macro- and microelements. The
product is used for foliar feeding and seed treatment
(Brochure about ORGANIC-BALANCE (vegetation), n.d.).

Groundfix is a biofertilizer containing cells of the
bacteria Paenibacillus polymyxa, Bacillus megaterium
var. phosphaticum, Enterobacter, Azotobacter chroococ-
cum, and Bacillus subtilis. The total number of live cells
ranges from 0.5 to 1.5 x109 CFU/cm3. This product in-
creases phosphorus mobility and potassium availability
from soil and mineral fertilisers, prolongs the availa-
bility of nutrients, improves soil biological activity, and
limits the development of phytopathogens (Brochure
about GROUNDFIX, n.d.).

Theexperimentalplotareawas 58.3m?(8.33m x 7.0m),
with a recording area of 36.4 m? (5.6 mx 6.5 m). The ex-
periment was conducted four times, placing the plots in a
systematic arrangement on two levels. The technology of
growing white cabbage corresponded to the conditions
of the forest-steppe of Ukraine and included the use
of drip irrigation. The methodology of the experiment

140.0

and observation was developed following the “Meth-
odology of experimental work in vegetable and melon
growing” (Bondarenko & Yakovenko, 2001).

The following methods were used to determine the
content of nutrients in the soil from the topsoil: nitrate
determination according to State Standards of Ukraine
(hereinafter DSTU) 4729:2007 (2008), determination of
mobile phosphorus and potassium compounds in the
modification of CINAO by Chirikov, and phosphorus was
analysed by colorimetric method, and potassium - by
photometer (DSTU 4115:2002, 2003). Biometric meas-
urements at the stage of technical ripeness, harvest
accounting and determination of the chemical compo-
sition of cabbage heads, including dry matter content
according to DSTU 7804:2015 (2016), vitamin C content
according to DSTU 7803:2015 (2016), total sugar ac-
cording to DSTU 4954:2008 (2009), and nitrates accord-
ing to DSTU 4948:2008 (2009) were carried out. During
the research, the authors adhered to the standards of
the Convention on Biological Diversity (1992) and the
Convention on Trade in Endangered Species of Wild
Fauna and Flora (1979).

RESULTS AND DISCUSSION

Analysing the changes in the nitrate nitrogen content
in the upper soil layer at a depth of 0-30 cm, it was ob-
served that in the initial period of growth of white cab-
bage, an increase in this indicator was observed when
using mineral fertilisers or combined application of or-
ganic and mineral fertilisers (in the range from 66 to
127 mg/kg dry soil). At the time when a complex of mi-
crobial preparations was used, or after the application
of organic fertilisers alone, the nitrate nitrogen content
ranged from 29 to 49 mg/kg dry soil (Fig. 1).

1272
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EN120P120K90

m N550P260K370+ “NutriVant”
Manure 40 t/ha + microbe products

m Microbe chemicals
m Manure 40 t/ha
Manure 40 t/ha + N60OP60K45 (locally)

Figure 1. Dynamics of nitrate nitrogen content in the soil layer 0-30 cm depending on the fertilisation system of white
cabbage (average for 2020-2022)

Source: compiled by the authors
The content of nitrate nitrogen in the soil de-

creased regardless of the fertilisation system, which in-
dicates its active use by cabbage plants and migration
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in the soil profile. It is also worth noting that the high-
est level of nitrate nitrogen in the soil was recorded
at the beginning of the growing season, at the stage




of 3-4 true leaves - the beginning of the formation of
the leaf rosette, when the use of mineral fertilisers was
most effective. Instead, at the end of the growing sea-
son, a high value of this indicator was observed in the
system of resource-saving fertilisation, where mineral
fertilisers were applied locally.

A high level of mobile phosphorus in the upper soil
layer at a depth of 0-30 cm was observed when both
mineral and organic fertilisers were applied, both sep-
arately and together (in the range of 324 to 435 mg/kg
dry soil, see Fig. 2). The level of mobile phosphorus

600.0
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remained stable throughout the entire growing season
of white cabbage. However, it is worth noting a signif-
icant increase in mobile phosphorus in the soil when
applying microbial preparations, where the content was
290 mg/kg of dry soil. Similar results were obtained in
studies conducted by D. Sarkar et al. (2021), where the
use of beneficial microorganisms (Trichoderma harzia-
num, Pseudomonas fluorescens and Bacillus subtilis) con-
tributed to the activation of phosphorus and potassium
in the soil and the uptake of these macronutrients by
cabbage plants.

4350

416.0

400.0 3525 3613

5 4343 3906

374.6 341.5
v

4239
392.8

200.0 -
0.0 -~
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m Without fertilizer
m N120P120K90

N550P260K370 + “NutriVant”

138

5
284.8

m Microbe products
m Manure 40 t/ha
Manure 40 t/ha + N60OP60K45 (locally)

Figure 2. Dynamics of mobile phosphorus content in the soil layer 0-30 cm
depending on the fertilisation system of white cabbage (average for 2020-2022)

Source: compiled by the authors

A significant content of mobile phosphorus forms
in the soil at the beginning of the growing season was
ensured by the use of an organic-mineral fertilisation
system and mineral fertilisers locally (435 mg/kg of
dry soil). The effectiveness of localised fertilisation in
terms of increasing the content of mobile phospho-
rus in the topsoil was confirmed in the research of
L.O. Duarte et al. (2019), where the introduction of this
technological measure led to an increase in the phos-
phorus uptake coefficient from fertilisers from 30.0%
to 60.4%. All fertilisation systems led to an increase in

300.0

the content of exchangeable potassium in the 0-30 cm
soil layer. The use of the calculated dose of mineral
fertilisers (N,,.P,.K;,,) provided the maximum values
of the indicator during the entire vegetation period of
white cabbage (213-266 mg/kg). Thus, during the phase
of 3-4 true leaves - the beginning of the formation of
a rosette of leaves, a high level of exchangeable po-
tassium content was provided by the resource-saving
fertilizer system (213-215 mg/kg), and at the end of the
growing season - with the application of 40 t/ha of ma-
nure (233 mg/kg) (Fig. 3).

238.3
215.0

169.5

200.0

266.1

232.6

207.1 2138 202.9 199.9

100.0 ~

0.0 -
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m Without fertilizer
m N120P120K90
N550P260K370 + “NutriVant”

m Microbe products
m Manure 40 t/ha
Manure 40 t/ha + N60P60K45 (locally)

Figure 3. Dynamics of exchangeable potassium content in the soil layer 0-30 cm
depending on the fertilisation system of white cabbage (average for 2020-2022)

Source: compiled by the authors
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The use of a complex of microbial products proved
to be effective, which ensured an increase in the content
of exchangeable potassium in the soil by 11.5-40.6%
compared to the control. That is, microbial preparations
with phosphorus and potassium mobilising agents have
the prospect of being used in technological schemes for
growing vegetable plants, which is confirmed by the re-
search of S. Shanmugam et al. (2022). The use of fertil-
isers improved the development of white cabbage plants,
especially under organic-mineral fertilisation systems

(Table 2). It was noted that under organic-mineral fer-
tilisation systems, the height of plants ranged from 43-
46 cm, under mineral fertilisation — 42.6-46.0 cm, under
a combination of organic fertilisers and microbial prepa-
rations - 43 cm, while the value of this indicator in the
control was 35 cm. Separate application of only organic
fertilizers, as well as the use of a complex of microbial
preparations caused only a positive trend in the growth
of the height of white cabbage plants (increase in the
value of the indicator relative to the control by 7.4-17.7%).

Table 2. Biometric parameters of white cabbage plants under different fertilisation systems (average for 2020-2022)

Biometric parameters

No. Fertilisation system Plant height, Diameter of the leaf Diameter of the leaf A\r/::::e
cm rosette, cm rosette, cm weight, kg
1 No fertilisers (control) 35.1 321 17.8 143
2 Microbial products 37.7 35.8 17.6 1.88
3 Manure 60 t/ha + N,,P., Ky 431 32.7 16.9 1.83
4 Manure 90 t/ha 413 34.8 21.0 1.80
5 N, 20P120Ks0 42.6 36.2 17.6 1.88
6 Manure 40 t/ha 413 38.3 17.9 1.75
7 Manure 40 t/ha + N, P, K, 443 41.6 19.7 1.96
8 Manure 60 t/ha + N P, K. 45.8 42.8 20.2 2.03
9 N,5oP,60Ks,0+ foliar t.jressin”g “NutriVant Plus 46.0 378 179 225
universal

10 Manure 40 t/ha + N, P, K, (locally) 39.7 354 18.1 1.90
11 Manure 60 t/ha + N, P, K , . (locally) 45.8 39.1 19.1 1.92
12 Biological (or?)e:zipcaizgti)lri]s;rs + microbial 430 411 202 206
HIP 75 5.6 2.1 0.38

0.95

Source: compiled by the authors

The influence of fertilisers on the diameter of the
rosette of leaves of white cabbage had the same ten-
dencies as on the height of plants. There was a sig-
nificant increase in the diameter of the cabbage head
when using organo-mineral fertilisation systems,
NP, oK, + foliar feeding with NutriVant plus uni-
versal, a combination of organic fertilisers and micro-
bial preparations by 17.8-33.3%. A significant increase
in the head diameter was typical for the application
of 90 t/ha of manure, 60 t/ha of manure+N, P, K,
and a combination of organic fertilisers and microbial

preparations (20.2-21.0 cm). Thus, the use of fertilisers
contributed to an increase in the average weight of the
head of white cabbage by 22.4-57.3%. This growth was
not significant in the variants of 90 and 40 t/ha of ma-
nure. Improving the soil nutritional regime and biomet-
ric parameters contributed to the growth of the yield of
white cabbage. On average, over three years in irrigated
vegetable-fodder crop rotation, the use of different fer-
tilisation systems provides an increase in the yield of
white cabbage by 9.9-33 t/ha or 21.6-71.8% compared
to the control with a yield of 45.9 t/ha (Table 3).

Table 3. Effect of different fertilisation systems on the yield of white cabbage
in irrigated vegetable-fodder crop rotation (2020-2022)

. Increase in
Crop rotation Cabbage Overall yield, t/ha comparison to control  Marketability,
fertilisation system fertilisation system %
2020 2021 2022 average t/ha %
1 No fertilisers (control) Without fertilizer 36.5 313 70.0 45.9 - - 87.7
Green manure with a
2 complex of microbial ~ Microbial products 38.2 334 715 47.7 1.7 3.8 89.5
chemicals
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Table 3, Continued

X o WL vield. t/h Increase in .
(:.er |:otat|on ) .Cab‘bage verall yield, t/ha comparison to control Marketability,
fertilisation system fertilisation system %
2020 2021 2022 average t/ha %
3 Manure 14 tha+ NPK ~ Tanure80Uhat 6, 405 889 565 106 23.0 88.7
N120P120K90
4 Manure 21 t/ha Manure 90 t/ha 448 41.0 85.4 57.1 111 24.2 89.3
NPK N, 0P 120560 394 433 871 56.6 10.7 23.2 915
6 Manure 14 t/ha Manure 40 t/ha 40.8 45.7 81.1 55.9 9.9 21.6 91.0
Manure 14 t/ha + ¥2 Manure 40 t/ha +
7 NPK NP oK. 42.1 46.3 98.0 62.1 16.2 35.3 89.5
Manure 21 t/ha + %2 Manure 60 t/ha +
8 NPK NP, 45.2 46.0 103.9 65.0 19.1 41.6 91.3
NPK (calculated) + NysoPoeoKsr0 *
9 fertilisation with “NutriVant Plus 41.0 50.7 105.2 789 33.0 71.8 91.9
complex fertilisers universal”
Manure 14 t/ha + V2 Manure 40 t/ha +
10 NPK (locally) NP, K. (locally) 44 .4 49.1 98.7 64.1 18.2 39.5 89.8
Manure 21 t/ha + 1/4 Manure 60 t/ha +
11 NPK (locally) N, P,.K,,. (locally) 39.0 51.7 1017 64.1 18.2 39.6 94.2
AL e 40
12 greel microbial 44.6 46.1 934 61.4 154 33.6 88.6
manure + microbial .
. chemicals
preparations)
HIP 496 565 10.85

0.95

Source: compiled by the authors

Favourable weather conditions for the growth and
development of cabbage plants were formed in 2022,
which allowed for a yield higher than in previous years
by 107-154%. The most noticeable difference was for
organic-mineral fertilisation systems (130-150%). The
most efficient is the use of an organic-mineral fertil-
iser system (60 t/ha of manure+N,, P, K., 30 t/ha
of manure+N_P, K, and 40 t of manure+locally

60 QO 45
N60P60K45) and mineral (N,,,P.. K., and N550P260K370+

“NutriVant Plus universal”)TZ(\JN#iOchgoprovided yields of
56.5-78.9 t/ha. A similar pattern is noted in the studies
of other scientists. According to O. Ponji¢an et al. (2021),
the use of organic and mineral fertilisers in a complex
ensures an increase in cabbage yield by 73.3%, while
the yield of barley increased by 21.2-60.6% when ap-
plied separately.

The calculated dose of mineral fertilisers
(Ny5oP,eoKss0 + NutriVant  Plus universal), which was
planned to obtain a cabbage yield of 100 t/ha, provided
an average of 78.9 t/ha over the years of research, al-
though in 2022, with this fertilisation system, the yield
level was 105.2 t/ha. The use of a complex of micro-

bial preparations to optimise the nutrition of cabbage

plants did not provide a significant increase in yield.
It can be assumed that the system of their application
selected for the research (Azotophyte for seed treat-
ment, Groundfix for pre-sowing cultivation and Organic
Balance for foliar feeding) did not ensure optimal sat-
uration of the root rhizosphere with beneficial micro-
organisms and a low stimulating effect, since the ef-
fectiveness of using microbial preparations for growing
cabbage has been proven in various studies. For exam-
ple, in Kazakhstan, the use of organic fertilisers and a
complex of biological products increases crop yields by
15.2-47.2% (Aitbayev et al., 2018).

The marketability of products increases with the use
of organic and mineral fertilisers; without fertilisation,
this figure was 87.7%, and with different fertilisation sys-
tems - 88.6-94.2%. The use of fertilisers has a different
effect on the change in the quality indicators of white
cabbage products. On average, over the years of research,
the content of total sugar and mono sugars in the heads
of white cabbage did not change significantly. When ap-
plying 60 t/ha of manure + NP, K., a decrease in these
indicators was observed compared to the control to the
level of 3.54 and 3.25%, respectively (Table 4).

Table 4. Effect of fertilisers on the biochemical composition of white cabbage products (average for 2020-2022)

Mass fraction

No. Fertilisation system — -
of overall sugar, %  mono sugars, %  vitamin C, mg/100g nitrates, mg/kg
1 No fertilisers (control) 4.23 4.02 10.4 85.5
2 Microbial products 4.33 4.14 12.6 79.6
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Table 4, Continued

Mass fraction

No. Fertilisation system — -
of overall sugar,%  mono sugars, %  vitamin C, mg/100g nitrates, mg/kg
3 Manure 60 t/ha + N,,.P., K 4.05 3.89 13.6 75.2
4 Manure 90 t/ha 4.12 3.96 18.2 54.3
5 N,,0P120Ks0 4.00 371 19.2 41.8
6 Manure 40 t/ha 4.09 3.70 16.2 40.9
7 Manure 40 t/ha + N P, K, 3.89 3.59 9.43 57.1
8 Manure 60 t/ha + N, P, K, 3.54 3.25 10.8 80.6
N, oP,sKss, + foliar fertilisation “NutriVant
? Plus universal” 2 kg/ha (100 t/ha) 3.75 3.35 119 83.1
10 Manure 40 t/ha + N, P, K, (locally) 4.20 3.94 18.6 93.1
11 Manure 60 t/ha + N, P, K,  (locally) 4.09 3.88 17.0 104.7
12 Biological (organ|c.fert|l|sers * green 3.8 368 16.8 71 4
manure + microbial preparations)
HIP 0.52 0.56 2.9 10.8

0.95

Source: compiled by the authors

All fertilisation systems studied, except for 40-
60 t/ha of manure+N_P, K, and the use of N.. P, K

60" 60 45 550" 260" "370

”

with foliar fertilisation “NutriVant plus universal’,
showed a significant increase in the content of vitamin C
in cabbage heads to the level of 13.6-19.2 mg/100 g,
while the value of this indicator in the control was
10.4 mg/100 g.The research of L. Rempelos et al. (2023)
noted a positive effect on the content of sugars, vita-
mins C, B, and carotene in cabbage heads only in cases
where organic fertilisers were used. The biochemical
composition of cabbage products did not change signif-
icantly when mineral fertilisers were used. The nitrate
content in the heads of cabbage did not increase signif-
icantly, except for the variant of 60 t/ha of manure + lo-
cally applied N, P, K,, . (104.7 mg/kg). However, this in-
dicator was lower than the maximum permissible level
(MPL) for white cabbage production (500 mg/kg of raw
weight). This pattern is somewhat inconsistent with the
research of other scientists. According to the results of
X.Jun et al. (2023), the introduction of organo-mineral
fertilisation systems does not lead to the accumulation
of excess nitrogen in cabbage plants at different stages
of growth compared to other fertilisation systems.
Thus, according to our research and the results of
other scientists, the use of organic fertilisers has a sig-
nificant impact on plant biometric parameters, yield,
and vitamin C content in products, while the appli-
cation of mineral fertilisers increases the content of
nitrate nitrogen and partially the content of mobile
phosphorus and potassium compounds in the topsoil,
yield and vitamin C content. The introduction of an
organo-mineral fertilisation system using mineral
fertilisers locally improves the soil’s nutritional re-
gime, increases plant biometric parameters, yields and
product quality, and reduces the nitrate content in the
heads. The use of a complex of microbial preparations
as an alternative to organic fertilisers improves the

Scientific Horizons, 2023, Vol. 26, No. 11

soil nutritional regime, and increases the content of
vitamin C, but does not affect the level of yield, while
other studies have shown that this effect is significant,
indicating the inefficiency of the developed system of
using microbial preparations.

CONCLUSIONS

Conducting research in long-term stationary experi-
ments allows us to thoroughly investigate the impact
of different fertilisation systems not only on the yield
and quality of products but also on the soil condi-
tion and the supply of plants with basic nutrients. It
is noted that a high level of soil supply with mobile
nitrogen, phosphorus and potassium compounds dur-
ing the growing season is ensured by the use of min-
eral (NP, Ks,,+ NutriVant plus universal) and re-
source-saving fertilisation systems (spreading manure
in autumn of 40 t/ha + locally in spring N, P, K,.). These
fertilisation systems resulted ina 152-517% increase in
nitrate nitrogen in the 0-30 cm soil layer compared to
the control,a 116-197% increase in mobile phosphorus,
and a 90-166% increase in exchangeable potassium.
The maximum effect on the biometric parameters
of cabbage plants was found to be achieved by using the
calculated dose of mineral fertilisers (spread in autumn
N.soP,eoKs70), Organo-mineral systems (scattered in au-
tumn 40-60 t/ha of manure+N, P, K,.), resource-sav-
ing (scattered in autumn 60 t/ha of manure + locally in
spring N, P. K, .) and biological fertilisation systems
(scattered in autumn 40 t/ha of manure+a complex
of microbial preparations). There was an increase in
plant height by 22.5-31.3%, leaf rosette diameter by
21.8-32.1%, head diameter by 10.7-13.5%, and head
weight by 32.9-57.3%. All fertilisation systems, except
for the application of microbial preparations only, pro-
vide a significant increase in the yield of white cabbage
within 21.6-71.8%.The maximum yield level (78.9 t/ha)




was recorded when using a mineral fertiliser system
(N5oP,eoKsro “NutriVant plus universal”).

The ineffectiveness of using the system of micro-
bial preparations for optimising the nutrition of white
cabbage plants, including seed treatment with Azoto-
phyte (Azotobacter chroococcum), soil treatment before
pre-sowing cultivation with Groundfix (Paenibacillus
polymyxa, Bacillus megaterium var. phosphaticum, Entero-
bacter,Azotobacter chroococcum, Bacillus subtilis) and five

Kuts et al.

biochemical parameters of the product (total sugar and
mono sugar content, nitrate content).

Determination of the mechanisms of influence
on soil fertility and productivity of vegetable crop ro-
tations of alternative nutrition optimisation systems
with a complex of green manure, humic fertilisers and
microbial preparations remains relevant in further re-
search. At the same time, it is necessary to expand the
range of beneficial microorganisms that saturate the

foliar applications of Organic Balance (Bacillus subtilis,
Azotobacter chroococcum, Paenibacillus polymyxa). Under
all fertilisation systems studied, except for the use of

soil rhizosphere and plan their additional introduction,
for example, with irrigation water.

40-60 t/ha of manure+N_P, K, and N P, K, with ACKNOWLEDGEMENTS
foliar application of NutriVant plus universal, a signif-  None.
icant increase in the content of vitamin C in cabbage
heads to the level of 13.6-19.2 mg/100 g was observed, CONFLICT OF INTEREST
while fertilisers had no significant effect on other None.
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AHoTauif. AKTyanbHiCTb NPOBeAeHNX AOCNiIAKEHb NONAra€ y HeobXiAHICTb BUBYEHHS TPUBANOTrO 3aCTOCYBAHHS Pi3HUX
[06puB Ta iX NiCNAAII0 HA NOXMBHUIA PEXUM IPYHTY, GOPMYBAaHHS YPOXAMHOCTI Ta SKOCTi Kanyctu 6inoronosoi.
MeToto pob0oTH ByN0 BCTAHOBAEHHS BM/IMBY Pi3HUX CUCTEM ONTUMI3aLLIT XXMBJIEHHS HA YPOXAMHICTb i AKiCHI NpoayKLii
Kanyctu 6inoronoBoi Mi3HbOCTUINOI B 3pOLUYBAHI OBOYE-KOPMOBIM CiBO3MiHi. [1ng npoBefeHHS LOCNigKEeHb
BMKOPWCTOBYBAIMCS MOJIbOBI, CTAaTUCTUYHI, pO3PaxyHKOBO-aHANITUUYHI Ta nabopaTopHi Metoau. BctaHoBneHo, wo
BMKOPUCTaHHA MiHepanbHoi cuctemn ypobpenHs (N, P, K. +«HyTpiBaHT natoc yHiBepcanbHWii») npusseso
[0 NiABUILEHHS PiBHS 33a6e3meyeHOCTi OPHOro Lapy FPyHTY pyXOMUMM cnonykamu asoty, docdopy Ta Kanito,
3abe3neyyBano NO3UTUBHMI BNAUB HA BIOMETPUYHI MOKA3HMKM Ta NPOAYKTUBHICTb POCIMH KanycTu Binoronogoi. Bei
cUcTeMM yaobpeHHs, OKPiM BHECEHHS TiNlbkM MiKpOBHMX NpenapaTis, 3a6e3neyye icTOTHe MiABULLEHHS YPOXXAMHOCTI
B Mexax 21,6-71,8 %. OpHak, icTOTHe 3pOCTaHHS BMIcCTy BiTamiHy C B rosoBKax KamycTu 3a3Ha4yeHo ANs BCiX
AOCNIAKYBAHNX CUCTEM ya06peHHs, OKpiM BukopuctanHa 40-60 T1/ra rHoto + N, P, K, ta N P, K, +«HyTpiBaHT
NAC YHiBepcanbHWii». BMICT HiTpaTiB B ronoBkax BiA BHECEHHS [0OPMB 3pOCTAaB He iCTOTHO. 3a3HauvyeHo
HeePEeKTUBHICTb BUKOPUCTAHHA AN OMNTUMI3aLii XXMBMEHHS POC/AMH Kanyctu BinoronoBoi CUCTEMWU BHECEHHS
MiKpOOHMX Npenaparis, Wo BK/IOYAE 06pobKy HaciHHs A3oTodiT (Azotobacter chroococcum), 0bpobka rpyHTYy A0
nepeanocisHoi kynbtuBauii lpayHadikc (Paenibacillus polymyxa, Bacillus megaterium var. phosphaticum, Enterobacter,
Azotobacter chroococcum, Bacillus subtilis) Ta maTb no3akopeHeBux nimkuneneHb Opranik 6anaHc (Bacillus subtilis,
Azotobacter chroococcum, Paenibacillus polymyxa). pakTMUYHa UiHHICTb NONSAra€e y OTPUMAHHI pe3ynbTaTiB 44
KoperyBaHHs 003 A0OPMB 3a NNaHYBAHHS iX BHECEHHS B CiBO3MiHaX rocnoAapcTB pi3HUX GOPM BNACHOCTI

KniouoBi cnoBa: Brassica oleracea var. capitata L.; cucteMu yoo6peHHs; 'pyHT; CiBO3MiHA; 3pOLLEHHS; BUPOLLYBAHHS
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impact of weeds is the weed seed bank of soils, which reaches 452 million seeds per hectare in land being actively
used for agriculture and 11 million hectares in natural ecosystems. In agroecosystems, the decisive factor for
effective regulation of weed seed banks is the sustainability of crops (as part of an ecosystem dominated by 1
plant species), methods of basic tillage and measures to prevent the generative productivity of weeds. According
to the impact on the yield of winter wheat, corn, sunflower and spring barley, different tillage systems (ploughing,
disc tillage, no-tillage) in the crop rotation were significant, where the no-tillage system was inferior to disc
tillage, depending on the fertilization background, by 0.21-0.22 t/ha and ploughing - by 0.19-0.40 t/ha due to
increased weed infestation of crops, as well as the presence of a significant amount of carrion and leaf mass of
the predecessor on the field surface. The practical value is determined by an improvement of the system of weed
control in crop rotations of adaptive agriculture and environmental safety

Keywords: agroecosystems; weed; crop rotation; soil tillage; yield; productivity

INTRODUCTION

Weeds remain one of the most damaging factors in ag-
riculture, causing significant crop yield losses. An im-
portant part of weed control is the existing weed seed
bank in the soil, which has a high degree of correlation
with the degree of actual weed infestation. The topic of
research is becoming extremely relevant due to the in-
tense dynamics of the species and quantitative compo-
sition of weeds in agrocenoses and the need to predict
the agrotechnological and chemical system of weed
control for crops.

Modern herbicides used in grain growing technol-
ogies have a sufficiently high level of technical effi-
ciency, however, even in this case, weeds with increased
resistance to chemicals are not able to sufficiently pre-
vent grain yield losses and the ecological spread of
weeds (Fetyukhin et al., 2021; Tkalich et al, 2023). In
this context, important results regarding the ecological
and economic assessment of agrotechnologies recom-
mended in agriculture were obtained by M. Spoth et al.
(2022), who showed that weed control measures in
many cases exceed the amount of grain production and
the amount of profit received.

K.Alijani et al. (2023) determined in a study of crop
weed infestation that the weed seed bank in the soil
is an important determinant of aboveground floristic
composition and weed density in agricultural systems.
Quantitative and qualitative indicators of the weed
seed bank can help producers predict the extent to
which they face weed problems. By comparing different
tillage systems in studying the dynamics of the weed
seed bank and its species composition with the actual
weed infestation of crops, it was also proved that the
weed seed bank is more influenced by weather condi-
tions than by different tillage systems.

A. Md-Akhir et al. (2022) and R. Idziak et al. (2022)
considered the problem of weeds spreading in the are-
as of agricultural use for growing various crops as one
that is formed not only directly in crops but also on
lands that need restoration and reclamation with an
existing seed bank in the soil. Significant transforma-
tions of pest ecosystems are observed in the context of
climate change, global warming, and water availability,

which necessitates adaptive technological measures in
the production of field crops, in particular one of the
most common crops in the world, winter wheat. This
has been reliably confirmed by field experiments by
Bajwa et al. (2020).

The findings of L. Butkeviciene et al. (2021) ex-
perimentally confirmed that in the context of climate
change and intensive agriculture, long-term crop ro-
tations increase crop productivity, reduce weeds and
the weed seed bank in the soil, and thus contribute to
maintaining the resilience of the agroecosystem. The
initial field studies by S. Ali et al. (2022) on the effec-
tiveness of weed control showed that one of the ways
to improve the protective functions of grain-growing
technology is the double use of herbicides. Thus, the
authors believe, on a reliable scientific basis, that dou-
ble treatment of wheat crops is accompanied by a 73%
increase in grain yield, as well as a significant clearing
of crops from weed seeds in the soil.

Significant positive results in weed control can be
achieved by selecting the methods of basic tillage and
addressing the peculiarities of weed seed movement in
the soil depending on the depth of tillage and the dis-
tribution of weeds in the vertical section, this scientific
position was confirmed by the research of Q. Magsood
et al. (2018). It has been proven that even when con-
centrated in the upper soil layer and provoking its
germination, agrotechnical control measures provide
a high degree of soil purification in crop rotation.
Comprehensive studies by Beckie et al. (2020) have
shown that soil weed seed banks can reflect the im-
pact of long-term cumulative field management and
crop sequences on weed communities. In addition, soil
seed banks provide accurate estimates of future weed
problems, as well as potential arable plant diversity
and associated ecological functions. To this end, the
authors evaluated the impact of different long-term
cropping systems in the same crop rotation sequence
on weed seed abundance, diversity, and collection, as
well as on functional diversity and composition. An
important conclusion based on many years of research
was made by O. Kurdyukova and O. Tyshchuk (2019)
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that in the conditions of the high weed seed bank in
Ukraine, to reduce the species and quantitative com-
position of weed seeds in the soil, it is necessary to
apply a set of long-term agronomic, biological, phy-
tocoenotic, chemical and organizational methods that
complement and reinforce each other.

The literature review showed that the chosen topic
has been studied insufficiently. Therefore, the research
aims to assess the level of the weed seed bank and the
actual weed infestation of various components of agro-
ecosystems in the steppe zone of Ukraine.

MATERIALS AND METHODS

The following components of agroecosystems have
been selected to study the mechanisms of conservation
of weed taxonomic diversity and the spread of weed
seeds: intact fallow land; areas under 60-year shelter-
belts; and land under long-term cultivation (station-
ary field experiments). The study was conducted dur-
ing 2018-2021. Research to determine the weed seed
bank and actual weed infestation was conducted in
stationary experiments of the Arable Lands State enter-
prise “Experimental farming Dnipro” Institute of Grain
Crops of the National Academy of Agrarian Sciences of
Ukraine (SE"EF"Dnipro” IGC NAASU) (Vasylivka village,
Solonyansky district, Dnipro region), the scientific re-
search field of the Educational and Scientific Center
of Dnipro State Agrarian and Economic University (SRF
ESC DSAEU) (Oleksandrivka village, Dniprovsky district,
Dnipro region), farming state “Olympus-2012” (Olym-
piadivka village, Petrivsky district, Kirovohrad region).
As well as in shelterbelts near these stationary exper-
iments; fallow lands near the village of Honcharka,
Solonyansky district, Dnipro region and Oleksandrivka
village, Dniprovsky district, Dnipro region.

The following methods and accounting ways have
been used in the research.

1.The weed seed bank has been determined by tak-
ing soil samples with a Kalentiev drill along the diag-
onal of the field in five locations of the experimental
plot, field protection forest belt, etc. The depth of sam-
pling was 0-10, 10-20, 20-30, 30-40 cm. The collected
soil sample has been washed on a sieve with 0.25 mm
holes with a 5 cm high rim above the container. Large
seeds with a diameter of more than 0.25 mm have been
retained on the sieve. A solution of sodium chloride
(NaCl) has been used to separate the small seeds that
have been passed through the sieve from the sludge
and water. In this case, heavy mineral particles of the
soil have been settled to the bottom, while light weed
seeds and organic residues have been floated to the
surface. The surface of the solution, along with the
seeds, has been poured onto filter paper, after which
it has been dried. Then the seeds have been counted
together with the previously strained seeds on a sieve.

After that, soil contamination with weed seeds has
been calculated using the formula:
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10000 X N, 1
ws =N %A 1

where C - is weed seed contamination of the soil layer,
pcs./m?; 10000 - is the area of 1 m? in cm?; N, - is the
number of weed seeds in the sample, pcs; N, - is the
number of samples from which the sample was formed;
A - is the area of the inner surface of the drill, cm?.

Dividing the numerical value of C _ by 100, the
weed seed contamination of the soil was converted to
millions of units/ha.

2. The actual weed infestation of crops has been
accounted for by the quantitative weight method (using
1.0 m? plots). The surveys have been carried out during
the eating phase of early grain crops, before the first in-
ter-row cultivation in row crops, on natural fallow lands
and field protection forest belts with simultaneous
weed pulling to determine biological species and their
mass in an air-dry state. The survey frames have been
placed along the diagonal of the plot in 10 locations.

Crop accounting has been carried out by direct
threshing (winter wheat, barley, peas) with a Sampo-500
combined, (sunflower - with a Niva-Effect combined)
corn - by hand, considering the moisture content and
weed infestation of the product at the stage of full
grain ripeness. After determining grain contamination
and moisture content, the harvest has been recalculated
for 100% purity and 14% moisture content.

The data have been analyzed using Statistica 10.0
software (StatSoft Inc., USA). The data have been tabu-
lated as x*SD (x * standard deviation). The differences
between values in control and experimental variants
have been determined using Tukey’s test, where differ-
ences have been considered significant at P<0.05 (with
Bonferroni correction).

Experimental studies of plants (both cultivated and
wild), including the collection of plant material, are
conducted following the principles of bioethics and the
Convention on Biological Diversity (1992) and the Con-
vention on Trade in Endangered Species of Wild Fauna
and Flora (1979).

RESULTS AND DISCUSSION

The influence of crop rotations and methods of basic
soil cultivation on the peculiarities of migration and
dislocation of weed seeds in the soil profile of arable
land has been investigated. The methodology of wide
involvement of variations in the factors that form weed
infestation allows us to establish patterns of transfor-
mation of the degree of weed infestation, planning of
weed control measures and evaluating the efficiency of
agricultural systems.

The analysis of the weed seed bank of the lands
of the agroecosystems demonstrates that human in-
tervention in ecological and landscape complexes in
the form of agricultural activities is accompanied by
a significant increase in weed seed stocks in the soil
(Table 1). For example, active soil cultivation in crop




rotation on old arable lands has been accompanied by
the accumulation of up to 452 million weed seeds in
the 0-30 cm soil layer. The danger of such high degrees
of potential weed seed infestation is also exacerbated
by the soil profile of arable land containing a significant

Shevchenko et al.

amount of seeds in each layer, which, when vertically
migrating, in any case, creates a risk of high weed dam-
age. For example, in the upper 0-10 cm soil layer with a
high coefficient of stimulation of seed germination, the
number of seeds was 133 million/ha.

Table 1. The weed seed bank in the lands of agroecosystem components at different depths,
million pcs/ha (average for 2018-2021, x£SD, n=12)

Soil layers, cm

Soils, the method of their use

0-10 0-20 0-30 0-40

Fallow lands 6%1° 7%12 8+1° 8+1°
Arable lands SE”EF"Dnipro” IGC NAASU 133+3¢ 306%7¢ 452%7¢ 464+8¢
Farming state “Olympus-2012~ 37%40 128%5b 205%6° 22350

Forest protection strips 7%1° 9%)? 11+£22 11422
Scientific stationary experiments IGC NAASU 4340 140+5° 217+6° 228+50
SRF ESC DSAEU 6350 180%6° 30570 311%50

Note: different letters denote values that significantly differ from each other within a column of Table 1 according to the
results of comparison according to the Tukey test (P<0.05) with the Bonferroni correction.

Source: compiled by the authors

The more conservative part of the seeds, which is
located in the layer of 10-30 c¢m, is 306 pcs/ha, and
carries a prolonged danger of increasing the degree
of weed infestation of crops. The level of technolog-
ical culture and implementation of a system of weed
control measures is an effective means of reducing the
weed seed bank, which has been experimentally prov-
en.This is evidenced by the study of the degree of weed
seed banks in stationary field experiments in research
institutions where a full range of agrotechnical and
chemical weed control measures has been carried out.

The problems of protecting field crops from weeds
do not disappear if the level of weed seed bank is high,
even with the latest effective weed control techniques.
Understanding the processes of realization of the seed
bank of conditionally natural components of agroeco-
systems will allow making effective decisions in farm-
ing practice.

The research of weed seed reserves of fallow lands
and shelterbelts created in the 60s of the 20" century
has shown that the processes of activation of seed re-
sources on uncultivated lands are significantly slower.
In the soils of fallow lands, where no agrotechnical
measures are taken, a relatively stable grass cover has
developed. Such an herbaceous cover can be character-
ized as a perennial type of weed infestation. This type
of weed infestation must not be characterized by the
supply of seeds of annual species in volumes critical for
the natural succession development places. The weed
seed bank of fallow soils in the topsoil is 6-7 million
seeds/ha. In the deeper layers, only residual signs of
weed seeds are observed at the level of 1-2 million
seeds/ha. Thus, the degree of weed seed bank of arable
land is 20-50 times higher than in natural succession
development places.

Thus, in both natural and agricultural environ-
ments, the most important factors in transforming the
weed seed bank are soil quality, plant species compet-
itiveness, agrotechnological features of vertical seed
migration and the effectiveness of weed control prod-
ucts. In the farming system, weed seed bank is the main
factor that determines the degree of weed infestation,
the level of negative impact of weeds and the amount
of crop loss (Kurdyukova & Tyshchuk, 2019). The corre-
lation between weed seed bank and crop yield is one
of the highest among other factors, even though the
sale of seed stocks largely depends on the occupation
of ecological niches in agroecosystems, competitive
tension at different stages of plant development, soil
moisture, synchronization of agricultural cycles with
the phases of biological awakening of weeds, and lo-
calization of seeds in the zone of active stimulation or
long-term conservation (Nath et al., 2022).

The study of the variability of weed seed bank
indicators depending on crop rotation and tillage
methods (namely, the establishment of the amplitude
of oscillation in the arable layer in a rotary grid) al-
lows us to determine the characteristics of variability
and conservatism of the nature of weed seed bank.
The research results show that the maximum value of
weed seed bank in the arable layer has been observed
at the beginning of spring fieldwork in the field of
black fallow and barley spring, where its indicators
were 449-499 million seeds per hectare. The regu-
larity of such dynamics of weed seed bank is that the
fields of black steam and spring barley are placed in
crop rotation after row crops of sunflower and corn,
which are sown at the end of the growing season and
harvesting and contribute to the growth of weed seed
bank (Table 2).
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Table 2. Influence of soil cultivation method and crop rotation on the weed seed bank,
million pcs/ha (average for 2018-2021, x£SD, n=12)

Soil tillage
Crop rotation Soil layer, cm moldboard L .
plowing disc tillage no-tillage
0-10 6052 187+8° 2371+9b¢
Black fallow/fallow
0-30 320%9° 388+9° 449+10b¢
. 0-10 42+32 85%6P 98+80¢
Wheat winter
0-30 180£92 242+8° 248+9bc
0-10 45+32 98+5° 159+8¢
Sunflower
0-30 301£92 335+9° 391£9¢
. 0-10 7252 210+8° 245+80c
Barley spring
0-30 368+92 399+90 499%10°
. 0-10 79+5¢2 112£40 148+8¢
Corn for grain
0-30 299£92 354+6° 385%9¢

Note: different letters indicate the values significantly differing one from another within a line of Table 1 on the results
of comparison using the Tukey test (P<0.05) with Bonferroni correction

Source: compiled by the authors

The black fallow in the crop rotation has been
characterized by a decrease in the degree of the weed
seed bank in the winter wheat field by 202-253 mil-
lion units/ha compared to no-till technology, where the
weed seed bank in the crop rotation was maximum.The
level of forecasting the degree of negative impact of
weeds was the highest in row crops of corn and sun-
flower, which has been characterized by a high coeffi-
cient of realization of weed seed bank in the vegeta-
tive phase of weeds (the indicator of weed seed bank
is 380-388 million units/ha). The study determined that
the highest risk group included fields of black fallow
and spring barley - 231-245 million units/ha in the
0-10 cm soil layer, while the lowest risk group included
winter wheat crops - 98 million units/ha, and the mid-
dle position was occupied by corn and sunflower - 148-
159 million units/ha.

An important element of the weed control system
is the methods of basic tillage, along with effective reg-
ulation of weed infestation through crop rotation. The
mechanisms of their influence on weed seed banks are
based on the possibility of moving seeds between ac-
tive and conservative soil layers and ensuring the qual-
ity of soil herbicide application. Moldboard ploughing
is the most radical way to reduce weed infestation of
crops in crop rotation by discharging weed seeds, pri-
marily those that have fallen into the lower dead zone
of arable land (Md-Akhir et al,, 2022).

As a result of such a migration algorithm of weed
seeds in the upper soil layer under all crops, a min-
imum weed seed bank (41-80 million seeds/ha) has
been formed against the background of moldboard
ploughing. An increase in weed seed bank by 1.4-3.8
times has been recorded in the topsoil under disk till-
age and no-till systems as a result of the concentration
of weed seeds of the previous generation. Given that
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the circulation of weed seeds when implementing no-
till methods of basic tillage occurs in a limited volume
(0-10 cm), the dominant factor is not this circumstance,
but the concentration of the reproductive resource of
weeds in the upper layer of arable land. As a rule, this
spatial distribution of weed seeds in the soil leads to
an increase in active weed infestation against the back-
ground of minimized tillage by 1.7-2.3 times.

The regulatory ability of crop rotations and till-
age to form weed seed banks is quite significant. For
example, while the structure of winter wheat sowing
on the background of moldboard ploughing contained
117 million seeds per hectare in the 0-30 cm layer, in
the variant of spring barley with direct sowing (no-till),
the weed seed bank has been increased to 499 million
seeds per hectare. Despite the high cleaning efficiency of
black fallow and the significant competitiveness of con-
tinuous crops, residual potential contamination always
requires the use of herbicides to control weeds and
prevent weed seeds from being seeded into the soil.
The high biological adaptability of weeds to counteract
negative factors allows them to continue to spread in
the agroecosystem and remain integral components in
the structure of crop rotations, despite the significant
obstacles created by humans (use of agrotechnical,
chemical, biological control measures, etc.).

The main source of the evolutionary aggressive-
ness of weeds is their extremely high reproductive
capacity. There is no current and sufficient informa-
tion about the diversity of weed seeds, the duration of
the dormant period, stimulation of anabiosis, chemical
methods of destroying their reserves, reactions to an-
aerobic conditions, etc. It is a scientifically proven fact
that the main reserves of weeds are associated with
agricultural lands, where they receive all the necessary
environmental conditions for growth and development




(Schnee et al., 2023). The visual stage of development of
weed associations (active weed infestation) in different
anthropogenic landscapes confirmed this conclusion.
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As can be seen (Table 3), the highest degree of weed
infestation with weed seed forms has been observed on
old arable lands, where it reached 85 units/m?.

Table 3. Features of the formation of weed phytocenoses on various technobiogenic land use objects,
pcs/m? (average for 2018-2021, x£SD, n=12)

Types of weeds

Technobiogenic objects - - Total
monocotyledons dicotyledons perennials

Fallow lands 13423 174220 98+5¢ 128+6¢

Arable lands SE"EF"Dnipro” IGC NAASU 24+3b 62+4bc 7%1° 93+5¢
Farming state “Olympus-2012” 18+3P 3430 4%12 56+4bc

Forest protection strips 8+12 712 15+2° 3032

Scientific stationary experiments IGC NAASU 20+3P 37+3 5+1a 62£4bc
SRF ESC DSAEU 25+3b 55%40¢ 512 85+5¢

Note: different letters denote values that significantly differ from each other within a column of Table 1 according to the
results of comparison according to the Tukey test (P<0.05) with the Bonferroni correction

Source: compiled by the authors

In weed associations formed on natural pastures
and perennial fallow lands and functioning through
biological mechanisms without human agrotechno-
logical involvement, the proportion of annual species
decreased to 22-31 pcs/m2 The perennial weeds that
dominate the natural environment (98 plants/m?) do
not pose a threat of significant spread in agroecosys-
tems due to their limited ecological diffusion. The dy-
namics of aboveground weeds in agroecosystems are

subject to the laws of competition in the ecosystems of
struggle and the level of efficiency of protective com-
plexes. The most indicative relationship between total
weed density and weed seed bank has been manifested
in the black fallow field. During the growing season, 431
weeds per m? have been recorded in the fallow field on
the background of ploughing, and under the no-till sys-
tem, significantly more, up to 708 weeds per m?, or 1.6
times (Table 4).

Table 4. Formation of the degree of actual weediness of the crop rotation depending on the primary tillage,
pcs/m? (average for 2018-2021, x£SD, n=8)

X Soil tillage
Crop rotation - — -
moldboard plowing disc tillage no-tillage

Black fallow/fallow 431%42 607+5° 7086¢
Wheat winter 19+22 27+320 43+40
Sunflower 34+32 50+4° 78%5¢
Barley spring 29+32 125%50 292%6¢
Corn for grain 44+3%3 62£4b §3+5¢

Note: different letters indicate the values significantly differing one from another within a line of Table 1 on the results
of comparison using the Tukey test (P<0.05) with Bonferroni correction

Source: compiled by the authors

Soil clearing from weed seeds in the soil by black
fallow and high competition in dense winter wheat
crops contributed to a decrease in weed infestation
in this crop to 18 units/m? in ploughing and up to
44 units/m? in direct sowing. The restraining nature of
black fallow on the spread of weeds was also mani-
fested in the crops of the next winter crop after wheat
(sunflower), where the degree of weed infestation was
in the range of 37-77 plants/mZ.

The threat of sunflower blight, a crop that can pro-
duce 150-220 thousand seedlings per hectare in next
year’s crops, is becoming more widespread. The effects
of sunflower seeding alone are particularly noticeable

against the background of moldboardless tillage
methods. For example, in spring barley crops, the to-
tal number of weeds and sunflower residue on disk
tillage and no-till has reached critical levels of 125-
292 pcs/m?. At the end of the crop rotation in the corn
field, the weed infestation was high (44-83 plants/m?)
with a significant increase in moldboard tillage. In other
words, crop rotation is an agrotechnical method of weed
control through crop rotation and various methods of
weed control (agrotechnical, chemical, biological).
Along with the quantitative characteristics of
weed associations, the line of their evolution also
goes through species transformations. As a result of
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biological and technological selection, 3-5 species
have become the dominant weeds in agroecosystems:
Ambrosia artemisiifolia L., Amaranthus retroflexus L.,
Chenopodium album L., Echinochloa crus-galli L, Setaria
glauca L., Polygonum convolvulus L. The share of these
species in the crop rotation is 50-60%, and in row crops
it reaches 80-85%.

In stationary experiments of scientific institutions,
including the stationary experiment of the Institute of
Cereals of the National Academy of Agrarian Sciences of
Ukraine, a significant impact of total weed density and
weed seed bank, methods of basic tillage, fertilizers and

precursors on crop yields was determined. Thus, accord-
ing to the research results, the yield of winter wheat,
regardless of the tillage system in the crop rotation, was
almost the same: ploughing - 5.88-6.15 t/ha, disc till-
age - 5.93-6.28, no-tillage - 5.86-6.23 t/ha on different
nutrition backgrounds (Table 5). The use of mineral fer-
tilizers (N,,P K ) on average for 4 years in plowing con-
tributed to an additional 0.27, disc tillage - 0.35, no-till-
age - 0.37 t/ha of grain. In terms of the impact on the
yield of spring barley, the no-tillage system was inferior
to disc tillage, depending on the fertilizer background,
by 0.21-0.22 t/ha and ploughing by 0.19-0.40 t/ha.

Table 5. The influence of the primary tillage and fertilization systems on the productivity of the crop rotation,
t/ha (average for 2018-2021, x£SD, n=4)

System of tillage and fertilization in the crop rotation

Crop sequence ploughing disc tillage no-tillage

in the crop Y- LB E Y- LG e Y- LB E
i ] s o5 2 ] 2 0= ] s o5 =2
rotation 22 E ge o, gcg 22 Ea; ge g gz o
n._gg Q'-CEEN Q.Eg n‘_':“g%” n'.:E Q'-CEEN

Black fallow - - - - - -
Wheat winter 5.88+0.11° 6.15%0.12° 5.93+0.112 6.28%0.12° 5.86+0.12° 6.23%0.11°
Sunflower 3.39+0.09° 3.55+0.10° 3.06+0.09% 3.25%0.10° 2.62%0.09* 2.89%0.10°
Barley spring 2.82#0.10° 3.16+0.11° 2.64+0.11%* 3.10+0.09° 2.42¥0.09° 2.82%0.09°
Corn for grain 6.93%0.12° 7.36%0.12° 6.78+0.09° 7.20%0.11° 6.16%0.12° 6.50£0.10°

Note: different letters indicate the values significantly differing one from another within a line of Table 1 on the results
of comparison using the Tukey test (P<0.05) with Bonferroni correction

Source: compiled by the authors

As for the effectiveness of mineral fertilizers for
spring barley, an inverse relationship was observed in
the experimental variants. The application of N, P, K.
for pre-sowing cultivation with ploughing yielded 0.33,
disc tillage - 0.46, and no-tillage - 0.47 t/ha of grain.
Corn crops have formed yield indicators after ploughing
inthe range of 6.93-7.36 t/ha and 6.78-7.20 t/ha - under
disc tillage. The use of no-tillage has resulted in a de-
crease in corn grain yield of 6.16-6.50 t/ha. The applica-
tion of additional nitrogen on corn provided a slightly
higher return on grain yield in the tillage system. This is
due to the better moisture supply of plants and the nor-
malization of the processes of mobilization of mobile
compounds of macronutrients when a large amount of
post-harvest plant residues is involved in the cycle. In
sunflower crops, during the four years of research, a sig-
nificant difference in different methods and systems of
soil cultivation was noted (2.62-3.55 t/ha) with a ten-
dency to increase yields from no-tillage to ploughing
the soil. The yield of field crops generally determined
the productivity of the five-field grain-steam-tilled crop
rotation, which depended mainly on the dose of mineral
fertilizers and the soil tillage system.

The analysis of the results of research on the study
of the weed seed bank in the soil has shown that the
parameters of this indicator on different soils are
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characterized by significant dispersion and therefore
the interpretation of the degree of weediness by the
number of seeds in the soil requires the most adequate
methods. In the experiments of 0.0. lvashchenko and
S.0.Remenyuk (2019), the results show a significant in-
crease in the total reserves of weed seeds of various
species in the soil layer of 0-10 cm in the Steppe zone
and amount to 570 million units/ha. Objective data on
weed seed reserves in the soil are given in the presented
article, where this number does not exceed 6 million
units/ha on fallow lands to 133 million units/ha in dif-
ferent agroecosystems. However, it is undeniable that
significant yield losses will always occur, both at 133
million units/ha and 570 million units/ha. Therefore, as
can be seen from the analysis, under any circumstances,
reducing the cost of weed control systems for crops is
possible primarily by reducing the amount of weed
seeds in the topsoil.

When assessing the herbological situation of agro-
phytocenosis under different predecessors in the ex-
periments of L.V. Peleh (2019), the species composition
of weeds depended on the predecessor culture and the
allopathic profile of crop plants in the crop rotation. In
total, 36 species of weeds from 22 genera were iden-
tified. However, our results of research on the impact
of crop rotation and individual crops on the species




composition of weed agrocenosis show that in this case,
it is also important to address the most harmful group
of weeds, the presence of which in crops primarily af-
fects the level of lost yield. In this case, the most harmful
group includes 3-5 species of weeds such as Ambrosia
artemisiifolia L., Amaranthus retroflexus L., Chenopodium
album L., Echinochloa crus-galli L., Setaria glauca L., Polyg-
onum convolvulus L. It is also necessary to consider that,
along with crops, the degree and type of weediness are
actively influenced by the main soil cultivation and the
use of organic and mineral fertilizers.

In the field experiments of N.V. Gytsyuk et al. (2022),
in a long-term stationary experiment, it was found that
the species composition of weed synopsis in crops of
crop rotation did not show a significant pattern of its
formation and did not depend on the fertilizer system.
It was determined that the quantitative changes in
weed infestation of crops primarily occurred under the
influence of crop cultivation and were less dependent
on the use of mineral and organic fertilizers. However,
the authors unfairly do not consider the influence of
fertilizers on the formation of the degree of weed infes-
tation due to the growth of crop competitiveness and
energy density of crops.

The fundamental issues of the dynamics of the
weed seed bank in the soil, depending on deep plough-
ing, minimal and zero tillage using a cover mulch
layer, are considered by J.G. Lundgren et al. (2023), and
M. Akhter et al. (2023) who remains on the scientific
position of the significant role of seed distribution
in the vertical soil profile. However, the author does
not consider what additional agricultural practices
are included in the complex of ploughing and no-till
and provide the advantage of the traditional system
of soil loosening. According to the results of research
by M-J. Simard et al. (2022) and S. Ghosh et al. (2023),
tillage methods that inhibit the germination of weed
seeds and their negative impact on the yield of cereals
and legumes play a significant role in the formation of
a weed seed bank and increase the yield of cereals and
legumes. However, the authors do not fully disclose the
mechanisms of weed control, which generally creates a
contradiction between the positive assessment of no-
till and the conclusions presented in this article that
no-till is accompanied by an increase in weeds and a
complication of the system of their chemical control.

The discussion on the effectiveness of various weed
control systems convincingly confirmed the significant
progress of modern technologies and the achievement
of high efficiency in reducing crop losses, but at the
same time highlighted new problems related to de-
termining the role of such factors in the formation of
weed agrocenoses as crop rotation, energy density of
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individual crops, the dynamics of the location of weed
seed reserves in the soil profile, the role of the mulch
layer and methods of controlling weed damage.

CONCLUSIONS

The density and species structure of weed associa-
tions largely depend on the anthropogenic impact and
the nature of land use under which they are formed.
It has been established that the main reason for the
high negative impact of weeds is the weed seed bank
of soils, which reaches 452 million seeds per hectare in
land being actively used for agriculture and 11 million
hectares in natural ecosystems. The decisive factor for
effective regulation of weed seed banks in agriculture
ecosystems is the sustainability of crops (as part of an
ecosystem dominated by 1 plant species), methods of
basic tillage and measures to prevent the generative
productivity of weeds.

According to the impact on the yield of winter wheat,
corn, sunflower and spring barley, different tillage sys-
tems (ploughing, disc tillage, no-tillage) in the crop ro-
tation were significant, where the no-tillage system was
inferior to disc tillage, depending on the fertilization
background, by 0.21-0.22 t/ha and ploughing - by 0.19-
0.40 t/ha due to increased weed infestation of crops, as
well as the presence of a significant amount of carrion
and leaf mass of the predecessor on the field surface.

Stabilization of farming systems by such character-
istics as specialized short-rotation crop rotations, reg-
ular differentiation of the ploughing tillage, reduction
of risks of fertility loss based on conservation methods
and minimization of mechanical impact on the soil will
allow for consolidation of a stable agrocoenotic compo-
sition of weeds in areas with different specialization of
use, to most accurately reflect the relationship between
the spectrum of phytotoxic effects of herbicides and
weed resistance. The obtained research results open up
broad prospects for new scientific developments of crop
rotation systems, optimization of the structure of sown
areas, resource-saving tillage, environmentally friendly
weed control, and effective monitoring and forecasting
of agrophytocenoses.

ACKNOWLEDGEMENTS
The authors are grateful to the staff of the “Dnipro
State Agrarian and Economic University” and

“Institute of Grain Crops of the National Academy of
Agrarian Sciences of Ukraine” for their support and
assistance with this research. We thank anonymous re-
viewers for helping us to improve this paper.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES
[1] Akhter, MJ., Sonderskov, M., Loddo, D., Ulber, L., Hull, R., & Kudsk, P. (2023), Opportunities and challenges for
harvest weed seed control in European cropping systems. European Journal of Agronomy, 142, article number

126639.doi: 10.1016/j.eja.2022.126639.

Scientific Horizons, 2023, Vol. 26, No. 11

87


https://www.sciencedirect.com/science/article/abs/pii/S1161030122001873?via%3Dihub

88

The evaluation of total weed density and seed bank of agricultural landscapes...

[2] Al,S., Hanif, M.A.,Umar, M., Manzoor, A., Shafique, O., Khan, B.A., & Ahmed, |. (2022). Broad leaved weed’s seed
bank and flora dynamics in wheat as affected by different herbicides. Pakistan Journal of Agricultural Research,
35(1), 58-69.doi: 10.17582/journal.pjar/2022/35.1.58.69.

[3] Alijani,K.,Kazemeini,S.A.,Bahrani,M.).; & Ghadiri,H.(2023).Weed seed bank as affected by tillage, residue, and
fertilization management under sweet corn-wheat cropping sequence in Iran. Weed Biology and Management,
23(1),3-13.doi: 10.1111/wbm.12263.

[4] Bajwa,A.A.,Farooq, M.,Abdullah,M.A.,Ahmad, N., Khawar,J., & Siddique, K.H. (2020). Impact of climate change
on biology and management of wheat pests. Crop Protection, 137, article number 105304. doi: 10.1016/].
cropro.2020.105304.

[5] Beckie, HJ.,Owen MJ., Borger C.P,, Gill G.S., & Widderick M. (2020). Agricultural weed assessment calculator:
An Australian evaluation. Plants, 9(12), article number 1737. doi: 10.3390/plants9121737.

[6] Butkeviciene, L.M., Skinuliene, L., Auzelien, E.I., Boguzas, V., Pupaliene, R., & Steponavicien, EV. (2021). The
influence of long-term different crop rotations and monoculture on weed prevalence and weed seed content
in the soil. Agronomy, 11(7), article mnumber 1367. doi: 10.3390/ agronomy11071367.

[7] Fetyukhin, LV., Chernenko, I.E., & Avdeenko, I.A. (2021). Resistance of sunflower (Helianthus annuus L.) to
oxyfluorfen when applied during the growing season. /OP Conference Series: Earth and Environmental Science,
723, article number 022051. doi: 10.1088/1755-1315/723/2/022051.

[8] Ghosh,S.,Das, TK., Nath, C.P, Bhatia, A., Biswas, D.R., Bandyopadhyay, K.K., Yeasin, Md., & Raj, R. (2023). Weed
seedbank, above-ground weed community and crop yields under conventional and conservation agriculture
practices in maize-wheat-mungbean rotation. Weed Research, 63(4), 270-281.doi: 10.1111/wre.12589.

[9] Gytsyuk, N.V., Dovbysh, L.L., Bakalova, AV., & Puzniak, O.M. (2022). Pollution of short-rotation crop rotation
depends on the fertilizer system on sod and sub-leaf soils. Bulletin of the Poltava State Agrarian Academy, 1,
77-83.doi: 10.31210/visnyk2022.01.09.

[10] Idziak, R., Waligodra, H., & Szuba, V. (2022). The influence of agronomical and chemical weed control on weeds
of corn. Journal of Plant Protection Research, 62(2),215-222. doi: 10.24425/jppr.2022.141362.

[11] Ivashchenko, 0.0., & Remenyuk, S.0. (2019). Crop weed problems begin with use. Quarantine and Plant
Protection, 3-4, 26-29.

[12] Kurdyukova, O., & Tyshchuk, O. (2019). Soil contamination by weed seeds and measures to reduce
it. Interdepartmental Thematic Scientific Collection “Protection and Quarantine of Plants’, 65, 100-110.
doi: 10.36495/1606-9773.2019.65.100-110.

[13] Lundgren, J.G., &Anderson, R.L. (2023). Suppression of weed communities by granivores over time in an
agroecosystem. Ecosphere, 14(8), article number e4641. doi: 10.1002/ecs2.4641.

[14] Magsood, Q.,Abbas,R.N.,Khalig,A., & Zahir,Z.A.(2018). Weed seed bank dynamics: weed seed bank modulation
through tillage and weed management. Planta Daninha, 36, article number e018166706. doi: 10.1590/S0100-
83582018360100083.

[15] Md-AKhir, A.H.B., Isa, N., & Mispan, M.S. (2022). Natural distribution of weed seedbank in different land
activities due to abandoned land reclamation for agriculture. Applied Ecology and Environmental Research,
20(3), 2597-2607.doi: 10.15666/aeer/2003 25972607

[16] Nath, C.P, Hazra, K.K., Kumar, N., Singh, S.S., Praharaj, C.S., Singh, U., Singh, N.P.,, & Nandan, R. (2022). Impact of
crop rotation with chemical and organic fertilization on weed seed density, species diversity,and community
structure after 13 years. Crop Protection, 153, article number 105860. doi: 10.1016/j.cropro.2021.105860.

[17] Peleh, LV. (2019). Assessment of the herbological situation of agrophytocenose of yaro barley under different
predecessors in the conditions of the experimental field of VNAU.Vinnytsia: VNAU.

[18] Schnee, L., Sutcliffe, L.M.E., Leuschner, C., & Donath, TW. (2023). Weed seed banks in intensive farmland and
the influence of tillage, field position, and sown flower strips. Land, 12(4), article number 926. doi: 10.3390/
land12040926.

[19] Simard, M., Nurse, R.E., Minville, AK., Maheux, L., Laforest, M., & Obeid, K. (2022). Weed emergence and
seedbank after three years of repetitive shallow cultivation in a muck soil field. Canadian Journal of Plant
Science, 102(2),405-413. doi: 10.1139/cjps-2021-0200.

[20] Spoth, M.P, Schwartz-Lazaro, L.M., LaBiche, G.L., Thomason, W.E., Bamber, KW., & Flessner, M.L. (2022).
Quantifying nutrientand economic consequences of residue loss from harvest weedseed control. Agronomy,
12(9), article number 2028. doi: 10.3390/agronomy12092028.

[21] Tkalich, Yu., Tsyliuryk, O., Havryushenko, O., Mytsyk, O., Kozechko, V., Rudakov, Yu., Tkalich, O., & Honchar, N.
(2023). The weed chemical control in grain sorghum at the steppe zone of Ukraine. Ecological Questions, 34(2),
1-11.doi: 10.12775/EQ.2023.023.

Scientific Horizons, 2023, Vol. 26, No. 11



https://researcherslinks.com/current-issues/Broad-Leaved-Weed-Seed-Bank-Flora-Dynamics/24/1/4692/html
https://www.webofscience.com/wos/author/record/4379779
https://www.webofscience.com/wos/author/record/30273685
https://www.webofscience.com/wos/author/record/347898
https://onlinelibrary.wiley.com/doi/abs/10.1111/wbm.12263
https://www.sciencedirect.com/science/article/abs/pii/S0261219420302374
https://www.sciencedirect.com/science/article/abs/pii/S0261219420302374
https://www.mdpi.com/2223-7747/9/12/1737
https://www.mdpi.com/2073-4395/11/7/1367
https://iopscience.iop.org/article/10.1088/1755-1315/723/2/022051
https://onlinelibrary.wiley.com/doi/abs/10.1111/wre.12589
https://journals.pdaa.edu.ua/visnyk/article/view/1610
http://nbuv.gov.ua/UJRN/Kizr_2019_3-4_10
https://zkr.ipp.gov.ua/index.php/journal/article/view/8
https://www.scielo.br/j/pd/a/gXBjCh9dkqwThkfwkF94cDc/?lang=en
https://www.scielo.br/j/pd/a/gXBjCh9dkqwThkfwkF94cDc/?lang=en
https://www.aloki.hu/pdf/2003_25972607.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0261219421003306
http://repository.vsau.org/card.php?lang=uk&id=23781
http://repository.vsau.org/card.php?lang=uk&id=23781
https://www.mdpi.com/2073-445X/12/4/926
https://www.mdpi.com/2073-445X/12/4/926
https://cdnsciencepub.com/doi/abs/10.1139/CJPS-2021-0200
https://www.mdpi.com/2073-4395/12/9/2028
https://apcz.umk.pl/EQ/article/view/38779

Shevchenko et al.

OuiHKa 3aranbHoOI WiNIbHOCTI 3a6yp’aHeHOCTI Ta 6aHKY HaciHHA 6yp’aHiB
arponaHawadTiB Ha NPUKIaai cTenoBoi 30HU YKpaiHu

Cepriit Muxainosuu LLleBueHko

KaHaMAaaT cinbCbkorocnoaapcbKMx Hayk, LOLEHT
[IHINpOBCbKMI AepXKaBHUIM arpapHO-eKOHOMIYHUIA YHIBEpCUTET
49600, Byn. Cepris Edppemoea, 25, M. [1Hinpo, YkpaiHa
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KOpiit Iropeeuu Tkaniu

[okTop cinbCbKorocnoaapcbknx Hayk, npodecop
[HINpOBCbKMI AepXKaBHWUIA arpapHO-EKOHOMIYHUI YHiBEpCUTET
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Muxaitno CemeHosuy LLleBueHko

[OKTOp CiNlbCbKOrocnoaapCbkmx Hayk, npodecop
IHCTUTYT 3epHOBMX KynbTyp HauioHanbHOT akageMii arpapHmMx Hayk YKpaiHu
49600, Byn. B. BepHaacbkoro, 14, M. [IHinpo, YkpaiHa
https://orcid.org/0000-0002-6779-0292

KaTtepuHa BagumiBHa KonecHikoBa

KaHaouaoaT 6ioforiyHnX HayK, AOLEHT
[HINpOBCbKMI AepXKaBHUI arpapHO-eKOHOMIYHUI YHIBEPCUTET
49600, Byn. Cepria €dppemosa, 25, M. [IHinpo, YkpaiHa
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KaTtepuHa AnaroniiBHa [epeBeHeub-LleBueHKo
Kanamnpat 6ionorivHnx Hayk, CTaplimii HAyKoBUI CNiBpOBITHMK
IHCTUTYT 3epHOBMX KyNbTyp HauioHanbHOI akageMii arpapHuX Hayk YkpaiHu
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AHoTauia. Bucokuit ctyniHb 3abypsHEHOCTi arpoeKoCMCTeM CTaHOBMTb 3HAYHY 3arpo3y AJ19 OTPUMAHHS BUMCOKMX
BPOXAiB CiNlbCbKOrOCMOAAPCbKUX KYNbTYp, TOMY npobnema 60poTbbu 3 BypsHaMu € OAHIE€I 3 HAMAKTyaNbHiWIMX
y CTenoBOMY 3emyiepobcTBi. MeTo [aHOro A0CNiLKeHHS ByNo OLiHUTU piBEHb 3arasbHOI WinbHOCTI BypaHIiB Ta
HaCiHHEBOrO POHAY Pi3HMX KOMMOHEHTIB arpOeKOCMCTEM CTEMOBOI 30HM YKpaiHW. [N BU3HAUYEHHS BUAOBOrO CKagy
Byp'aHiB, iX KiNbKicCHO-BaroBoro o6/iky Ta WKOAOYMHHOCTI BUKOPUCTOBYBANIM CTAaTUCTUUHI Ta MaTeMaTUYHi MeToaM.
BcTaHoBNEHO, WO OCHOBHOK MPUYMHOK BMCOKOrO HEraTMBHOrO BMAMBY OypsHIB € 3abypaHeHiCTb FpyHTiB, fiKa
[ocarae 452 MAH. HACiHMH Ha rekTap Ha 3emAsX, WO aKTMBHO BUMKOPUCTOBYKOTHCS B CiflbCbKOMY rOCNOAAPCTBI, Ta
11 mMnH. ra B NpupogHMX ekocucTeMax. B arpoekocucremax BupiwanbHUM GakTopoM edeKTMBHOIO peryntoBaHHS
HaciHHEBOro BaHKy BYpHIiB € CTilKiCTb MOCIBIB (K YaCTMHM €KOCUCTEMM 3 AOMiHYBAHHAM 1 BUAY pOCAMH), cnocobu
OCHOBHOIO 06p0obiTKYy FPYHTY Ta 3aX0AM WOAO 3anobiraHHs reHepaTMBHOI NPOAYKTUBHOCTI BypsHiB. 33 BNAMBOM
Ha BPOXaWHICTb MIWEHULI 03MMOI, KYKYpyA3M, COHSLWHMKY Ta SYMEHK SpOro pi3Hi cucteMu 06poBIiTKY FpyHTY
(opaHkKa, AMCcKoBUIA 06POBGITOK, 6e3nonunLLEeBMIA) Y CiBO3MIiHI Bynu CyTTEBUMM, Ae cucTeMa 6e3nonunuLeBoro 06pobitky
noctynanacs AMCKOBOMY, 3anexHo Bif (oHy ymobpeHHs, Ha 0,21-0,22 1/ra, a opaHka - Ha 0,19-0,40 1/ra, wo
3YMOB/IEHO MiABULLEHOI 3ab0YyP'THEHICTIO MOCIBIB, @ TAKOX HASBHICTIO 3HAYHOI KiNbKOCTI Mafanuui Ta JIMCTKOBOI
Macu nonepefHUKa Ha NoBepXHi nons. MpakTUYHa LiHHICTb NONAra€ B YA0CKOHANEHHI CUCTEMU KOHTPONIO BYpsaHIB y
CiBO3MiHax alanTMBHOIO 3eM1epobCTBa Ta €KONOriYHOi Hesneku

KniouoBi cnoBa: arpoekocucteMu; 6yp'sH; CiBo3MiHa; 06pobiTOK IPYHTY; YpOXKaMHICTb; NPOAYKTUBHICTb
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corn hybrids depending on the genotype, and the density of the coenosis, and to determine the correlation-
regression dependence of these characteristics. Field experiments were conducted during 2019-2021 in the
agroecological zone of the Central Forest Steppe. The soil of the experimental site is typical chernozem, the
precursor is soybean. With the help of field, morphometric, laboratory, and statistical (dispersion and correlation
analysis) it was established that the height of the plant, the height of attachment of the upper (productive) cob,
the area of the assimilation surface of one plant, and the photosynthetic potential depended on the studied
factors - the genotype of the hybrid and the density of the coenosis. A medium and strong positive correlation was
established between productivity and these characteristics, which indicates the need to technologically ensure
optimal plant growth and development at various stages of the development of corn plants of all hybrids. The
mid-ripe hybrid Zedan 32 (FAO 320) showed maximum productivity at a density of 80,000 plants/ha and sharply
reduced productivity at a density of up to 100,000 plants/ha. Mid-early hybrids showed maximum yield at a density
of 90,000 plants/ha, while an increase or decrease in plant density from the optimum led to a decrease in grain
yield. Therefore, each hybrid has its optimal coenosis density for obtaining the maximum grain yield,and increasing
the photosynthetic potential of crops by agrotechnical measures does not always guarantee a parallel increase in
the grain yield of corn hybrids

Keywords: corn; plant height; height of the upper (productive) cob; assimilation surface area; photosynthetic

potential; grain yield

INTRODUCTION

Experts of the United States Department of Agriculture
(USDA, n.d.) significantly increased the projections for
global corn production in 2023-2024 to 1224.47 mil-
lion tonnes, i.e. by 1.7 million tonnes, and in Ukraine - to
25 million tonnes, i.e.by 0.25 million tonnes.Along with
the production, the level of its use will also increase
by 0.3 million tonnes (to 1206.65 million tonnes), as
well as the volume of grain exports and global end-
ing stocks. Experts believe that this trend will be man-
ifested against the background of increased imports
caused by the decline in world prices. These data show
the importance of corn as an agricultural crop and the
expediency of intensifying its production through the
introduction of new competitive hybrids and elements
of their cultivation technologies.

J. Cairns & B. Prasanna (2018) proved the difficulty
of accurate and timely identification of adapted maize
forms for different ecogradients of cultivation. At the
same time, long-term ecological studies are a proven
method of assessing such adaptive forms, because the
contrast in environmental conditions over the years is
so enormous that in many cases the impact of weather
conditions on yield is stronger than the effect of zonal
climatic differences. However, long-term studies by
J. Zhao et al. (2018) show that the way of testing the
environmental gradient formed by agrotechnical meas-
ures is more reliable. Thus, testing of the material under
non-irrigated growing conditions, under different irri-
gation regimes and types, and in different plant densi-
ties provides very diverse environmental backgrounds,
which makes it possible to determine the range of pos-
sible impact of the agroclimatic conditions of the re-
gion on plant growth and development.

N. Shevchenko & L. Yakovets (2021) believe that
the correct selection of hybrids, as an effective factor
in the use of their genetic potential, plays an important

role in increasing the gross grain yield of this crop. The
maximum result can be achieved by considering the
biological requirements of the hybrid to the proposed
cultivation technology, including sowing seeds of high
reproductions, placement according to the best prede-
cessors, sowing dates, plant density, plant nutrition sys-
tem and protection against diseases and pests.

To obtain sustainable and high yields of any crop,
according to H.Hussain et al. (2019), a detailed study of
the agroclimatic conditions of its cultivation in a cer-
tain area is required for more rational use and optimal
placement of crops, and this issue is of particular im-
portance in connection with global and local climate
change. R. Vozhehova et al. (2022) demonstrated that
the maximum seed vyield of early maturing lines was
obtained at a density of 90 thousand plants/ha, medi-
um-early inbred lines showed the highest seed yield
at a sowing density of 80 thousand plants/ha, and the
mid-season group — at a coenosis density of 70 thou-
sand plants/ha. K. Djaman et al. (2018) conducted ex-
periments to study the results of the effect of plant
density of hybrids on the growth and development of
maize of different maturity groups and proved that
early maturing hybrids with an increase in the density of
coenosis from 60 to 100 thousand plants/ha increased
plant height by 11-17 cm. At the same time, the diame-
ter of the stem decreased by 0.20 cm, and the leaf sur-
face area also decreased.

A.Mastrodomenico et al. (2018),on the contrary, insist
that when coenosis is thickened, especially in favourable
years of rainfall, although the productivity of one plant
decreases, the number of productive plants per unit
area increases significantly, which leads to an increase
in yield for hybrids of all FAO groups. In sparse crops,
despite the possibility of obtaining the high productivity
of one plant, without sufficient coenosis density, there is
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no increase in total yield. Analysis of the results obtained
by V.Bahatchenko et al. (2018) shows a close relationship
between the density of coenosis and grain moisture. It
was proved that with an increase in plant density, the
moisture content of maize grain predictably increases.
The driest grain was found at a planting density of
75 thousand plants/ha in simple hybrids, in self-polli-
nated lines at a density of 85 thousand plants/ha, and
the wettest at planting densities of 95 and 105 thou-
sand plants/ha, respectively. Among the lines - paren-
tal components, the maximum grain yield per cob was
obtained by early maturing lines with a planting density
of 85 thousand plants/ha (82.8%). In the medium-early
and mid-season lines, the maximum grain yield was ob-
tained with a sowing density of 105 thousand plants/ha,
the grain yield was 82.8 and 76.6%, respectively.

According to the yield data obtained by H. Zhemela
et al. (2021), the optimal plant density of maize hybrids
for early maturing hybrids is 75 thousand plants/ha,
medium early hybrids - 70 thousand plants/ha, and
mid-season hybrids - 65 thousand plants/ha. Research
institutions in Canada, Mexico, China, Germany, and other
countries recommend sowing corn hybrids with a plant-
ing density of 70-100 thousand plants/ha under optimal
moisture conditions and increased rates of basic nutri-
ents (NPK), which provides a leaf area index of 5.5 and
the highest increase in dry matter (Garcia-Martinez et
al., 2020; Li et al., 2022; Veenstra et al., 2023).

Due to climate change and the introduction of new
hybrids, it is becoming important to determine the op-
timal sowing density for a sustainable harvest and in-
creased production profitability. That is why the study
aimed to determine the specific characteristics of the
formation of biometric and photosynthetic parameters
of innovative maize hybrids, depending on their genetic
characteristics and sowing density, as well as to estab-
lish the relationship between these traits using corre-
lation and regression analysis.

MATERIALS AND METHODS

The field experiments were conducted during 2019-
2021 in the agricultural production cooperative “Pere-
moha” (Klepachi village, Khorol district, Poltava region)
in the Central Forest-Steppe climate zone. When plan-
ning the experiment scheme, the principle of “single dif-
ference”was observed,as well as the range of gradations
of the experiment factors, which allows to establish the

optimal parameters of the influence of each factor. A
two-factor experiment was set up: factor A — Ukrainian
hybrids: Zedan 26 (FAO 240), Zedan 28 (FAO 260) and
Zedan 32 (FAO 320). Factor B: corn plant density of 70,
80, 90, 100 thousand plants/ha. The experiment was
replicated four times with variants placed in space using
the randomised block design. The area of the sown plots
was 70 m?, and the accounting area was 50 m2.

Biometric measurements were carried out during
the growing season. The height of hybrid plants, the
height of attachment of the upper (productive) cob,
the growth of leaf surface area, and the photosynthetic
potential of maize hybrids were determined. The plant
density in the crop was measured at the 3-5 leaf stage
separately in each variant of the experimental plot.
After that, the artificial formation of plant density was
carried out according to the scheme of the experiment.
Before harvesting, plants were counted again in all var-
iants (in 4 replications).

The grain yield was measured at the stage of full
grain ripeness (manually from each plot of the experi-
ment). The harvesting moisture content of maize grain,
grain yield from the cob harvest and the yield of condi-
tioned grain (at 14% grain) were determined in samples
of cobs (30 pieces), which were taken separately at har-
vesting on each replication of the experiment. The grain
yield of maize hybrids was converted to 14% moisture
content. The research was conducted on soils typical
for the climatic zone (typical chernozem). Agronomic
practices for growing maize hybrids in the research
were used by the recommendations for the Central For-
est-Steppe zone of Ukraine, except for the variants un-
der study. The predecessor under maize was soybean,
and ammonium nitrate was applied at 500 kg/ha for
spring cultivation. Weather conditions were typical for
the Central Forest-Steppe zone of Ukraine. The research
was conducted according to the field experiment meth-
odology, and the statistical processing of the research
results was carried out based on the results of biometric
and weight measurements by the method of analysis
of variance and correlation using the Agrostat software
(Ushkarenko et al., 2009; Ushkarenko et al., 2014).

The following hybrids of Ukrainian breeding, listed
in the State Register of Plant Varieties Suitable for Dis-
tribution in Ukraine, were used in the study: Zedan 26,
Zedan 28, Zedan 32. (Bulletin, 2022; State register of
plant varieties suitable for distribution in Ukraine, 2023).

Table 1. Hybrids used in the research

Hybrid State registration certificate Holder of property rights
Zedan 26 State Registration Certificate No. 221030, Application No. 21009008  Skakun V.M., Skakun 0.0.,Vozhehova L.S.,
dated 14.01.2021. Vlashchuk O.A.
Zedan 28 State Registration Certificate No. 221029, Application No. 21009007  Skakun V.M., Skakun 0.0.,Vozhehova L.S.,
dated 14.01.2021. Vlashchuk O.A.
Zedan 32 State Registration Certificate No. 221028, Application No. 21009006  Skakun V.M., Skakun O.0., Vozhehova L.S.,
dated 14.01.2021. Vlashchuk O.A.
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Experimental studies of plants, including the col-
lection of plant material, complied with institutional,
national, or international guidelines. The authors ad-
hered to the standards of the Convention on Biological
Diversity (1992) and the Convention on Trade in Endan-
gered Species of Wild Fauna and Flora (1979).
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RESULTS AND DISCUSSION
Plant height is one of the most important biometric in-
dicators of maize growth and development. Depending
on agronomic practices and weather and climatic con-
ditions, this indicator can vary significantly. In the stud-
ies conducted, it largely depended on both the hybrid
genotype and the plant density in the crop (Table 2).

93

Table 2. Plant height of maize hybrids of different FAO groups in the flowering phase
depending on the factors of the experiment, cm (average for 2019-2021)

Corn hybrid Plant density of corn hybrids, thousands of plants per hectare (Factor B) On average by factor A
(Factor A) 70 80 90 100
Zedan 26 (FAO 240) 245.1 251.8 253.6 2549 2514
Zedan 28 (FAO 260) 266.3 267.5 272.7 273.9 270.1
Zedan 32 (FAO 320) 276.9 279.6 287.6 288.4 283.1
On average per factor B 256.1 259.6 264.6 265.7

Assessing the materiality of partial differences

HIP,,, cm

A=129;B=838

Source: compiled by the authors

The genotype of the hybrid influenced the height
of the plants, the highest values of which averaged
283.1 cm in the mid-season hybrid Zedan 32 (FAO 320).
The lowest height was in the mid-early hybrid Zedan
26 (FAO 240) and was 245.4 cm. This is due to both
the duration of the growing season and the morpho-
logical features of the hybrids’ habitus. The increase in
plant height from thickening the coenosis from 70 to
100 thousand plants/ha was 11.5 cm or 4.2%. The max-
imum plant height of 288.4 cm was observed in the

maize hybrid Zedan 32 (FAO 320) at a density of 100
thousand plants/ha.

The minimum height of cob attachment was char-
acterised by the mid-early maize hybrid Zedan 26 (FAO
240). On average, over three years, the height of earing
in the mid-early maize hybrids Zedan 26 and Zedan 28
was 97.6 and 108.8 cm, respectively,and in the mid-sea-
son hybrid Zedan 32 - 113.6 cm, i.e., an increase in
the length of the growing season is accompanied by a
higher level of earing (Table 3).

Table 3. The height of attachment of the upper (developed) ear of maize hybrids
depending on the factors of the experiment, cm (average for 2019-2021)

Corn hybrid Corn density, thousand plants/ha (factor B) On average by factor A
(factor A) 70 80 90 100
Zedan 26 (FAO 240) 96.1 96.5 98.1 99.6 97.6
Zedan 28 (FAO 260) 107.3 108.6 109.2 110.1 108.8
Zedan 32 (FAO 320) 111.2 113.5 114.7 114.9 113.6
On average per factor B 107.5 108.5 109.7 110.5

Assessing the materiality of partial differences

HIP,,, cm

A=48;B=35

Source: compiled by the authors

Having analysed the influence of plant density on
the height of heading in hybrids, it is necessary to point
out the tendency to increase the height during the thick-
ening of the sowing. Thus, the height of the cobs at a
density of 70 thousand plants/ha was in the range of
96.1-111.2 cm, at a density of 80 thousand plants/ha -
96.5-113.5 cm, at a density of 90 thousand plants/ha -
98.1-114.7 cm, at a density of 100 thousand plants/ha -
99.6-114.9 cm. The mid-season maize hybrid Zedan 32
showed the highest value of the height of the cobs per
plant at a density of 100 thousand plants/ha - 114.9 cm.

When optimising production processes and max-
imising crop yields, the size of the plant’s assimilation
apparatus plays a key role, as it accumulates solar radi-
ation during the photosynthetic process and converts it
into organic matter. The productivity of photosynthesis
is strongly related to the area of plant leaves, which
can be regulated by the crop sowing structure, so one
of the effective opportunities for more complete use
of photosynthetically active solar radiation is to create
conditions by agrotechnical measures for accelerated
development of the leaf apparatus at the beginning of
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the growing season by using factors of photosynthe-
sis intensification, in particular, establishing the op-
timal density of coenosis (Polyakov & Karpuk, 2020;
Asanashvili, 2020).

Based on the modern theoretical vision of the
mechanism of functioning and interrelationships of
the donor-acceptor system in a plant, it is possible to
ensure an enhanced production process by changing
the morphological and physiological parameters of the

crop, namely by creating a powerful photosynthetic sur-
face of the plant and prolonging the duration of the
photosynthetic apparatus. Over the years of research
and comparative evaluation of hybrids, it turned out
that the hybrid Zedan 32 showed consistently higher
performance, with the area of the assimilation surface
of one plant ranging on average from 0.461 m?/plant at
a density of 100 thousand plants/ha to 0.498 m?/plant
at a density of 70 thousand plants/ha (Table 4).

Table 4. Effect of coenosis density on the assimilation area of one maize plant in the flowering phase
depending on the factors of the experiment, m*/plant (average for 2019-2021)

Corn hybrid Corn density, thousand plants/ha (factor B) On average by factor A
(factor A) 70 80 90 100
Zedan 26 (FAO 240) 0.413 0.402 0.388 0.375 0.3945
Zedan 28 (FAO 260) 0.426 0.421 0.415 0.395 0.4143
Zedan 32 (FAO 320) 0.498 0.481 0.472 0.461 0.4780
On average per factor B 0.446 0.435 0.425 0.410

Assessing the materiality of partial differences

HIP ,, m?/plant

A=0.021;B=0.018

Source: calculated by the authors

Zedan 28 hybrid had the lowest assimilative sur-
face area - from 0.395 to 0.426 m?/plant, and with
increasing plant density, the assimilative surface area
became even lower. The minimum leaf area per plant
in the experiment was formed by the hybrid Zedan 26 -
from 0.375 (at a density of 100 thousand plants/ha) to
0.413 m?/plant (at a density of 70 thousand plants/ha).
It should also be noted that the maximum area of the
assimilation surface of one plant was recorded for all
maize hybrids at a plant density of 70 thousand plants.
At the same time, researchers H.M.Kaletnyk et al. (2021)
observed that increasing the leaf surface area of plants
is not always beneficial, because, in the case of thick-
ening of the coenosis, the lower tier of plant leaves is
shaded by the upper one, which leads to a deterioration

in the illumination of the array and a decrease in the
intensity of photosynthesis in general.

One of the most pressing issues in agricultural sci-
ence is to increase the productivity of plant photosyn-
thesis, which is the basis for crop yields. Corn grain yields,
like those of other crops, are entirely determined by the
active work of the photosynthetic apparatus. Photosyn-
thesis is a source of organic matter formation and accu-
mulation by plants, which indicates the great importance
of photosynthesis in the formation of yield and accumu-
lation of dry matter in the plant (Tan et al, 2021). The
photosynthetic potential of maize hybrids increased with
the lengthening of the growing season and showed the
maximum performance in the mid-season hybrid Zedan
32 - an average of 2111.6 thousand m?*day (Table 5).

Table 5. The photosynthetic potential of maize hybrids depending on the factors of the experiment,
thousand m?*day (average for 2019-2021)

Corn hybrid Corn plant density thousand plants/ha (factor B) On average by factor A
(factor A) 70 80 90 100
Zedan 26 (FAO 240) 1589.1 1606.2 17472 1873.9 1704.1
Zedan 28 (FAO 260) 1713.4 1682.3 1866.3 1974.7 1809.2
Zedan 32 (FAO 320) 2092.5 1925.4 21237 2304.9 2111.6
On average per factor B 1798.3 1738.0 19124 2051.2

Assessing the materiality of partial differences

HIP ., thousand m?*days

A=904;B=1229

Source: compiled by the authors

The highest photosynthetic potential of maize hy-
brids of all FAO groups was found at coenosis thick-
ening up to 100 thousand plants/ha - from 1873.9

Scientific Horizons, 2023, Vol. 26, No. 11

thousand m?*day in Zedan 26 hybrid to 2304.9 thou-
sand m?*day in Zedan 32 hybrid. The analysis of the
influence of traits on grain yield of maize hybrids




showed that there is a medium and strong positive
correlation between yield and all studied traits (Ta-
ble 6). This indicates that at different stages of maize

Marchenko et al.

plant development of all hybrids, it is necessary to en-
sure optimal growth and development of plants tech-
nologically.

Table 6. Correlation between traits and yield of maize hybrids of different FAO groups (r)

Characteristics

Corn hybrid i imilati
v Plant height AﬂaChT;';;:‘;?vT) ‘:‘fetahde upper A55|m|laat:22 surface Photosynthetic potential
Zedan 26 0.651* 0.460* 0.778* 0.756*
Zedan 28 0.714* 0.531* 0.841* 0.836*
Zedan 32 0.727* 0.645* 0.945* 0.977*

Note. ™ - statistical significance at 0.05
Source: calculated by the authors

A positive correlation coefficient indicates the in-
fluence of photosynthetic potential on yield, but there
was a decrease in yield with an increase in photo-
synthetic potential from 2100.0 thousand m?*day, i.e.,
an increase in the photosynthetic potential of maize
crops utilizing agricultural technology does not al-
ways lead to a parallel increase in yield in hybrids, so

17

for each maize hybrid, depending on genotypic char-
acteristics, there should be an optimum plant density
that ensures maximum efficiency of photosynthetic
potential productivity. It has been determined that
hybrids of different FAO groups have their optimal
plant density to achieve the highest yield of maize
grain (Fig. 1).

15

Harvest, t/ha

Zedan 26 (FAO 240)

m 70 thsnd./ha

Zedan 28 (FAO 260)

80 thsnd./ha

Zedan 32 (FAO 320)

m 90 thsnd./ha m 100 thsnd./ha

Figure 1. Dependence of maize grain yield of hybrids of different FAO groups on plant density

Source: compiled by the authors

The mid-early hybrid Zedan 26 (FAO 240) showed a
maximum grain yield of 12.92 t/ha at a coenosis den-
sity of 90 thousand plants/ha. Reducing the plant den-
sity to 80 thousand plants/ha led to a drop in grain yield
by 0.98 t/ha, or 7.8%, further thinning of the crop to 70
thousand plants/ha led to a decrease in grain yield by
2.17 t/ha, or 17.1%, Thickening of the crop to 100 thou-
sand plants/ha caused a decrease in yield by 0.40 t/ha
or 3.2%. The hybrid of the mid-early group Zedan 28
(FAO 260) showed the highest grain yield of 13.54 t/ha
at a plant density of 90 thousand plants/ha. Reducing
the density of coenosis to 80 thousand plants/ha led to
a decrease in yield by 1.22 t/ha, or 8.9%, and thinning
of coenosis to 70 thousand plants/ha caused a drop in

grain yield by 1.71 t/ha, or 12.6% while thickening of
coenosis to 100 thousand plants/ha led to a decrease
in yield by 0.60 t/ha, or 4.5%.

The hybrid of the medium-ripening group Zedan
32 (FAO 320) showed the maximum grain yield of
15.24 t/ha (the highest indicator in the experiment
among other genotypes) at a density of 80 thousand
plants/ha. A further decrease in plant density to 70
thousand plants/ha caused a drop in yield by 1.10 t/ha,
or 7.3%,and an increase in coenosis density to 90 thou-
sand plants/ha affected the reduction of corn grain
yield by 0.61 t/ha or 3.9%, and a thickening of the crop
to 100 thousand plants/ha caused a sharp decrease in
yield by 1.91 t/ha or 12.5%.

Scientific Horizons, 2023, Vol. 26, No. 11
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It is worth noting that the established patterns
of influence of coenosis density on the yield of new
Ukrainian maize hybrids are not sufficient, and this
issue requires further scientific research. According to
the results of our research, a significant increase in
corn grain yield depends on the FAO group and plant
density. This is consistent with the findings of other re-
searchers, in particular, S. Kalenska and V. Taran (2018)
showed that intensive maize hybrids are capable of pro-
ducing high grain yields at plant densities of 90 thou-
sand plants/ha by increasing the survival of individuals
during the growing season, and moisture supply is the
main limiting factor for obtaining high grain yields in
the Right-Bank Forest-Steppe of Ukraine.

According to R. Vozhehova et al. (2021), dry matter
increased with increasing coenosis density from 50 to
80 thousand plants/ha. The scientists concluded that
maize hybrids with a longer growing season form more
crude aboveground mass and dry matter than early ma-
turing maize hybrids. In the studies of S. Anjum et al.
(2017), it was also proved that for early maturing hy-
brids under irrigation, the optimal planting density is 90
thousand plants/ha, and it is recommended to reduce
the density to 70 thousand plants/ha for mid-season
maize hybrids, i.e., to apply a differentiated approach
to the seeding rate of different genotypes. Z. Glupak
and A. Butenko (2022) also concluded that in north-
ern Ukraine (Chernihiv region), corn yields depended on
the maturity group of the hybrid and plant density. For
earlier maturing FAO 300-320 hybrids, the best density
was 90-80 thousand plants/ha, with a yield of 10.7-
10.4 t/ha. For hybrids FAO 360-380, the best density
was 80 thousand plants/ha, which yielded a yield of
10.9-11.1 t/ha.

S.Kalenska and V. Taran (2018) noted that Ukrainian
breeders have created and offered producers several
new maize hybrids, but all of them have different mor-
phological-biological features and characteristics, tol-
erance to favourable and unfavourable environmental
factors, which requires differentiated selection of hy-
brids with increased yield and grain quality. current re-
search has confirmed the multidirectional response of
innovative Ukrainian hybrids to technology elements,
which makes the development of varietal technologies
for each genotype relevant.

V. Petrychenko et al. (2018) emphasise the rele-
vance of the issue of increasing the adaptive potential
of new maize hybrids, as the priorities of the morpho-
logical-biological type models themselves change, de-
pending on the FAO group. These issues are becoming
increasingly important in the context of insufficient
technological support for the process of growing and
harvesting corn, which is a consequence of the steady
rise in energy prices, and the lack of parity in prices for
agricultural products and fossil fuels. Given the above,
it is difficult to overestimate the role of high-yielding
corn hybrids with a wide adaptive potential to growing

Scientific Horizons, 2023, Vol. 26, No. 11

conditions and increasing the profitability of agricultural
production. The results of these studies coincide with
the conclusions of the above-mentioned scientists that
the FAO maize hybrid group and its adaptive potential
are important for providing effective recommendations
for production when introducing innovative varietal
technologies. This area of research should be imple-
mented in each agricultural-ecological zone, which will
increase the economic performance of production.

S. Meseka et al. (2018) show that to obtain consist-
ently high yields of maize grain, it is necessary to grow
hybrids with different types of response to changing
environmental conditions, in particular, intensive type
hybrids with optimised growing technologies - to ob-
tain high yields in unlimited conditions, homeostatic -
to ensure the predicted grain yield on stressful back-
grounds, and finally, medium-plastic - to obtain stable
yields of maize grain in fields with unstable agrophys-
ical conditions. In the current research, maize hybrids
with different rates of response to technology elements
were used, which coincides with the results and conclu-
sions of S. Meseka et al. (2018) regarding the need to
use varieties with different responses to ecogradients
in agricultural production.

Thus, according to the results of the conducted re-
search, a significant increase in maize grain yield de-
pends on the FAO group and elements of plant density
technology, which is consistent with the data of other
researchers. However, it is worth noting that the estab-
lished patterns of influence of coenosis density on the
yield of new Ukrainian maize hybrids are not sufficient,
and this issue requires further research.

CONCLUSIONS

Phenotypic realisation of the genotypic potential of
modern innovative maize hybrids of Ukrainian selection
depends on the optimisation of technological meas-
ures of cultivation. The correlation of quantitative bi-
ometric traits in maize hybrids of different FAO groups
with grain yield was established. A high dependence
of plant height (r=0.651-0.727), height of productive
cob attachment (r=0.460-0.645), area of plant assimi-
lation surface (r=0.778-0.945), photosynthetic potential
(r=0.756-0.977) with grain yield of maize hybrids of
different maturity groups was established. The greatest
dependence of grain yield of hybrids was recorded with
the area of the assimilation surface of plants and pho-
tosynthetic potential. The coenosis density of the hybrid
can regulate biometric parameters and influence the
level of grain yield. The optimal plant density in corn
hybrids depends on the intensity level of the hybrid and
the FAO group. The intensive type of hybrid Zedan 32
sharply loses grain yields when thickened from 15 to
13 t/ha. The moderately intensive maize hybrid Zedan
28 reduces grain yields during thinning from 90,000
plants/ha to 70,000 plants/ha by 1-1.3 t/ha. The corn
hybrid with the lowest yield potential, Zedan 26, reduces




grain yields when thinned from 90,000 plants/ha to
70,000 plants/ha from 13 to 10.8 t/ha.

It has been established that modern innovative hy-
brids of maize of Ukrainian selection in the conditions
of the Central Forest-Steppe agroecological zone can
form grain yields in the range of 13-15 t/ha. The real-
isation of the genetic potential of hybrids depends on
the improvement of technological measures during cul-
tivation. The optimal coenosis density of corn depends
on the intensity level and FAO group. To increase the
yield level of the hybrid, the priority indicators should
be the area of the assimilation surface of plants and
photosynthetic potential, which are adjusted at a high

Marchenko et al.

The development of varietal technologies for grow-
ing modern maize hybrids should be a necessary com-
ponent of the introduction of breeding developments
into production. A promising area for further research
may be to determine the response of maize hybrids of
different intensity levels and FAO groups to the level
of macro- and microelements and growth-regulating
elements. Given the trend towards climate change, it
is necessary to consider the response of maize hybrids
to early sowing to ensure fuller use of the bioclimatic
potential and disclosure of the phenotypic realisation
of the genotypic potential.

level by the density of crop coenosis, but increasing the ACKNOWLEDGEMENTS
photosynthetic potential of maize hybrids by increasing  None.
plant density has certain limitations, which may not al-
ways lead to a parallel increase in grain yield in hybrids CONFLICT OF INTEREST
of different FAO groups. None.
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AHotauia. CyyacHi iHHOBaUiMHI ribpuan KyKypya3u iHTEHCMBHOMO TUMY MakTb iCTOTHY iHAMBIAYaNbHY peakLito
MOpDOMETPUYHMX Ta GOTOCUHTETUUHMX NOKAZHMKIB Ha LLINBbHICTb LLIeHO3Y. BCTaHOBNEHHS KOPensiLii LnxX NOKa3HUKIB
3 piBHEM YpPOXAMHOCTI 3epHa Pi3HMX FEHOTMNIB TFiOPUAIB KYKYpyA3M Ta BM3HAYEHHS OMNTMMAsbHMX MapaMeTpiB
NposiBy LMX O3HAK A03BONISE TEXHOMOTYHMMM 3axofamMu 3abesneunTn peanisauilo MPOAYKTUBHOIO MOTeHLiany.
MeTolo pgocnigxeHb 6yno BCTaHOBUTU 0COBAMBOCTI HOpPMYBAHHS HBIOMETPUUYHUX Ta POTOCMHTETUYHMX MOKA3HMKIB
iHHOBALLIMHUX FiGPUAIB KYKYPYA3M 3aN1€XKHO Bif reHOTUMNY, LWiNbHOCTI LIeHO3Y Ta BU3HAYUTU KOPEeNnsLiMHO-perpecinHi
3aNeXHOCTi JaHMx o3Hak. lonboBi ekcnepumMeHTH npooamnu npotaroM 2019-2021 pokiB B arpoekonoriyHin
30Hi LleHTpanbHuii Jlicocten. F'pyHT [OCNIAHOI JiNSHKM — YOPHO3EM TUMOBWI, MONepeaHnK — cos. 32 AOMNOMOroH
NoibOBKUX, MOPHOMETPUYHUX, NABOPATOPHUX, CTATUCTUUHUX (AUCNEPCIMHUIA Ta KOPeNALiAHWIA aHani3) BCTaHOBEHO,
WO BMCOTA POC/IMHWU, BUCOTA NPUKPINIEHHS BEPXHLOrO (MPOAYKTUBHOIO) KayaHy, MAowWa acUMInALinHOT NOBEPXHI
OOHI€l pOCAMHU, POTOCUHTETUYHMI MOTEHLiaN 3anexaTb Big AOCNIAKYyBaHMX (akTopiB - reHotuny ribpuay Ta
WiNbHOCTI LeHOo3y. BctaHOBNEHO cepenHto Ta CUIbHY MO3UTUBHY KOPENALLIi0 MidK YPOXKAMHICTIO Ta AaHUMU O3HAKaMM,
WO CBigYMTb NPO HEeoOXigHiCTb Ha Pi3HMX eTanax PO3BWMTKY POCAMH KYKYpyA3M YCix ribpuaiB TeXHOMOriYHO
3abe3neyyBaTtM ONTUMabHUI PIiCT i pO3BUTOK pocauH. CepeaHboCTUIAMiA ribpua 3epaH 32 (PAO 320) nokaszas
MaKCMManbHY YPOXaMHICTb npu ryctotv 80 TUC. pOC/IMH HA reKTapi Ta Pi3KO 3HWMKYBAB BPOXKaMHICTb NPM 3aryLLeHoCTi
nocigie £o 100 Tuc. pocnuH/ra. CepefHbOpaHHi ribpman HambinbLly BPOXAMHOCTI MOKA3aaM 3a ryctotu cTosiHHG 90
TUCAY POCAMH/TA, 30iNbWEHHS X ab0 3MEHLIEeHHS TyCTOTM POC/IMH Bif ONTUMAaNnbHOI NPU3BOAMAMN OO 3MEHLIEHHS
BpOXato 3epHa. BctaHoBneHa iHAMBIAyanbHa GeHOTMNOBA peakLlis HOBOCTBOPEHMX FiBpUAIB Ha WiNbHICTb LEHO3Y,
WO [403BOSIMNIO PO3KPUTU FEHOTUMOBUIA MOTeHLian Ta HagaTM pekoMeHAALii NPaKTMYHOMY arpoBMPOBHMLTBY ANS
NiABULLEHHS YPOXAWHOCTI KYKYpyA3Wu. BcTaHoBNeHa onTMManbHa LWiNbHICTb LEHO3Y, WO [L03BOMSE OTPUMYBATU
YPOXaWHicTb 3epHa ribpuais Kykypyasm MAO 240-320 B ymoBax LeHTpanbHoro Jlicocteny B Mexax 13-15 1/ra.
[B6pman BNpoBaLXKyTbCA B rOCNOAAPCTBAX Pi3HMX GOpM BRacHOCTi MNonTaBCbkoi 06nacTi

KntouoBi cnoBa: BMCOTa pOCAMHM; BUCOTA BEPXHLOrO (MPOAYKTMBHOMO) KavyaHa; NAoLa acUMINALIMHOT NOBEPXHI;
(DOTOCUHTETUYHUI NOTEHLiaN; YPOXaNHICTb 3epHa
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Article’s History: Abstract. Soybeans are a leading leguminous crop for universal use, therefore,
Received: 15.08.2023 measures aimed at increasing their productivity, including the reasonable selection
Revised: 9.10.2023 of varietal resources and optimisation of planting density, will make a significant
Accepted: 25.10.2023 contribution to the creation of sustainable food production systems. The research aims

to determine the effect of plant density on the productivity of soybean varieties of
different maturity groups. Field laboratory and statistical (correlation and regression
analysis) methods were used in the study. The field experiments were conducted
during 2018-2020 on dark chestnut soil of a private agricultural enterprise of the
agricultural company “Syvash” in Novotroitsk district of Kherson region. Its maximum
values for the cultivation of early ripening varieties were ensured by a plant density
of 700 thousand/ha, medium early varieties - 500-700 thousand/ha, and medium
ripening varieties - 500 thousand/ha. A strong and very strong correlation between
yield and soybean yield index was established. Increasing the length of the growing
season contributed to the growth of yields. In the group of early maturing soybean
varieties, the Monarch variety was determined to be the most productive. There was
no significant difference in the level of yield of varieties within other maturity groups.
For each variety, the optimum planting density was determined, at which the maximum
grain yield was formed. Longer vegetation contributed to a greater accumulation
of protein and fat in the grain. In terms of protein content, the difference between
varieties of the same maturity group did not exceed 0.2%, but varieties differed in
terms of conditional protein yield per hectare of crops. There was no difference in the
fat content of mid-season soybean varieties. Among the early-ripening varieties, the
Monarch variety was distinguished by higher oil content, and among the medium-
early varieties - by Aratta. The maximum conditional fat yield per hectare of crops was
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also determined for these varieties. A very strong and strong correlation was found between soybean grain yield
and protein and fat content, respectively. A very strong correlation was also found between the protein and fat
content of the grain. To ensure sustainable production and efficient use of soybeans and soybean by-products, it is
advisable to take the results of the study into account in production conditions

Keywords: crop density; yield; grain quality; protein; fat

INTRODUCTION

A well-grounded selection of varietal resources and the
establishment of optimal plant density are important
measures to increase yields and improve the quality of
crop production. Variety is one of the resource-saving
elements of cultivation technology. It accounts for up to
30% of the yield increase,and in extreme weather years,
it is the variety that plays a crucial role in shaping the
productivity of the crop, which must be justified from an
economic and energy point of view (FAO, n.d.). Varieties
of different genotypic origins do not realise their po-
tential productivity in the same way. Some varieties, in
the absence of an optimal background of nutrition and
plant protection products, sharply reduce productivity,
while other varieties can produce high productivity un-
der any, even unfavourable, growing conditions. That is
why production conditions require the introduction of
high-yielding varieties with high quality, well adapted
to specific soil and climatic conditions. R.Krisdiana et al.
(2021) argue that variety is the most effective element
of the technological process and plays an important
role in improving productivity and increasing soybean
production. L.G. Biliavs’ka & A.M. Rybal’chenko (2018)
report that the realisation of the productivity potential
of a soybean variety is determined by its adaptive prop-
erties — plasticity and stability. For the arid conditions
of Ukraine, the authors propose to use high and medium
plastic soybean varieties with high stability of the main
quantitative traits.

S. Liu et al. (2020) note that soybean yields largely
depend on planting density, which is influenced by sev-
eral different factors, including plant height, number of
branches and beans per plant, number of seeds per bean,
and seed size.Soybean plants with a significant number of
long branches can shade each other, resulting in a lower
yield. Soybean varieties with fewer shorter branches or
less branched branches should be sown with a higher
density of coenosis. P. Randelovi¢ et al. (2020) describe
that stem density can affect the branching of soybean
plants: at high planting densities, plants will form fewer
branches and vice versa. V.A. Furman et al. (2022) found
that in sparse soybean crops, intensive plant branching
occurs, the excessive leaf surface is formed, and a signif-
icant amount of beans and seeds are formed, under the
weight of which branches can break off in windy condi-
tions. In sparse crops, the lower tier of beans is located
close to the soil surface, and uneven maturation of the
beans occurs, which leads to a shortfall in yield, while at
the same time high individual plant productivity.

Y. Shashkov & S. Tanchyk (2018) note that at the
optimal density of coenosis, the leaf surface of soy-
bean plants is evenly illuminated, photosynthetic ac-
tivity improves, and photosynthetic processes are acti-
vated, which has a positive effect on the level of yield.
M.Janczak-Pienigzek et al. (2021) point out that optimal
plant density is crucial in terms of reducing competi-
tion between plants for water, nutrients, light, and other
environmental factors. According to the results of field
studies conducted in 2017-2019 in Przeclaw (Poland),
it was found that at lower planting densities, soybean
plants form a larger number of beans and seeds per
bean. Seeds are formed in larger sizes and weights. In
addition, photosynthesis processes are more efficient in
less dense crops due to better illumination. Such crops
are more stress-resistant and require less seed material,
which has a positive impact on the economic efficiency
of production. Based on the results of experimental tri-
als in the southern, central, and northern regions of the
United States, J.F. Andrade et al. (2019) concluded that
soybean crops with narrow row spacing produce higher
yields due to earlier row closure and better absorption
of photosynthetic active radiation by the crops.

Z.Liao etal. (2022) studied the effect of planting den-
sity on the growth and development of soybean plants
and their yield formation in non-irrigated conditions in
China in 2019-2020. Two planting densities were set for
the study - 160 and 320 thousand/ha. The results of the
field experiment showed that the thickening of soybean
crops to 320 thousand plants/ha increased leaf area in-
dex by 31.9%, aboveground biomass by 59.4%, and water
use efficiency per unit yield by 27.9%. At the same time,
grain yield increased by 27.4%. Z.1. Hlupak (2020) notes
that crop compaction to certain parameters contributes
to the growth of soybean yields, but excessive compac-
tion beyond the optimal parameters negatively affects
yields due to the intershading of plants.

Analysis of research results shows that varietal
characteristics and plant density play a crucial role in
shaping soybean productivity. Varietal characteristics
are determined by the genetic characteristics of plants.
Each variety has its properties, including drought re-
sistance, disease resistance, maturity, etc. By selecting
the right variety, we can significantly increase plant
productivity. In this case, the crop density should be op-
timal. Insufficient plant density can lead to low yields,
and too high a density can cause competition between
plants for water, nutrients, and light. A reasonable

Scientific Horizons, 2023, Vol. 26, No. 11

101



102

Productivity of soybean varieties of different maturity groups...

choice of variety and optimal plant density is the key
to sustainable production of such a valuable legume
crop as soybeans. Therefore, the research aims to de-
termine the effect of plant density on the productivity
of soybean varieties of different maturity groups and
to establish the relationship between yield and yield
index, yield and protein and fat content in grain.

MATERIALS AND METHODS

The research was carried out following the thematic
research plan of Kherson State Agrarian and Economic
University under the task “Strategic directions of devel-
opment of adaptive technologies for growing crops
under conditions of limited natural and material re-
sources” (state registration number 0117U006764). The
field experiments were conducted during 2018-2020 at
the university’s research site based on a private agricul-
tural enterprise of the agricultural company “Syvash”in
the Novotroitsk district of the Kherson region within
the Kakhovka irrigation system.

The weather conditions in 2018 and 2019 were dry
with very high air and soil temperatures. Hot weather
with little precipitation was also observed in the au-
tumn. In 2020, the elevated temperature regime was
accompanied by sufficient rainfall, which contributed to
the intensive growth and development of soybean crops
and the formation of higher grain yields compared to
previous years of research, even though soybeans in the
experiment were grown under drip irrigation.

The soil of the experimental plot is dark chestnut
heavy loamy, residually slightly saline. Agricultural
technology of soybean cultivation in the experiment
was generally accepted for the conditions of drip sur-
face irrigation in southern Ukraine, except for the
factors studied. The soybean predecessor in the ex-
periment was corn. The main soil tillage consisted of
two peeling and ploughing, spring tillage - two-track
harrowing and pre-sowing cultivation. For pre-sowing
cultivation, mineral fertilisers were applied at the rate
of N,.,P,,, using ammonium nitrate and granulated su-
perphosphate. On the day of sowing, soybean seeds were
treated with a strain of nodule bacteria Bradyrhizobium
Japonicum 634b and Maxim XL seed treatment. Sowing
was carried out in a wide-row method with row spacing
of 45 cm.The pre-irrigation moisture content in the 0-50
c¢m soil layer was maintained at 80% HB. The crop was
harvested in sections when the seeds were fully ripe.

The research was conducted using the “Methodol-
ogy of field and laboratory research on irrigated lands”

(Vozhehova et al.,, 2014). The experiment is two-factor.
Factor A-soybean varieties of different maturity groups
selected by the Institute of Irrigated Agriculture of the
National Academy of Agrarian Sciences of Ukraine:
early maturing Diona, Monarch; medium early Aratta,
Sofia; medium early Danaya, Svyatogor. Factor B - plant
density: 300, 500, 700, 900, and 1100 thousand plants
per hectare. Replication - four times, sown area of the
third order plot - 75 m?, accounting area - 50 m2.

In the studies conducted, the “yield index”was calcu-
lated as the ratio of grain weight to the total aboveground
mass of plants. The content of total nitrogen in the grain
was determined by the Kjeldahl method (State Stand-
ards of Ukraine (hereinafter DSTU) ISO 5983:2003) with
subsequent conversion to protein content. The mass
fraction of fat was determined by the dehydrated residue
using a Soxhlet extraction apparatus (DSTU 7491:2013).
The construction of polynomial trend lines, calculation
of correlation coefficients R? and statistical analysis of
experimental data were performed using the Agrostat
computer program (Ushkarenko et al., 2009). The degree
of correlation was determined by the Cheddock scale
(Karaeva & Varava, 2016).

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

RESULTS AND DISCUSSION

The yield index characterises the orientation of the pro-
cesses of using assimilation products to form the grain
part of the crop. It was found that this calculated index
depended largely on the factors studied. It increased with
the increase in the length of the growing season. Thus,
according to the averaged data, the yield index of early
maturing soybean varieties in the experiment was 0.40,
medium early - 0.43, and medium ripe - 0.47 (Table 1).
In the cultivation of early maturing soybean varieties,
the lowest yield index was found in the experimental
variants with a plant density of 300 thousand plants/ha,
and the highest - at a sowing density of 700 thousand
plants/ha. The coenosis compaction of up to 700 thou-
sand plants/ha led to an increase in the yield index, fur-
ther thickening of the plant density already reduced this
indicator. The Monarch variety provided a slightly higher
yield index in the group of early maturing varieties.

Table 1. Yield index of soybean varieties of different maturity groups
depending on plant density (average for 2018-2020)

Plant density, thousand units/ha (factor B
Soybean variety (factor A) 300 500 Y 700 ( 900 ) 1100 A\;:::g:e Ab Y
Early ripening varieties
Diona 0.36 0.40 0.43 0.38 0.36 0.39
Monarch 0.37 0.42 0.42 0.43 0.39 0.41
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Table 1, Continued

Soybean variety (factor A) Plant density, thousand units/ha (factor B) Average by
300 500 700 900 1100 factor A
On average per factor B 0.37 0.41 0.43 0.41 0.38 0.40
Medium early varieties
Aratta 0.43 0.43 0.45 0.44 0.42 0.43
Sofia 0.39 0.47 0.44 0.42 0.38 0.42
On average per factor B 0.41 0.45 0.45 0.43 0.40 0.43
Mid-season varieties
Danaya 0.45 0.48 0.45 0.45 0.41 0.45
Svyatogor 0.53 0.53 0.52 0.47 0.40 0.49
On average per factor B 0.49 0.51 0.49 0.46 041 0.47

Source: compiled by the author

In the group of mid-early varieties, Aratta had an
advantage over Sofia in terms of the yield index, except
for the variant with a plant density of 500 thousand
plants/ha. The maximum values of the yield index for
the cultivation of the Aratta variety were provided by
the density of 700 thousand plants/ha, and the Sofia
variety - of 500 thousand plants/ha. In the group of me-
dium-ripening soybean varieties, a higher yield index
was determined for the cultivation of Svyatogor, only
at a plant density of 1100 thousand plants/ha, which
was slightly inferior to Danaya. Both varieties provided

maximum vyield index values at a planting density of
500 thousand plants/ha. Further compaction of the
coenosis led to a decrease in this indicator.

In general, the yield index in the experiment ranged
from 0.36 to 0.53, which indicates the ability of soybean
plants to effectively use dry matter to form grain pro-
ductivity. A strong and very strong relationship was es-
tablished between the yield index and grain yield of the
studied soybean varieties, which is demonstrated by the
constructed polynomialtrend lines of dependence andthe
calculated values of the correlation coefficient R? (Fig. 1).
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Figure 1. Polynomial trend lines of the relationship between the yield index and grain yield of soybean varieties
(average for 2018-2020)

Source: compiled by the author

The research results show that the yield of soybean
grain depended on the studied factors - variety and
plant density. With the increase in the duration of the

growing season, it increased: on average, the yield of
early maturing varieties was 3.42 t/ha, medium early -
5.13 t/ha, medium ripe - 5.71 t/ha (Table 2).

Scientific Horizons, 2023, Vol. 26, No. 11

103



104

Productivity of soybean varieties of different maturity groups...

Table 2. Yield of soybean varieties of different maturity groups depending on plant density (average for 2018-2020)

A Plant density, thousand units/ha (factor B
Soybean variety (factor A) 300 500 Y 700 ( 900 ) 1100 A‘;:::gf:y
Early ripening varieties
Diona 2.68 2.86 3.09 3.2% 2.81 2.93
Monarch 3.81 3.88 3.96 3.98 3.85 3.90
On average per factor B 3.25 3.37 3.53 3.61 3.33 342
Medium early varieties
Aratta 4.98 5.23 5.41 5.33 4.96 5.18
Sofia 4.84 5.15 5.33 5.25 4.86 5.09
On average per factor B 491 5.19 5.37 5.29 491 513
Mid-season varieties
Danaya 591 591 5.84 5.51 5.23 5.68
Svyatogor 5.81 5.96 5.85 5.77 5.26 5.73
On average per factor B 5.86 5.94 5.85 5.64 5.25 571
HIP,,, t/ha by factor A -0.12-0.15, by factor B - 0.11-0.15
Source: compiled by the author
The Monarch variety had a significant advantage The yield increase concerning the variety Diona,
in grain yield in the group of early maturing soybean  depending on the plant density, ranged from 0.75-
varieties. 1.13 t/ha or 23.2-42.2% (Fig. 2).
t/ha %
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09 0.87 35 331
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07 I 25 232
0.6
0.5 20
0.4 15
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Figure 2. Increase in grain yield of the Monarch variety compared to the Diona variety (average for 2018-2020)
Source: compiled by the author

In the group of medium early varieties, Aratta was  or 1.5-2.9% (Fig. 3), i.e., it was insignificant and within
characterised by a slightly higher grain yield. Its in- the error of the experiment (the smallest significant
crease concerning the variety Sofia was 0.08-0.14 t/ha  difference NIR , = 0.12-0.15 t/ha).
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Figure 3. Increase in grain yield of Aratta variety compared to Sofia variety (average for 2018-2020)
Source: compiled by the author
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The difference between the yield data of
mid-season varieties Danaya and Svyatogor was
also within the error of the experiment, except for

t/ha
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the variant with a plant density of 900 thousand/ha,
where Svyatogor had a significant advantage over
Danaya (Fig. 4).

%
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Figure 4. Increase (decrease) in grain yield of the Svyatogor variety compared to the Danaya variety
(average for 2018-2020)

Source: compiled by the author

For varieties of each maturity group, the optimum
sowing density was established. The early ripening va-
rieties Diona and Monarch formed the maximum level
of grain yield at a plant density of 900 thousand/ha.
At the same time, the Monarch variety provided the
same level of yield at a plant density of 700 thou-
sand/ha, i.e., this soybean variety is highly plastic in
terms of coenosis density. Increasing the stem density
to 1100 thousand plants/ha had a negative impact on
the productivity of both early maturing soybean vari-
eties under study. The mid-early varieties Aratta and
Sofia formed the highest yield level at a plant density
of 700 thousand plants/ha (5.41 and 5.33 t/ha), and
the mid-season varieties Danaya and Svyatogor - at

a plant density of 500 thousand plants/ha (5.91 and
5.96 t/ha).

Not only the level of yields achieved but also the
quality of the crops grown is important in implement-
ing modern agricultural technologies. Soybeans are
valued primarily for their protein and fat content. These
indicators in the experiment largely depended on the
genotypic characteristics of the variety. With the in-
crease in the length of the growing season, the protein
and fat content in the grain of the soybean varieties un-
der study increased. When growing early ripening varie-
ties, the protein content in the grain averaged 40.2% by
a factor, when growing medium early varieties - 40.7%,
and medium ripening varieties - 41.2% (Table 3).

Table 3. Protein and fat content in grain and their conditional yield per hectare of soybean varieties, on average,
according to factor B (average for 2018-2020)

Content in grain, %

Conditional yield per hectare of crops, kg/ha

Soybean variety (factor A) f orotel
of protein

fat of protein fat

Early ripening varieties

Diona 40.1 18.1 1175 530
Monarch 40.2 18.4 1568 718
Average on early ripening varieties 40.2 18.3 1372 624
Medium early varieties
Aratta 40.6 18.8 2103 974
Sofia 40.8 18.2 2077 926
Average for mid-early varieties 40.7 18.5 2090 950
Mid-season varieties
Danaya 41.1 19.1 2334 1085
Svyatogor 41.2 19.1 2361 1094
Average for mid-season varieties 41.2 19.1 2348 1090
HIP , by factor A, % 0.07-0.09 0.05-0.08

Source: compiled by the author
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The difference in this indicator between varieties
of the same maturity group did not exceed 0.2%. The
early-ripening variety Monarch, the medium-early va-
riety Sofia, and the medium-ripening variety Svyatogor
had a slight advantage in protein content in the grain. A
much larger difference between varieties of the same
maturity group was found in terms of conditional protein
yield per hectare of soybean crops. In this case,the Mon-
arch variety exceeded the Diona variety by 393 kg/ha
41.4
412
41.0
40.8
40.6
40.4
40.2
40.0

39.8
2.0 2.5 3.0 35

Protein content in grain, %

y=0.1638x2 - 1.0441x + 41.761
R2=0.9647

4.0

or 33.4%. Despite a slightly lower protein content in
the grain, Aratta exceeded Sofia by 26 kg/ha or 1.3% in
terms of its conditional yield due to higher yields. In the
mid-season group of varieties, Svyatogor was superior
in terms of both protein content and conditional protein
yield per hectare of crops. A very strong correlation was
found between grain yield and protein content according
to the Chaddock scale, as evidenced by the calculated
correlation coefficient R?=0.9647 (Fig. 5).

e
°
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Grain yield, t/ha

Figure 5. Correlation and regression model of the relationship between soybean grain yield and protein content

Source: compiled by the author

The fat content in soybean grain also increased
with the increase in the duration of the growing
season of the studied varieties. When growing an
early maturing group of varieties, it was 18.3%, me-
dium early - 18.5%, and medium maturing - 19.1%
on average by factor (Table 3). The early maturing
variety Monarch surpassed the variety Dion by 0.3%
in this indicator of grain quality. An even greater
difference was found when growing medium-early
varieties. The fat content of Aratta grain was 0.6%
higher than that of Sofia. No differences in the fat
content of mid-season varieties Danaya and Svya-
togor were found. In general, all soybean varieties
grown in the experiment met the requirements of
DSTU 4964:2008 (2009), according to which the fat
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Fat content in grain, %
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y=0.1715x2 - 1.1741x + 20.147

content in soybean grain should not be lower than
12%. The Monarch variety had a significant advan-
tage in terms of conditional fat yield per hectare of
early maturing varieties. The increase in this indica-
tor compared to the Diona variety was 188 kg/ha or
35.5%. In terms of conditional fat yield per hectare of
crops, the mid-early variety Aratta outperformed the
variety Sofia by 48 kg/ha or 5.2%. This difference was
almost not observed in the cultivation of mid-season
soybean varieties - it was minimal in the experiment
with a slight advantage of the Svyatogor variety.

The constructed correlation-regression model of
the relationship between soybean grain yield and fat
content shows a strong degree of correlation, with a
correlation coefficient of R2=0.7412 (Fig. 6).
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Figure 6. Correlation-regression model of the relationship between soybean grain yield and fat content

Source: compiled by the author
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The relationship between protein and fat
content in grain is described by the equation
y=-5.62x2+454.91x-9187.1, where vy is the fat content
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in grain and x is the protein content in grain (Fig. 7).
A strong correlation was found between these quality
indicators: R?=0.9342.
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Figure 7. Correlation-regression model of the relationship between protein and fat content in soybean grain

Source: compiled by the author

The obtained results of the study and the built
correlation and regression models of the relationship
between grain yield and protein and fat content can
be used for programming productivity, sustainable pro-
duction and efficient use of soybeans and its products.

It is worth noting that other researchers have also
noted the dependence of yield, biochemical composition
of soybean grain and conditional protein and fat yield
on genotypic characteristics of the variety. Thus, accord-
ing to the results of two years of research (2019-2020),
VV. Liubych et al. (2020) found that the protein content
in soybean grain can vary from 36.1 to 44.4% depending
on the variety.At the same time, only 8 varieties out of 14
had a protein content of 240%. The authors also found
a significant impact on this indicator of the quality of
weather conditions during the years of research. In the
vast majority of the varieties studied, moisture deficit
and high air temperatures contributed to the forma-
tion of a higher protein content in the grain. Only some
varieties showed a 4-10% decrease in protein content.
These less drought-tolerant varieties were characterised
by premature vegetation termination and reduced accu-
mulation of organic matter. The fat content in the grain
of the studied varieties ranged from 18.9 to 21.7% and
significantly depended on the varietal characteristics
and weather conditions of the growing season.As in the
current research, a high correlation was found between
protein and fat content in soybean grain.

M. Grabovskyi et al. (2023) during 2021-2022 stud-
ied the quality indicators of soybean grain of Amadea
and Aurelina varieties under different variants of fun-
gicidal plant protection. According to the results of the
research, it was found that the yield of the Amadea va-
riety on average over two years of research was 2.7-
7.7% higher than the yield of the Aurelina variety. At the
same time, the yield of both varieties largely depended

on the hydrothermal conditions of the year of cultiva-
tion. Despite the level of fungicide plant protection,
the protein and fat content in the grain of the Aurelina
variety was significantly higher compared to the more
productive Amadea variety. There was no effect of fun-
gicides on the oil content of the grain, but an increase
in protein content was observed.

The effect of plant density on soybean grain yield
was studied by W.D. Carciochi et al. (2019). To summa-
rise the research results, they used a database based
on 78 experiments conducted over two years in differ-
ent soil and climatic conditions in the USA and Canada.
The plant density was studied from 170 to 670 thou-
sand/ha. The obtained yield data were classified into 3
groups: low (LYE), medium (MYE) and high (HYE) yields.
According to the results of the research, it was found
that soybean grain yield increased with a decrease in
the density of coenosis.

The opposite results were obtained in studies con-
ducted in South Dakota (USA). M. Schutte and T. Nleya
(2018) studied the effect of row spacing and seeding
rates on the grain yield of soybean varieties. In dense
crops with a row spacing of 19 cm, the yield was 8-10%
higher compared to a row spacing of 76 cm. Increas-
ing the seeding rate contributed to a 3-7% increase in
yield. Also, the yield in the experiment largely depended
on the length of the growing season of the varieties
grown. Similar to the results of our research, varieties
with a longer growing season produced higher yields.
However, according to the results of studies conducted
in non-irrigated conditions in Bulgaria. G. Naydenova
and N. Georgieva (2019) observed a decrease in soy-
bean yields with an increase in the length of the grow-
ing season, which is associated with better grain fill-
ing of genotypes with a shorter growing season. The
importance of the length of the growing season in

Scientific Horizons, 2023, Vol. 26, No. 11

107



108

Productivity of soybean varieties of different maturity groups...

shaping soybean productivity has been reported by
other researchers, including M.A. Alam et al. (2023).

According to the results of research by F. Chetan
et al. (2021), conducted during 2017-2019 in the arid
conditions of Romania, a significant effect of plant den-
sity and weather conditions during the year of cultiva-
tion on the yield and quality of soybean grain was found.
With an increase in seeding rates, yields increased. The
highest level of yield was provided by the seeding rate
of 55-65 g/m? The compacted crops with two fertilisa-
tions with nitrogen and phosphorus fertilisers ensured
the formation of grain with high protein and fat content.

R. Vozhehova et al. (2020), at the Institute of Irri-
gated Agriculture of the National Academy of Agrarian
Sciences of Ukraine, studied the effect of plant den-
sity on grain yield of the mid-season soybean variety
Svyatogor during 2016-2018. The highest yield level
was provided by a sowing density of 600 thousand
plants/ha — 4.32-4.47 t/ha in variants with fertilisation.
The maximum yield on the unfertilised plots of the ex-
periment was provided by a plant density of 500 thou-
sand plants/ha - 2.91 t/ha. On more compacted crops, a
sharp decrease in grain yield was observed, which coin-
cides with the results of research on the cultivation of
the Svyatogor variety.

An analytical review of the results of research con-
ducted in different regions of the world suggests that
there is currently no consensus among scientists on the
impact of plant density on soybean productivity. Each
variety has its optimal parameters of productive stem
density. Therefore, research on modern soybean varie-
ties of Ukrainian breeding in the soil and climatic con-
ditions of southern Ukraine is relevant, and their results
can be used in production conditions.

CONCLUSIONS

According to the results of research on the influence of
plant density on the productivity of modern soybean
varieties of Ukrainian selection, it was found that each
maturity group has its optimal parameters of crop den-
sity to form the maximum yield and high grain quality.
It was found that with the increase in the length of
the growing season, the yield index increased. When
growing early maturing soybean varieties, it was 0.40,
medium early - 0.43, and medium mature - 0.47. The
maximum values of the yield index for the cultivation
of early maturing varieties were ensured by a plant
density of 700 thousand/ha, medium early varieties -

strong and very strong relationship between the yield
index and soybean grain yield was established.

Varietal characteristics and crop density signifi-
cantly affected the yield of soybean grain.When growing
early ripening varieties, it was 3.42 t/ha, medium-early
varieties - 5.13 t/ha, and medium-ripening varieties -
5.71 t/ha, i.e. with an increase in the length of the grow-
ing season, the yield increased. The Monarch variety
had a significant yield advantage in the group of early
maturing varieties. There was no difference in yield data
between varieties within the mid-early and mid-season
groups, it was insignificant. As an exception, it should be
noted the cultivation of the mid-season variety Svya-
togor at a plant density of 900 thousand/ha, when it had
a significant advantage over the variety Danaya. The
optimal plant density for soybean varieties of each ma-
turity group was determined: 900 thousand/ha for early
maturing, 700 thousand/ha for medium early and 500
thousand/ha for medium maturing varieties.

Soybean varieties with a longer vegetation period
formed grain with a higher protein content: early matur-
ing varieties — 40.2%, medium early varieties - 40.7%,
medium maturing varieties - 41.2%. No significant dif-
ference was found between varieties within the same
maturity group for this quality indicator. However, it was
determined by the conditional protein yield per hectare
of crops. In the group of early ripening varieties, the
Monarch variety provided a higher conditional protein
yield, in the group of medium early varieties — Aratta,
and in the group of medium ripening varieties — Svy-
atogor. A very strong correlation was found between
grain yield and protein content. With the increase in
the length of the growing season, the fat content in
soybean grain increased: early maturing varieties -
18.3%, medium early varieties - 18.5%, and mid-season
varieties - 19.1%. A higher percentage of oil content
and conditional fat yield per hectare of crops was found
when growing the early-ripening variety Monarch and
the medium-early variety Aratta. No difference in these
indicators was found in the varieties of the mid-season
group.A strong correlation was found between soybean
grain yield and fat content, and a very strong correla-
tion between protein and fat content in the grain. A
promising area of research is to determine the influ-
ence of plant variety and plant density on a wider range
of soybean grain quality indicators, considering the ver-
satility of this crop.

500 thousand/ha (Sofia) and 700 thousand/ha (Aratta), ACKNOWLEDGEMENTS
and medium ripe varieties - 500 thousand/ha. Higher  None.
yield indexes within the ripeness group were provid-
ed by the early-ripening Monarch variety, the mid-early CONFLICT OF INTEREST
Aratta variety and the mid-ripening Svyatogor variety.A  None.
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MpoAyKTUBHICTb COPTIB COi Pi3HMX rPyN CTUITIOCTI 3aJ1€)KHO Bif, N'YCTOTU CTOSAAHHS
POCNMH B yMOBaX KpanJIMHHOIO 3pOLUeHHS NiBAHA YKpaiHu

OneHa BikTopiBHa CuagkiHa

KaHampaT cinbCbkorocnoaapcbkux Hayk, LOLEHT
XepCOHCbKUI fep>KaBHUI arpapHO-eKOHOMIYHWIA YHIBEpCUTET
25031, npocn. YHiBepcuTeTCbkuid, 5/2, M. KponuesHULbKKUi, YKkpaiHa
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AHortauis. Cos € npoBifHO0 3epHO6060BOI KyNbTYPOI YHIBEPCANILHOIO NPMU3HAYEHHS, TOMY 3aX04M, CMPSMOBaHI
Ha NiABWLLEHHS i1 NPOAYKTUBHOCTI, 30KpeMa 0brpyHTOBaHMi f00ip COPTOBMX pecypciB Ta ONTMMI3aLif WinbHOCTI
nociBiB, A,03BONIATb 3pOOUTM 3HAYHMI BHECOK Y CTBOPEHHS CTIMKMX CUCTEM BUPOOHMLTBA NPOAYKTIB Xap4yBaHHS.
MeTot pocnipkeHHs 6yno BCTAHOBUTU BIUIMB TYCTOTM CTOSIHHS POC/AMH HA NMPOAYKTUBHICTb COPTIB COi Pi3HUX
rpyn cturnocti. Y xofi pob6oTu BMKOPWUCTAHO MONbOBI NabopaTopHi Ta CTaTUCTUYHI (KOpensuiiHo-perpecinHui
aHanis) metoau. lMonboBi pocnign nposoaunu Brnpoposx 2018-2020 pp. Ha TEMHO-KAWTAaHOBOMY FPYHTI
NPUBATHOrO CifIbCbKOrOCNOAAPCHKOro nianpuemctea arpodipmu «Cmeaw» HoBOTPOiLbKOro panoHy XepCoHCbKOT
obnacTi. MakcMManbHi MOro 3Ha4YeHHs 3a BUPOLLYBAHHS CKOPOCTUINIMX COPTiB 3abe3neuynna ryctora CTOSHHSA
pocamH 700 Tunc./ra, cepegHbopaHHix — 500-700 Tuc./ra, cepeaHbocturnnx — 500 Tuc./ra. BctaHoBNEHO cunbHUM
i [y>Xe CUMNIbHWUI KOpensuiiiHi 3B93KM MiXX YpPOXXaMHICTIO Ta iHAEKCOM YpOXalHOCTi coi. 36iNbleHHs TpUBaNoCTi
BeretaliiiHOro nepiogy CNpusan0 3pOCTaHHIO BPOXAWHOCTI. Y rpyni CKOPOCTUIMX COPTIB COi BiNbll ypOXaNHUM
BM3Ha4yeHO copT MoHapx. CyTTEBOI pi3HMLi 33 piBHEM YpPOXaWHOCTI COPTIB B MeXaxX iHWMWX rpyn CTUIIOCTI He
BM3HayeHo. [119 KOXHOro CopTy BCTAHOBIEHO ONTUMANbHY LWiNIbHICTb MOCIBIB, 3 KO HOPMYETLCS MaKCUMANbHUN
piBeHb ypOXaWHOCTi 3epHa. TpuBaniwa BereTawuis cnpusna 6iNblIOMY HAKOMUYEHHIO NPOTEiHY Ta XMPY B 3epHi. 3a
BMICTOM MpOTEiHY Pi3HMLS MiX COPTaMu OLHIEI rpynu CTUrNOCTI He nepesuliyBana 0,2 %, npoTe cOpTU Pi3HUAUCH
33 YMOBHMM BMXOAOM NPOTEiHY 3 rektapy nocigiB. Pi3HULI 33 BMICTOM XUpY B 3epHi CEPEAHbOCTUINX COPTIB COT
He BCTAHOBJ/IEHO. |3 CKOPOCTUIINX COPTIB BULLOK ONIMHICTIO BUPI3HABCS COpT MoOHapX, i3 cepegHboOpaHHixX — copT
ApaTTa. 33 BMPOLLYBaHHS LUMX COPTIB BM3HAYEHO | MAaKCMMalbHUI YMOBHWUIA BUXifA, XMUPY 3 rekTapy nocieie. Mix
YPOXaMHICTIO 3epHa COi Ta BMICTOM Y HbOMY MPOTEIHY i XMPY BCTAaHOBNEHO BiAMNOBIAHO AYXE CUNbHWUIA | CUNbHUM
KopenauivHui 38930K. [ly)ke CUNbHY KOpensuilo BU3HAYEHO TaKOX MiX BMICTOM Y 3epHi npoTeiHy Ta xwupy. [Ing
3abe3neyeHHs cTanoro BMpoOHULUTBA Ta edeKTUBHOrO BMKOPWUCTAHHSA COi Ta NMpOAYKTIB ii nmepepobku AouinbHO
oflep>KaHi pe3ynbTaTv AOCNIIKEHHS BPaX0OBYBaTH Y BUPOOHMUMX YMOBAX
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material to identify the most resistant forms and hybrids of sunflower. To achieve the goal, an experiment was
conducted in the period 2015-2023 in the LLP “Experimental Farm of Qilseed Crops”, in which the assessment of
sunflower breeding material for resistance to broomrape and herbicides was studied. As a result of the experiment,
sunflower lines were successfully created that are resistant to broomrape and herbicides, which helps to increase
productivity and reduce crop losses. The created sunflower lines were introduced into the breeding process in
order to develop highly productive interline sunflower hybrids, which became an important step in improving
the agriculture of Kazakhstan. These innovative hybrids, such as “Agribusiness 2050” and “Batyr”, have shown high
resistance to broomrape of races E-F, which significantly reduces crop losses and ensures reliable products. In
addition, herbicide-resistant hybrids have been developed, such as Baiterek S and Baikonur, which can effectively
control weeds and maintain crop cleanliness, which is important for increasing yields and reducing tillage costs.
These hybrids have been recommended for use in agriculture in Kazakhstan and can help improve sunflower
productivity. This study contributes to the expansion of scientific knowledge in the field of sunflower breeding and

pest control, which is a relevant area for improving agricultural practices and ensuring food security

Keywords: variety; hybrid; agriculture; experimental conditions; genetic markers

INTRODUCTION

Agriculture plays an important role in ensuring food se-
curity and meeting the needs of the population for raw
materials for industry. However, various factors stand in
the way of increasing yields and quality of agricultural
products,among which plant diseases and weeds occu-
py a special place. One of the major challenges for ag-
riculture is the problem of sunflower blight (Orobanche
cumana Wallr). This parasitic organism can cause sig-
nificant yield losses in sunflowers and can be a serious
limiting factor for sunflower production.

Prevention and control of sunflower blight are of
great importance for sustainable agricultural develop-
ment (Tajibayev et al, 2023). On the other hand, one of
the most urgent problems of agriculture is weed infes-
tation of cultivated crops. Yield losses caused by weeds
can reach 30% or even more, especially in some crops.
Herbicides are often used to combat this problem. How-
ever, previously used herbicides had environmental risks,
a wide range of effects and could be toxic to mammals.
In addition, they remained in the environment for a long
time. Plant breeding for herbicide resistance is becom-
ing an integral part of modern agriculture (Trotsenko
etal., 2020).A.Zatybekov et al. (2020) focused on genetic
studies aimed at identifying specific genes and molecu-
lar mechanisms responsible for resistance to broomrape
and herbicides. This helps to understand in more detail
the mechanisms of resistance and the possibilities of
editing them through genetic engineering. In turn, S. Liu
et al. (2020) studied the ecological context of the inter-
action between sunflower, broomrape and herbicides.
They studied which environmental factors facilitate or
limit the spread of broomrape and how these factors can
be used to control it without the use of herbicides.

In recent years, the demand among agricultural
producers for sunflower hybrids resistant to sulfony-
lurea and imidazoline group herbicides has increased.
These herbicides have a broader spectrum of action,
covering perennial, single and dicotyledonous weeds as
well as cereals. This is due to market needs, where high
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cultivation intensity of sunflower hybrids and reduced
crop care costs play an important role in reducing the
cost of final production (Pinar et al., 2021). Researchers
A. Babkenov et al. (2020) have also studied phytosani-
tary methods of controlling broomrape, such as biolog-
ical control by using natural enemies of broomrape or
the use of biological products that may be less harmful
to the environment.

To accelerate the breeding process, it is necessary
to conduct research under artificial climate conditions,
which allow a more accurate and rapid assessment of
the genetic characteristics of plants and their response
to various stresses. With this in mind, researchers
D. Kurylych and K. Makliak (2022) have begun work on
creating herbicide-resistant linear breeding material.
One such production system is the SUMO or Express
Sun system, which is a combination of a herbicide-re-
sistant sunflower hybrid and a herbicide with the active
ingredient tribenuron-methyl. The introduction of the
tribenuron-methyl resistance gene into the gene pool
of cultivated sunflower has led to the establishment of
two publicly available sources of this trait, known as
SURES-1 and SURES-2. Other researchers, A. Ryzhenko
et al. (2020), are exploring the possibility of using mod-
ern technologies, such as CRISPR-Cas9, to create genet-
ically modified sunflower varieties that are resistant to
broomrape and herbicides.

It should be noted that despite considerable re-
search in plant breeding and pest management, many
aspects remain completely unexplored. In particular,
the genetic basis of resistance, as the mechanisms of
plant resistance to Broomrape and herbicides are still
not fully understood. A detailed study of the genetic ba-
sis of resistance and molecular mechanisms of plant re-
sponse to stresses may lead to more effective breeding
methods, hence the relevance of the study. The aim of
the study is to comprehensively evaluate the breeding
material that has been generated over the years in or-
der to identify the most resistant forms and, using them




as a starting point, to establish a new plant collection
that will serve as a base for the development of resist-
ant sunflower hybrids.

MATERIALS AND METHODS

To study the evaluation of sunflower breeding material
for resistance to Broomrape (Orobanche cumana Wallr)
and herbicides in the period 2015-2023, an experiment
was conducted in the limited liability partnership (LLP)
“Experimental Farm of Oilseeds” The experiment was
carried out under artificial climate conditions, using the
following steps:

1. Collection and preparation of breeding material.
Sunflower breeding material was collected, including
different varieties and lines that had been grown for
several years.

2.Evaluation of resistance to Broomrape. Two meth-
ods were used to evaluate the resistance of sunflower
seeds to Broomrape. The first method involved visual
assessment of the root system of sunflower plants and
counting the number of Broomrape haustoria (nodules)
on affected plants (Fig. 1). The second method was based
on a more detailed evaluation of uninfected sunflower
seedlings under a binocular lens. These seedlings were
examined for the presence of brown necrotic spots at the
sites of dead Broomrape haustoria, and the elongation of
Broomrape seedlings was measured, as this contributed
to the depletion of nutrient reserves in the seeds of the
parasite and its subsequent die-off (Fig. 2). Race-differ-
entiator samples were used as controls to assess the ra-
cial composition of the parasite: variety Kruglik (race A)
and line LC-1093 (race F-Or,). The degree of infestation
was determined by multiplying the percentage of sus-
ceptible plants by the average number of nodules of the
parasitic plant and dividing this value by 100.

Figure 1. Visual assessment and counting of nodules
of Broomrape
Source: composed by authors

3. Development of resistant lines and hybrids. To cre-
ate sunflower lines resistant to Broomrape, self-pollinat-
ed lines were used, which were isolated from interspecific
varieties-populations,such as R-Y-60,as well as hybrids of
foreign selection, such as 11 - Berk, 9 - Nika, and others.
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These lines provided donors of resistance to Broomrape,
which were further used for crosses and creation of new
resistant forms. When working on the development of
lines resistant to herbicides of the sulfonylurea and imi-
dazoline groups, donors (testers) with genetic resistance
such as CB-c, CB-i, SUR 3, K 259 were also used. These
testers served as a starting point for crosses and creation
of new plants with resistance to these herbicides.

Figure 2. Estimation of stable numbers under binoculars
Source: composed by authors

4. Sowing and cultivation under artificial condi-
tions. Every year, between November and April, sowing
was carried out in a room with an artificially created
climate. A mixture of soil and sand in the proportion of
2:1 was used as substrate. A certain amount of seeds of
Broomrape was applied to the growing vessels, based on
the calculation of 200 mg for each kilogram of soil mix-
ture. A labelled sowing scheme was also created, and the
tested samples were sown together with control sam-
ples, which were susceptible to Broomrape (Fig. 3).

Figure 3. The growing box used to conduct the
assessment of sunflower resistance to Broomrape
Source: composed by authors

5. Herbicide treatment. Treatment was carried out
on plants in the development phase with 2-3 pairs of
true leaves. The recommended doses of herbicides were
used: 30 g/ha for herbicide from sulfonylurea group
(Express) and 1 litre/ha for herbicide from imidazolines
group (Eurolightning) (Fig. 4).
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Figure 4. Sunflower plants before herbicide treatment
Source: composed by authors

6. Selection of new parental forms. Based on the
results of resistance assessment and herbicide treat-
ment, the best plant samples were selected to create
new parental forms with the desired resistance char-
acteristics (Fig. 5).

Figure 5. [solation of plants in cross-breeding and
self-pollination operations
Source: composed by authors
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All these steps were improved and optimized in
accordance with the sunflower breeding methodology,
which allowed successfully achieving the objectives
and obtaining stable sunflower hybrids and lines that
contribute to improved agricultural productivity and
sustainability. The authors followed the standards of
the Convention on Biological Diversity (1992) and the
Convention on Trade in Endangered Species of Wild
Fauna and Flora (1979).

This research was carried out within the framework
of programme-targeted financing of the Ministry of
Agriculture of RK 2021-2023 (BR10765017 “Study and
provision of storage, replenishment, reproduction and
effective use of genetic resources of agricultural plants
to ensure breeding process”).

RESULTS

The material, including self-pollinated Broomrape lines
and self-pollinated (F1) progeny, was studied with seeds
from populations of the parasitic plant collected from
different growing regions such as Ukraine and Kazakh-
stan.To improve the selection of forms of sunflower be-
ing resistant to Broomrape, a comparative evaluation of
Broomrape populations represented by samples from
the above-mentioned countries was carried out. The re-
sponse of self-pollinated sunflower lines to infection
by the parasitic plant strongly depended on the seed
origin. For example, the sample of the variety ‘Kruglik’
(race A- 0Or1) was 100% affected by all types of Broom-
rape populations, while the line LC-1093, known to be
resistant to Or6 (race F), showed the lowest degree of
infestation when using seeds from the Krasnodar pop-
ulation - only 13.5% (Table 1).

Table 1. Response of sunflower lines to infection by different populations of Broomrape

Kazakhstan (East Kazakhstan region)

Ukraine (Zaporizhzhia)

Line, control Tested Reproduced Degree of Tested Reproduced Degree of
plants, pcs. plants, % infestation, % plants, pcs. plants, % infestation, %
BKU101 A 14 29.3 2.3 15 62.3 4.9
BKU101 A 27 26.0 2.1 22 58.7 4.7
LC-1093 15 25.8 1.2 14 26.3 2.1
Kruglik 21 100 423 19 100 44.6

Source: composed by authors

All subsequent experiments on the resistance of
breeding material to Broomrape were conducted on
populations of Broomrape collected from commercial
sunflower crops in Kharkiv, Zaporizhzhya and Donetsk
regions of Ukraine, provided by Ukrainian special-
ists. Between November 2015 and April 2016, 427

sunflower breeding numbers including maternal lines
and paternal forms (Rf) of different levels of back-
crossing and incucht were analysed for resistance to
Broomrape. As a result of screening, 20 accessions
with 100% resistance were identifled among the
tested accessions (Table 2).

Table 2. Results of analyses of sunflower breeding numbers (2015-2016)

Number of lines, pcs.  Plants tested, pcs.

% of susceptible plants

% of resistant plants Infestation degree, %

Control 1197 100 0 211
248 1806 61-78 28-42 23.2
112 896 39-45 11-19 143
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Table 2, Continued

Number of lines, pcs.  Plants tested, pcs.

% of susceptible plants

% of resistant plants Infestation degree, %

47 423 11-21 5-8 16.9
20 170 - 100 -
In total: 427 4492 - - -

Source: composed by authors

During the experiment, certain numbers of plants
from backcross progenies BC,-BC, and self-pollination
I, -1, -1, that showed particular resistance were iden-
tified. These numbers include 3626 (BC,), 3638 (BC,),
3641 (BC,), 4910, 4959, 4960, 4965, 4969 (1,), 3323 (),

4656,4963 (17,4614, 3889, 4043, 3473, 3504, 3936 (1%,
6727 (BC*), 8061 (BC,) and 8652 (l,). Resistant moulds
that reached 100% resistance level were transplanted
into special growing vessels for further cultivation and
seed production (Fig. 6).

Figure 6. Sunflower plants after transplanting for resistance to Broomrape

Source: composed by authors

During the flowering of fertile plants from back-
cross progenies, pollen was transferred to their sterile
counterparts to produce new progeny. As for all plants
of the fourth generation of Incucht (l,), forced self-pol-
lination was carried out on them. For 2016-2017, 331
self-pollinated sunflower lines that were grown in
breeding nurseries in the experimental field under nat-
ural conditions in 2016 were also evaluated (Table 3).
The aim of this evaluation was to confirm the presence
of the trait of absolute resistance to the plant-parasite
Broomrape (Orobanche cumana Wallr), in the progenies
obtained from backcrossing (BC) and self-pollination (I).

Nineteen accessions were selected that showed com-
plete resistance to Broomrape. Among them were 2
accessions from progeny of BC, (8757,8794) and 17 ac-
cessions from progeny obtained from self-pollination
I,-1,-1.. These samples were selected based on eval-
uations conducted during the autumn-spring period
of 2015-2016: I, - 8141, 8142, 1, - 8019, 8033, 8051,
8065, 8089, 8097, |, - 6259, 6747, 8379, 8434, 8533,
8545, 8606, 8641. Then transplanting of plants resist-
ant (100%) to Broomrape was carried out in order to
further work on crossing and obtaining progeny under
artificial climate conditions.

Table 3. Results of analyses of sunflower breeding numbers (2016-2017)

Number of lines, pcs. Plants tested, pcs.

% of susceptible plants

% of resistant plants Infestation degree, %

Control 960 100 0 114
214 1926 69-82 58-92 133
65 520 52-61 42-52 8.5
33 297 31-42 27-31 11.5
19 161 - 100 -
In total: 331 3864 - -

Source: composed by authors

Evaluation of 208 sunflower accessions that were
selected from self-pollinated progenies during summer
2017 was also carried out in 2017-2018 (Table 4). These
accessions were evaluated under artificial climatic

conditions and also included new promising numbers
from breeding nurseries. From the whole set, 8 resist-
ant accessions were identified and will be used for fur-
ther breeding work.
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Table 4. Results of analyses of sunflower breeding numbers (2017-2018)

Plants tested, pcs.

Number of lines, pcs. % of susceptible plants % of resistant plants Infestation degree, %

Control 280 100 0 9.9
114 832 64-73 39-42 9.6
63 475 59-61 16-20 16.1
23 184 32-46 9-12 11.3
8 59 - 100 -
In total: 208 1830 - - -

Source: composed by authors

The studied sunflower accessions, totalling 187
numbers, were selected from different sources includ-
ing backcross progeny nurseries, pollen fertility restorer
lines, and initial breeding material (Table 5). These ac-
cessions were subjected to evaluation for resistance to

Broomrape, and 6 resistant forms were selected based
on the results. These selection samples, belonging to
generations BC, and |, represent new maternal and pa-
ternal forms that will be used in the development of
experimental sunflower hybrids.

Table 5. Results of analyses of sunflower breeding numbers (2018-2019)

Plants tested, pcs.

Number of lines, pcs. % of susceptible plants % of resistant plants Infestation degree, %

Control 77 100 0 8.3
96 653 60-71 30-59 4.9
61 488 51-55 113
24 201 34-41 16.8
6 59 - 100 -
In total: 187 1401 - - -

Source: composed by authors

During the autumn-winter-spring period of 2019-
2020, 352 breeding numbers were evaluated (Table 6).
This work resulted in the isolation of 14 accessions
that showed resistance to Broomrape. These accessions
were transplanted to carry out crosses for subsequent
backcrossing and self-pollination. The use of vegetative
vessels over several years has improved the evaluation

of the breeding material under study under practical
conditions. This method eliminated the possibility of
mixing sunflower root shoots with nodules of Broom-
rape, which increased the accuracy of the evaluations.
As a result, 14 accessions were isolated that proved to
be resistant to Broomrape and will be used in further
breeding work.

Table 6. Results of analyses of sunflower breeding numbers (2019-2020)

Plants tested, pcs.

Number of lines, pcs. % of susceptible plants % of resistant plants Infestation degree, %

Control 125 100 0 16.4
211 1582 53-67 29-32 18.3
78 656 40-42 17-22 16.8
49 460 11-26 9-11 11.7
14 119 100
In total: 352 2942 -

Source: composed by authors

In 2020-2021, 443 breeding numbers including 68
hybrid combinations were evaluated in the artificial cli-
mate room (Table 7).As a result of this evaluation, both
maternal and paternal forms with 100% resistance
to Broomrape were isolated. Based on the evaluation

results, the following hybrid combinations were in-
cluded in the breeding process: (R-SpasexCB 65),
(R-Spase x CB 31 Rf), (R-Spase x CB 268), (CB 8 x R-Berk),
(CB 55 xR-Nica), (R-Spase-90 xR-Berk), and the lines
R-Berk, R-Nica, SRS-82, SiR-99, CB-R, CB 8 and CB 55.

Table 7. Results of analyses of sunflower breeding numbers (2020-2021)

Number of lines, pcs. Plants tested, pcs.

% of susceptible plants

% of resistant plants Infestation degree, %

Control 470

100

0 14.2

249 2116

73-81

32-68 8.9
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Table 7, Continued
Number of lines, pcs. Plants tested, pcs. % of susceptible plants % of resistant plants Infestation degree, %
103 814 52-61 14-41 11.3
78 647 40-46 16-21 10.8
13 86 - 100 -
In total: 443 4133 - - -

Source: composed by authors

During the autumn-winter-spring months of 2021-
2022, 350 breeding numbers were evaluated. This set
included 29 accessions that were pre-tested for seed

production under artificial climates, 62 sterility fixing
lines, 114 pollen fertility restoring lines and 145 new
progenies obtained from breeding nurseries (Table 8).

Table 8. Results of analyses of sunflower breeding numbers (2021-2022)

Number of lines, pcs. Plants tested, pcs. % of susceptible plants % of resistant plants Infestation degree, %

Control 360 100 0 11.3
91 719 68-71 32-50 8.7
58 464 52-63 29-42 10.3
33 264 21-29 17-19 11.8
168 1310 - 100 -
In total: 350 3117 - - -

Source: composed by authors

conditions. This approach made it possible to create new
homozygous lines that proved to be resistant to Broom-
rape within 2-3 years. A total of 33 breeding numbers
were obtained. In the winter of 2022-2023, 284 proge-
nies of self-pollinated lines were tested (Table 9).

To accelerate the breeding process in the creation of
maternal lines and their fertile analogues of male ste-
rility fixing lines, the method of sowing immature seeds
was applied to obtain two generations under artificial
climatic conditions and the third generation under field

Table 9. Results of analyses of sunflower breeding numbers (2022-2023)

% of resistant plants

Number of lines, pcs. Plants tested, pcs. % of susceptible plants Infestation degree, %

Control 336 100 0 11.2
64 512 63-69 32-41 8.3
41 324 49-51 29-34 6.7
29 242 28-33 23-28 14.8
150 1170 - 100 -
In total: 284 2584 - - -

Source: composed by authors

The main focus of the experiment was the evalua-
tion and multiplication of promising breeding material.
150 selection numbers were identified, and two genera-
tions were obtained, each including 42 accessions. These
accessions carry pollen fertility restoration (Rf) genes

and 2 maternal forms (CMS) in combination with sterility
fixers. To further study the Rf lines of the sixth and sev-
enth generation of the insecta (16-17) under natural field
conditions, 137 sunflower accessions were sown in the
infected stationary experimental plot in 2023 (Table 10).

Table 10. Evaluation of sunflower breeding material for herbicide resistance under artificial climate conditions

Years of Resistant to Express Resistant to Eurolightning

experiments Estimated Selected Prospective numbers Estimated  Selected Prospective numbers
(93 xR 15)
(92 xR 10)

) (45 xR 10) 689/1,723/1,725/3,

2016-2017 112 24 (123 x1410) 64 5 725/4.765/5
(123 xR 15)
(19 »x10) and other
: 609/2,612/2,633/2,650/1, SP 685/10,582/9, 683/2,
2017-2018 319 40 215,5P222,5P 228 and other >8 4 580/10
183/2,183/3,184/6,
2018-2019 354 25 38/11, 35/9,29/3, 34/5, 58/2, 272 22 185/5,185/8, 192/3

34/13 and other CB215, CB219 and other
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Table 10, Continued

Years of

Resistant to Express

Resistant to Eurolightning

experiments Estimated Selected Prospective numbers Estimated Selected Prospective numbers
SP 329, SP 287, CBK 629,
2019-2020 234 12 SP 341, SP 368, 6423/3, 136 4 CBK 712, CBK 763,
6428/1,6472/4 and other CBK 766
SS 252,SS 262, SS 340, SS
268L.SS 2691, SS 332, SiS CB 211/1, CB 214/3, CBK
2020-2021 184 115 4574315 43 (258 <Am 4), SIS 92 6 811, CBK 842, CBK 798,
46/2 and other CBK 781
6239/1,6239/5,6301/3, CBK 618, CBK 672, CBK
) 6307/5, 6401/1, 6415/3, SP 729, CBK 741,
2021-2022 347 224 347,5P 362, SP 388, SP 403 72 19 Bk 747,6902/3, 6907/1,
SP1459 and other 6913/5 and other
249/3. 250/1, 256/3. BKU 140 x (10 x Patra),
273/5,286/3, 347/2, [BKU B?gﬁ‘f&é 51(5);6"?}28)5/2
2022-2023 400 208 140 = (258 xAm 4)-2], BKU 108 49 2452, 0460, 1 9,

140 xAm1 SiS 44, SiS 45, SiS
44-1 and other

(80 xK5),K8 (80 xK 8),
CBK 729 B,CBK 731 B,
CBK 739 B and other

Source: composed by authors

Thus, as a result of experiments aimed at evalu-
ating breeding material for resistance to herbicides of
the sulfonylurea and imidazoline groups under artifi-
cial climate conditions, maternal and paternal forms
were isolated. These forms became the basis for the
creation of herbicide-resistant sunflower hybrids, such
as Baiterek S and Baikonur, as well as interlinear sun-
flower hybrids Agrobusiness 2050 and Batyr, resistant
to Broomrape of races E, F, which were entered in the
Register of Breeding Achievements of the Republic of
Kazakhstan in 2023.

DISCUSSION

Sunflower is a strategically important oilseed crop, and
the area under sunflower cultivation continues to ex-
pand every year. However, this also provokes the emer-
gence of new and more aggressive races of Orobanche
cumana Wallr., which is a parasite that is detrimental
to the normal growth and development of sunflowers
and can cause significant yield losses. The creation of
sunflower hybrids (F1) involves crossing parental com-
ponents that share several important characteristics,
including herbicide and Broomrape resistance. Given
that the creation of each of these components requires
long and careful work in the breeding process, modern
techniques and approaches are being used to acceler-
ate the creation of new breeding material.

In vitro culture technology reduces the time re-
quired to develop herbicide resistant lines, for example.
Pathogen resistance breeding usually involves testing
on artificial infection media, both in the field and in the
laboratory, to identify and isolate material with the de-
sired resistant characteristics. This allows for more effi-
cient selection and development of sunflower varieties
and hybrids that will be resistant to both diseases and
pests, as well as chemical defences (Kocira et al,, 2020).
Thus, modern sunflower breeding aims to develop
high-yielding varieties and hybrids that have not only
high yields but also improved seed characteristics such
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as oil content, 1000-seed weight, huskiness. In addi-
tion, resistance to diseases and pests as well as adap-
tation to various abiotic factors are important criteria
(Anastasi et al., 2002).

In this regard, in order to establish the main com-
ponents for hybrid combinations of sunflower D. Skori¢
et al. (2021) and E.O. Domaratskiy et al. (2018) paid at-
tention not only to the quality of the source material,
but also to its resistance to major diseases and pests.
One of the main parasitic plants affecting sunflower
is Broomrape (Orobanche cumana Wallr), which is an
obligate parasite and affects the root system of the
host plant. Studies by scientists such as W. Adugna and
M.T. Labushange (2002) and also D. Sisou et al. (2021)
highlight the constant dynamics in the formation of
new physiological races of the Broomrape, which rep-
resents a constant threat to sunflower. This evolution of
the parasite emphasizes the need for continuous moni-
toring of Broomrape populations and ongoing research
in this area, which also confirms the study carried out.
At the same time, I. Sperdouli et al. (2022) notes that
the specificity of resistance control to new, highly viru-
lent races of Broomrape is determined by genetic fac-
tors. Genetic methods are becoming the best tools for
Broomrape control. These methods allow identification
and labelling of genes responsible for resistance, which
contributes to more efficient breeding and develop-
ment of varieties and hybrids resistant to the parasite,
which is also confirmed by the study conducted.

A number of scientists, such as O. Kovalenko et al.
(2021) and Z. Flagella et al. (2002) have identified and
studied several key genes that are responsible for sun-
flower resistance to Broomrape. These genes were suc-
cessfully labelled, representing a significant scientific
breakthrough. This important step in breeding allows
for more accurate detection of the presence of resist-
ance in sunflower varieties and hybrids. Such markers
allow breeders to more effectively select and develop
varieties that are resistant to Broomrape. Thanks to the




developed gene labelling methods, breeding for re-
sistance to Broomrape has become more accurate and
accelerated. This opens up new perspectives for im-
proving existing breeding methods and creating new,
more progressive approaches to the development of
sunflower varieties that are highly resistant to this pest.

An equally significant aspect is the study of the re-
lationship between resistance to new virulent races of
the Broomrape and the valuable economic character-
istics of F1 hybrids, allowing the development of hy-
brids that combine two important aspects: resistance
to the parasite and high yield. Understanding which
hybrids have not only resistance to the Broomrape,
but also the ability to achieve high vyields, is key to
developing efficient sunflower varieties. These hybrids
not only help to reduce yield losses caused by Broom-
rape, but also increase overall productivity, which is
an important factor for the agricultural industry and
food security. Research in this area helps in identifying
the optimum combinations of genetic traits to devel-
op resistant and high yielding sunflower varieties and
hybrids (Casali et al., 2022).

In addition, the study conducted by P. Deepika and
D.M. Ali (2020) revealed that the application of bio-
logical defence methods such as the use of bacterial
inoculants has the potential to reduce sunflower in-
festation by Broomrape and increase yield. This study
emphasizes the importance of developing and imple-
menting biological pest and pathogen control methods
in agriculture. Bacterial inoculants can help improve
plant health and reduce infection levels, which in turn
can lead to higher sunflower yields and provide more
sustainable agricultural outcomes. These results also
emphasize the importance of integrating biological
defence methods into agricultural practices to improve
crop sustainability and productivity.

V. Giannini et al. (2022) state that with climate
change, including increasing temperatures, it is clear
that the intensity of sunflower infestation by Broom-
rape may increase. This encourages breeders to develop
varieties that are not only resistant to the parasite,
but also adapted to abiotic stresses caused by climatic
changes. J. Louarn et al. (2016) note that the use of
artificial climatic conditions allows for faster breed-
ing cycles. This means that breeders can more quickly
select and develop varieties that exhibit desired re-
sistance and other characteristics. This process also
allows evaluation of which herbicides are effective in
controlling the Broomrape and which sunflower varie-
ties are most responsive to certain chemical defences.
This is important for the development of recommen-
dations on the use of herbicides in agriculture, which
is also reflected in the study.

The results of the study are echoed in the scien-
tific works of S. Cvejic et al. (2020), who state that the
development of varieties with herbicide resistance
allows agricultural producers to manage weeds more
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effectively and reduce weed control costs. In addition,
sunflower varieties that are resistant to Broomrape
and herbicides can provide higher quality seeds and
oil, which is important for the food and oil and fats in-
dustry. Similar results were also obtained in a study by
TA. Howell et al. (2015), in which the authors state that
evaluation of sunflower breeding material for resist-
ance to Broomrape and herbicides has high practical
importance for agriculture. The results of the study con-
firm the importance of breeding in creating sunflower
varieties that can effectively cope with these damage
factors and provide a stable level of yield.

Thus, the results of this study confirm the impor-
tance of evaluating sunflower breeding material for re-
sistance to Broomrape and herbicides under artificial
climate conditions. This study has significant implica-
tions for agriculture and breeding as it contributes to
the development of new sunflower hybrids that have
high yields, resistance to diseases and pests, and can
reduce weed control costs. This is an important con-
tribution to food security and sustainable agricultural
development.

CONCLUSIONS

Sunflower breeding is an important tool for the modern
agricultural sector. It enables the development of va-
rieties that meet the diverse needs of the agricultural
industry, providing higher yields, resistance to diseases
and pests, adaptation to changing climatic conditions
and improved product quality. From 2015 to 2023, Oil-
seeds Experimental Farm LLP carried out successful
work to develop resistant sunflower lines with resist-
ance to the parasitic plant Orobanche cumana Wallr.and
herbicides of the sulfonylurea and imidazoline groups.
These lines represent valuable breeding material and
have potential for further use in sunflower breeding.
The created lines were integrated into the breeding
process in order to develop high-yielding interlinear
sunflower hybrids. This allowed the development of
new hybrids such as Agrobiznes 2050 and Batyr, which
are resistant to Broomrape races E and F, as well as
herbicide-resistant sunflower hybrids such as Baiterek
S and Baikonur. It is important to emphasize that these
outstanding hybrids have been included in the State
Register of Breeding Achievements and recommended
for use in agriculture in the Republic of Kazakhstan.
This is an important step in ensuring the sustainability
and increasing the productivity of sunflower.

The results of the experiment show that the study of
resistance of sunflower varieties to Broomrape and her-
bicides is an effective way to control pests and weeds.
It can help to increase yields and reduce yield losses.
The results of the experiment not only contribute to the
development of agriculture, but also have the poten-
tial for export and exchange of agricultural resources
with other countries, which contributes to the devel-
opment of the agricultural sector and strengthening
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the position of the Republic of Kazakhstan in the world
agri-food market. The practical significance of the study
is the possibility of identifying genotypes and varieties

prospect for further research in sunflower breeding for
resistance to Broomrape and herbicides, allowing more
accurate and rapid selection.

of sunflower, which have increased resistance to harm-

ful factors such as Broomrape and herbicides, which ACKNOWLEDGEMENTS
contributes to increased yields, and is of great impor- None.
tance for agricultural enterprises and food security.
Molecular studies, identification of specific genes and CONFLICT OF INTEREST
genetic markers responsible for these traits may be a None.
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AHotauisl. COHSLWHMK € BaXK/IMBOIO ONiAHOI KY/bTYpO0, TOMY 36inbLUEeHHS MOr0 BPOXaMHOCTI Ta CTIMKOCTi A0 XBOPOO
i WKiIOHMKIB MOXe NPMU3BECTM A0 3HAYHOrO EKOHOMIYHOMO MOKPALLEHHS A4 CiNlbCbKOrOCNoAapCbKMX NiANPUEMCTB i
KpaiHu B LinOMy. 3MiHM KNiMaTy Ta NOLWMpPEHHS HOBUX pac BoBYKa (Orobanche cumana Wallr) cTBoptoloTb CEpHO3HI
3arposv AN BMPOOHMUTBA COHALWHMKY, @ AOCHIMKEHHS B Ui ranysi fonomarailTb po3pobutn coptu, 34aTHI
afanTyBaTMCA A0 MiIHAMBUX YMOB. MeTa AOCNIAXKEHHS — KOMMNIEKCHA OLiHKa CenekuinHoro Matepiany Ans BUSBNEHHS
Hanbinbw CcTiMkmnx Gop™m i ribpuais COHAWHMKY. [Ng AOCATHEHHS METU NpoBeAeHO ekcnepuMeHT y nepiog 2015-
2023 pokis y TOB «[locnigHe rocnofapcTBo ONiMHUX KYNbTYp», Y IKOMY BUBYaM OLHKY CenekuiMHoro Martepiany
COHSILUHMKY Ha CTiMKiCTb A0 BOBYKA Ta repbiuunais. Y pesynbraTi eKCnepuMeHTY YCNilWHO CTBOPEHO NiHiT COHSLLHMKY,
SIKi MatoTb CTIMKICTb O BOBYKA Ta repbiLmaiB, WO CNPUSE NiABULLEHHIO NPOAYKTUBHOCTI T 3HUXEHHK BTPAT YpOXKato.
CTBOpEHI NiHii COHSAWHMKY OBynn BNpOBafXXeHi B CeNekuifMHMi npoLec 3 MeTol po3pobKM BMCOKOMPOAYKTUBHUX
MiXKNTIHIMHMX FiIOPUAIB COHSALWHMKY, LLLO CTaNI0 BAaX/IMBUM €TarNoM Y NoninLeHHi CinbCbKoro rocnogapctea Kasaxcrany.
LLi iHHOBaWiMHI ribpuam, Taki 9k «Agribusiness 2050» i «Batyr», nposBuan BUCOKY CTiMKiCTb A0 BOBYKA pac E-F, wo
iCTOTHO 3HWXKY€E BTPATU BPOXaAto i 3abe3neyye HafiliHy npoaykLuito. KpiM Toro, po3pobneHo repbilnaocTiiki riopuam,
sk-oT Baiterek S i Baikonur, gki patotb 3Mory edektMBHO 60poTucs 3 BypaHamu Ta 36epiratv YMCTOTY NOCIBIB, L0
BXK/IMBO 4151 36ibLUEHHSI BPOXKAMHOCTI Ta 3HUXKEHHS BUTPAT Ha 06pobiTok rpyHTY. LLi ribpuan 6ynmn pekoMeHA0BaHi
LN BUKOPUCTAHHA B CilbCbKOMY rocnoAapcTtsi KasaxcraHy i MOXYTb CNPUSTU NiOBULWEHHIO PiBHA NPOAYKTUBHOCTI
COHAWHKKY. [laHe AOCNiAXKEHHS CNPUSE PO3LUMPEHHIO HAYKOBMX 3HAHb Y ranysi cenekuii Ta 60poTbbu 3i WKifAHMKAMK
COHSAILUHUKY, WO € aKTyaJlbHUM HaMNpsSIMKOM A/s MOJIMNWeHHS CiNbCbKOroCMoAapCbKOi MPakTUKKM Ta 3abe3neyeHHs
npoAoBo/bYOi Hesneku
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INTRODUCTION

Millipedes are a group of soil invertebrates character-
ized by significant species diversity in terrestrial eco-
systems. As saprotrophs, millipedes perform a number
of important functions, including fragmentation, trans-
formation, and decomposition of litter in ecological
systems, ensuring the recycling of carbon and nutrients,
and regulating their cycle. In addition, the life cycle of
millipedes affects the content of available phosphorus
in the soil (Gestel et al., 2021). These organisms interact
with other soil organisms and can have a significant
impact on the number of soil microorganisms.

Given the priority of the ecosystem approach to
managing biogeocenoses, as well as the challenges
of our time caused by global adverse climate change,
there is a need to develop research on this topic to
better understand the role of millipedes in ecosystem
functioning and to develop an optimal approach to the
ecological assessment of populations of these organ-
isms. The latter can serve as a representative approach
for effective ecological assessment of other soil organ-
isms. An effective ecological assessment of soil organ-
isms, subject to the requirements for the reliability of
monitoring data, the organization of a system of prac-
tical ecological and biological research and the use of
innovative scientific and technological capabilities, can
solve a number of problems in the ecosystem manage-
ment system.

The results of research by modern scientists led
by G. Deckmyn et al. (2020), as well as M. Delgado-
Baquerizo et al. (2020) and N. Eisenhauer et al. (2021)
indicate that ecological indicators such as frequency,
constant, and processing statistics show how ecological
factors influence the spread of Diplopoda. At the same
time,V.Langraf et al. (2021) and X.Zeng et al.(2023) em-
phasize in their works the fact that a sharp increase in
the frequency of occurrence and the strength of the im-
pact of anthropogenic factors threatens the sustainable
functioning of soil ecosystems in the future. Research-
ers A. Potapov et al. (2022) in a recent publication high-
lighted the peculiarities of modern approaches to the
ecological assessment of the population of living or-
ganisms,as well as the strategy of adaptation to climate
change. Researchers C. Guerra et al. (2021) substantiate
the expediency of using modern predictive modelling
capabilities and innovative monitoring capabilities to
identify significant factors of impact on ecosystems and
populations of organisms, in particular.

The scientific community studies millipede popu-
lations mainly from the classification and description
approach. Information about the representatives of Di-
plopoda in Albania is based on the results of scientific
works of local and foreign researchers, in particular
H. Kicaj and M. Oirjo (2023). Scientists are studying the
peculiarities of the spatial distribution of millipedes,
depending on the intensity of the impact of climatic fac-
tors on the population. It should be noted that current
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research on the ecological functions of millipedes is
very narrow and limited. Given the limited function-
ality of scientific research on the issues considered in
this study, it is necessary to expand the parameters for
assessing the ecological status of populations of soil
organisms, to deepen the study of their adaptive capa-
bilities, and to carefully analyse the set of interrelations
and interdependencies between elements of soil bio-
geocenosis. It is also advisable to implement the basic
principles of sustainable development of ecosystems
into the methodology of ecological assessment of soil
organisms.

Currently, many issues related to the ecology of
the class Diplopoda, especially in Albania, remain un-
resolved. The aim of the study was to investigate the
peculiarities of the functioning of soil organism popu-
lations using the example of Diplopoda representatives
in the southern region of Albania, as well as to develop
an effective approach to the ecological assessment of
such populations as representative ones.

MATERIALS AND METHODS

In the course of the research, general methods of scien-
tific knowledge were applied. General scientific meth-
ods of cognition were used in the course of the work:
system and cluster analysis, synthesis, specification,
abstraction, formalization, deduction, generalization,
and the statistical method. The formation of a system
of regularities and features of the object of study of the
influence of a set of factors on the processes occurring
in populations of soil organisms was implemented us-
ing the method of generalization. The method of as-
cending from the abstract to the concrete was applied
in the context of the transition from general knowledge
about the vectors of climate change on populations of
living organisms to the essence of the consequences
of such impact on populations of soil organisms, in
particular, specific species of Diplopoda. Using system
analysis, the structural links between the elements of
the phenomenon under study were established, and ex-
isting approaches to the ecological assessment of pop-
ulations of living organisms were studied. The method
of deduction was used to highlight the essence of the
negative impact of anthropogenic pressure on the
development and functioning of soil organisms. Also,
some ecological and statistical indicators are used to
assess Diplopoda populations.

Constant (c) expresses the ratio between the num-
ber of samples where the species are found and the to-
tal number of samples taken. It is used to determine the
constant groups of soil fauna on which the study was
conducted. This classification is made: for values of con-
stant from 50-100, the group is considered “constant”;
for values of constant from 25-50, the group is consid-
ered a ‘companion”; for values of constant from 0-25,
the group is considered ‘casual” (Mauries et al., 1997).




Frequency (f): report of the individuals expressing a
kind on the total number of individuals collected. De-
termination of this indicator is intended to give its
performance for any stage within each and between
different stations. For the studying of the variety, the
Sorenson indicator is used (1):

_s-1
" logN’ (1)

This indicator helps to assess the degree of variety

of species between stations or different areas defined
previously. The size of samples that have been calculated
is different and also the relative density of each type (2):

H
d= log2 N’ (2)

where H is the Shannon index as an indicator of overall
variety (3, 4):

H=—-Znlogm, (3)

T=3 (4)
where “Ni” - the number of individuals of type “I”,“N” -
the total number of individuals.

The relative density of any kind of theory differs from
“0” to “1”. He tends to move toward “0”, when almost all
the effective belongs to a type, while tends to “1” when
each type is represented by the same number of indi-
viduals. Based on data, variety composition of each zone
is carried out with cluster analysis using the Average
Linkage method. The similarity between zones is stud-
ied. The dendrogram obtained indicates the proximity
of zones according to their variety composition.

RESULTS

The essence of the ecological assessment of popula-
tions of living organisms is mainly to study the devel-
opment processes, viability of individuals, resilience
and adaptability, and the nature of their environment
(Creamer et al., 2022). Strategic assessment is also seen
as a necessary component, which includes elements of
forecasting and the development of appropriate meas-
ures for the purpose of preventive protection, rational
exploitation and regeneration of ecosystems. It is worth
noting that, in general, the main ecological characteris-
tics of a population are its range, density, number, pop-
ulation dynamics, as well as age, spatial and sex struc-
tures (Le Provost et al., 2021).

An effective environmental assessment is impossi-
ble without the use of monitoring tools that provide
a complete information base on changes in the main
parameters of the population, the nature, and intensity
of the impact of external factors and anthropogenic
pressure. The main parameters for effective monitor-
ing of populations are the number of individuals, the
population area, reproduction and population structure
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parameters, and the level of anthropogenic pressure
(Burton et al., 2022). Population studies should be
aimed at recording the total number of individuals and
the dynamics of the indicator in the time aspect. Study-
ing changes in the population’s range allows the identi-
fication of fragmentation features. In general, the main
task of a population monitoring system is to record the
result of the interaction between the natural environ-
ment and anthropogenic load in terms of the impact
on the population of specific organisms, taking into ac-
count the factors of dynamics and natural regeneration
(Potapov et al., 2022). At the same time, the range of
monitoring parameters can be significantly expanded
and adapted to the population under study, in this case,
to the characteristics of millipedes as representative
organisms of the soil environment.

One of the important structural elements of the
ecological assessment of populations of soil organisms
is the formation of prognostic parameters of popula-
tion functioning (Guerra et al., 2021). In this case, the
forecasting should be based on the results of analyt-
ical processing of observations of long-term dynamics
of the structure and characteristics of the population.
Thus, it can be argued that an effective ecological as-
sessment of soil organism populations should be based
on arrays of monitoring information on the structural
and functional organization of the population, the pe-
culiarities of relationships within the ecosystem, and
trends in the dynamics of environmental parameters.
Particular attention should be paid to the study of mi-
croevolutionary processes occurring in populations un-
der conditions of anthropogenic pressure on the envi-
ronment and global climate change.

The class Diplopoda includes terrestrial organ-
isms, phytophages. Their distribution is influenced by
numerous factors, among which the most decisive are
temperature, humidity, altitude, soil type, phytocoe-
nosis and the size of decomposing plants. The study
compared territories according to various parameters
as part of an ecological assessment of the population
of soil organisms, using the example of Diplopoda in
the southern region of Albania. The statistical data
were collected over several years in the basic areas of
the study. In addition, in order to expand the informa-
tion base of the current work, the results of researches
by H. Kicaj (2023) and H. Kicaj & M. Qirjo (2014) were
used, which provided a detailed analysis of the effect
of temperature and humidity on the distribution of rep-
resentatives of the family Glomeridae belonging to the
class Diplopoda. The researcher notes that the small-
est number of Diplopoda was isolated from the natural
environment in July and August, as this period of the
year is the driest in Albania. In addition, the research-
ers analysed the distribution of Diplopoda populations
in the soil profile. Most of them lived in the litter and
at a depth of up to 10 cm, and only 18% of millipedes
migrated to a depth of 10-20 cm.

Scientific Horizons, 2023, Vol. 26, No. 11

125



126

Biodiversity and functional roles of soil organisms...

This study presented the data for the number of in-
dividuals for any of the species collected. The analysis
of these data constitutes the basis of calculating the

indicators (H), and relative density of any kind (€). In the
Table 1 are given the defined types of the Diplopoda
class, the value of the constant, and the group to which

ecological indicators: constant, frequency, Shanon these types belong.
Table 1. The constant value for three represented orders
No. Species Constant, % The relevant group
Order Julida
1 Anoploiulus pusillus (Leach 1814) 100.00 Constant
2 Megaphyllum karschi (Verhoeff 1901) 62.50 Constant
3 Pachyiulus cattarensis (Latz 1884) 50.00 Constant
4 Pachyiulus dentiger (Verhoeff 1901) 37.50 Companion
5 Pachyiulus varius (Fabricius 1781) 37.50 Companion
6 Ommatoiulus sabulosus (Line 1758) 37.50 Companion
7 Cylindroiulus boleti (C.L. Koch,1847) 37.50 Companion
8 Leptoiulus trilineatus (C.L. Koch,1847) 25.00 Companion
9 Pachyiulus hungaricus (Karsch,1881) 25.00 Companion
10 Pachyiulus valonensis (Verhoeff 1901) 25.00 Companion
11 Anoploiulus apfelbecki (Verhoeff 1898) 12.50 Casual
12 Leptoiulus macedonicus (Atems,1927) 12.50 Casual
13 Typhloiulus albanichus (Atems 1929) 12.50 Casual
14 Nopoiulus kochii (Gervais 1847) 12.50 Casual
Order Polydesmida
15 Polydesmus complanatus (Verhoeff 1901) 12.50 Casual
16 S. stigmatosum balcanicum (Schubart, 1937) 25.00 Casual
Order Glomerida
17 Glomeris pulchra (C.L.Koch. 1847) 87.50 Constant
18 Glomeris bureschi (Verhoeff 1926) 33.15 Companion
19 Glomeris hexastica (Brandt,1833) 12.50 Casual
20 Glomeris balcanica (Verhoeff, 1906) 12.50 Casual
21 Glomeris pustullata (Latrielle 1804) 12.50 Casual
22 Glomeris latermarginata (Villers 1789) 12.50 Casual

Source: compiled by the authors

Based on the method of material collection and
the representation of the stations within each area,
can see that the constant value according to the area
is more representative. According to the represented
orders, the following results are noticed: Anoploiu-
lus pusillus, Megaphyllum karschi, Glomeris pulchra,
which result in widespread in the study area. The
species encountered for the first time in Albania have
been noticed to have a constant value: Polydesmus

complanatus, Strongylosoma stigmatosum balcanicum,
Glomeris latermarginata, and consequently considered
casual. The represented individuals of the order Poly-
desmida are considered random species. The number
of species is the least represented in the area of study.
Species with a constant value over 50% are evaluated
as constant species: Pachyiulus cattarensis. Frequency
per zones. The frequency of species for each collection
station was calculated (Table 2).

Table 2. Frequency of species according to the collection areas

Species/Zone Vlora Shashica Llogara Shushica Borsh Delvina Butrint Kardhiq
Order: Julidae
Pachyiulus cattarensis
(Latz, 1884) 0.49 0.08 0.36 0.08
Pachyiulus dentiger
(Verhoeff, 1901) 0.04 0.04 0.02 0.09
Pachyiulus varius
(Fabricius, 1781) 0.04 0.21 0.46
Pachyiulus valonensis 0.07 004 036

(Verhoeff, 1901)
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Table 2, Continued
Species/Zone Vlora Shashica Llogara Shushica Borsh Delvina Butrint Kardhiq
Pachyiulus hungaricus
(Karsch, 1881)
Anoploiulus apfelbecki
(Verhoeff, 1898)
Anoploiulus pusillus
(Leach, 1814)
Megaphyllum karschi
(Verhoeff, 1901)
Ommatoiulus sabulosus
(Line, 1758)
Cylindroiulus boleti
(Koch, 1847)
Leptoiulus trilineatus
(Koch, 1847)
Leptoiulus macedonicus
(Atems, 1927)
Typhloiulus albanichus
(Atems, 1929)

Nopoiulus kochii
(Gervais, 1847)

0.01 0.02

0.02

0.13 0.21 0.16 0.09 0.18 0.17 0.28 0.89

0.06 0.22 0.28 0.14 0.14

0.09 0.08 0.06

0.09 0.05 0.06

0.02 0.02

0.02

0.03

0.02 0.02

Rendi: Polydesmida

Polydesmus complanatus
(Verhoeff, 1901)

S. stigmatosum balcanicum
(Schubart, 1937)

0.01

0.09 0.11

Rendi Glomerida

Glomeris hexastica
(Brandt, 1833)

Glomeris pulchra (Koch, 1847)  0.15 0.08 0.26 0.06 0.12 0.17 0.22 0.03
Glomeris bureschi

0.13

(Verhoeff, 1926) 0.05 0.06 0.16 0.18
Glomeris balcanica
(Verhoeff, 1906) 0.04
Glomeris pustullata 011
(Latrielle, 1804)
Glomer!'s latermarginata 001
(Villers, 1789)
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Source: compiled by the authors

It is referred from the data that the frequency of  frequency 28% in Butrint (Table 3,4). It is also observed
species is very variable according to the area. Thus, from the table is observed that the frequency of types
Anoploiulus pusillus has a high frequency in Kardhiq of Order Julida is significantly higher than that of the
(89%); Pachyiulus cattarensis in the Bay of Vlora (49%) two others. Since the size of the samples has been dif-
and Delvina’s hollow 36%; Pachyiulius varius with high  ferent, authors have also calculated the relative density
frequency in Borsh 46%; Pachyiulus valonensis with high  of each kind.

Table 3. Index of relative density of any kind

Species/Zone Vlora Shashika Llogara Shushika Borsh  Delvina Butrint Kardhiq
Order Julidae
Pachyiulus cattarensis (Latz, 1884) 0.09 0.23 0.12 0.14
Pachyiulus dentiger (Verhoeff, 1901) 0.18 0.30 0.43 0.22
Pachyiulus varius (Fabricius, 1781) 0.17 0.17 0.10
P "f{}gﬁg’g}c{"l’g’(’f{)’s’s 0.15 0.22 0.09
Pachyiulus hungaricus (Karsch, 1881) 0.55 0.21
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Table 3, Continued

Species/Zone Vlora Shashika Llogara Shushika Borsh  Delvina Butrint Kardhiq
Anoploiulus apfelbecki 0.24
(Verhoeff, 1898)
Anoploiulus pusillus (Leach, 1814) 0.12 0.17 0.17 0.22 0.13 0.15 0.09 0.03
Megaphyllum karschi (Verhoeff, 1901)  0.15 0.16 0.14 0.19 0.16
Ommatoiulus sabulosus (Line, 1758) 0.21 0.21 0.16
Cylindroiulus boleti (Koch, 1847) 0.21 0.26 0.09
Leptoiulus trilineatus (Koch, 1847) 0.37 0.40
Leptoiulus macedonicus (Atems, 1927) 0.44
Typhloiulus albanichus (Atems, 1929) 0.31
Nopoiulus kochii (Gervais, 1847) 0.43 0.47
Order Polydesmida
Polydesmus complanatus 055
(Verhoeff, 1901)
S. stigmatosum balcanicum
%Schubart, 1937) 0.21 0.20
Order Glomerida
Glomeris hexastica (Brandt, 1833) 0.17
Glomeris pulchra (Koch, 1847) 0.12 0.22 0.15 0.25 0.15 0.15 0.10 0.13
Glomeris bureschi (Verhoeff, 1926) 0.26 0.23 0.18 0.13
Glomeris balcanica (Verhoeff, 1906) 0.26
Glomeris pustullata (Latrielle, 1804) 0.20
Glomer[s latermarginata 0.55
(Villers, 1789)
Source: compiled by the authors
Table 4. Shannon Index according to zones
Zone Vlora Shashica Llogara Shushice Borsh Delvina Butrint Kardhiq
Shannon index (H) 0.69 0.90 0.86 0.94 0.63 0.70 0.46 0.21

Source: compiled by the authors

From this table appears that the variety of Diplopo-
da collected in eight areas of study varies significantly.
Higher values in Llogara, Shushica, Shashica, authors
think are related to vegetation, and to the amount of
material in decomposition, and the microclimate created

Shushice

12

10

[oe]

[e)}

N

N

o

Vlore Liogara

Shushice

in these environments. While lower values are associat-
ed with the collection of material in open environments,
in the absence of vegetation and infields. Authors have
compared the species according to the areas where they
are found. The data is presented in the Figure 1.

7 7
i
Borsh Kardhiq

Delvina Butrint

Figure 1. The number of species in areas collected

Among the areas taken in the study, the following
areas result with greater variety: Llogara-Karaburun (12
species), Vlora city (eight species), and Shashica-Tragjas
(nine species). These areas have a high percentage of
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humus, decomposed leaves, and good decomposition.
Lands are classified according to constituent elements,
an earth category V, VI, VII. Result with fewer species
Delvina’s station, Butrint-Stillo, Kardhiq, and Shushica’s




Valley respectively with 5,7, and 6 species defined. Col-
lection stations in these areas are presented with low
biodiversity and poor land with alimentary elements.
Variety differs even within the same area, at various
collection stations. These changes are evident in the
values of frequencies according to zones and stations.
The areas’ similarity according to species. Based on the
variety of species of each zone, cluster analysis is car-
ried out using Average Linkage. The zone of Llogara is
separated from other areas. The high biodiversity in this
area, the height of the collection areas, and the high
content of decomposed material affect the variety of
this zone. In the context of this study, eight species are
referred to for the first time in this area. In similarity
between areas Tragjas-Shashicé and Kardhiq factor that
could affect is the type of land. The data according to
pedology for these collection stations represent simi-
larities in composition and type of land.

Among other stations, a rough grouping of sta-
tions Delvine, Butrint, Vlore, and Borsh can be influ-
enced by climatic factors, the similarity of vegetation,
and height above sea level. Areas of Borsh have dif-
ferences between them. The collecting places for this
area have started in the valley Fterra-Borsh with rich
vegetation and Mediterranean shrubs, the valley of this
area presents high climate change. The functioning of
ecosystems is based on the principle of energy bind-
ing, thus preserving the internal organization of the
structure. If there is a significant gradient between the
energy reserves of individual components of the eco-
system, an imbalance occurs, with a significant increase
in entropy and a decrease in the level of orderliness
(Arnolds et al.,2023).In such conditions, natural ecosys-
tems are no longer able to maintain a state of stability,
energy flows are dynamically changing in vertical and
horizontal dimensions, and the ecosystem becomes un-
able to counteract external destructive influences.

Today, it is still possible to prevent the negative
effects of climate change on soil ecosystems by ap-
plying appropriate technical, economic, and manage-
ment measures. Modern scientific forecasts require
the development of an appropriate plan of preventive
and regeneration measures and their consistent im-
plementation. The effectiveness of the soil ecosystem
management system in the face of negative climatic
trends depends on the adaptive capacity of the sys-
tem, which, in turn, is determined by genetic variation
of traits (De Deyn & Kooistra, 2021). It is worth noting
that the basis of soil ecosystems is the biotic compo-
nent, which ensures adaptation to new environmental
conditions and effectively counteracts the impact of
destabilizing exogenous factors.

For optimal ecological assessment of populations in
the context of ecosystem dynamics, it is necessary to or-
ganize monitoring, including observation of soil organ-
isms and their habitats, as well as forecasting changes
to ensure a sustainable ecosystem. A prerequisite for
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effective monitoring is regular comprehensive research
using modern scientific achievements and innovative
technological capabilities. It is advisable to select a rep-
resentative network of test sites with different types of
zonal features of soil ecosystems. The implementation
of systematic ecological and biological research allows
for a full ecological assessment of soil organism popula-
tions, as they are a sensitive indicator of the state of the
environment. In addition, the management of sustaina-
ble ecosystems involves the development of an ecolog-
ical network to preserve the natural environment and
individual species in the face of climate change.

DISCUSSION

The results obtained in this study are in line with
the findings of many researchers. Firstly, most scien-
tists are unanimous in their belief that climatic fac-
tors play a significant role in the geographical dis-
tribution of millipedes. At the same time, scientists
D. Bachvarova et al. (2022) note that with the onset of
drought, millipedes burrowed into deeper soil layers.
This may indicate a wide range of ecological tolerance
of the studied species. The results of the current study
are in line with the following conclusions of scientists:
the distribution of Diplopoda populations indicates a
rather high adaptive capacity of organisms. At the same
time, climatic factors such as temperature and humidity
affect the geographical distribution of soil organisms.

Recent studies by M.de Oliveira (2019),T.de Almeida
(2022),and R.Bouzan et al.(2022) show that, in addition
to climatic factors, the distribution of the organisms un-
der study is influenced by phytocoenosis and soil com-
position. Scientists argue that soil with a high content
of humus and nitrogen is a more favourable habitat for
the Diplopoda class. Researchers believe that the nature
of the phytocoenosis plays a minor role in the spatial
distribution of Diplopoda populations. At the same time,
soil with a high content of humus and nitrogen is a
favourable factor for their functioning. However, similar
data for Albania is virtually non-existent. The current
study analysed the distribution of Diplopoda popula-
tions related to vegetation, the amount of decomposing
material, and the microclimate created in these envi-
ronments. Obviously, lower population figures are asso-
ciated with the collection of material in open environ-
ments, in the absence of vegetation and fields. Thus, it
can be argued that phytocoenosis and soil composition
have a significant impact on the ecological parameters
of soil organisms.

In addition, an important parameter of the ecolog-
ical characteristics of millipede populations is their
vertical distribution in the soil profile. Most species are
able to migrate between different soil layers to adapt
to unfavourable environmental factors. Such conclu-
sions of the study coincide with the results of scien-
tific research by Z. Téth & E.Hornung (2020). The scien-
tists carried out a comparative analysis of the vertical
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distribution of millipedes, which is synergistic with the
results of research on the southern region of Albania in
the current study. The researchers note that Diplopoda
are saprophages, so they mostly live on the soil surface
in the forest floor and in the forest litter. In addition,
Diplopoda are more tolerant of low humidity. Modern
researchers K. Arnolds et al. (2023) pay special atten-
tion to the role of an effective ecological assessment of
soil organisms in the ecosystem management system.
At the same time, they emphasize the need to establish
effective population monitoring of species to form an
information base for further assessment and develop-
ment of preventive and regeneration measures. It is dif-
ficult to disagree with the conclusions of the scientists.

Scientists X. Sun et al. (2022) and W. So et al. (2022)
identify priorityareas of practicalimplementation within
the monitoring system, including the allocation of pop-
ulation areas, study of the spatial structure and habitat
changes. At the same time, G. Blume-Werry et al. (2023)
argue that habitat analysis requires an integrated ap-
proach, i.e. it is advisable to monitor both the abiotic
component of the habitat (in particular, the character-
istics of the soil cover) and the biotic component (e.g.
species living nearby). According to the scientists, this
monitoring parameter is of paramount importance, as it
demonstrates the dynamics of habitats and the causes
of its occurrence (e.g., drought, anthropogenic factors,
floods). The conclusions of the current study are in line
with such beliefs. It should be added that habitat moni-
toring should be carried out both in conditions that are
comfortable for populations and in unfavourable con-
ditions. Information on the characteristics of habitats in
different conditions, in terms of comparative analysis,
may be of scientific and practical value in the recon-
struction or reintroduction of populations.

It is worth noting that effective monitoring of soil
organism populations can be carried out not only by
standard methods, but also by simplified visual assess-
ments of parameters that reflect the basic parameters
of the population’s state. It is undeniable that individual
parameters specific to each species can play the role of
markers of population status. However, for certain spe-
cies, it may be preferable to use reasonable minimized
integral indicators that can be used to assess the eco-
logical status of the population (Yarwood et al., 2020;
Gunstone et al.,2021; Asato et al., 2023). Based on mon-
itoring data, it is possible to conduct an integrated eco-
logical assessment of population indicators for rapid
diagnosis of their condition.

Taking into account the results of the current study
and the results of scientific research, it can be argued
that the vital activity of most Diplopoda species in the
southern region of Albania takes place in conditions of
ecological compliance with the main limiting factors,
including the water regime and soil moisture level, soil
salt regime and nutrient content, and temperature fluc-
tuations. The populations of the studied organisms are

Scientific Horizons, 2023, Vol. 26, No. 11

quite stable and tolerant to minor changes in environ-
mental factors. In general, the problem of studying the
ecological characteristics of millipede populations in
Albania was complex and multidimensional. The cur-
rent study creates prerequisites for its further compre-
hensive study. The main directions of prognostic pros-
pects for further scientific research include improving
approaches to the ecological assessment of soil organ-
isms populations based on the principles of individual-
ization and sustainable development of the ecosystem.

CONCLUSIONS

As a result of the study, the peculiarities of the function-
ing of soil organisms populations were analysed on the
example of Diplopoda in the southern region of Albania,
and an effective approach to the ecological assessment
of such populations as representative ones was devel-
oped. The paper scientifically substantiates the princi-
ples of determining the parameters of the ecological
status of populations of certain species of soil organ-
isms at the biogeocenosis level, based on the concept
of ecological niche. In addition, the basics of scientific
and methodological tools for assessing the spatial var-
iation of the population within the framework of envi-
ronmental assessment have been developed.

It was found that Pachyiulus varius, Anoploiulus pu-
sillus, Pachyiulus cattarensis, Glomeris pulchra. These are
species with wide spreading regional but in Albania.
The zones that have a bigger number of species are
Llogara and Shashica. The presence of forest environ-
ments, materials in decomposition, and microclimate
elements influence the degree of high variety. Some
sampling stations present similarities in terms of the
species found. In the proximity between the areas af-
fected: high above the sea level stations and collection
materials, similarity in the composition and type of
land, climatic factors, vegetation almost similar in most
collecting areas, which dominates the growth of veg-
etation. Among areas of study, those with the greatest
similarity of variety are Delvina - Butrinti - Vlora, and
Tragjas - Kardhig. While Llogara is estimated as the most
different area. Although studies need more specific com-
parisons, authors think that this result is a consequence
of the similarity of the areas and of other factors such as
pedology, climate, and vegetation, predators.

The paper substantiates the need to improve existing
approaches to effective and reliable ecological assess-
ment of soil organism populations. In addition, the main
prerequisites and factors for the effective implementa-
tion of the ecosystem management system under neg-
ative weather and climate trends, as well as taking into
account the specifics of the soil habitat, are identified.

Based on the results obtained in this work, the au-
thor proposes priority vectors for further research on
the topic, and substantiates the need to organize the
availability and systematization of research and prac-
tical information on the methodology of ecological
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AHoTauis. [pyHTOBI OpraHisMu sBNAIOTb COBOK BAKNMBY CKNAAOBY 6IONOMYHOrO PI3HOMAHITTS Ha3eMHMX
BioreoLeHo3iB. Ix 3HayHa TaKCOHOMiYHA Ta €KOJIOriYHa BapiaTMBHICTb 3yMOBIOE BaroMy (yHKLIOHaNbHY posb
B MpoLecax IpyHTOYTBOPEHHS, MEXaHi3Max CTafioro po3BUTKY Ta MPOAYKTUMBHOCTI NPUPOAHUX ekocucTeM. MeToto
pocnimxkeHHs 6yno po3pobka MpakTMYHOrO MiAXOAy L0 €KOMOriYHOI OLiHKM MOMyNsili FPYHTOBMX OpPraHi3mis
Ha npwuknaai Diplopoda y niBpeHHoMy perioHi An6anii. JocnigXeHHs 3MiACHIOBANOCb 3 BWKOPWUCTAHHAM
3arasbHOHAyKOBWX METOAIB Mi3HAHHSA: CUCTEMHOIO Ta KIACTEPHOIO aHanisy, CUHTE3Y, KOHKpeTM3aLii, abcTparyBaHHs,
dopmanisauii, fenyKuii, y3aranbHeHHs, a TaKoX CTaTUCTUYHOIO MeToAy.Y CTaTTi CUCTEMATM30BaHO Ta NPOaHani30BaHO
CTATUCTMYHI AaHi WOAO OLIHKM MONynsuin BUAIB 6AraToOHIXKOK, BUSBNIEHMX HA LOCNIAXKYBaHIN TepuTopii. Po3rnaHyTo
BMN/IMB €KOMOriyHMX GakTopiB Ha MOLWMPEHHS NpeacTaBHUKIB knacy Diplopoda. Po3paxoBaHO 4acToTy BMAIB
BiANOBIZHO 00 30H 360pY, KOHCTAHTHI 3HAYeHHs AN BUAIB TPbOX NPenCcTaBAeHWUX NopsAKiB. Ha ocHOBI oTpuMaHux
[aHUX NPOBefEHO KNAacTepHUI aHani3 BUAOBOMO CKALy KOXHOI 30HM 3 BUKOPUCTAHHAM METOAY CepenHiX 3B43KiB
(Average Linkage). BuB4YeHo nogibHicTb Mixk 30HaMu. OTpMMaHa fieHaporpaMa BKasye Ha 6/1M3bKiCTb 30H 3@ BUA0BUM
CKNafoM. 3a pesynbTatamMu OCNIAXKEHHS BYN0 3aNPONOHOBAHO CUCTEMY IHCTPYMEHTIB B CK1a4i €KOMOriYHOI OLiHKM
nonynsuin rpyHTOBMX OpraHi3miB, po3pobneHo OCHOBHI niaxoAu wWoAo ii peanisauii. MpakTMyHa 3HAYMMICTb
OTPUMAHMX pe3ynbTaTiB NOAArA€E B MOXAMBOCTI iX BUKOPUCTAHHA AN LOCNIIKEHHS AMHAMIKM PO3BUTKY NONYNsLIN
IPYHTOBMX OpraHi3miB, B TOMy uMcii y nepios rnobanbHMX KNiMaTUYHUX 3MiH, po3pobKK AMHAMIYHOro niaxomdy A0
€KONOriYHOT OLiHKM FPYHTOBMX €KOCUCTEM Ta peanisauii BignosigHoi cTpaTerii aganTtauii Ta pereHepauii

KniouoBi cnoBa: HazeMHa ekocuctema; Diplopoda; cTaTUCTUYHI AaHi; reorpadivyHe MOLWMPEHHS; PE3UCTEHTHICTb;
MOHITOPUHT
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content of soluble sugars and proteins in sugar beet. The field study was conducted in
the period of April-September 2023. The pre-sowing treatment was carried out using a
hybrid of the productive and sugary direction Oleksandria employing deep ploughing
up to 30 cm deep, the seeding density was 100 thousand/ha. The fertilization scheme
provided for the introduction of a combination of complex fertilizers in one of two
concentrations: N, P . K, or N, P, K. ~and a growth stimulator based on amino
acids and trace elements Quantum. The application was carried out separately
or in combination, the frequency of fertilization was one or two times. It has been
demonstrated that the most pronounced positive effect on the increase in biomass
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and sugar content of beets is caused by the combined application of mineral macro fertilizers with the drug
Quantum. In the case of the combined application option, the increase in the biomass of the root crop compared
to the control was 120.8+8.5%-143.0£14.3%,; the increase in the content of soluble sugars - in the range from
4.23*0.6% to 5.3%0.45%. An increase was also observed in comparison with the variants of separate applications
of fertilizers. There was no significant difference between the two applied fertilizer concentrations, as well as
when individual fertilizers and their combinations were re-applied. The content of proteins in terms of dry weight
increased depending on the concentration and frequency of application of complex fertilizers. The obtained data
on the increase in biomass of sugar content indicate the expediency of increasing these indicators is the use of a
combination of mineral fertilizers containing macro-and microelements, so it is advisable to recommend a similar
mode of fertilization. The data can become the basis for the development of recommendations for implementation
in the industrial cultivation of sugar beet. Such techniques are economically feasible, as they allow for a reduction

in the number of treatments and the consumption of fertilizer to obtain a harvest with high indicators

Keywords: trace elements; macronutrients; growth stimulant; agrotechnical characteristics; sowing treatment

INTRODUCTION

Sugar beet is one of the crops of strategic industrial and
national importance. In recent years, Ukraine has seen
a significant and progressive reduction in sugar beet
acreage: from 318,000 hectares in 2017 to 220,000 hec-
tares in 2023. Irrational use of soils, lack of proper crop
rotation planning, reduction of areas under perennial
grasses and legumes, as well as climatic factors, lead
to a decrease in the fertility of black soil (Gamajunova
et al., 2021). Another unpredictable factor in soil ero-
sion is the full-scale Russian invasion of Ukraine, which
caused a reduction in the area available for agricultural
cultivation, with some soil areas experiencing erosion
and loss of fertility due to explosions and demining
(Drobitko et al., 2023). Under the current circumstances,
it is particularly important to make the most efficient
use of the available areas to obtain the highest possible
yield. Although beet cultivation technologies have been
known and used for a long time, there is a need to im-
prove them due to the peculiarities of changing climatic
conditions, soil composition, and peculiarities of chang-
ing plant varieties (Hospodarenko & Martyniuk, 2020).
Among the known ways to increase yields are the ap-
plication of organic and mineral fertilisers, as well as
the use of growth stimulants. For most macro- and mi-
croelements, the concentrations required to obtain a
certain yield weight are set, so their application is the
key to obtaining the predicted weight of the beet crop
(Tyrus, 2018). The dependence of yield and sugar con-
tent is shown in many modern studies, while the selec-
tion of the amount of fertiliser, conditions and method
of application should be selected considering the spe-
cific conditions of cultivation: soil characteristics and
climatic conditions in the area of cultivation.

The experience of international authors can be use-
ful in developing beet cultivation schemes, but soil and
climatic conditions require adaptation, so it is impor-
tant to consider the experience of Ukrainian scientists.
M. Tyrus (2018) studied the influence of tillage methods
and different regimes of nitrogen, potassium and phos-
phate fertilisation and demonstrated that, regardless of

the tillage method, the application of higher fertiliser
concentrations led to an increase in root crop weight.
O.V. Pismennyi (2012) demonstrated the importance
of using micro fertilisers containing phytohormones
and trace elements to increase the yield of table beet.
S.Shahini et al. (2023) in their study of the quality of ag-
ricultural soils indicate that there is a reverse problem
with the use of mineral fertilisers: the accumulation of
some elements and products of their transformation in
the soil, and increased eutrophication. M.O. Lukyaniuk
et al. (2021) describe the problem of the negative ef-
fects of excess nitrogen in the soil, especially when it
is accompanied by a lack of potassium and phosphorus.
The authors draw attention to the need to select fertil-
iser doses since despite the importance of nitrogen for
increasing sugar content, high doses (over 120 kg/ha)
have the opposite effect: a decrease in yield and sugar
yield. In this regard, the use of fertilisers should be as
rational as possible, ensuring maximum absorption by
plants, so it is important to monitor soil agrochemical
parameters and study the needs of individual crops.
The main industrially valuable component of sug-
ar beet raw materials is soluble sugars, namely sucrose.
However, production wastes, in particular sugar pulp, can
be a valuable source of other nutrients for feed produc-
tion (Turk & Arslanoglu, 2023). Therefore, it is also im-
portant to determine the protein value of the resulting
crop. The research aims to determine the influence of
fertilisation regime on the increase of root biomass and
soluble sugars and protein content in sugar beet crops.

MATERIALS AND METHODS

The field study was conducted in April-September
2023. Pre-sowing cultivation was carried out by deep
ploughing up to 30 cm deep. The soil belongs to the
type of ordinary low-humus dusty light clay soil. Before
sowing the seeds, the agrochemical characterisation of
the soil of the experimental area was carried out, us-
ing the following methods: humus content - according
to Tyurin; alkaline hydrolysable nitrogen - according
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to the Kornfield method; mobile forms of phosphorus
and potassium - determination by Chirikov (Ovcharuk
et al., 2019). pH was determined ionometrically.

The study of the effect of mineral fertilisers on
beet yields was conducted using the yield-sugar beet
hybrid Alexandria, which has been included in the State
Register of Varieties and Hybrids since 1997. The plant-
ing density was 100 thousand/ha. The following con-
centrations were used as the baseline level of mineral
fertilisers in terms of the main elements: N, P.. K, .,
with higher concentrations used as a second option:
N, oP,0oK,0r The Quantum growth stimulator, which
is @ mixture of amino acids and trace elements, was

also used separately. According to the manufacturer’s

instructions: N - 9.5% (95 g/l); Ca0 - 2.0% (20 g/V);
MgO - 1.5% (15 g/l); Fe - 1.2% (12 g/l); Zn - 1.2%
(12 g/l); Cu - 0.7% (7 g/l); SO3 - 1.8% (18 g/l); Mn -
0.7% (7 g/l); B-0.5% (5 g/1); Mo - 0.01% (0.1 g/1); ami-
no acids - 5% (50 g/l). The stimulant was applied at a
concentration of 1.5 litres/ha. Each of the mineral fer-
tilisers was applied separately once: during pre-sowing
cultivation, or twice: the second fertilisation was ap-
plied 30 days after sowing. In variants with combined
micro fertiliser application, they were applied simulta-
neously with mineral fertilisers, 30 days after sowing.
In case of repeated application, micro fertilisers were
applied 30 days after the first application. All fertiliser
application options are presented in Table 1.

Table 1. Fertiliser options and combinations

Control

No treatment

NP K

180" 150" 200

N, P, K

250" 200" "280

One-time treatment

Quantum

NP, K

180" 150 200+ QUantUm

N, oP,00K, o FQuantum

N, P, K

180" 150 200

N, P, K

250" 200 "280

Two-time
treatment

Quantum

N goP150K ;00 FQUantum

U P NP UV IWIN |

N, P, K

250" 200 280+Quantum

The size of each plot was 35 m,, and each trial was
replicated three times. Thus, a total of 31 experimen-
tal plots were laid out. The crop was harvested and
weighed separately from each plot, and only the weight
of the roots was considered, after separating the green
mass of the tops. The weight was recalculated per 1 ha
of sown area.

Sugar content was determined individually for each
plot and averaged for each experimental variant. The
sugar content was determined in the laboratory by the
acid inversion method, and the soluble carbohydrate
content was measured spectrophotometrically. Protein
content was determined by the Lowry method with pho-
tocolourimetric measurement of optical density. To make
the data on protein and carbohydrate content compara-
ble and to compare their relative increase in total bio-
mass, the resulting amounts of sugars and proteins were
converted into percentages of dehydrated biomass. The

measurement results were compared using a one-way
ANOVA analysis of variance. The statistical significance
of the data was assessed using the F-criterion.

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

RESULTS

Analysing the agrochemical parameters, the following
characteristics were obtained, as shown in Table 2. The
methods used to determine the agrochemical charac-
teristics are also shown in Table 2. These indicators are
quite typical for typical chernozem soils and are favour-
able for sugar beet cultivation.

Table 2. Agrochemical parameters of the soil of the experimental area

Humus content

Characteristic (by Tyurin)

Alkali-hydrated nitrogen,
mg/kg (by Grandval-Lajoux)

Mobile phosphorus forms,
mg/kg (by Chirikov)

Mobile potassium forms,

ma/kg (by Chirikov) PH

Indicator 4+0.3% 97+£7.5

115%8.7 160+12 6%0.2

The results of the study indicate that the applica-
tion of mineral fertilisers contributes to a significant in-
crease in the biomass of sugar beet roots. The average
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biomass of root crops harvested in the control variant
without fertilisation was 23.50+1.32 t/ha. In the ex-
periment where fertilisers were applied once, during




sowing, a significant increase in weight was observed.
In the variant with the use of average doses of mineral
fertilizers N, P, K, the harvested biomass of the root
crop was 40%£3 t/ha,which is an increase of 70.9+10.54%
compared to the control without treatment. In the var-
iant where the pre-sowing treatment with N, P, K. -
was applied, the yield weight was 45%2.5 t/ha, which
is 91.66%5.04% more than in the control. In the sow-

ing treatment with Quantum micro fertiliser, the

Drobitko et al.

weight of harvested roots was 34.50+1.50 t/ha, which
is 41.94%£5.55% higher than without treatment. Thus,
these data indicate a significant impact of mineral fer-
tilisers on the increase of sugar beet biomass, which is
also well-known from previous experience. At the same
time, the combination of microelements is more effec-
tive for biomass growth compared to micro fertilisers.
The generalised data on biomass growth in all variants
of the experiment are presented graphically in Figure 1.

70.00

60.00

50.00

40.00
30.00 A
20.00 A
10.00 A

0.00 -

Yield, t/ha

Control
NPK 1
NPK 2

Quantum

NPK 1*2

NPK 1*2

Quantum

NPK 1+Quantum
NPK 2+Quantum
NPK 1+Quantum®2
NPK 2+Quantum®2

Type and combination of fertilizers

Figure 1. Yield of sugar beet harvested from plots with different fertilisation regimes, t/ha

Note: NPK1 - N..P,_K

180" 150" " 200°

NPK2 - N250P zooKzso

The biomass growth compared to the control vari-
ant without treatment is shown in Table 3. The second
fertilisation, which was carried out 30 days after sow-
ing, coincided with the phase of 4-6 leaf formation.
The harvested yield was as follows: with the second
application of N, P, . K, —~— 45%4 t/ha (92.35+12.4%
higher than in the control). With the application of
mineral fertilisers in increased concentrations of
N,ooP,ooKyse = 47%2.65 t/ha (100.2%11% higher than
in the control). Re-application of micro fertilisers al-
lowed for a harvest of 36.5%4 t/ha, which is 55.43%
higher compared to the untreated control. As you can

see, repeated fertilisation did not significantly affect
biomass growth compared to a single application,
there was some tendency to increase biomass, but it
was not significant (Table 3). The data obtained cast
doubt on the need for repeated application of min-
eral fertilisers, it can be assumed that pre-sowing
treatment with the applied combinations sufficiently
saturates the soil with the necessary elements for the
full growth of root crops when sowing beetroot at
this density. However, these data may not be relevant
for other agrochemical parameters of the soil or an
increase in sowing density.

Table 3. Relative weight gain of sugar beet under different fertilisation schemes

Fertiliser application rate Fertiliser type Mass increase in comparison to control
N 5oP150Ks00 70.9%10.54
One-time treatment N,soP200Kss0 91.7%5.0
Quantum 46.9£5.5
N, 50P150K 00 92.3%12.4
Two-time treatment N,:oP200K 60 100.2+11.3*
Quantum 55.4%£3
N, P, K+ Quantum 120.8+8.5*
One-time treatment 180 150 00" <UANTH Ao
N, soP 200K 50 FQuUaNtum 137%£14.8
N, ..P,. K+ Quantum 131.8+16.5%
Two-time treatment 180150200 = "
N, oP,00K, 5o *Quantum 143.0+14.3

Note: * - significant compared to the control (p<0.05)
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At the next stage of the study, the effectiveness
of the use of a combination of mineral fertilisers con-
taining trace elements with micro fertilisers was an-
alysed. In the case of pre-sowing one-time treatment
with fertilizer containing N ,P,. K,  in combination
with Quantum, the harvested weight of root crops was
51.83%1.05 t/ha, which is 120.88%+8.48% higher than
in the untreated control and more than in each of the
variants of individual fertilizer application. The com-
bination of N,. P, K., with Quantum allowed to har-
vest of a root crop weighing 55.67%1.05 t/ha, which is
137.37+14.84% more than in the untreated control and
higher than in each of the variants of individual fertilis-
ation. It should be noted that the difference between the
two concentrations of mineral fertilisers — standard and
increased, in this treatment variant, was 16.49% on av-
erage, which is not a statistically significant difference.
The second treatment with the fertiliser combination
also did not lead to a significant increase in yield com-
pared to the single treatment, similar to the separate
application of fertilisers. Repeated treatment with the
combination N, P, . K, - Quantum allowed to harvest
a yield of 54.33+1.53 t/ha (131.77% more compared to
the untreated control). Double fertilisation with a higher
concentration of macro-mineral fertiliser N, P, K, -
with Quantum increased the yield to 57#2 t/ha
(142.2+14.32% more than the untreated control). As you
can see, the double application of an increased dose of
complex mineral fertiliser in combination with micro
fertiliser allowed us to collect the highest yield, but the

difference between a single pre-sowing treatment and
a double treatment was on average 22.11%. As can be
seen from the data in Table 3, the best effect on the
growth of sugar beet biomass is provided by the use of a
combination of complex fertilisers and micro fertilisers,
which proves the feasibility of using such a combination.

Biomass growth is an important indicator of fer-
tiliser efficiency. However, the crop must not lose its
industrial characteristics, the main of which for sug-
ar beet is the sugar content. Therefore, in the second
stage of the study, the soluble sugar content of the
roots harvested from all plots was compared. The sugar
content was converted to a percentage of dry biomass.
The content of soluble sugars in the control variant of
the experiment was 14.03+0.25%, which is the average
for this variety, the maximum sugar content for which
is 18-20% (Fig. 2). The sugar content in beetroot har-
vested from the plot fertilised with NP, K, was
15.83%£0.58%, which is 1.8+0.66% higher than in the
control variant. With the application of increased doses
of mineral fertiliser N, P, K,..,the sugar content in the
root crop increased to 3.60%0.26%, an increase over the
control of 2.23%+0.25%. When applying the micro fer-
tiliser Quantum, the sugar content in the biomass was
16.97£0.64%, which is 2.93%0.45% higher compared to
the control. This increase in sugar content compared
to the control is quite significant and correlates with
the effect of macro-mineral fertilisers, which indicates
various possible mechanisms for increasing the content
of simple carbohydrates in sugar beet.

20.00

Sugar content, %

Control
NPK 1
NPK 2

Quantum

Quantum

NPK 1+Quantum
NPK 2+Quantum
NPK 1+Quantum®2
NPK 2+Quantum™2

Type and combination of fertilizers

Figure 2. Sugar content in beetroot harvested from plots with different fertilisation regimes, % of dry weight

Note: NPK1 - NP, _K

180" 150" "200°

NPKZ2 - N, P, K

250" 200" " 280

Repeated fertilisation affected sugar content as fol-
lows. In the variant with the introduction of an average
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dose of mineral fertiliser NP, K, this indicator

was 16.93+0.4% (2.9+0.66% higher than in the control




variant). With the repeated application of a higher
concentration of fertiliser N, P, K., the sugar con-
tent was 17.27+0.87% (3.23%0.95% higher than in the
control). In the variant with the introduction of micro
fertiliser, the sugar content was 17.80£1.08%, which
is 3.77+1.25% higher than in the control. Thus, it can

be seen that there is some tendency to increase sugar
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content after the second treatment with individual
complex fertilisers, but this difference is not significant
compared to a single application of these types of fer-
tilisers. All the data on sugar content in the dry weight
of sugar beet in different variants of the experiment are
shown graphically in Figure 2, and the increase in the
indicator relative to the control is given in Table 4.

Table 4. Sugar increase relative to the control in sugar beet harvested from plots with different fertilisation regimes, %

Fertiliser application rate Fertiliser type Increase in sugar content relative to control
N,50P150K00 1.840.65
One-time treatment N, soP200Kss0 2.23%0.25
Quantum 2.93+0.45
N1g6P150K 500 2.9%0.66
Two-time treatment N, 5oP200K o0 3.23%0.95
Quantum 3.8%1.1
N,..P,. K+ Quantum 4.7%0.64*
One-time treatment 180 150 200 =
N,5oP200K, g0 FQuUantum 4.23%0.6
N...P,. K+ Quantum 5.0£0.2*
Two-time treatment 180 150 200 =
N,. P, K, +Quantum 5.3+0.45"

250" 200" "280

Note: * - significant compared to the control (p<0.05)

A comparison of the results of the combined use of
fertilizers indicated the presence of a cumulative effect
on sugar content. In the variant with sowing treatment
with a combination of fertilizers in the usual concen-
tration of N, P.. K, and Quantum, the sugar content
in root crops was 18.77%£0.87% (an increase over the
control of 4.7+0.64%). When applying an increased
concentration of complex fertiliser N, P, K,,, with
Quantum, the studied indicator was 18.27+0.87% (an
increase compared to the control of 4.23£0.6%). The
increase in sugar content was even more pronounced
when the fertiliser combination was applied again.The
treatment with N ,.P,. K., and Quantum led to an in-
crease in the sugar content in root crops to 19.9£0.36%
(an increase over the control of 5+0.2%). At the same
time, the increased concentration of mineral fertilizers
N,..P,00K,g0 N cOmbination with Quantum increased
the sugar content to 19.83+0.45%, which is 5.8+0.4%
more than in the control. As can be seen from the above
data, the combination of mineral fertilisers containing
macronutrients with micronutrient fertilisers leads to
a pronounced cumulative effect of application that ex-
ceeds the effect of each fertiliser separately. Thus, the
use of the combination is advisable, especially given
that the combination of fertilisers leads to a more pro-
nounced increase in biomass and sugar content than
the repeated application of mineral fertilisers based on
nitrogen, potassium, and phosphorus.

The protein content can be an important indicator
in terms of the nutritional value of the pulp, which can
be used as animal feed - both directly and for the pro-

duction of mixed fodder. The determination of protein

content in the control variant showed its content at
the level of 9.40%0.36%, which is a standard aver-
age for sugar beet. The application of mineral fertil-
isers on pine needles increased the protein content to
10.60£0.37% and 11.50%0.5% - when applying stand-
ard and increased concentrations, respectively. The ap-
plication of micro fertiliser did not significantly affect
this indicator - 9.73%0.25%.

Two-time treatment with complex fertiliser re-
sulted in a slight increase in protein content both in
comparison with the control and in comparison, with
a single treatment: 12.3+0.36% and 12.40+0.56% and
at medium and high doses, respectively. In the variant
with repeated application of micro fertilisers, no signif-
icant differences were observed: 9.67£0.29%.The result
of combined fertilisation was equivalent to the results
of macro fertilisation: 11.73+0.21% and 11.43%0.29
when combining medium and high doses with Quan-
tum. Repeated application of the fertiliser combination
slightly increased the protein content: 12.53+0.45% and
12.74%0.15%, respectively. The data on protein content
are shown graphically in Figure 3. As can be seen, the
greatest impact on the protein content of sugar beet is
made by the application of fertilisers containing nitro-
gen, potassium, and phosphorus, with a certain effect of
repeated application. The combination with micro fer-
tilisers in the experimental conditions did not have a
significant effect on the protein content of sugar beet. It
can be assumed that the increase in biomass observed
in the experiment was mainly due to the accumulation
of carbohydrates in plants, rather than an increase in
the protein part.
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In general, the aggregate data on biomass growth
and sugar content indicate that under the existing grow-
ing conditions, the most appropriate way to increase
yields is to use a combination of mineral fertilisers con-
taining macro- and microelements. The relative effect
of other technological methods, such as increasing the
concentration of the main elements per unit area and
repeated fertilisation, does not have such a pronounced
positive effect. Therefore, it is advisable to recommend
such a fertilisation regime, which can reduce the cost of
growing and harvesting sugar beet. The results of the
study may be useful for the development of large-scale
fertilisation technologies for sugar beet cultivation on
an industrial scale, but the economic component of the
process should be considered.

DISCUSSION

The study shows that the nature of the increase in bio-
mass and soluble sugar content in sugar beet largely de-
pends on the presence of macro- and microelements in
the soil. The data are confirmed in numerous studies by
colleagues. M. Abbas et al. (2018) studied the effect of ni-
trogen fertiliser deficiency on the sugar content of sugar
beet when grown under drought conditions on sandy
soils, showing that nitrogen fertiliser deficiency signif-
icantly reduces yields, but maintains and increases the
sugar content. Y.E. El-Ghobashi and A.E.M. Eata (2020) in
their studies emphasise the leading role of nitrogen fer-
tilisers in increasing sugar beet yields when grown on
depleted soils. H.A. Aslanov et al. (2023) investigated the
effect of phosphate and potassium fertilisers in combi-
nation with different planting regimes, concluding that
additional fertilisation and sparse planting (increased
access to nutrients) increased yield quality. J. Chen et al.
(2023) point out the importance of mineral fertilisation
for satisfactory yields even when using organic fertilisers.

Scientific Horizons, 2023, Vol. 26, No. 11

A combination of macro fertilisers, including ni-
trogen, phosphate, and potash, is essential for sugar
beet growth. Usually, half of the fertiliser is applied in
autumn and the other half during ploughing. In this
study, the soil was not fertilised beforehand, so the
background average recommended dose of fertiliser
was applied during sowing.As a result, yields increased
significantly compared to the control, and sugar con-
tent approached the maximum values for this variety.
The most important mineral element that stimulates
biomass growth is nitrogen. It is a component of build-
ing proteins, enzymes, vitamins, and chlorophyll, which
together are essential for plant growth. K. Steinke &
C.A.Bauer (2017) emphasise the leading role of nitrogen
in increasing beet biomass and the problems that arise
in the natural denitrification of soils. M. Tyrus (2018)
cites data according to which about 4-5 kg of nitrogen,
1.5-2 kg of phosphorus, and 5-6 kg of potassium are
removed from the soil to produce one tonne of sugar
beet, so the introduction of these mineral fertilisers is
the key to ensuring proper soil productivity. M. Tyrus
demonstrated a dose-dependent increase in root crop
weight with increasing fertiliser doses, the author uses
3 fertiliser concentrations: N, P ..K, . N, P.. K. ., and
N,ooP,,5K;50-AS @ result, it is possible to achieve biomass
growth rates of 200 to 300% compared to the unfer-
tilised variant. However, similarly to the results of this
study, the amount of growth increases only slightly with
increasing fertiliser concentration. Thus, it is necessary
to calculate the amount of fertiliser based on the ex-
pected yield and the economic feasibility of increasing
fertiliser concentrations. X. Xie et al. (2022) studied the
combination of different fertiliser concentrations under
different irrigation regimes. Among the fertilisers, the
best growth and sugar content indicators were provid-

ed by the fertiliser concentration of N, .P,. K, . . kg/ha.




Both lower and higher concentrations of fertilisers
showed worse growth-stimulating performance. At the
same time, it was the potassium content that was rec-
ognised as a factor limiting the growth of biomass and
sugar content. The study also demonstrated that irriga-
tion is important and has a cumulative effect on yields
along with fertilisation, which confirms the importance
of considering the water regime of a particular growing
area to determine optimal fertiliser concentrations.

AM. Ali et al. (2023) demonstrate the limiting role
of nitrogen fertiliser deficiency in increasing sugar beet
fertility on depleted soils, with the best results obtained
when using the maximum nitrogen fertiliser concentra-
tion of 215 kg/ha. M. Abbas et al. (2018) studied the
effect of reducing the dose of nitrogen fertilizers from
288 to 216 kg/ha against the background of water
deficit. It was shown that a decrease in soil nitrogen
led to a decrease in yield and sugar content, but the
relative sucrose content was higher, however, this did
not increase the sugar level to control values. Thus, the
availability of this element is a basic condition for the
realisation of the growth potential of the crop, which
is confirmed by the significantly lower yield of the con-
trol, unfertilised variant in this study. A. Salarian and
A. Salari (2021) in his experiment compares the effect
of fertilisation with nitrogen, potassium and phospho-
rus on such indicators as dry weight, sugars, proteins,
and carbohydrates. The variants with background con-
centrations (P,, K ) and Ny, are compared with the un-
fertilised control. It is demonstrated that each of the
application options leads to an increase in all these
indicators. Reducing the planting density, i.e., greater
availability of substances, leads to a similar effect of
increasing the nutrient content of the crop.

The study by A. Panfilova and V. Gamayunova (2019)
demonstrated that the second fertilisation did not have
a significant effect on the growth of biomass and sugar
content compared to the single fertilisation. This can be
explained by the low absorption of substances, includ-
ing microelements, from the soil in the initial phase of
growth — up to 40-45 days of growth, before the first 10
leaves appear. However, as L. Kolaric et al. (2015) points
out, the crop is very sensitive to soil nutrient deficien-
cies during this period, especially in the period of 4-6
pairs of leaves, during the period of secondary cambium
establishment, so fertilisation is mandatory. Since most
of the nutrients were not absorbed from the soil, the
addition of the second portion of fertiliser did not sig-
nificantly affect the yield and sugar content. As shown
in the study, the weight of beetroot was significantly
lower in the control variant, so the lack of mineral fer-
tilisation may have played a limiting role in increasing
biomass. K. Biircky et al. (2018) present the results of
long-term studies of the extraction of nutrients from
the soil by sugar beet, which were conducted over 19
years. These studies demonstrate that the extraction of
trace elements such as nitrogen, potassium,and sulphur
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is gradually decreasing. The authors attribute this phe-
nomenon to the development of more optimised va-
rieties with high productivity and lower absorption of
trace elements from the soil. These studies emphasise
the importance of reviewing soil cultivation methods
and selecting fertilisation methods that are optimal for
a given natural zone and period.

One of the most important results of this study
is the identification of the cumulative effect of the
combination of complex fertiliser and micro fertiliser.
Many researchers have reached similar results when
cultivating sugar beet in different climatic conditions.
A. Salarian and A. Salari (2021) in their study demon-
strated that the use of micro fertilisers together with
fertilisers containing trace elements significantly in-
creases the sugar content in sugar beet roots, especially
when it is accompanied by a decrease in nitrogen in
fertilisers. They managed to achieve a sugar content of
19.16-20.01% when combined with micro fertilisers.
The main elements that influenced the sugar content
were iron, zinc, manganese, and magnesium. These el-
ements are also present in the Quantum preparation
used in this study. M.Z. Aghdam and R. Valilue (2023)
studied the effect of the interaction of micro fertilisers
containing iron, zinc, and boron on the technological
parameters of sugar syrup obtained from beetroot. The
maximum growth of root crops and the purity of raw
syrup were obtained with the combined use of Zn, B, ..
O.V. Pismennyi (2012) studied the effect of micro fer-
tilisers in different concentrations on yield and sugar
content and demonstrated an increase in yield by 17 -
94% when applying different types and concentra-
tions of micro fertilisers. It should be noted that in this
study, even higher yields were achieved by applying a
combination of fertilisers at medium doses of macro
fertilisers and the lowest doses of micronutrients rec-
ommended by the manufacturer. Thus, numerous stud-
ies by Ukrainian and international colleagues point to
the need to use mineral fertilisers, with due regard to
climatic conditions and soil agrochemical parameters.
With a competent and planned approach to cultivation
and the use of reasonable combinations of different
types of mineral fertilisers, it is possible to achieve a
crop with high technological indicators and reduce eco-
nomic costs. Further research should be aimed at stud-
ying the effect of the proposed fertiliser combinations
on other technological indicators of sugar beet, such
as juice purity, sugar extraction, and concentration of
reducing substances. It is also advisable to analyse the
effect of different concentrations and combinations of
micro fertilisers to increase yield and sugar content.

CONCLUSIONS

The influence of different fertilisation regimes on the
yield, and accumulation of sugars and proteins in the
roots of sugar beet of the Alexandria hybrid was stud-
ied. The data obtained confirm the need for mineral
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fertilisers in the cultivation of beet to realise the growth
potential of the variety. The most effective for increas-
ing biomass growth was the application of a combina-
tion of complex mineral fertiliser containing nitrogen,
sodium, and phosphorus in combination with micro
fertiliser Quantum: the biomass growth compared to
the untreated control was 120.8+8.5-143.0£14.3%, de-
pending on the amount and frequency of fertilisation.
The difference between the concentrations of fertilisers
N,,oPsoK, g0 @and N, P, K., was more pronounced at a
single application (about 20%), with repeated applica-
tion it was reduced to 10%, so the concentration in the
soil reached a certain saturation, and further increase
in fertilisers did not affect the biomass growth.

The combined fertiliser application also had the best
effect on the sugar content of beetroot, the increase in
soluble sugars ranged from 4.23#0.6 to 5.3#0.45% under
different combined fertiliser application schemes and
reached the maximum values for this hybrid, about 20%.
Increasing the concentration of fertilisers when used

combined fertilisers containing nitrogen, potassium,
and phosphorus. The addition of mineral micronutrient
fertilisers did not make a significant contribution to the
increase in this indicator. Probably, these macronutri-
ents are the main limiting components for protein syn-
thesis. Thus, the increase in biomass observed in the
experiment was mainly due to the accumulation of car-
bohydrates in plants.

Based on the study, it can be concluded that it is
advisable to use a combination of fertilisers containing
macro- and microelements. From the point of view of
improving the commercially valuable qualities of sugar
beet, this is more appropriate than repeated process-
ing. Implementation of the proposed measures can re-
duce fertiliser costs and allow for achieving high yields
and sugar content. Further research should be aimed
at deepening the influence of micro fertilisers on the
yield, sugar content, and other technological parame-
ters of sugar beet.

separately, as well as the frequency of their application, ACKNOWLEDGEMENTS
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AHortauis. LlykpoBuit 6ypsik € OAHI€I 3 CiNbCbKOrOCNOAAPCHKUX KYNbTYP 3 BUCOKOK MPOMMUCIOBOK 3HAYYLLICTHO,
CKOPOYEHHS NAowW, MOro nocieiB B YKpaiHi OCTaHHIMM pPOKaMM aKTyaNi3ye pO3BUTOK TEXHOMOTiA NiABULLEHHS
BPOXAMHOCTI Ta TEXHOMOFIYHMX MOKA3HMKIB KynbTypu. MeTo poboTu 6yno [OCHiAXKEHHS Pi3HUX peXUMIB
BHECEHHSI MiHepanbHWUX A0OPUB Ha YPOXaWMHICTb, BMICT PO3YMHHMX LYKpiB Ta 6inkiB y LyKpoBoMmy OypsKy.
MonboBe fOCNigXKeHHS NpoBeaeHe B nepiof KBiTHsA-BepecHsa 2023 poky. [MepeanociBHa 06pobka npoBoamnach
3 BUKOPUCTAHHAM ribpuay ypoXKaiHO-LYyKpUCTOro HanpsMKy OnekcaHAapia WASXoM rnMBOoKoi opaHKK rnBUHOL
no 30 cm, winbHicTb BUciBy cTaHoBuna 100 tuc/ra. Cxema ypobpeHHs nepepnbavana BHeCeHHs KOMOiHauii
KOMM/IEKCHWUX J06pWB Y OAHIM 3 ABOX KOHueHTpauin: N, P, . K, —~a6o N, P, K . Ta ctumynaropy pocty Ha
OCHOBI aMiHOKMCIOT Ta MikpoeneMeHTiB KBaHTyM. BHeceHHs BinbyBanocb okpeMo abo B koMbiHaLii, KpaTHICTb
yA0OpEHHS — OHO- UM BOKPATHA. [1pOAEMOHCTPOBAHO, L0 HaMbiNbL BUPAKEHUI NO3UTUBHUIA edDeKT Ha NpUpicT
6ioMacK Ta LyKpUCTOCTi Bypsika YMHUTb KOMBIHOBAHE 33aCTOCYBaHHS MiHepaNbHMX KOMBIHOBaHMM Makpopobpus
3 npenapatoM KeaHTyM. lpn KOMBIHOBAHOMY BapiaHTi BHECEHHS MpupicT HioMacu KopeHennody CTOCOBHO
KoHTponto cknaB 120.8+8.5 %-143.0+14.3 %; npupicT BMICTY PO3YMHHMUX LYKPiB — B Mexax Big 4.23*0.6 % no
5.3£0.45 %. Takox cnocTepiraBcs NPUpPICT B NOPIBHAHHI 3 BapiaHTaMM pO34iIbHOr0 BHECEHHS A0OPUB. 3HauyLLOi
Pi3HMLI MiX 4BOMA 3aCTOCOBAaHMMM KOHLEHTPaLisiMM 806 PUB, @ TAKOX NPU MOBTOPHOMY BHECEHHI OKpeMUX A06pUB
Ta iXHbOT KOMBiHaLiN, BUSBNEHO He 6yno. BMicT 6inkiB y nepepaxyHKy Ha cyxy Macy 36inbllyBaBCs B 3a/1€XKHOCTI
B, KOHLEHTpaLii Ta KpaTHOCTi BHECEHHS KOMMAEKCHUX A06puB. OTpUMaHi AaHi Wwopo npupocTy biomacu BMIcTy
LYKpPY, BKa3ytTb Ha AOLINbHICTb NiABULLEHHS 3a3HAYEHUX MOKA3HMKIB € 3aCTOCYBAHHS KOMBiHaLii MiHEepanbHUX
[Oo6pUB, WO MICTATb MAaKpPO- Ta MIKPOENEMEHTH, TOX LOLINbHO peKOMEHAYBATU NOAIOHMIA pexuM yaobpeHHs.
[laHi MOXyTb CTaTW OCHOBO AN pO3pOOKM pekoMeHaaL i AN BNPOBaAXXEHHS B MPOMMUC/IOBOMY BUPOLLYBAHHI
LyKpoBoro 6ypsky. MofibHi npuitoMM MatoTb EKOHOMIYHY LOLINIbHICTb, OCKiIbKM A,03BOSATL CKOPOTUTU KiNlbKiCTb
06pob0ok Ta po3xig Lo6pMBa AN OTPUMAHHS YPOXKato 3 BUCOKUMM MOKA3ZHUKAMM

KniouoBi cnoBa: MikpoeneMeHTU; MakpoeneMeHTH; CTUMYASTOP POCTY; arpOTEXHIYHI XapaKTepUCTUKK; NPUMOCiBHA
0bpobka

Scientific Horizons, 2023, Vol. 26, No. 11



https://orcid.org/0000-0002-6492-4558
https://orcid.org/0000-0002-6306-6934
https://orcid.org/0000-0001-6169-6978
https://orcid.org/0000-0003-0032-3996

SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(11), 145-154

UDC551.58:58.056
DOI: 10.48077/scihor11.2023.145

Assessment of the impact of climate change on crop production in Ukraine:
Adaptation mechanisms for mitigating the consequences

Maksym Martynyuk’

PhD in Economics, Head of the Department
National Scientific Centre “Institute of Agrarian Economics”
03127,10 Heroiiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0002-8660-2792

Article’s History: Abstract. Climate changes in modern conditions have a significant impact on the
Received: 27.06.2023 development of agriculture, which is associated with changes in natural conditions
Revised: 20.09.2023 in various territories, pollution of soils, air, water bodies and other components of the
Accepted: 25.10.2023 ecosphere. Such conditions make research on finding mechanisms that would allow

mitigating the negative consequences on the development of the country’s agriculture
relevant. Thus, the study aims to investigate the interaction between climate change
and the development of crop production in Ukraine. The main research methods used
in the study were analysis, abstraction, and forecasting. As part of the work, an analysis
of the trend in terms of climate change observed in Ukraine was carried out: the data
clearly showed a trend towards warming of average annual air temperatures, and a
decrease in average wind speed and precipitation. All this harms the development of
agriculture. The study showed what losses businesses can suffer due to the negative
impact of climate change, which can be reflected in both reduced fertility and financial
losses.Based on all the information,recommendations were formed for both enterprises
and representatives of state authorities, which will make it possible to adapt to such
climate changes more effectively. This work makes it possible to better understand
both the peculiarities of Ukraine’s development from an ecological and economic point
of view (in particular, its agricultural sector). In addition, it provides recommendations
that can be used by enterprises or government officials to reduce the negative impact
of environmental factors on agriculture

Keywords: pollution; aquatic resources; policy; macroeconomics; innovations

Suggested Citation:
Martynyuk, M. (2023). Assessment of the impact of climate change on crop production in Ukraine: Adaptation
mechanisms for mitigating the consequences. Scientific Horizons, 26(11),145-154.doi: 10.48077/scihor11.2023.145.

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

*Corresponding author


https://orcid.org/0009-0002-8660-2792

146

Assessment of the impact of climate change...

INTRODUCTION

In the current environment, climate change, which is
a temperature rise, change in climatic zones, melting
glaciers and other natural changes, is one of the most
important issues facing society. The negative impact of
climate change on humanity as a whole is a significant
and multifaceted phenomenon, causing serious threats
that are already being felt and will increase in the fu-
ture. They are leading to an increase in average annual
temperatures and heat waves, which can lead to an in-
crease in heatstroke and stress, especially in urbanised
areas. Increased temperatures also contribute to the
spread of diseases such as malaria and heart or lung
disease. In addition, climate change is leading to an un-
even distribution of precipitation, leaving some regions
prone to prolonged droughts that threaten the avail-
ability of water for drinking and agriculture. Other re-
gions may experience extensive flooding due to intense
rainfall. Similar negative effects arise for other reasons,
such as extreme weather events or rising sea levels.
All of this leads to problems in economic development
and food security, as such changes cause a decrease in
crop yields and a change in the distribution of plants.
In some regions, this can lead to food shortages, higher
food prices, difficulties with food distribution, or even
famine. Therefore, new ways of adapting agriculture to
such conditions and mitigating such negative impacts
on the development of this sector and companies re-
main relevant.

The assessment in this study was carried out on
the example of Ukraine, which has also been studied
by a significant number of scholars. Thus, the state of
the environment in Ukraine, and in particular its legal
regulation, was studied by 1.0. Sivak (2022). The scien-
tist described the current difficulties in the country in
this area and also noted the role of improving the le-
gal framework to increase the effectiveness of combat-
ing problems related to the state of the environment.
In the context of war, the state of the environment in
Ukraine was assessed by I.G. Patseva et al. (2023). They
described the difficulty of assessing the impact of hos-
tilities but noted their overall negative effect. Despite
this, the scientists did not formulate advice to reduce
this environmental impact. V. Skyba & K. Turyak (2023)
assessed changes in the agricultural sector of Ukraine
in the context of climate change. They noted that the
growing areas of some of the country’s main crops have
been displaced and called for the state and businesses
to be able to respond flexibly to climate change. How-
ever, the scientists did not specify any concrete steps
to do so. Opportunities for the agricultural sector in
terms of adaptation to climate change were explored
by LV.Moldavan (2023). The scientist described the role
of the country’s natural resource potential for agricul-
tural development and outlined methods of supporting
it in Ukraine in the face of climate change. However,
little attention was paid to the study of the negative
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impact of hostilities on this sector. O.P. Mysnyk (2022),
in turn, assessed the opportunities for the develop-
ment of the agricultural sector of Ukraine’s economy
in the period up to 2030, considering the concept of
sustainable development. The scientist described the
country’s significant potential in the agricultural sector
and described the opportunities for its development,
considering the basis of the concept of sustainable de-
velopment. However, he paid little attention to the
problems associated with the beginning of Russia’s
full-scale invasion of Ukraine and its impact on the en-
vironment and the agricultural sector. An econometric
analysis of the impact of climate change was con-
ducted by A. Skrypnyk et al. (2021). The study investi-
gated the dynamics of sown areas under export-ori-
ented crops in three agroclimatic zones of Ukraine and
analysed their yields depending on the territories and
climate change. O.H. Tarariko et al. (2017) also assessed
the capacity of the Ukrainian agro-industrial complex
to adapt to climate change based on climate change
projections. The researchers described the need to de-
velop effective methods of combating climate change
and provided some of them, which concerned both
changes in the context of technological processes of
companies (use of the latest technologies) and man-
agement decisions. Risk management issues related to
global climate change are highlighted in the study by
O.M. Nechyporenko (2020). In his work, the researcher
reveals the impact of climate change on the develop-
ment of the agricultural sector and the state of food
security in the country. At the same time, he analyses
existing climate risk management strategies and pro-
poses an algorithm for adapting to the climate crisis.

Thus, the study aims to assess the current state
of the environment in Ukraine and climate change, as
well as to investigate the interaction of these phenom-
ena with crop production indicators. This will allow for
more effective formulation of state policy in this area,
and thus increase the efficiency of agriculture.

MATERIALS AND METHODS

The study analysed statistical data on average air tem-
perature, precipitation, and wind speed in the period
from 2010 to 2023. The study aimed to investigate the
impact of climate on the development of crop produc-
tion in Ukraine as a whole. The average monthly data
for these indicators were used for the calculation, and
subsequently, annual averages were calculated on this
basis. This was done using the formula below (1):

C = (C2+C3+"'Ci;)+((51+cl3) , (1)

where: C - average annual value; ¢, c,, ... ¢, - the re-
spective monthly averages for each month.
In Formula 1, given that the period for which the

value was formed was even, 13 observations were used,




but the value for months 1 and 13 was calculated as
a single value (their half-sum was used). By plotting a
series of values using the formula above, it becomes
possible to build a trend line for them and draw a con-
clusion about the decrease or increase in average an-
nual air temperatures over time.

This study used information on the average air
temperature (°C), maximum air temperature (in degrees
Celsius), minimum air temperature (°C), average wind
speed (m/s) and precipitation (mm).The indicators were
analysed monthly, which was used to create graphs
describing trends in the context of climate change in
Ukraine. The period was chosen between 2010 and
2023.All subsequent plots and calculations were made
using Microsoft Excel.

The approach used in the study was systematic. It
was used to analyse the main factors influencing the
development of agriculture in Ukraine (both from the
economic and other points of view) by placing them
within separate systems where they interact with each
other and influence each other. This provided an oppor-
tunity to improve the effectiveness of the assessment
of factors and their impact on the object of study. The
main research method used in this study was analysis.
It allowed us to formulate certain conclusions about
the mechanisms of adaptation to climate change and
mitigation of its effects on Ukrainian agriculture based
on quantitative and qualitative data available from free
sources of information. The historical method was also
used, which allowed us to evaluate the data in terms of
their historical change, in retrospect. The method of ab-
straction was also used, which made it possible to lim-
it the influence of factors on the object of research in
case the effect of such a factor was insignificant. This, in
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particular, made it possible to increase the accuracy of
the study. Forecasting was used to assess the prospects
for the development of Ukraine and its agriculture in the
face of active climate change. In addition, statistical re-
search methods were used to analyse quantitative data.

RESULTS

In general, the following typical signs of climate
change can be identified: an increase in the average
annual temperature, changes in precipitation patterns
(some regions are experiencing decreased precipita-
tion, leading to drought conditions, while other regions
may experience more intense rains, leading to floods
and flooding), shifts in seasons (summers start rela-
tively later and are prolonged; winters are becoming
warmer, with less snowfall) Given this, climate change
in Ukraine has become a serious challenge and requires
attention and measures to adapt to new conditions. In
particular, it leads to environmental pollution, which is
a serious problem in Ukraine as a whole, much of which
includes air, water, and soil pollution. Air pollution is
caused by emissions from industrial plants, vehicles,
and other sources, and hurts air quality, public health,
agriculture and ecosystems. Water pollution, mainly
from wastewater and chemical discharges, also threat-
ens water resources and aquatic ecosystems. Soil pol-
lution, in particular from pesticide residues and chem-
ical fertilisers, can affect soil fertility and the safety of
agricultural products. As shown later in the paper, pro-
longed droughts remain the most pressing of these for
Ukraine. To assess climate change trends in Ukraine, it
is worth considering the data that characterise it. The
trends in average, maximum and minimum air temper-
atures are analysed in Figures 1-3.
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Figure 1. Data on average annual air temperatures in Ukraine for the period from August 2010 to February 2023, °C
Note: here and in all the figures below, the calculation of annual averages for the graphs is based on the data shown in
Materials and Methods and the methodology described in the section
Source: compiled by the author based on Meteorological station Weather statistics. Climatic data by year and month (2023)
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Figure 2. Data on average annual maximum air temperatures in Ukraine
for the period from August 2010 to February 2023, °C
Source: compiled by the author based on Meteorological station Weather statistics. Climatic data by year and month (2023)
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Figure 3. Data on average annual minimum air temperatures in Ukraine
for the period from August 2010 to February 2023, °C
Source: compiled by the author based on Meteorological station Weather statistics. Climatic data by year and month (2023)

As can be seen from Figures 1-3, the average an-
nual air temperature in Ukraine is generally increas-
ing. Although the situation may vary from month to
month and year to year (some periods may be colder
or warmer), the construction of trend lines allows us
to see the warming trend in recent years (in particular
in Figures 1 and 3; Figure 2 shows a slight decrease
in maximum temperatures, but it does not change the
overall upward trend). It is worth noting that such an
increase in air temperature, even if it does not seem
high, can significantly complicate the process of grow-
ing agricultural products. For example, the increase
in maximum temperatures means that the country as
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a whole is experiencing warmer winters, which can
be dangerous for plants. For example, between 2019
and 2020, the average annual temperature increased
by 0.3°C (3%), and at the same time, there was a de-
cline in gross receipts of agricultural companies by an
average of about 10%. In particular, due to the warm,
snowless winter of 2020, Ukraine lost 568.2 thou-
sand ha of winter crops (37% less than last year) and
millions of dollars in exports (Buono, 2021; Lazareva,
2021; Nalau & Verrall, 2021).

Sunflower yields in the Kherson region dropped
from 2 tonnes per hectare to less than one that year,
with corn crops also suffering significantly. In the Odesa




region alone, losses of UAH 6.5 billion were recorded.
The following year, the situation was different: while
the average temperature dropped by 22% (1.8°C), gross
harvest volumes increased by 22.6%. In general, due to
the very hot year of 2020, which set a significant num-
ber of temperature records, 570 thousand ha were lost
in Ukraine due to prolonged droughts and unusually

2.8
2.7
2.6
25
2.4
23
2.2
21
2.0
1.9
1.8
1.7

01.08.2010
1.08.2014

01.02.2011
01.02.2014

01.08.2011
01.02.2012
01.08.2012
01.02.2013
01.08.2013
0

01.02.2015
01.08.2015
01.02.2016
01.08.2016

Martynyuk

severe spring frosts (Ukraine may not..., 2021). Thus,
there is a possibility of a situation where, in the face
of a cold winter, planted crops will begin to germinate
earlier than necessary, which will complicate their de-
velopment and may lead to a loss of the crop in general.
Figures 4 and 5 provide information in terms of average
wind speed and precipitation.
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Figure 4. Data on the average annual wind speed in Ukraine from August 2010 to February 2023, m/s
Source: compiled by the author based on Meteorological station Weather statistics. Climatic data by year and month (2023)
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Figure 5. Data on the average annual precipitation in Ukraine in the period from August 2010 to February 2023, mm
Source: compiled by the author based on Meteorological station Weather statistics. Climatic data by year and month (2023)

As can be seen from Figures 4 and 5, both average
annual precipitation and wind speed data in Ukraine
have decreased over the selected period. In the con-
text of agricultural development, this also hurts the
industry, as it reduces the natural ventilation of fields

and affects seed dispersal and pollination; when con-
sidering precipitation data, the decline in precipita-
tion indicates a need for increased manual watering
of plants, which can also complicate the process of
growing them.
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Thus,gradual climate change around the world, and
in Ukraine in particular, is causing significant problems
in terms of doing business in the agricultural sector. For
example, over the past 20 years, climate change-related
natural disasters have caused more than $2 billion in
losses in Ukraine’s agricultural sector, which has compli-
cated business operations (Climate Change and..., 2021).
As can be seen from the Figures above, there are clear
changes in Ukraine, even over short periods, in terms
of weather changes over time. However, their interac-
tion with data on company performance is not always
obvious. Considering the interaction in terms of collec-
tion volumes and precipitation, in 2020, compared to
2019, precipitation increased by 11.8%, while in 2021,
compared to the previous year, it decreased by 8%. This
is not surprising, as Ukraine is indeed facing an annual
rainfall deficit of 578 mm, while sustainable agriculture
requires at least 700 mm. Over the past five years, the
average annual rainfall has been around 553 mm, and
in recent years it has dropped to 557 mm. This lack of
precipitation combined with increased evaporation due
to rising temperatures requires intensive irrigation. The
cost of irrigation for farmers has increased by about 25%,
adding to the difficulties of growing crops (Climate and
Agriculture..., 2021). The drought in spring and summer
resulted in losses that included 200 thousand ha of corn
and slightly lower yields of other crops across the coun-
try (Ukraine may not..., 2021). Grain harvest volumes
in 2021 decreased significantly in Ukraine due to the
drought. Nevertheless, due to the increase in prices for
this product on the international market, companies in
the sector were able to make excessive profits this year.
Experts estimate that a continuation of this trend of
decreasing precipitation may lead to the need to ac-
tively irrigate about 70% of agricultural land in Ukraine,
which is 30% more than now (Dankevich 2020). This
will lead to a significant increase in the cost of growing
crops, and thus negatively affect the country’s position
in the international arena.

As for the net income of enterprises, in 2020 and
2021, they grew by 2% and 16%, respectively, adjusted
for inflation. Thus, despite the weather conditions, agri-
cultural companies were able to increase their profits.
This suggests that for agricultural companies in Ukraine,
company revenues are much more strongly influenced
by factors other than weather conditions, such as the
price of inputs, which increased significantly during the
COVID-19 crisis, which led to an increase in net income.
In turn, in 2022, despite the natural conditions, com-
panies’ revenues decreased by 34% in real terms com-
pared to 2021 due to the start of the full-scale invasion.
Although there are currently factors in the country that
are much more influential on the welfare of agriculture
than natural disasters, they must also be considered to
reduce their negative impact in the long term. If similar
declines in the revenues of agricultural companies con-
tinue in the future, it is possible to expect a significant
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negative social and economic impact on the country. In
particular, this will affect the state budget, given that
the tax revenues of companies exceed the losses asso-
ciated with their support. Such a reduction in budget
revenues could have a significant negative impact on
the budget, especially in the context of a significant
budget deficit during the war.

Thus, various methods can be proposed to facilitate
the process of adaptation of the agricultural sector to
climate change. One of them is investing in and devel-
oping new crop varieties that will be able to withstand
climate change or be more adapted to it, and not be
so negatively affected by it (Reid, 2019; Ovcharenko
et al., 2022). In addition, the implementation of sus-
tainable land management practices is effective, for
example, crop rotation, conservation tillage (Olabi &
Abdelkareem, 2022). These methods help to improve
soil health, reduce erosion, and thus increase the re-
silience of agricultural systems to climate change. The
transition of farms to renewable energy sources is also
effective. This will help reduce greenhouse gas emis-
sions, which will improve natural development in the
long term, and the energy generated from wind or solar
power can also power irrigation systems and other ag-
ricultural machinery. It is also important to invest in ef-
ficient water management methods, which may include
rainwater harvesting and use technologies, as well as
water-efficient irrigation systems. This is especially im-
portant for growing crops in the face of rainfall varia-
bility,and in particular, the identification of a downward
trend in rainfall (Heil & Muni-Morgan, 2021). For all of
the above methods to be used, the state should pursue
appropriate policies aimed at raising awareness among
farmers, businesses, and the public about the chal-
lenges posed by climate change and the importance of
taking the measures described above. However, at the
moment, the introduction of any new technology that
can ensure efficient irrigation of land can cost several
billion dollars of investment, which is a very large sum
for Ukraine, and it seems impossible to attract such
funds in the framework of a full-scale invasion.

So far, only methods that can be used by farmers
to improve the situation in agricultural development in
Ukraine concerning climate change have been consid-
ered. However, this problem should also be addressed
at the level of advisory services. Thus, the state should
implement policies aimed at increasing the resilience
of the agricultural sector to climate change. Such ac-
tions should be well coordinated at different levels of
government, from local to national and international.
This requires establishing institutions and financing
mechanisms to support agricultural adaptation to cli-
mate change, which may not be easy, particularly in the
context of Russia’s full-scale invasion of Ukraine. It is
important not only to engage with government offi-
cials at the national and regional levels, but also on the
international stage, in particular, to share experiences,




technologies, or theoretical knowledge on how to re-
duce the negative impact of climate change on the
country.

DISCUSSION

Current assessments of the impact of climate and en-
vironmental change on various areas have estimated
K.Abbass et al. (2022). They noted the significant impacts
of climate change on socio-agricultural, socio-eco-
nomic,and physical systems, emphasising the potential
for catastrophic consequences. They highlighted issues
such as worsening food security, including higher food
prices and inadequate food distribution systems, as
well as a range of challenges related to forest develop-
ment. They suggest some policy actions to reduce these
impacts, particularly in the agricultural sector. Thus, it
would be effective to consider seasonal variations and
cultivation methods, develop new crop varieties with
desirable properties, introduce changes in management
and inputs, and promote technological and socio-eco-
nomic adaptation. The use of renewable energy sources
would also be effective, as well as raising awareness
of these issues among businesses and the public. It is
worth noting that the paper above also made similar
recommendations on how to improve the efficiency of
agricultural development in Ukraine.

The importance of confronting climate change was
also stated by S.Khalid et al. (2017). The scientists wrote
that the review of global climate trends conducted in
their paper showed significant risks and vulnerabilities
associated with climate change to the environment.
They drew attention to the indebtedness, urgency and
severity of these impacts, as well as the importance of
the resources affected, underscoring the importance
of ongoing scientific research. The importance of un-
derstanding the role of the processes that influence
weather and climate change was also explored by
J.Ringard et al. (2022). They emphasised the importance
of understanding the physical processes behind changes
in the environment, especially during the summer sea-
son, and discussed the relevance of studying them to
find more effective methods to counteract them.

AM. York et al. (2021) discussed climate change
as a multi-level collective action issue, emphasising
the need for a comprehensive understanding of deci-
sion-making processes at different levels of society. They
noted that an effect such as climate change requires
a response at all levels, from individuals to global or-
ganisations. Each level can influence climate change
actions and policies. In modern conditions, despite the
importance of addressing climate change, insufficient
measures are often taken, both by businesses or so-
ciety and the state. D. Alagador & J.0. Cerdeira (2020)
examined in their study the problems associated with
planning protected areas to optimise species resilience
in a dynamic environment, i.e., one in which climate
change is occurring and budgetary constraints exist. In
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particular, the scientists identified the role of technolo-
gy in this process and noted its importance in creating
opportunities for quality development in the country to
improve the environmental situation.

The impact of climate change on agriculture and
mitigation strategies was studied by G.S. Malhi et al.
(2021). They noted that the growth of the world’s pop-
ulation puts significant pressure on agriculture, which
is also constantly growing. Although it is unclear how
the climate will change in the future, the current course
of climate change is harming agriculture. To overcome
these challenges, numerous mitigation and adapta-
tion strategies have been developed, covering various
strategies related to the methods of processing agri-
cultural products, the use of certain inputs for their
growth. However, it is important to interact to combat
climate change not only at the micro but also at the
macro level. Thus, government officials should ensure
planning and coordination at the regional and local
levels to maximise the effectiveness of these strategies.
Such measures should increase farmers’ incomes and
increase (or maintain) the resilience of agriculture to
similarly severe disasters, and thus have a positive im-
pact on agricultural development and food security in
the long run.S. Skendzic et al. (2021) wrote that climate
change has a significant impact on agricultural plants.
They analysed how changes in the weather affect insect
pests (scientists noted that their number has increased
significantly due to climate change, which has led to
the need to find new opportunities to combat them.
They also pointed out that although it is not known for
certain how the changes in the situation will develop in
terms of the environment, it is clear that farmers need
to prepare for them.

J.P.Aryal et al. (2020), adaptation to climate change
is crucial for agricultural sustainability. Successful ad-
aptation in agriculture requires a combination of strat-
egies, including the adoption of different technolo-
gies, sustainable land management practices, and the
establishment of enabling policies and institutional
frameworks. Therefore, as noted by scientists, institu-
tional development and adequate financing are crucial
for agriculture to successfully face climate challenges.
A.A. Chandio et al. (2020) conducted an empirical study
that focused on assessing the impact of agricultural pro-
duction in China from 1982 to 2014. As China’s pop-
ulation is growing, addressing the adverse effects of
climate change on agriculture is crucial for food secu-
rity; and while this is a critical topic for this country, it
is also relevant for other countries. The main findings
of the study showed that climate change, in particu-
lar factors such as CO, emissions, cereal area, fertiliser
consumption and energy consumption, have a positive
impact on agricultural value added. Conversely, rising
temperatures or changes in precipitation have a nega-
tive long-term impact but a positive short-term impact
on agricultural value added. Based on these findings,
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the researchers recommend that the Chinese govern-
ment take specific measures to overcome these chal-
lenges.Actions to this end may include the introduction
of accurate weather forecasting, improved irrigation
systems, and the modernisation of farmland infrastruc-
ture to adapt to climate change. A similar study was
conducted by N.T.L. Huong et al. (2019). The research-
ers used empirical data from Vietnam to estimate the
impact of certain climate changes (including temper-
ature and precipitation) on farmers’ net income. The
study found that the impact of these climate variables
on net income is non-linear; in this case, it is still pos-
sible to find a solution that will maximise efficiency.
The researchers noted that adaptation measures are
important to mitigate the negative effects of climate
change on agriculture. Farmers who adopt adaptation
strategies will take risks in their agricultural practices
and therefore achieve better results in their operations.
The study above also concluded that farmers, and agri-
cultural enterprises, can significantly improve their per-
formance in the face of climate change if they use them.

Thus, Ukraine needs to apply methods that would
reduce the impact of climate change on the develop-
ment of agriculture in the country. However, it is worth
remembering that such results can only be achieved if
there is effective cooperation between the state, busi-
nesses, and citizens, especially in wartime. Therefore,
first and foremost, the authorities should formulate a
policy that would effectively meet the needs of all com-
ponents of the country’s population and achieve signifi-
cant progress in meeting their needs.

CONCLUSIONS

companies in Ukraine. Climate change-related natural
disasters have caused more than $2 billion in losses in
the agricultural sector over the past two decades, com-
plicating business processes. Unpredictable weather
conditions, such as droughts and temperature fluctua-
tions, can have a significant impact on crop yields and
subsequently on farmers’ incomes. The study showed
that agricultural enterprises lost millions of dollars in
profits due to drought due to reduced fertility of crops
such as corn, wheat: in 2020 alone, 200 thousand ha
and 568.2 ha of these crops were lost, respectively,
which is a huge loss.

While the impact of climate change on agriculture is
clear, other factors such as resource prices and political
instability also affect agricultural revenues. In 2020 and
2021, agricultural companies managed to increase their
profits despite the weather conditions, but in 2022, the
onset of the full-scale invasion led to a significant de-
cline in company revenues, highlighting the sector’s vul-
nerability to external shocks. In the long term, adaptation
to climate change through investment and development
of climate-resistant crop varieties, implementation of
sustainable land management, water management is
crucial for the sustainability of crop production.

Further research is needed to assess the impact of
climate change on other sectors of the Ukrainian econ-
omy, not just agriculture. In addition, it is important
to find ways to combat the negative impact of these
changes using all possible methods. In addition, it is
important to conduct research in the context of assess-
ing foreign experience in this area and finding oppor-
tunities to use it in Ukraine.

Climate change has a significant impact on Ukraine, es- ACKNOWLEDGEMENTS
pecially in crop production. It is causing changesintem-  None.
perature, precipitation patterns and wind speed, which
affects crop yields. Data shows a clear link between CONFLICT OF INTEREST
weather changes and the performance of agricultural  None.
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AHoTauifl. 3MiHM KNiMaTy B Cy4aCHWX YMOBAX YMHATb 3HAYHMI BNIMB HA PO3BUTOK CiSIbCbKOMO rOCMOAapCTBa, WO
MOB'A3aHO i3 3MiHaMW NPUPOAHIX YMOB Ha Pi3HUX TepUTOPiaX, 3aOPyAHEHHAM I'PYHTIB, MOBITPS, BOLOMM Ta iHLWMX
cknapoBux ekocdhepu. MonibHi yMOBM pobnsaTh aKTyanbHUMM [OCAILKEHHS 3 NMPUBOAY 3HAXOAXKEHHS MEXaHI3MiB, LU0
[03BONIMAM © NOMAKWMTM HEraTUBHI HACNIAKM HA PO3BMTOK CiNIbCbKOrO roCcnoAapcTBa KpaiH. TakuM YMHOM, Linnto
[AHOr0 AO0CNIAKEHHS CTano AOCNIAMTM B3AEMOAIID MiX 3MIHOK KNiMaTy Ta PO3BUTKOM POCAMHHMLTBA B YKpaiHi.
OCHOBHMMUM MeToLaMW AOCNILKEHHS, Wo Oynn BUKOPUCTaHI B paMkax pobOoTu, CTanu aHanis, abctparyBaHHa Ta
NpOrHo3yBaHHs. B pamMkax poboTu 6yno npoBefeHo aHani3 TeHAEHLiT Y po3pi3i 3MiHKM KNiMaTy, Lo CNOCTepiraTbca B
YKpaiHi: AaHi YiTKO NOKa3anu TEHAEHLIIO A0 NOTEMNIHHA CEpefHiX piYHMX TeMMepaTyp NOBITPS, SHUKEHHS CEPEAHbOI
LUBMAKOCTI BiTPY Ta KiNbKOCTi onaais. Yce e CNPUYMHAE HEraTUBHMIA BNAMB HA PO3BUTOK CibCbKOMO rocnoaapcTso.
B nmocnigxeHHi 6yno nokasaHo, SKMX BTpaT MOXyYTb 3a3HaTW MiANPUMEMCTBA Y 3BA3KY i3 HEraTMBHUM BM/MBOM
3MiH K/iMaTy, WO MOXYTb BiA0OPaXaTnCs K 3i 3HMXKEHHAM POLKYOCTI, TaK i PiHaHCOBMMM BTpaTaMu. Ha OCHOBI
yciei iHdbopMauii 6yno chopmMoBaHO pekoMeHaaLii, K Ang NiANPUEMCTB, TaK | NMPeACTaBHMKIB AEepPXXaBHOI BNaaM,
Wo AaayTb 3Mory 6inbw edeKkTMBHO MPUCTOCYBATUCSA A0 MOAIGHMX 3MiH KnimaTy. laHa poboTa [03BONSE Kpalle
3pO3yMiTH K 0COBAMBOCTI PO3BMTKY YKpaiHM 3 €KONOFiYHOi TOUKM 30pY, Tak i eKOHOMIYHOI (30KpeMa ii cekTopy
cinbcbkoro rocnopapctsa). KpiM Toro, BOHa Hafa€e pekoMeHAaLii, Wo MoXyTb OyTM BMKOPWUCTaHI NignpUeEMCTBaMU
YM NpencTaBHUMKAMW BNaguM AN 3HWXKEHHS HEraTUBHOMO BM/IMBY Ha CilbCbKe rOCNOAApCTBO 3 BOKY eKOoMorivHmX
YMHHWMKIB
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analysis of diversified trends in agriculture emphasises the key role of this sector in the socio-economic progress
of the country. Despite the variability, the growth in the share of agricultural land and rural population indicates
the still high importance of agriculture. However, the decline in value added in the agricultural, forestry and
fisheries sectors, as well as the low growth rate of cereal yields, reflects the current challenges in this area.
Rising unemployment rates, as well as changes in exports and inflation rates, point to difficulties in the socio-
economic environment. In this light, the prospects for agricultural development as a key agent in improving the
socio-economic situation are particularly important. Effective resource management, productivity improvement,
job generation, product promotion and expansion of production are all important areas for future development. A
strategic approach to agricultural development requires the implementation of complementary measures such as
public financial support, mobilisation of investment, use of evaluation ratings and improved public policies. The
findings of the study can be used to adapt public policies and programmes in the agricultural sector, as well as to

identify priority areas for investment and resources for sustainable economic development

Keywords: natural resources; food security; economic growth; societal progress; sustainability

INTRODUCTION

Agriculture in Uzbekistan remains an important compo-
nent of the country’s socio-economic development, as it
provides not only food security but also high levels of
employment, especially in rural areas. Improvements in
agriculture contribute to infrastructure development, in-
crease rural incomes, reduce poverty, and expand oppor-
tunities for agricultural exports, which helps to attract
investment and support sustainable economic growth
in Uzbekistan. Therefore, the development of this sector
remains an urgent task for the country and is of great
importance for its future socio-economic development.

According to R. Khakimov et al. (2022), sustainable
agricultural development has an impact on many areas,
including the economy, employment, social equity, and
quality of life. The rural population plays an important
role in shaping the social structure, and the develop-
ment of rural areas contributes to the improvement of
infrastructure and access to education and health ser-
vices. From the point of view of D. Niyazmetov et al.
(2021), agricultural development contributes to the
distribution of land resources, labour opportunities and
income among different segments of the population.
This is particularly important for improving the lives of
women and youth, strengthening their participation in
the rural economy, and ensuring equal chances for all.

Sh.Y. Salimov (2018) argues that agriculture is one
of the main sources of employment in many developing
countries. The development of the agricultural sector
leads to the creation of jobs in rural areas, which helps
to reduce unemployment and provide people with in-
come opportunities. This contributes to a more even
economic development of the country. According to
K.Ruziev (2021), considering global challenges such as
climate change and demographic change, agricultural
development becomes an integral part of sustaina-
ble development strategies. Agricultural development
contributes to the creation of equal opportunities for
different segments of the population, ensures food
security and forms the basis for stable economic de-
velopment of the country. In this context, Uzbekistan,
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with its rich agricultural potential and unique natural
resources, is an important object of study. Agriculture,
as one of the key sectors of the country’s economy, not
only provides food security and a raw material base but
also has a significant impact on the social well-being
of the population.

A. llkhamov (2013) believes that agriculture in
Uzbekistan plays a critical role in the country’s econ-
omy, as the majority of the population is engaged in
rural labour, and the agricultural sector is one of the
main sources of income and exports. The development
of this sector is aimed at improving productivity, intro-
ducing modern technologies, and improving the qual-
ity of agricultural products. J.J. Robalino and J. Bathe
(2022) argue that sustainable agricultural development
in Uzbekistan also has a direct impact on economic
growth and living standards. Infrastructure develop-
ment, job creation in rural areas and increased incomes
complement the country’s societal progress.

Agriculture provides food security, creates jobs for
many citizens and is a key source of export earnings.
With this in mind, it is particularly relevant to analyse
the impact of this sector on the socio-economic devel-
opment of Uzbekistan. A scientific analysis of this rela-
tionship will help identify success factors and determine
ways to optimise agricultural development, contribut-
ing to the formation of a sustainable and prosperous
socio-economic outlook for Uzbekistan. In this regard,
the study of the relationship between the development
of agriculture and the socio-economic perspective of
Uzbekistan becomes an object of significant scientific
study, revealing new perspectives in understanding the
dynamics of economic growth, living standards of the
population and social progress. This study on the role
of agriculture in shaping the prospects of socio-eco-
nomic development of Uzbekistan acquires special sig-
nificance for the formation of strategic decisions and
national policies aimed at sustainable development.

Therefore, the research aims to analyse and as-
sess the contribution of agriculture to the overall




socio-economic development of Uzbekistan, as well as
to identify its potential and role in creating a sustaina-
ble and prosperous country.

MATERIALS AND METHODS

In the course of the study, practical recommendations,
and scientific and methodological provisions for deter-
mining the real state of agriculture and its impact on
the formation of prospects for the socio-economic de-
velopment of Uzbekistan were used to achieve the set
objectives. The informative component of the research
was monographic and periodic literature, as well as the
Decree of the President of the Republic of Uzbekistan
No. P-K-4653 (2020).

The study used the method of comparison to make
an analytical comparison of various aspects of agricul-
ture and their impact on the prospects of socio-eco-
nomic development. In addition, an abstract logical
method was applied, aimed at a deep understanding of
the role of agriculture in the context of the socio-eco-
nomic development of Uzbekistan. This method was
used to analyse complex interrelationships, identify
patterns, and formulate assumptions about the impact
of the agricultural sector on the country’s development
processes. In addition, a set of special and general sci-
entific groups of methods was used, namely:

- induction and deduction (for a more complete
analysis and study of agricultural development and its
impact on the socio-economic perspective of Uzbekistan);

- analyses (to evaluate the collected information,
draw conclusions, provide recommendations, and de-
termine the prospects for further research);

- statistical methods (to quantify the data obtained);

- synthesis (to combine the acquired knowledge
into a coherent whole).

As part of the study of Uzbekistan’s socio-economic
development, gross domestic product (GDP), exports, im-
ports, inflation, unemployment, and GDP per capita were
analysed. It also examined the characteristics of the agri-
cultural sector in Uzbekistan, including the share of agri-
cultural area, the share of rural population, value added
of agriculture, forestry and fisheries, and grain yields.

The method of conceptual analysis was used to jus-
tify the direction of improvement of socio-economic de-
velopment of Uzbekistan, and the integrative approach
identified the main measures to improve the function-
ing of agriculture. The study also used SWOT-analysis to
identify the strengths, weaknesses, opportunities, and
threats of the agricultural sector of Uzbekistan. This
gave a more complete picture of the current state and
prospects of agricultural development. Based on the
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analysis of statistical data, a correlation and regression
analysis were conducted to establish a multifactor re-
gression relationship between the socio-economic de-
velopment of Uzbekistan and the state of agriculture in
general for the period 2013-2022. This analysis aims to
characterise and identify the relationship between the
socio-economic indicators of the country and the state
of the agricultural sector of the economy.

The analysis of regression models will reveal which
of the above factors have a significant impact on the
socio-economic development of Uzbekistan. The se-
lection of these parameters assumes that they play a
key role in shaping and influencing the socio-economic
development of Uzbekistan through important aspects
of agriculture. Each of the selected parameters is con-
sidered as an important factor influencing economic,
social and food aspects of the country.

RESULTS

Uzbekistan’s agriculture has enormous prospects and
potential that should be maximally utilised. To success-
fully realise this goal, the strategy of long-term devel-
opment of the national economy should be oriented
towards anticipating and adequately responding to the
global challenges that the country will undoubtedly
face in the future. This will not only ensure food secu-
rity within the country but will also play an important
role in guaranteeing food security in the global arena.
Based on the potential of agriculture, Uzbekistan can
become a significant participant in the global dynamics
of food resource distribution. With the right develop-
ment strategy, the agricultural sector will become one
of the key players in this process, proving itself to be
quite competitive.

The analysis of socio-economic indicators in the
agricultural sector of Uzbekistan for the period from
2013 to 2022 reveals multidirectional trends. The share
of agricultural land varies from 58.1% to 60%, with a
slight decrease of 1.4%. The share of the rural popu-
lation increased from 49.1% to 49.6% with a growth
rate of 1.1%. The value added of agriculture, forestry
and fisheries first increases to 29.3% in 2015 and then
declines to 25% in 2021, with a growth rate of 10.2%.
The value of this value also falls from 20.34 billion USD
in 2013 to 16.06 billion USD in 2022, with a growth
rate of -14.9%. Cereal yields fell from 4.8 tonnes/ha
in 2013 to 4.1 tonnes/ha in 2018, then started to rise,
reaching 4.9 tonnes/ha in 2022, with a growth rate of
-14.9%.These indicators reflect the diverse dynamics of
agricultural development in the country, including both
positive and negative changes in key aspects (Table 1).

Table 1. Trends in the development of the agricultural sector in Uzbekistan

Value 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 oV
share of agriculturalland— gg9 5 531 531 581 5814 581 586 593 596 1012

(% of total area)
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Table 1, Continued

Value 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 far::vt/h

Share of the rural population g4 497 493 494 495 495 496 496 496 496 101
(% of the total population)
Value added of agriculture,

forestry, and fisheries (% of GDP) 278 287 292 293 28.7 26.8 24.6 251 25 26.9 96.8
Value added of agriculture,

forestry, and fisheries 2034 232 2517 2524 1782 1411 1474 1503 1731 16.06 79
(billion USD)
Grain yields (tonnes/ha) 4.8 4.8 4.9 4.8 4.2 4.1 4.5 4.4 4.7 4.9 102.1

Source: compiled by the authors

Analysis of the data indicates heterogeneous dy-
namics in the agricultural sector in Uzbekistan over the
period under review. The share of agricultural land, the
share of rural population and the value added of agricul-
ture, forestry and fisheries show fluctuations in different
years. These changes can be attributed to various fac-
tors, including economic conditions, government policies

and climatic conditions. It is important to consider these
trends when formulating strategic plans for the sustain-
able development of the rural economy and the well-be-
ing of the population. When analysing the indicators of
socio-economic development, it was found that Uzbek-
istan is undergoing active and dynamic changes in the
sphere of socio-economic development (Table 2).

Table 2. Indicators of socio-economic development of Uzbekistan

Value 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 fa';’;"’f;‘
, /0
Gross Domestic Product ;5 ghg  g67 861 621 526 599 599 69.2 804 1098
(GDP), billion USD : : : : : : : : : : :
Share of exports of
goods and servicesin ~ 18.6 16 13.8 123 207 27 284 243 237 273 146.8
GDP (% of GDP)
Exportsof goodsand 17 0y 1794 119 106 1285 1421 1701 1455 1641 1931 1419
services, billion USD
Share of imports of
goods and services in 23.7 20.3 17 16.9 27 446 444 37.7 40.1 44.3 186.9
GDP (% of GDP)
Imports of goods and 4172, 1041 1465 1456 1676 2347 266 2258 2776 3067 1769
services, billion USD
Inflation, GDP deflator 14 105 89 191 27 179 116 136 125 1042
(@annual %)
Total unemployment rate
% of total labour force) 5 5.1 5.2 5.2 58 93 9 10.5 96 8.9 1816
GDP per capita (USD) 24197 2628.5 2754 27047 19168 15971 1784 17497 19831 3473 1435

Source: compiled by the authors

Analysis of data on indicators of the socio-eco-
nomic development of Uzbekistan reveals the follow-
ing trends. At the beginning of the period, from 2013
to 2015, GDP grew gradually, reaching a peak in 2015
at 86.2 billion USD. However, in the following years,
there was a decline in GDP, in particular, a significant
drop to 52.6 billion USD in 2018. There was a recov-
ery to 80.4 billion USD in 2022, but this level remains
below the 2015 level. The share of exports of goods
and services in GDP decreased at the beginning of
the period under consideration, from 18.6% in 2013
to 12.3% in 2016, then started to increase, reaching
27.4% in 2022. Similar trends are observed for the
share of imports of goods and services in GDP, which
initially increased before reaching 69.1% in 2022.The
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inflation rate, as measured by the GDP deflator, fluctu-
ates within the period under consideration, from 8.9%
in 2016 to 27% in 2018, before declining to 13.1%
in 2022. These changes may reflect fluctuations in
economic activity and money supply. The overall un-
employment rate shows a moderate increase from
2013 to 2017 and then sees a decline to 8.9% in 2022.
Despite the fluctuations, GDP per capita declined in
2020, probably due to economic factors, but there is
some recovery in 2022. To confirm the dependence
of Uzbekistan’s socio-economic development on the
branching of agricultural activities in this country, a
regression model of the relationship between the GDP
per capita indicator and data on the state of the agrar-
ian sector was constructed (Table 3).
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Table 3. The results of building a multifactor regression model of dependence of the socio-economic development of
Uzbekistan on agriculture in the country

Conclusions on results

Regression statistics

R Multiple 0.9999
R-square 0.9999
Normalized R-square 0.9993
Standard error 12.7775
Observations 6
Dispersion analysis
df SS MS F Variable F
Regression 4 1124775.77 281193.94 1722.3269 0.0181
Remainder 1 163.26 163.26
Total 5 1124939.03
Coefficients Standard error t-statistics P-value Lower 95%
Y-intersection -52926.0604 56103.24 -0.94 0.52 -765785.3
X 1 variable 8.4004 12.3 0.68 0.62 -147.94
X 2 variable 954.3022 1051.95 0.91 0.53 -12411.98
X 3 variable 2.9406 60.8 0.05 0.97 -769.66
X 4 variable 1.6651 1.11 1.51 0.37 -12.39

Source: compiled by the authors

The results indicate a high linear relationship be-
tween the dependent and independent variables (mul-
tiple correlation coefficient R is close to 1), with the
model explaining about 99.99% of the variability of
the dependent variable (R-squared) with high explan-
atory power. Despite this, the normalised R-square is
slightly lower than the standard R-square, possibly due
to multicollinearity. The analysis of variance confirms
the statistical significance of the model as a whole
(high F-statistic and low p-value). Variable X1 indicates
that when the agricultural land area increases by 1%
of the total area, the GDP per capita of the country in-
creases by 8.4 USD. Furthermore, similarly, when the
share of the rural population increases by 1% of the
total population, GDP per capita increases by 954.3 USD.
Additionally, when the value added from agriculture, for-
estry and fisheries increases by 1 billion USD, the GDP

per capita of the country increases by 2.94 USD. Also, an
increase in crop yields by 1 kg/ha entails an increase
in socio-economic development in Uzbekistan, which is
accompanied by an increase in GDP per capita by 1.67
USD. However, the regression coefficients for all varia-
bles, including the Y-intercept and variables X1, X2, X3,
and X4, were found to be statistically insignificant (all
p-values greater than 0.05), suggesting no significant
effect of these variables on the dependent variable.
Thus, the analysis indicates a strong relationship be-
tween the variables, but not always statistically signif-
icant. Results may also be affected by multicollinearity
or data limitations. To identify more significant agricul-
tural factors of influence the socio-economic develop-
ment of Uzbekistan, single-factor regression relation-
ships were constructed, and the degree of relationship
was determined using correlation coefficients (Table 4).

Table 4. Results of construction of single factor regression models of dependence of socio-economic development
of Uzbekistan on agriculture in the country

X Correlation coefficient Determination coefficient  Link level
X1 Agricultural land (% of land area) 0.34 0.11 low
X2 Rural population (% of total population) 0.62 0.39 average
Y3 Agriculture, forestry, and fisheries, value-added (billion USD) 0.98 0.96 dense
X4 Grain yields (kg/ha) 0.98 0.96 dense

Source: compiled by the authors

Analysis of correlation and determination coef-
ficients indicates that the variables related to value
added of agricultural, forestry and fishing activities
and grain yield have a strong influence on the de-
pendent variable. The percentage of rural popula-
tion also has a medium degree of influence while the

percentage of agricultural land has the least effect on
the dependent variable.

Accordingly, this indicates that although the coun-
try has a significant agricultural area and rural popula-
tion, it is the organisation of agricultural activities that
makes all the difference.

Scientific Horizons, 2023, Vol. 26, No. 11

159



160

The role of agriculture in shaping the prospects of socio-economic development of Uzbekistan

According to JJ. Robalino and J. Bathe (2022),
B.l. Shapiro et al. (2022), Uzbekistan’s agricultural sec-
tor is currently experiencing low efficiency in utilising
its considerable potential. This raises the prospect of im-
proving the socio-economic development of the country
through modernisation of the agricultural sector. Two key
problems are contributing to the weak state of the sec-
tor: lack of investment and shortage of highly qualified
personnel. The solution to these problems can be en-
sured by the active participation of the state. To improve
the socio-economic situation, it is necessary to imple-
ment reasonable actions aimed at a significant increase
in land productivity. Special attention should be paid to
increasing income per hectare of irrigated land. This in-
cludes changing attitudes towards land, intensifying in-
vestments in the sector and providing the industry with
qualified personnel. Such efforts can lead Uzbekistan to
take its rightful place among the world leaders.

The loss of some agricultural products due to insuf-
ficient organisation of collection, transportation, stor-
age,and sale is also a problem. In a developing country
like Uzbekistan, much production can also go to waste
due to a lack of investment and infrastructure. Prob-
lems with the efficiency of irrigation, production and
harvesting methods, as well as with the quality of ag-
ricultural services, transport, and storage, can be grad-
ually overcome. This opens up prospects for increasing
the share of agriculture in the formation of the coun-
try’s GDP and strengthening its position as a key sector
of the national economy. Supporting the processing of
agricultural products at industrial enterprises and their
efficient delivery to consumption should become an
important part of the strategy of the state agricultur-
al policy. Financial support of the agricultural sector
through subsidies becomes an important means for the
rapid development of agriculture, especially in the con-
text of the country’s integration with world markets. To
attract investment, it is necessary to effectively use fi-
nancial resources aimed at the activities of agricultural
enterprises. At the same time, the key condition for the
attractiveness of the agricultural sector for investors is
to ensure the profitability of investments, which should
be no less favourable than in other sectors.

Reducing the shortage of investment resources in
agriculture can be achieved through improving the state
policy of financing and support of the industry. Support
aimed at reducing the cost of production, improving it
and increasing production volumes will make products
more competitive. This, in turn, favours the attraction
of investment in agriculture, increases its profitability
and promotes the development of the agrarian sector.
The establishment of model state farms in each district
with public funds is also proposed. These farms should
operate using advanced agricultural practices, equip-
ment, and innovative technologies. They should have
a highly skilled workforce capable of raising yields and
land productivity to world-class standards to become
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important modern production enterprises. These model
farms will not only serve as role models for local farm-
ers and smallholders by providing quality and affordable
produce but will also provide practical assistance in var-
ious aspects of agricultural operations. They will be a key
vehicle for effective agricultural and livestock develop-
ment in the district, as well as fundamental organisers of
productivity improvement for all farms in the district. In
this way, state farms will become the engine of economic
growth in every district of the country.

Additionally, the introduction of a competitive se-
lection system for farm managers should be considered
so that these positions are filled by organisers with high
qualifications, experience, and integrity. These manag-
ers will not only manage the state farms but are also
responsible for the overall performance of all farms in
the district. Evaluation and rewarding of the manager’s
performance should depend on the status and dynam-
ics of the entire agricultural complex in the district. To
ensure efficiency, it is advisable to introduce a rating
system based on various performance indicators among
all state farms in the country. This policy, although re-
quiring significant financial outlay, could be introduced
first as a pilot project in one or more districts.

Thus, the study has established that the key sector
that determines the socio-economic development of
Uzbekistan is the agricultural sector. In this regard, it is
recommended to implement a series of measures aimed
at improving the state of agriculture in the country:

- implementation of programmes to improve the
efficiency of agricultural land use through the introduc-
tion of modern agricultural technologies and innova-
tive methods;

- creation of new jobs and supporting employment
in rural areas, which helps to reduce migration to cities;

- development of industrial processing of agricul-
tural products to increase their value and diversify the
economy;

- expanding areas for agricultural and livestock
purposes, including the development of new land;

- actively promoting agrarian products on the
world market through the development of export op-
portunities and improving competitiveness;

- providing state financial support to the agricultural
sector through subsidies and preferential programmes;

- attracting investments from foreign partners to
modernise and technologically upgrade the agricultural
sector;

- implementing a system for assessing the perfor-
mance of agricultural enterprises to stimulate quality
development;

- optimising state mechanisms of financing and
support for the agricultural sector, considering the
changing economic situation;

- integrating modern technologies, including digi-
talisation and smart management systems, to improve
the efficiency and sustainability of agriculture.




It is important to note that the SWOT-analysis of
the agricultural sector of Uzbekistan showed a high
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potential for development and improvement, but also
revealed a range of constraints and risks (Table 5).

Table 5. SWOT-analysis of the agricultural sector in Uzbekistan

Advantages

Disadvantages

Soil and climate potential: Uzbekistan has diverse soils and a
favourable climate, creating favourable conditions for growing a
variety of crops and plants.

Lack of infrastructure. Underdevelopment of modern
storage, transport and processing systems can lead to the
loss of part of the harvest and reduce the efficiency of
agricultural production.

Water resources. The presence of rivers and irrigation systems provides
access to water for irrigation, which contributes to higher yields and
diversity of crops.

Weather dependence. Unfavourable weather conditions,
such as droughts or abnormal temperatures, can adversely
affect yields and product quality.

Labour potential. A large population creates the potential for labour
force formation in the agricultural sector, which helps to maintain
production capacity.

Uneven land use. Misallocation of land resources can lead
to soil degradation and low crop yields.

Agricultural traditions. The rich experience and long history of
agricultural activities in the country allow the knowledge to be
preserved and passed down through the generations.

Low mechanisation. Weak development of modern
agricultural machinery and technologies reduces labour
productivity and efficiency.

Internal market. The high demand for food products within the country
creates the potential to develop the domestic market and reduce
dependence on imports.

Possibilities

Risks

Export development: Uzbekistan can utilise its agrarian potential to
increase agricultural exports, thereby strengthening its economy and
increasing its visibility on the world stage.

Climate risks. Changing climatic conditions can lead
to unpredictable weather events such as droughts,
negatively affecting crop yields and product quality.

Infrastructure investments. The development of modern infrastructure,
including storage, transport, and processing systems, will improve
production efficiency and reduce product losses.

Global market competition. When entering the global
market, the agricultural sector will face competition from
other countries, which may affect prices and demand.

Agriculture innovations. The application of modern technologies,
including genomics and bioinformatics, will increase yields and
product quality, improving market competitiveness.

Environmental pollution. The use of chemical fertilisers
and pesticides can adversely affect the environment and
human health.

Organic agriculture development. The increased interest in organic
products provides an opportunity to grow and sell natural products

Demographic changes. A declining population in rural
areas may lead to labour shortages in the agricultural

that meet the demands of today’s consumers.

sector.

Global economic factors. Economic changes at the global level may

affect the demand and prices of agricultural products.

Source: compiled by the authors

Thus, the SWOT-analysis has confirmed that
Uzbekistan has potential for the development of the
agricultural sector, but requires investment in infra-
structure, modern technologies and staff training to
achieve sustainable growth and successful integration
into the world market.

DISCUSSION

Agriculture is a labour-intensive industry, which is im-
portant for creating new jobs and reducing unemploy-
ment. The development of this sector is important for
shaping the living standards of the population, as well

as for modelling social structure and social progress.

Given the current global challenges, such as climate
change and changing demographics, agriculture is be-
coming an integral part of the country’s sustainable de-
velopment strategy.

In this context, the findings can be compared with
the studies of M.Chen and H.Wang et.al (2020), L. Batiuk
(2020), also note that agriculture provides a wide range

of jobs, from agricultural labourers to specialists in
agribusiness, agricultural technology, and product pro-
cessing. These jobs typically have relatively low educa-
tion and training costs. The authors’ research confirms
that the development of the agricultural sector helps
to reduce unemployment and provides employment,
which also correlates with the study.

A similar view is also expressed by F. Karaca et al.
(2019), who emphasise that the development of the ru-
ral sector helps to reduce unemployment, especially in
rural areas, and job creation can provide residents with
employment opportunities without the need to migrate
to cities. In addition, the development of agricultural
production also stimulates the development of rural
infrastructure such as roads, energy, and water supply,
which in turn improves the quality of life of the local
population. This study also correlates with the author’s
view that improving the agricultural sector can have a
significant positive impact on the socio-economic de-
velopment of a country.

Scientific Horizons, 2023, Vol. 26, No. 11
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Agriculture plays a key role in shaping the prospects
for the socio-economic development of many countries.
Thus, O. Kravchenko et al. (2020) show that agriculture
is one of the main sectors of the economy that can make
a significant contribution to the gross domestic product
of the country. Thus, with an increase in the share of the
rural population by 1-2% of the total population, GDP
per person increases by 900-1000 USD, and an increase
in crop yields by 1-1.5 kg/ha is accompanied by an in-
crease in socio-economic development and an increase
in GDP per capita by 1.9 USD. Agricultural development
also contributes to the growth of production, invest-
ment, and exports, which stimulates overall economic
growth, which is also noted in the study conducted.

A study by X. Cui et al. (2022) emphasises the im-
portance of agriculture for the provision of food prod-
ucts to the population. Sustainable development of the
rural sector allows the country to reduce dependence
on food imports by 25-35% and provide the population
with quality and affordable food, which also confirms
the study. In addition, the findings of the study resonate
with the findings of D. Niyazmetov et al. (2021) that in-
vestment in infrastructure, modern technology and hu-
man resource training are critical steps to overcome the
weaknesses and capitalise on the opportunities pre-
sented by the agricultural sector. Properly planned and
implemented measures can lead to sustainable growth,
improved livelihoods, and successful integration into
the global market.

The results obtained are similar to those of
K. Pawlak and M. Kotodziejczak (2020), according to
which investments in agricultural infrastructure along
with addressing income inequality through measures
aimed at increasing the purchasing power of house-
holds, especially in rural areas, are key factors in im-
proving access to food in countries around the world. A
study by Y. Du et al. (2020) also indicates that agricul-
ture has the potential to contribute to reducing social
and economic inequalities. This is achieved by provid-
ing opportunities for small farmers and peasant house-
holds to improve their income levels and quality of
life. In addition, it has the potential to strengthen rural
communities, revitalise local economies and promote
sustainable development at the local level.

A similar view is expressed by R.P. Pradhan et al.
(2019), whose research shows that improving the eco-
nomic status of rural residents has a positive impact
on social development, education, and access to health
care. Increased income of rural residents improves ac-
cess to educational and health services, which contrib-
utes to the growth of human capital and improves the
quality of life. In addition, X.W. Li and S.B. Xu (2020) ar-
gue that sustainable agriculture contributes to the con-
servation of natural resources and biodiversity, which
in turn is important for the long-term development
and well-being of the country. Agriculture also plays
an important role in rural development by promoting
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infrastructure development, creating model farms, and
maintaining social stability.

J. Streimikis and T. BaleZentis (2020) highlight the
importance of innovation and technological progress in
agriculture. The application of modern methods of ag-
ricultural production, including biotechnology and in-
formation technology, contributes to increasing yields
and efficiency. Studies by A. Kotvitska et al. (2021) and
B. Ortiz et al. (2018) also confirm that the adoption of
modern technologies in agriculture increases produc-
tion efficiency and yields, which in turn contributes to
GDP growth. In addition, agriculture can become one of
the factors of diversification of the country’s economy,
reducing dependence on highly specialised industries.
The development of agriculture can also contribute to
increasing the country’s export potential, which affects
the balance of trade and has a positive impact on for-
eign economic relations.

The findings of the study resonate with the studies
of G.,Wang et al. (2020) and F.Karaca et al. (2019), which
emphasise the importance of attracting foreign invest-
ment and experts for the successful development of
agriculture. The certification of rural workers, including
the participation of foreign experts, should be empha-
sised. They also recommend introducing an effective
mechanism for regulating land relations, establishing
sustainable economic regulatory mechanisms for opti-
mal utilisation of land plots, and paying attention to
the socio-economic well-being of the population.

Analysis of studies by L. Lombardozzi (2020),
K. Pawlak and M. Kotodziejczak (2020) suggests that
Uzbekistan faces a low level of economic development
and several problems in agriculture. The authors high-
light the inefficiency of production, storage, and distri-
bution, which affects farmers’ profitability and leads to
losses at the marketing stage. The authors emphasise
the importance of increasing agricultural productivity,
introducing innovations, and creating infrastructure for
the storage and processing of products. They propose
the introduction of a state programme for the construc-
tion of vegetable storage facilities and industrial refrig-
erators, as well as support for less profitable sectors of
the agricultural industry through subsidies, tax incen-
tives and public contracts.

The study by K. Sen et al. (2020) examines the pros-
pects for agricultural development and socio-economic
progress in Uzbekistan.The authors note that the country
is facing problems of economic growth and high poverty
among the population and emphasise the importance of
training qualified economists who can analyse financial
problems and propose solutions. They recommend state
support for less profitable sectors of agriculture, the in-
troduction of modern machinery and innovations, and
the creation of a system of evaluation and rating of the
performance of regional agricultural managers.

Thus, the analysis of studies by different scholars
and the result of the conducted research confirms the




importance of agriculture as a fundamental element of
socio-economic development, as well as emphasise the
significance of an integrated approach to agricultural
development and socioeconomic progress of Uzbeki-
stan, including improvement of production efficiency, in-
troduction of innovations, creation of infrastructure and
support of various sectors of the agricultural industry.
In general, the agricultural sector plays a crucial role in
shaping the prospects for socio-economic development.
The above-mentioned studies demonstrate that agricul-
ture has many positive impacts on various aspects of
society and the economy. It is important to emphasise
that these results not only confirm the importance of
the sector but also serve as a basis for the development
of strategies and interventions aimed at strengthening
and improving the rural sector. The formation of strate-
gic decisions and national policy in the field of agricul-
ture is important for ensuring the sustainable and bal-
anced development of Uzbekistan. Introducing advanced
ideas, promoting diversity of production,and supporting
agrarian entrepreneurs contribute to the realisation of
the goals of the national development strategy.
Considering the above, job creation, food security,
sustainable resource utilisation, promotion of econom-
ic growth, economic diversification, social development,
and local development are some of the aspects that
confirm the significant contribution of agriculture to
the future of the country. The research findings provide
the scientific basis for decision-making and strategies
to maximise the positive impact of the agricultural sec-
tor on social well-being and economic development.

CONCLUSIONS

The natural resources of Uzbekistan, such as fertile
soils and water resources, are an essential basis for
the development of agriculture. Efficient utilisation
and management of these resources are becoming key
factors for the successful development of the sector.
The analysis of multidirectional trends in the agricul-
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population. The increase in the share of agricultural land
and rural population, despite fluctuations, indicates the
continued importance status of rural life. However, the
decline in the value added of agriculture, forestry, and
fisheries, as well as the insufficiently high growth rate of
cereal yields, indicates the problems faced by agriculture.

The decline in GDP and rising unemployment rates,
as well as changes in the share of exports and inflation
rates, are indicative of significant challenges in the so-
cio-economic sphere. Having started to grow gradually
from 2013 to 2015 and peaked in 2015 at US$86.2 billion,
GDP has faced a subsequent decline, particularly notable
in 2018 when it fell to US$52.6 billion. Inflation rates
ranged from 8.9% in 2016 to 27% in 2018 but then de-
clined to 13.1% by 2022. Consequently, despite the neg-
ative trends, there has been a gradual recovery in some
indicators, which may indicate a desire for improvement.

Considering these studies, it is possible to high-
light the prospects for agricultural development as a
key factor in improving the socio-economic condition.
Particular attention should be paid to increasing land
productivity, creating jobs in rural areas, processing ag-
ricultural products, and expanding production capacity.
A continuous increase in the volume of exported prod-
ucts abroad also represents an important development
path. In addition, strategic development of the agricul-
tural sector requires additional steps, such as state fi-
nancial support, the attraction of foreign investments,
the introduction of a rating system of evaluation, as
well as improvement of state financing policy.

The findings of the study have practical relevance,
as they may have an impact on the formation of gov-
ernment strategies in agriculture and the identification
of priority areas for investment and resource utilisation
to ensure sustainable economic growth. The prospect for
further research is to investigate how agricultural devel-
opment can affect social spheres such as living stand-
ards, education, health, and access to social services.

tural sector of Uzbekistan for the period from 2013 to ACKNOWLEDGEMENTS
2022 emphasises the importance of this sector for the  None.
socio-economic development of the country. The share
of agricultural land varies from 58.1% to 60.0%, while CONFLICT OF INTEREST
the share of the rural population is 49.6% of the total None.
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AHoTauis. Ponb cinbcbkoro rocnofapcrea B 3abesneveHHi NpoaoBobyoi 6e3neku, CTBOPEHHI poboumx Micup i
(hopMyBaHHI eKCNOPTHUX AOXOAiIB po6UTLOCOBAMBO aKTyaIlbHMM aHaNi3 BNAMBY LLEI rany3i Ha cOLiabHO-eKOHOMIYHWMI
pO3BUTOK KpaiHW. MeTa pob0oTK — aHani3 Ta OLiHKA BM/MBY CilbCbKOr0 roOCNoAapCTBA HA COLiaNbHO-EKOHOMIYHUMA
pO3BUTOK Y36ekucTaHy. [Ins AOCATHEHHS MOCTaBJAEHOi METU NPOAHANi30BaHO MOKA3HMKM CiflbCbKOrOCNoAapChbKoi
cdhepu Ta couianbHO-eKOHOMIYHOro po3BuTKy 3 2013 no 2022 pp. BctaHoBNEHO, WO NPUPOAHI pecypcu Y36ekncTaHy
BiAirpalTb HAMBAXAMBILLY PONb Y PO3BUTKY Ci/IbCbKOMO rocnoAapcTa. AHanis AMBepcndikoBaHnX TeHOeHUin y chepi
CiNbCbKOro rocnofapcTBa MiAKPeCE KAKYOBY Ponb L€l ranysi Ang couianbHO-eKOHOMIYHOrO Mporpecy KpaiHu.
He3Baxatoun Ha MiHAMBICTb, 3pOCTAHHSA YaCTKM CiNbCbKOrOCNOAAPCHKMX YriAb i CiIbCbKOr0 HaCeNeHHs CBIAYUTbL Mpo,
SK | paHile, BUCOKY 3HAUMMICTb CiNlbCbKOro rocnogapctea. OaoHaK 3HMXEHHS A0AAHOT BapTOCTi B arpapHin, Nicosin
chepax i pubanbCTBi, @ TaKOX HM3bKi TEMMKU 3POCTAaHHA BPOXXAMHOCTI 3€pPHOBMX, BiLOOPaXKAE aKTyanbHI BUKIUKM
B Uil ranysi. 3pocTtaHHs piBHS 6€3pobiTTs, @ TaKOX 3MiHM B €KCMOPTi Ta piBHI iHOAALIT, BKa3ylOTb Ha CKNaLHOLL B
CoLianbHO-EKOHOMIYHOMY CepefloBMLL. Y LLbOMY CBiT/i 0COGIMBO BaX/MBUMUK € NEPCNEKTUBU PO3BUTKY CilbCbKOrO
rocnogapcTBa, K K/KYOBOrO areHTa B MNOMIMWEHHI CcouianbHO-eKOHOMIYHOI cuTyauii. EdekTnBHe pecypcHe
yNpaBiHHSA, MiABULLEHHS MPOAYKTUMBHOCTI, reHepauis poboymx Miclb, MPOCYBAaHHA MPOAYKLIi Ta PO3LWMpPEHHS
BMPOOHMLTBA — BCi Li acnekTu CTaHOBNATb BAXKAMBI HAMPAMKM Ang MakbyTHbOro po3suTky. CTpaTeriyHmii nigxis
[0 pO3BUTKY CiNIbCbKOrO rOCNoAapcTBa BMMAra€e peanisauii LOAATKOBUX 3aXOAiB, TaKMX SK AepaBHa ¢iHaHCOBa
niaTpUMMKa, Mobinisauis iHBECTULiN, BUKOPUCTAHHSA OLIHOYHMX PEWTWUHIIB i MOMINWEHHS OepXKaBHOI MOMITUKM.
OTpuMaHi pe3synbTati JOCNIMKEHHS MOXYTb OYTM BMKOPUCTaHI ONs ajanTauii AepXaBHMX MOAITMK i mporpam y
CiNbCbKOroCnoAapchbKin cdepi, a TakoX BU3HAUYEHHS NPIOPUTETHUX HANPAMIB iHBECTULINM | pecypCiB 3 METOI CTanoro
PO3BUTKY EKOHOMIKM.
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models, moving average models or a combination of both, integrated variable structure models, and models that
include seasonal effects and exogenous factors with an autoregressive and moving average component in the
model. Monthly statistical data on the number of cattle and cows are used, among them mean, standard deviation,
minimum and maximum values, asymmetry, and kurtosis. The dynamics of the decrease in the number of cattle
and cows are shown. The studied series were checked for stationarity. The time series data for the cattle population
underwent a Box-Cox transformation. The optimal parameters of the models used are given. Predictive values
for periods (months) were obtained and the change in the number of cattle over the last 15 years was analysed.
Constructed time series are compared with the actual values, which are illustrated in the graphs. Estimates of root-
mean-square deviation,and mean absolute percentage error for different forecasting terms are given. By comparing
these estimates for different time intervals, the optimal period for the forecast (24 months) was determined. This
study allows farms and enterprises in the industry to predict a possible number of products (milk, meat) that could
be collected or obtained in the future. It helps to take the necessary management steps: plan resource needs,

improve efficiency, increase profits, reduce costs, and adapt to changes in the market

Keywords: husbandry; predict; management; Box-Cox transformation

INTRODUCTION
Animal husbandry is one of the key branches of agri-
culture. It performs the functions of the main source of
raw materials, materials of various spheres of the econ-
omy. At the same time, animal farming is the main sup-
plier of vital products, means of forming the country’s
food independence, consumer of the machine-building
industry, and transport industry. The relationship be-
tween animal agriculture and other sectors of the econ-
omy and economy determines the nature of the cur-
rent problems of the industry, as well as management
methods for overcoming them. As such, A. Chub (2021)
research demonstrated that animal husbandry consti-
tutes an integral and crucial component of Ukraine’s
agro-industrial complex. The importance of this branch
of the economy is determined by the need to provide
food products of animal origin in the population’s diet.

Since 2013, the state of the industry has shown both
a decline in the potential of livestock farming in the do-
mestic environment and a decrease in its share in the
global development of the industry. During the last dec-
ade, there has been a tendency to decrease the number
of cattle and cows in Ukraine (State Statistics Service
of Ukraine (n.d.). The development of domestic animal
agriculture in the near and distant perspectives should
be based on the achieved results and management ex-
perience of its rational management and following the
provision of economic-technological, normative-legal,
state regulation and organizational-management com-
ponents at the national level, addressing the peculiar-
ities of the management of industries in economically
developed countries the world, which, in turn, requires
further scientific and practical research and develop-
ment (Zamula et al., 2020).

A. Lavruk & N. Lavruk (2020) considered the cur-
rent state of animal husbandry. To facilitate a successful
revitalization and intensive growth of the animal hus-
bandry industry, it is necessary to promote transparency
in the actions of government and executive authori-
ties. This means implementing transparent and open

processes in decision-making, attracting investment, and
developing policies in the industry. N. Parajua (2022) an-
alysed changes in agriculture, livestock, woodland man-
agement,and fishing in the Spanish agricultural and food
system. Said study also revealed trends, opportunities
and problems related to these industries. P. Zharuk and
L. Zharuk (2020) analysed the results of modern world
development of sheep breeding, its state in Ukraine and
development trends. Changes are taking place in sheep
breeding in different countries - in some, a significant
decrease in the number of livestock, in others - an in-
crease. In the conditions of the modern world market,
the production of meat and dairy products from mutton,
and mutton with preservation of quality characteristics
of wool, fur and fur raw materials is a promising direction
of the industry development.

N. Shyian and I. Kotelnikova (2019) emphasised
negative trends in the field of animal husbandry that
can lead to serious problems. A decline in the cattle
population, especially cows, can lead to a decrease in
the industry’s product output and result in unprofita-
bility in meat and milk production. V. Zamlynskyi (2019)
assessed the current status of the animal husbandry
industry in Ukraine and internationally to formulate a
strategic development plan. This plan aims to enhance
the involvement of small and medium-sized enterprises
in animal husbandry, implement programs for conserv-
ing resources, and mitigate environmental pollution.
0. Shubravska and K. Prokopenko (2018) demonstrated
strategies for encouraging the adoption of innovative
management solutions in Ukraine’s agricultural sector. It
is shown that the production of organic products, along
with purely health and ecological effects, is favourable
to significantly increase the income of Ukrainian farmers,
their ability for further innovative development, and also
to improve the state’s balance of payments.

The analysis covers the level and dynamics of the
indicators that determine it. S. Koliadenko et al. (2020)
examined potential avenues for Ukrainian agricultural
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product exports. Employing mathematical modelling,
complex economic processes were analysed, and op-
timal solutions were found based on available data
and information. The method of a continuous system
of non-periodic functions was used to address the in-
stability of market conditions and the variability of de-
mand, which are characteristic of the agricultural sector.
This makes it possible to determine forecasts and adapt
them to real conditions more accurately. M. Ribeiro &
L. Coelho (2020) assessed the predictive attributes of
regression ensemble models in agribusiness-related
case studies and compared their effectiveness.

The research aims to forecast trends in the devel-
opment of the number of cattle and cows using a mod-
el that specializes in analysing dynamics in time series
and determining the appropriate forecasting period.

MATERIALS AND METHODS

Data Overview. Research data on the number of cattle
(including cows) in the period from January 1, 2008, to
January 1, 2023, were obtained from the website of the
Main Department of Statistics in the Khmelnytskyi re-
gion of Ukraine (n.d.).

SARIMAX Models. The basis of this study is the
Box-Jenkins model (Zhang, 2003; Ediger & Akar, 2007)
(Autoregressive Integrated Moving Average, ARIMA),
which enables forecasts based on time series, that is,
historical observations. The ARIMA model integrates el-
ements from both the autoregressive (AR) model and
the moving average (MA) model.

AR (p)
MA (q)

yr=cCc+ Zfl=1 ApYe-n t &, (1)
& = Tpe1 Onétn - (2)

Three integers are used to parameterize the model:
(p, d, ). p - number of members of the autoregression;
d - number of non-seasonal differences; g - number of
moving average conditions.

SARIMAX (Seasonal Auto-Regressive Integrated
Moving Average with eXogenous factors) is a modifi-
cation of the ARIMA model. While ARIMA is based on
an autoregressive integrated moving average, SARIMAX
extends this model by adding seasonal changes and ex-
ternal factors that help account for changes in a given
time series. Thus, SARIMAX is the seasonal equivalent
of SARIMA and Auto ARIMA models.

Two types of parameters must be specified in the
SARIMAX model parameter. The first is similar to the
ARIMAX (p, d, @) model, and the second is to determine
the effect of seasonality. You need to know 4 parame-
ters: P - Seasonal AR specification; D - Seasonal Inte-
gration order; Q - Seasonal MA; s - Seasonal periodicity.

Mathematically,the model can be stated as follows:

bp(L)Pp (LAY, = A(t) + 6,(L)0(L)e,  (3)

where ¢, (L) - is the non-seasonal autoregressive lag
polynomial; ¢p(L°) - is the seasonal autoregressive
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lag polynomial; 4942y, - is the time series, difference
d times, and seasonally differenced D times; A(t) - is
the trend polynomial (including the intercept); 64(L) -
is the non-seasonal moving average lag polynomial;
6, (L) - is the seasonal moving average lag polynomial.
The evaluation measure used for time series fore-
casting in this study is root mean square deviation
(RMSE) and mean absolute percentage error (MAPE)
(Hyndman & Koehler, 2006, Zhang X et al, 2015):

RMSE = /% n (B — F?, 4)

1 |Et—Fl
where E, and F, are actual and predicted values, n -
number of values.

To apply the technique of time series forecasting, it
is necessary to test the series for stationarity using the
Dickey-Fuller (ADF) test (Dickey & Fuller, 1981). This
test detects the presence of stochastic trend behaviour
in time series using a hypothesis test.

H,: process is non-stationary;
H,: process is stationary.

If the series is non-stationary, then the Box-Cox
transform can be used to obtain a series that will
satisfy the conditions of stationarity (Atkinson &
Corbellini, 2021; He et al., 2019). The basis of the Box-
Cox Transformation is the exponent and the coefficient
A, which varies from -5 to 5. All values of A are consid-
ered and the value that gives the best approximation of
the normal distribution curve is selected. The transfor-
mation of Y has the form:

Yot :
o Jif A#0; )
y, if A=0.

Software used for calculations and visualizations:
Jupyter Notebook.

RESULTS AND DISCUSSION

Predicting the future of the agricultural sector, a piv-
otal component of the economy holds significant im-
portance for both developed and developing nations.
Moreover, it enables the formulation of future agricul-
tural policies, facilitates investment planning, and al-
lows for the implementation of necessary measures. In
the immediate future, estimating the number of farm
animals has many advantages for management deci-
sions. The most successful forecast using monthly data
can be obtained by improving seasonal forecasting
methods. In this research, the SARIMAX forecasting
method was used for predicting monthly cattle and
cow populations. The proposed method is focused on
finding the most relevant values of past observations
through identical estimates. In addition, conducts tests
for all relevant seasonal factors, enhancing the effec-
tive modelling of seasonality within the dataset.

y() =




Time series models of the dynamics of changes in
the number of farm animals in this study were built con-
sidering the RMSE and MAPE values. Using the proposed
method, monthly changes in the number of cattle and
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cows for Ukraine until 2025 were predicted. The dynam-
ics of changes in the number of cattle (including cows)
in the period from January 1,2008, to January 1,2023,in
the Khmelnytskyi region were considered (Fig. 1).
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Figure 1. Dynamics of changes in the number of cattle and cows (thousands of heads)
from January 1, 2008, to January 1, 2023
Source: authors’ elaboration from (Main Department of Statistics in the Khmelnytskyi region of Ukraine, n.d.)

Figure 1 shows that over the last 15 years, the pop-
ulation of cattle and cows has a general tendency to
decrease. The trend and seasonality are visible on the

graph of the cattle population. Table 1 shows the sum-
mary monthly statistical data for the above-mentioned
period of the number of agricultural animals.

Table 1. Statistical data on the number of cattle and cows

Metrics N Mean Std. Min. Max. Skew. Kurt.
Cattle 180 267.15 36.69 217.5 344 0.52 -1.04
Cows 180 143.12 16.33 121.7 182.6 0.62 -0.46

Source: author’s elaboration

The table shows the minimum, maximum, mean,
skewness, and kurtosis for the monthly data set used
in this study to characterize the number of cattle
and cows. Thus, the maximum number of cattle was
344,000 heads in May 2008. And already in Novem-
ber 2012, it reached its minimum value of 217.5 thou-
sand heads. A positive sign in the skewness coeffi-
cient indicates that most of the data is greater than

mathematical expectation, and a negative kurtosis
coefficient indicates that the curve of the theoretical
distribution has a lower peak than the curve of the
normal distribution. Also, the correlation coefficient
between cattle and cows is 0.941, which indicates a
high dependence between the values. Let’s check for
the stationarity of the series using ADF (augmented
Dickey-Fuller test) (Table 2).

Table 2. The results of the test for stationarity using the Dickey-Fuller test

p-value conclusion
Cattle 0.6104 non-stationary
Cows 0.0139 stationary

Source: author’s elaboration

The authors apply the Box-Cox Transformation to
the time series of the number of cattle. The optimal pa-
rameter A=-1.9767. Table 3 presents the best SARIMAX
models for predicting cattle and cow populations us-
ing the AIC criterion (Akaike information criterion). In

Figure 2 shows the actual value of the time series and
the value of the constructed models for the time series.
It can be seen visually that the models fit the actual
values well, which indicates the optimality of the found
model parameters.
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Table 3. SARIMAX model parameters and AlC-criterion values for time series characterizing cattle and cows

Model AIC
Cattle SARIMAX(0, 1,0) x(0,1,1,12) -4071.359
Cows SARIMAX(1,1,9) x(1,1,1,12) 465.673

Source: author’s elaboration
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Figure 2. Original and forecast values of time series
Source: author’s elaboration

The forecasting time horizon (comparing the size of  root mean squared error (RMSE) and mean absolute per-
the receiver window size (RWS) sliding window) wassetto  centage error (MAPE) estimates and the best average ab-
24 months (Table 4) since this value of RWS has the lowest  solute percentage accuracy (MAPA) for both time series.

Table 4. Rolling window size comparison

Cattle Cows
RWS RMSE MAPE MAPA (%) RMSE MAPE MAPA (%)
12 2.928 0.008 99.2 0.605 0.005 99.5
24 2.178 0.005 99.5 0.529 0.004 99.6
36 2.201 0.006 99.4 0.570 0.005 99.5
48 3.052 0.008 99.2 0.630 0.005 99.5

Source: author’s elaboration

In this context, accuracies have been calculated us-  since it is a percentage-based metric, it offers easier

ing MAPA and MAPE. interpretation compared to RMSE.
Tables 5 (5.1 and 5.2) show the forecasted monthly
MAPA % = (1 - MAPE) * 100 values of cattle and cow numbers, respectively.

Table 5. Forecast monthly values of the number of cattle and cows

Table 5.1 Forecast monthly values of the number of cattle, thousand units

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2023 211 217 234 248 240 227 220 221 236 245 236 218

2024 212 217 235 249 241 227 220 222 237 246 236 218
Table 5.2 Forecast monthly values of the number of cows, thousand units

2023 121 122 122 122 122 122 122 121 121 120 120 120

2024 120 120 120 120 121 120 120 119 119 119 118 119

Source: author’s elaboration
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For more accurate forecasting of the number of
farm animals, it is possible to use an ensemble of meth-
ods that consider not only seasonality but also the spe-
cifics of this business. To accurately forecast informa-
tion, it is necessary to consider the regional affiliation
of enterprises and the number of cattle in the given
region. When there are significant fluctuations in the
number of farm animals, it is possible to predict the
average number of animals more accurately. This will
help in making informed management decisions about
land for livestock grazing, marketing, trading, and stor-
age of livestock products.

Agribusiness requires effective management deci-
sions, the preparation and adoption of which can pro-
vide forecasting based on hindsight and considering
the multifactorial impact. Management, knowing the
forecast for a certain period, can use information about
forecasted prices to protect their positions, keeping
the number of farm animals within acceptable limits.
It is crucial to acknowledge that time series forecast-
ing has its limitations. Forecast results may be inaccu-
rate if unforeseen events or changes occur that are not
accounted for in the model. Therefore, to make man-
agement decisions regarding development, it is worth
combining time series analysis with other methods and
considering expert experience to obtain more accurate
forecasts. In the context of livestock production, time
series can be based on various factors, such as the pro-
duction of milk, meat, and eggs, the number of animals,
the costs of feeding and treating animals, and so on.
To forecast the dynamics of the development of animal
husbandry, historical information on relevant indicators
over a certain period will be needed.

According to S.Lv et al. (2022), the vital step in time
series forecasting is comprehending the data model and
identifying the specific business questions that need to
be addressed using that data. By delving into the prob-
lem area, developers can differentiate between random
fluctuations and stable, consistent trends in historical
data more effectively. This understanding is invalua-
ble when fine-tuning a forecasting model to generate
optimal predictions. It is also crucial when deciding
which forecasting method to employ. Y. Abdullayev and
M. Baxtiyor (2020) and A. Durmanov et al. (2019) con-
ceptualized and employed a systematic approach to
forecasting, relying on a mathematical model depicting
the potential evolution of animal husbandry in farms.
Mathematical models of prognostic-analytical prob-
lems are proposed, which allow, based on endogenous
parameters of models at the level of the economy, to
investigate and forecast the production of Llivestock
products at the regional level in an integrated manner.

Forecasting the dynamics of livestock development
using time series can be a useful management tool for
analysing and predicting trends in the livestock sector
(Chen et al., 2020).To precisely capture the seasonal fluc-
tuations in the observed sequence and achieve superior

Kulyk et al.

prediction outcomes, the production values for animal
husbandry and fishery in various quarters spanning from
2018 to 2021 were forecasted and examined using the
grey seasonal model (GSM). The findings highlighted the
relatively high prediction accuracy of GSM. R. Mutwiri
(2019) introduced a Seasonal Autoregressive Integrated
Moving Average (SARIMA) model, specifically tailored
for forecasting tomato prices. The model was con-
structed using monthly data spanning from 1981 to 2013
in Kenya. Tomato price forecasting from January 2003 to
December 2016. The SARIMA (2,1,1)x(1,0,1) 12 model
was identified as the best model. The following accuracy
estimates were obtained: RMSE=32.063, MAPE=125.251,
and MAE=22.3. P. Manigandan et al. (2021) conducted a
study to forecast the seasonality and growth trend of
natural gas production in the USA up to the year 2025.
SARIMA and SARIMAX models were analysed. The SARI-
MA model showed the best RMSE and MAPE accuracy
estimates: RMSE=131.73, MAPE=15.93.

Y. Chi (2021) using soybean data from January 1990
to January 2021 and an ensemble of SARIMA (Seasonal
AutoRegressive Integrated Moving Average) and NARNN
(Nonlinear Autoregression Neural Network) time series
models forecast monthly soybean prices. The compara-
tive analysis demonstrated that the Hybrid-LM model,
comprising 8 neurons in the hidden layer and 3-time
delays, exhibited superior accuracy compared to the
NARNN-LM model with similar specifications and the
SARIMA model (ARIMA (0,1,3)x(0,0,2)). This conclu-
sion was drawn based on the Hybrid-LM model’s lowest
MSE in the study. In U. Sirisha et al. (2022), ARIMA, and
SARIMA models, as well as a Long Short-Term Memory
(LSTM) deep learning model were chosen to forecast
the time series of financial data of online companies.
It was shown that the best RMSE and MAPA estimates
were achieved with the LSTM algorithm. Received an
accuracy of 97.01%.

S. Raju et al. (2022) compared the predictive ac-
curacy of various models, including stacking (STACK),
gradient boosting regression (GBR), extreme gradient
boosting regression (XGBR), and random forest regres-
sion (RFR) ensembles. Additionally, it evaluates the
performance of multilayer perceptron neural networks
(MLP), extreme learning machines (ELM), and support
vector regression (SVR) as reference models for fore-
casting demand. The comparison encompasses several
stages, including data preprocessing, data transforma-
tion, standardization, feature selection, cross-valida-
tion, and the implementation of a regression ensemble
framework. Analysing historical data allows us to make
informed management decisions, guiding business
strategies and providing insights into future trends.
(Abraham et al., 2020; Atalan, 2023). This research com-
pares traditional time series forecasting techniques
with artificial neural networks.

From the aforementioned studies, it is evident
that selecting an appropriate model depends on the

Scientific Horizons, 2023, Vol. 26, No. 11

171



172

Forecasting husbandry development using time series

characteristics of the subject under investigation, the
volume of historical data, and the presence of seasonal-
ity. Seasonality in agriculture (and in animal husbandry)
plays a key role. Managing seasonality in livestock pro-
duction can be an important aspect for agricultural en-
terprises to optimize production and maximize the ben-
efit of peak periods of productivity and market demand.

CONCLUSIONS

The results obtained as a result of this study show that
the number of cattle (including cows) has a clear ten-
dency to decrease. SARIMAX (0;1;1) x(0;1;0;12) and
SARIMAX (1;1;9) % (1;1;0; 12) models were built, which
were chosen to determine the number of farm animals
for the next 2 years, show that by the end of 2024 there
will be a gradual decrease in the number of cattle (in-
cluding cows). The conducted research included the
study of trends in the development of cattle and cows
and, the determination of the stationarity of the studied
time series. The Box-Cox method was used to transform
data on the number of cattle. The optimal parameters

of the models used for forecasting were determined.

Forecast values for different periods (in months) were
obtained, and an analysis of the dynamics of the num-

Monthly statistical data on the number of cattle and
cows are mean, standard deviation, minimum and maxi-
mum values, asymmetry,and excess. The dynamics of the
decrease in the number of cattle and cows are shown.
The optimal period for the forecast was determined (24
months). This research contributes to the formulation of
strategies and actions that are critical to effective man-
agement: resource planning, productivity improvement,
profitability maximization, cost optimization, and adap-
tation to changes in market conditions. These research
results allow businesses to make informed decisions
aimed at increasing their competitiveness and sustain-
ability in a changing economic environment.

The presented research results of this article show
such properties of time series as trends, seasonality, and
variability. Therefore, the SARIMAX model was used. A
promising avenue for future research involves explor-
ing ensembles of time series, leveraging larger histor-
ical datasets, and conducting comparative analyses of
various time series construction models. This will make
the analysis and forecasts more accurate and reliable,
as well as reveal more regularities in the dynamics of
the number of cattle and cows.
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Forecasting husbandry development using time series

MporHo3yBaHHS PO3BMTKY TBapMHHULITBA Ha OCHOBI YacoBUX psAiB
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AHortauis. [1obyn0Ba YacoBUX psAiB 3 BUKOPUCTAHHS iCTOPUYHUX JAaHUX € OAHIEID 3 aKTya/lbHUX NPobaeM ynpaBniHHA
B arpapHOMY CeKTOpi, OCKiIbKM aHani3 i NPOrHo3yBaHHS NPOLLECiB, NOBA3aHUX 3 NPOA0BO/bYO 6e3MeKor AepXKaBy,
perioHy, CyOEKTIB rocnofaptoBaHHS MA€ BMpillanbHe 3HAYeHHs. 32 AOMOMOro MPOrHoO3iB NiANPUEMCTBA MOXYTb
HanalToOBYBaTU CBO BUPOBOHUYY AiSNbHICTb TAKUM YMHOM, W06 3a[0BOIbHUTM NOMNWT | BYACHO NOCTAYaTH MPOAYKLIt0
CNoXMBayvaM. MeTot LbOro AOCNIIKEHHS € MPOrHO3 AMHAMIKM PO3BUTKY NOroNiBa BENUKOI poratoi xynobu Ta Kopis
Ta BM3HAYEHHS OMTUMANIbHOrO Nepiofy NPOrHO3yBaHHSA. [Ing Takoro TMNy aHanisy BUKOPUCTOBYHOTbCS CTAaTUCTUYHI
MeToAM, NOBS3aHi 3 aBTOpPEerpecielo: aBToperpeciinHi Moaeni, Moaeni KOB3HOro cepefHboro abo komb6iHauii 060X,
iHTEerpoBaHi Moaeni 3i 3MiHHOK CTPYKTYpOK Ta MoAeni, aKi BK/IOYaTb CE30HHI edeKkTn Ta eK30reHHi dakTopu 3
aBTOpErpecinHUM i KOB3HUM CepefHiM KOMMNOHEHTOM Yy Mopeni. HaBeaeHi MOMICAYHi CTaTUCTUYHI AaHi KifbKOCTI
BE/IMKOI poratoi Xynobu i KopiB: cepefiHE, CepeaHE KBaApaTUUHE BIAXMIIEHHS, MiHIMaNbHe | MaKCUMaslbHE 3HAYEHHS,
acuMmeTpis i ekcuec. lNokasaHa AMHaMiKa 3HWXKEHHS MOroniBa BeIMKOi poratoi xymobu i kopis. JocnimxeHi psau
nepeBipeHi Ha CTaLioHapHiCTb. [1o YacoBOro paay KinbKOCTi BENMKOI poraToi XyA,00M 3aCTOCOBYBANIOCh MEPETBOPEHHS
bokca-Kokca. HaBepeHi ontMManbHi napameTpu Mofeneu, Lo BUKOPUCTOBYOTbCS. OTPUMaHi NPOrHO3Hi 3HAYeHHS
[N YaCOBMX MPOMIXKKIB (MicALi) Ta NpoaHanizoBaHa 3MiHa KifIbKOCTi MOroiB’a BeNMKOi poratoi xyfobu 3a oCTaHHi
15 pokis. NNobynoBaHi YacoBi psa 3iCTaBAgOTLCA 3 GAKTUUHUMM 3HAYEHHSIMU, WO MPOINOCTPOBAHO Ha rpadikax.
HaBeneHi OLiHKM cepefHbOKBaAPATUYHOTIO BiAXWIEHHS, CepeaHboi abCoNOTHOT NOXMOKM Y BIACOTKAX AN Pi3HMX
TEPMiHiB NPOrHo3yBaHHs. [TOpPiBHIOKYM Lii OLIHKM AN Pi3HMX YAaCOBMX iHTEPBaNiB, OyB BU3HAYEHWUI ONTUMaNbHUI
YyacoBui nepiod Ana NporHo3sy (24 micaui). [laHe AoCnifXeHHS 003BOASE rOCNOAAPCTBAM i NiIANPUEMCTBAM Y ranysi
pO3yMiTK, fiKa KiNbKiCTb NpoayKLii (Monoka, Msca) Moxe ByTu 3ibpaHa abo oTpuMaHa B MaibyTHboMYy. Lle nonomarae
3pobuTM HeobXifHI ynpaBRiHCbKI KPOKM: MAaHyBaTM noTpebu B pecypcax, MOKPaLWMTU edeKTUBHICTb, 36inbwmnTy
NpUOYTOK, 3HU3UTU BUTPATH | aAaNTyBaTUCS A0 3MiH HA PUHKY

KniouoBi cnoBa: TBapMHHULTBO; MOAE/IOBAHHS; YNPaBiHHS; NnepeTBopeHHs bokca-Kokca
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