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to assess the effects of the experimental preparation in the following doses: 1.0 g/kg body weight (therapeutic
dose), 2.0 g/kg body weight (double therapeutic dose),and 5.0 g/kg body weight (fivefold therapeutic dose) over 30
days. The experiment was conducted on 500 Cobb 500 broiler chickens aged 1 to 40 days.Additionally, biochemical
blood parameters were measured and analysed using a Polish biochemical selective automatic analyser, the Hitachi
902. Studies have established that the optimal dose of the experimental drug for hepatosis in broiler chickens
is 1.0 g/kg body weight. After administration of the drug, the serum bilirubin content decreased by 27.3%, lactate
dehydrogenase activity decreased by 17.1%, aspartate aminotransferase activity decreased by 16.4%, alanine
aminotransferase activity decreased by 19.3%, and vitamin A content increased by 25.6%, while the phagocytic
activity of pseudoeosinophils increased by 23.1%. The results of the studies have proven that the experimental
drug normalises liver function, positively affects the biochemical composition of blood, promotes growth, provides
protection and natural resistance of the broiler organism, and even improves the quality of poultry products. Based
on the above, it is necessary to improve methods for early diagnosis of liver function disorders in poultry and apply

effective methods for correcting metabolic processes

Keywords: liver; hepatoprotectors; erythrocytes; haemoglobin; leukocytes

INTRODUCTION

Poultry farming is a sector of agriculture characterised
by high liquidity within the market environment and
rapid, dynamic development. The profitability of feed is
significantly higher than in other branches of animal
husbandry, therefore the cost of poultry meat is the
lowest, which makes poultry production affordable for
consumers (Bogach et al, 2021). A decisive factor for
the rearing of young stock is the onset of productivi-
ty - 130-150 days (depending on the cross of chickens).
At this point, the metabolic load on the poultry reach-
es its maximum. Approximately 2-3 weeks before the
start of egg production, significant changes occur in the
structure and function of the oogenic organs and the
metabolism of young hens (Paliy et al, 2021; Dotsen-
ko et al., 2021). With the onset of sexual maturity, under
the influence of the endocrine system, the intensity of
metabolism changes, especially mineral metabolism, to
form powerful reserves of calcium, which are actively
used for the formation of egg cells. The liver plays a key
role in this process, as it synthesises the active form of
vitamin D (Ponomarenko et al,, 2021).

Recent studies have highlighted a high prevalence
of liver diseases in both meat and egg-laying poultry.
The liver is frequently involved in overall patholog-
ical processes associated with non-infectious, infec-
tious, and parasitic diseases. According to A. Agbonon
and M. Gbeassor (2019) and A. Baradaran et al. (2019),
non-infectious diseases in poultry often include liver
pathologies such as hepatitis or liver dystrophy, and
these conditions have been diagnosed in 5.0-50.8% of
cases. These pathological processes are often more pro-
nounced in egg-laying poultry, which can be attributed
to the specific metabolic characteristics of chickens and
their housing conditions.Authors T.Bemela Mawulom et
al. (2021), and X. Chen et al. (2023) noted that poultry
diseases such as avian hepatitis and hepatic steatosis
are prevalent on farms with mixed ownership. Clinical-
ly, this manifests as general weakness, reduced mobil-
ity, obesity, anaemia of the ears and comb, decreased
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egg production, increased levels of urea, creatinine,and
bilirubin in the blood, and a decrease in the number of
red blood cells. In addition to hepatocellular changes,
kidney and heart dystrophy, individual haemorrhages in
the liver are also observed in diseased birds.

Hepatitis or hepatic steatosis is caused by a disrup-
tion in the metabolism of substances, characterised by
the degeneration and necrosis of liver cells and the im-
pairment of all liver functions. As noted by P. D'Souza et
al. (2019), this reflects on the overall condition of the
bird and its productive characteristics, which can lead
to mortality. A crucial prerequisite for effective preven-
tion of liver diseases is a complete and balanced diet.
When keeping poultry, feeding should correspond to
the physiological state, be complete in terms of over-
all nutrition, protein composition, mineral content, and
vitamins, and meet the specific needs of the species
and age of the bird. Since contamination of feed with
mycotoxins often causes liver dystrophy and hepatitis,
feeding animals with high-quality feed is an important
aspect of prevention. Therefore, it is necessary to elimi-
nate adverse factors that can affect the quality of com-
pound feed, such as energy imbalance in the feed, the
presence of toxic metabolites,amino acids, vitamins, etc.

In foreign practice, complex preparations based
on vitamins B4, B12, E, methionine, and selenium are
often used. These substances complement each other
and enhance the protective functions of the liver. The
pathogenesis of liver diseases is primarily based on
damage to cellular elements, especially hepatocytes,
leading to dysfunction, dystrophic changes, inflamma-
tion, cell lysis, necrosis, and fibrosis (Feng et al., 2019;
Erukainure et al,, 2020). Therefore, hepatoprotectors are
used to restore liver cell metabolism. The search for
highly effective hepatoprotectors for liver protection
in poultry is a pressing issue. According to C. Gregg et
al. (2022), hepatoprotectors can be classified into the
following groups: plant-based hepatoprotectors, phos-
pholipid preparations, organ preparations, amino acid




derivatives, selenium-containing preparations, ursode-
oxycholic acid preparations, synthetic drugs, and prepa-
rations from other groups.

Therefore, addressing the problem of normalising
metabolic processes in poultry and restoring the mor-
pho-functional state of the liver through the use of
hepatoprotectors is one way to increase the efficiency
of poultry farming and the production of high-quality
products. This objective has informed the aim of the
current study.

MATERIALS AND METHODS

A study conducted between 2023 and 2024 at the Ode-
sa State Agrarian University aimed to investigate the
effects of the drug Hep-A-Stres on the performance of
broiler chickens and meat quality. The hepatoprotector
was used to normalise metabolism, enhance overall re-
sistance and productivity, prevent and treat hepatic ste-
atosis, during stressful periods, and accelerate growth
during the finishing period. Hep-A-Stres is a clear, oily
liquid ranging from colourless to yellowish, with the
possibility of slight sediment. The composition of 1 ml
of the drug contains: carnitine hydrochloride - 25 mg;
D, L-methionine - 10 mg; sorbitol - 200 mg; choline
chloride - 18.75 mg; magnesium sulphate heptahy-
drate - 10 mg; benzyl alcohol - 15 mg; distilled wa-
ter-upto 1 mL

®m Carnitine hydrochloride increases muscle mass
and improves heart function by stimulating metabolic
processes and enhancing the body’s endurance. It re-
duces the risk of hepatic steatosis and improves the
uptake of vitamins and minerals into cells, exhibiting
antioxidant properties.

B Methionine and choline chloride contribute to
the synthesis of liver enzymes, which is crucial for de-
toxification, and help lower blood cholesterol levels
due to their lipotropic effects.

m Sorbitol and magnesium sulphate regulate intes-
tinal transit and enhance bile flow.

The study was conducted on 220 chicken embryos
and 120 Cobb 500 broiler chicks. The experiment in-
volved injecting 0.1 ml of the drug into the yolk sac
of the embryo at dilutions of 1:10, 1:100, and 1:1000.
Each dose was tested on 25 embryos. At the time of
the experiment, the chicken embryos were divided into
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3 groups of 30, while the control group contained 20
intact embryos that were injected with an isotonic so-
dium chloride solution. On the 19* day of incubation,
embryonic development was assessed. This included
measuring body weight, cranio-caudal length, and the
development of the pectoral and pelvic limbs. To ex-
amine the effect of the preparation on the offspring af-
ter hatching, 30 eggs were retained in each group and
incubated until the chicks hatched. The resulting 120
chicks were reared to 40 days of age. The technical pa-
rameters of rearing were following the recommended
practices for this crossbreed. Weekly measurements of
the live weight of the broiler chickens were taken. Live
weight is an indicator of bird development and reflects
the impact of feeding and rearing conditions.

The clinical and physiological condition of the
broiler chickens was assessed daily through visual
inspection of the flock and observation of behaviour,
appetite, and overall health. Physiological status was
evaluated at the beginning and end of the experiment
using morphological and biochemical blood param-
eters. Blood samples were collected from the brachi-
al wing vein or after decapitation of the bird for bio-
chemical analysis. Haematological parameters were
determined, including red blood cell count, white blood
cell count, haemoglobin concentration, erythrocyte
sedimentation rate (ESR), and the percentage of band
neutrophils, eosinophils, and monocytes (Kanda et
al., 2020). Additionally, biochemical blood parameters
were measured and analysed using a Polish Hitachi
902 biochemical selective automated analyser. Blood
samples were prepared according to the manufacturer’s
instructions (2010/63/EU).

To investigate drug resistance in broiler chickens,
30 ten-day-old chicks were divided into four groups.
The first group served as a control. The second, third,
and fourth groups were experimental. Hep-A-Stres
was added to the diet of chickens in the experimental
groups at doses according to Table 1. This means that
each group received a specific dose of the drug per kilo-
gram of body weight for 30 days, corresponding to the
indicated doses: 1.0, 2.0, and 5.0 g/kg body weight, re-
spectively. The data from this study allowed for a com-
parison of the efficacy and safety of different doses of
the drug on chickens compared to the control group.

Table 1. Experimental design for broiler chickens

Group Drug Dose, g/kg body weight
1 - control -
2 - experimental Hep-A-Stres 1.0
3 - experimental Hep-A-Stres 2.0
4 - experimental Hep-A-Stres 5.0

Source: compiled by the authors
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Physicochemical methods for determining meat
freshness were conducted by national standards
DSTU 3136:2017 (2019), DSTU 3143-95 (2009), and
DSTU 3143:2013 (2014). The amino acid composition
of the meat was determined using an automated mul-
ti-functional infrared spectrometer manufactured by
“Infrapid-61" (Hungary). Meat samples were prepared
according to the manufacturer’s instructions. Statistical
analysis was performed using the Statistica 6.0 software
package.The significance of mean differences was evalu-
ated using Student’s t-test.All experimental studies were
conducted by modern methodological approaches and
complied with the relevant requirements and standards,
specifically meeting the requirements of DSTU ISO/IEC
17025:2005 (2006). Animal husbandry and all manipu-
lations were carried out following the provisions of the

Order on the Procedure for Carrying out Experiments
and Experiments on Animals by Scientific Institutions
(Law of Ukraine No. 249, 2012), and the European Con-
vention for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes (1986).

RESULTS

Based on the external examination, no differences were
observed between the foetuses of the control and ex-
perimental groups. The length of the forelimbs and
hindlimbs, as well as the body weight, did not show
any statistically significant differences compared to
the control. Therefore, based on this study, it can be
concluded that the experimental drug, at the indicat-
ed doses, does not exhibit embryotoxic or teratogenic
effects on chicken embryos (Table 2).

Table 2. Dimensions and weight of chicken embryos, n=20 (M*m)

Group Pectoral length,mm  Pelvic length, mm Body size, mm Body weight, g
Control 319%1.76 65.7%2.58 77.1£3.33 229+324
After administration of isotonic solution 31.8+1.79 65.1+3.58 76.8+3.22 22.8+4.16
Experimental
1:10 31.4+1.25 65.7+2.21 75.1+3.44 23.8+3.19
1:100 31.7+1.63 66.6+3.25 76.0+3.28 233+411
1:1000 31.4%2.79 65.7+3.26 75.8+4.34 235+3.14

Source: compiled by the authors

During the examination of the larynx, nasal cavity,
eyeballs, brain, internal organs, and skeletal system of
embryos on a series of parallel cross-sections of the
body, neck, and head, no anatomical deviations were
found in the topography and morphology of the in-
ternal organs, in the rate of ossification of the skele-
tal bones, and their spatial orientation. The conducted
studies showed that the highest percentage of chick
hatching was observed in the second and third exper-
imental groups. Thus, the drug under investigation not
only lacks embryotoxic effects but also stimulates the
sequential development of embryos. They do not have

a teratogenic effect, and therefore, they can be included
in the diets of breeding poultry. In the next stage of
the study, the tolerability of the experimental drug in
broiler chickens was determined. The results of the ex-
periments showed that the use of the drug contributed
to an improvement in the activity of the birds. The aver-
age daily weight gain of the birds was 5.5-7.9% higher
than the control values for all applied doses of the ex-
perimental drug (Table 3). This indicates that the drug
contributes to improving the health and development
of broiler chickens, which may indicate its tolerability
and effectiveness in poultry farming conditions.

Table 3. Results of the tolerability test of the experimental drug in broiler chickens

Groups
Indicator
1 - control 2 - experimental 3 - experimental 4 - experimental

Number at the start of the study, heads 30 30 30 30

Mortality 1 - - -
Survival rate, % 96.6 100 100 100
Feed consumption per kg of weight gain, kg 1.81 1.76 1.77 1.78
Average daily gain, g 46.4 50.1 49.8 48.9

Source: compiled by the authors

Regarding feed consumption per unit of production,
the indicators were within the zootechnical standards
for this cross of poultry. However, in the experimental
groups, feed conversion was higher compared to the
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control after the application of all doses (by 1.6-2.8%)
compared to the control group. The effect of the ex-
perimental drug on the morphological and biochemical
blood parameters is presented in Tables 4 and 5.
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Table 4. Morphological parameters of the blood of broiler chickens,n=10 (M*m)

Indicator Groups
1 - control 2 - experimental 3 - experimental 4 - experimental

Baseline data
Erythrocytes, million/ul 2.87%0.20 2.81+0.15 2.90%0.17 2.85+0.14
Leukocytes, thousand/ul 289+1.39 28.3+1.25 28.2+1.21 284114
Haemoglobin, g/l 94.4%4.12 94.1+4.23 94.9%4.26 94.6+4.22

Leukogram, %
Basophils 2.7%0.32 2.5%£0.28 2.1£0.39 24+041
Eosinophils 6.3+0.41 6.4+0.57 6.2+0.61 6.0£0.59
Pseudoeosinophils 26.1+1.85 26.5+1.29 26.7+1.33 25.4+1.33
Lymphocytes 58.3+0.92 58.4%1.19 58.1%£1.15 60.1+1.29
Monocytes 6.6+0.69 6.2+0.55 6.9+0.53 6.1+0.79

After administration of the drug

Erythrocytes, million/ul 2.98+0.20 3.05+0.14 3.06%£0.21 3.05%£0.22
Leukocytes, thousand/ul 299+1.52 29.7%+1.51 29.8%1.52 30.2%£1.63
Haemoglobin, g/l 94.9+4.31 95.0+4.28 96.4+4.47 96.3+4.42

Leukogram, %
Basophils 2.8%£0.45 2.1£0.41 2.0£0.41 2.1+0.46
Eosinophils 6.1+x1.14 6.8+1.11 6.3+1.10 6.1+x1.11
Pseudoeosinophils 27015 28.1+1.2 29611 29.8+1.3
Lymphocytes 56.3+1.2 56.5+1.5 56.9+1.2 57114
Monocytes 78%0.7 6.5+0.6 6.4+0.5 6.2+0.4

Source: compiled by the authors

Table 5. Biochemical parameters of the blood of broiler chickens,n=10 (M*m)

Indicator Groups
1 - control 2 - experimental 3 - experimental 4 - experimental
Baseline data

Total protein, g/L 2.32%0.16 2.30+0.11 2.29+0.10 2.30+0.12
Inorganic phosphorus, mmol/L 7.63%0.22 7.61+0.25 7.70%£0.20 7.60x0.11
Total calcium, mmol/L 10.46+0.24 10.44+0.21 10.38%0.20 10.28%0.33
Vitamin A, pg/mtl 0.32%£0.026 0.31+0.021 0.33+£0.026 0.32+0.024
Carotene, ug/g 308.2+12.7 307.7+12.9 306.4+11.28 310.7£11.9

AST, nmol/(h/L) 0.52+0.054 0.51%0.053 0.52%0.059 0.51£0.58

ALT, nmol/(h/L) 0.23£0.020 0.24+0.019 0.21+£0.017 0.23+0.023

After administration of the drug

Total protein, g/L 2.37+0.18 2.39+0.15 2.39+0.17 2.38+0.14
Inorganic phosphorus, mmol/L 8.01+0.34 8.11£0.39 8.09%£0.31 8.10%0.33
Total calcium, mmol/L 12.23+0.31 12.81£0.30 12.91£0.32 12.89£0.31
Vitamin A, ug/ml 0.34+0.030 0.33%0.032 0.34+£0.038 0.34+0.039
Carotene, ug/g 309.3+6.74 340.2+6.11* 3479+6.13" 350.3%£6.27F

AST, nmol/(h/L) 0.54+0.061 0.53%0.060 0.55%£0.059 0.52+0.066

ALT, nmol/(h/L) 0.25+0.019 0.24+0.030 0.25%0.022 0.24+0.026

Note: * - P<0.05
Source: compiled by the authors

Haematological analysis revealed a trend towards
increased red blood cell count and haemoglobin levels
in chickens from the 3™ and 4 experimental groups.
However, no statistically significant changes in the
morphological blood parameters of the experimental
chickens were observed throughout the study period.
Analysing the leukogram, it can be concluded that af-
ter drug administration, it did not change significantly,

with only a trend towards an increase in pseudoeosin-
ophils observed. The obtained results may indicate that
the drug has a minimal impact on the haematological
parameters of chickens, but this warrants further inves-
tigation to elucidate the exact mechanisms of its effect
on the avian organism.

The data presented in Table 5 shows that the ad-
ministration of the drug caused an increase in serum
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carotene levels in the 2, 39, and 4th experimental
groups by 9.9%, 12.5%, and 13.1%, respectively, com-
pared to the control values (in all cases P <0.05). Re-
garding other biochemical blood parameters, they did
not show significant changes and remained within
the physiological norm. Thus, the conducted studies
showed that Hep-A-Stres, at the tested doses, did
not cause significant deviations in the bird’s meta-
bolic processes. During the macroscopic examination
of the internal organs, no pathological changes were
observed.

Based on the conducted research, it can be con-
cluded that the drug, at the tested doses, was non-tox-
ic to poultry. Its prolonged application (for 30 days) at
doses of 1.0, 2.0, and 5.0 g/kg body weight (the thera-
peutic dose and two- and fivefold doses of the thera-
peutic dose) had no negative impact on the function
of vital organs and systems in chickens, physiological
and biochemical blood parameters, and did not cause
changes in the structure of their organs. The next stage
of the research will determine the effect of the drug on
certain factors of the body’s natural resistance (Table 6).

Table 6. Indicators of natural resistance in broiler chickens,n=10 (M*m)

Groups
i 2 - experimental 3 - experimental 4 - experimental
Indicator
1 - control Hep-A-Stres
0.5 g/kg 1.0 g/kg 2.0 g/kg
Baseline data
Bactericidal activity of blood serum, %. 35.33+2.67 36.21+2.43 3488+2.71 35.65+3.22
Lysozyme activity of blood serum, %. 16.12+£1.22 15.94+1.34 16.12+1.43 16.77+£1.42
Phagocytic activity, %. 40.21%£1.76 40.23£2.15 39.11+£2.43 40.23+£3.24
After administration of the drug

Bactericidal activity of blood serum, %. 37.22%2.35 38.75%+2.43 40.14£2.53 40.43+2.36
Lysozyme activity of blood serum, %. 1712+1.13 18.21+1.43 19.12+1.45 18.97+2.15
Phagocytic activity, %. 40.23+2.34 41.65%3.12 49.51£2.27* 49.19+2.40"

Note: * - P<0.05
Source: compiled by the authors

The table shows that the administration of the
maximum dose of the drug to chickens in the 3 and 4
experimental groups significantly increased the phago-
cytic activity of pseudoeosinophils compared to the
control (23.1% and 22.3%, respectively). Although there
was a trend towards increased bactericidal activity of
serum in chickens of all experimental groups (from
4.1% to 8.6%), these changes were not statistically sig-
nificant compared to the control. The increase in phago-
cytic activity of pseudoeosinophils can be explained by
the high bioavailability and effectiveness of the drug’s

components and their synergistic action. Thus, the
conducted studies showed that the drug, at the high-
est doses (1.0 and 2.0 g/kg body weight), increases the
natural resistance of the organism and increases the
average daily gain and survival rate of broiler chickens.
However, the dose of 1.0 g/kg is considered optimal, as
a higher dose (2.0 g/kg) does not cause a significant
increase in weight or improvement in immune status in
birds, and a lower dose (0.5 g/kg) is considered less ef-
fective. The next stage of the study was a physicochem-
ical assessment of the broiler meat, as shown in Table 7.

Table 7. Physicochemical parameters of broiler chicken meat,n=10 (M*m)

Groups
Indicator
1 - control 2 - experimental 3 - experimental 4 - experimental
Hep-A-Stres
Drugs
0.5 g/kg 1.0 g/kg 2.0 g/kg
pH 6.42+0.07 6.04+0.05 5.94+0.06 6.2+0.03
Reaction to peroxidase with benzidine Doubtful Positive Positive Positive
Acid number of fat, mg KOH 0.92+0.08 0.94+0.07 0.96+0.07 0.92%0.05
Determination of acidity-oxidation 0.36+0.07 0.54+0.08 0.540.07 0.560.09
coefficient
Reaction with formalin Doubtful Negative Negative Negative

Source: compiled by the authors
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The table shows that the pH of the meat from the
experimental broiler chickens indicates a mature and
good quality state, while the pH values of the meat
from the control group broiler chickens suggest a dis-
eased state. The freshness and quality of the meat are
also confirmed by indicators such as the acid-oxidation
ratio and the acid number of the fat. When the drug
was added, the acid-oxidation ratio of the meat from
broiler chickens in all experimental groups was within
the range of 0.54-0.56, while this value in the control
group was 0.36. The benzidine reaction was positive in
the meat of the experimental groups and negative in
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the formalin reaction, while in the meat of the control
group broiler chickens, this indicator was doubtful.
Therefore, all the investigated parameters indicate
that the meat of broiler chickens from the experimen-
tal groups, where the experimental drug was applied,
corresponds to a mature and good quality state, while
the meat of broiler chickens from the control group is
classified as meat from diseased poultry according to
all the investigated parameters. The determination of
the content of essential amino acids, such as trypto-
phan and hydroxyproline, is an important method for
assessing the nutritional value of meat (Table 8)

Table 8. Biological value of broiler chicken meat,n=10 (M*m)

i Groups
Indicator
1 - control 2 - experimental 3 - experimental 4 - experimental
Hep-A-Stres

0.5 g/kg 1.0 g/kg 2.0 g/kg
Hydroxyproline, % 0.23+£0.03 0.22£0.05 0.21£0.04 0.21£0.05

+ compared to control, % - -4.3 -8.6 -8.6
Tryptophan, % 1.20%+0.05 1.24+0.09 1.28+0.04 1.29+0.06

+ compared to control, % - +3.3 +6.7 +7.5
PQl 5.2%0.31 5.6+0.28 6.1+0.29 6.1+0.32

+ compared to control, % - +7.7 +17.3 +17.7

Source: compiled by the authors

Tryptophan, which is found in large quantities in in-
tracellular proteins, is a positive indicator of meat qual-
ity, whereas hydroxyproline, which is primarily found in
connective tissue, is a negative indicator of quality. The
ratio of these amino acids reflects the biological value
of meat, known as the protein quality index (PQI). In
the experimental groups of broiler chickens, the con-
tent of tryptophan in the breast muscles was 3.3-7.5%
higher than in the control group, while the content of
hydroxyproline was correspondingly lower by 4.3-8.6%.
This resulted in a protein quality index of the meat in
the experimental groups being 17.3-17.7% higher than
in the control groups.

DISCUSSION

In industrial poultry farming, the high stress on the
bird’s organism leads to persistent disruptions in the
functional activity of liver cells, even with minor de-
viations in metabolic processes. Symptoms of liver
diseases often do not manifest immediately but only
after a certain period, separated from the onset of the
pathological process. According to scientists J. Heeren
and L. Scheja (2021), antioxidants, such as flavonoids,
play a key role in restoring liver function and increasing
the overall resistance of the poultry’s organism. Flavo-
noids, along with other antioxidants that enter the body
through feed, are important components of the cell’s
antioxidant system. They can act as traps for free rad-
icals and chelate metal ions involved in peroxidation.
Polyphenolic compounds, to which flavonoids belong,

can interact with various lipid radicals and stabilise
them, forming phenol radicals that do not participate
in oxidative processes.

In the studies conducted by O.Juanola et al. (2021)
and S. Kismiati et al. (2023), it was found that alpha-to-
copherol, which possesses a phenolic structure, inter-
acts with lipid peroxide free radicals during lipid per-
oxidation reactions by donating a hydrogen atom. This
process reduces the lipid peroxide to a hydroperoxide,
thereby halting the progression of lipid peroxidation.
The free radical generated from alpha-tocopherol as
a result of this reaction stabilises and does not par-
ticipate in further chain reactions. It can directly in-
teract with lipid peroxide radicals, reducing them and
converting them into a stable oxidised form known as
tocopherol quinone. Such a reaction contributes to the
cessation of lipid oxidation and helps maintain the sta-
bility of fats in products. According to S. Marimuthu et
al. (2022),the role of antioxidants in regulating cellular
immunity is an established fact. The intracellular redox
balance acts as a regulatory factor in T-cell activation
processes, macrophage secretion of lymphokines, and
cellular apoptosis. Thus, the functional synergy of anti-
oxidants indeed enables the achievement of maximum
protective effects and high stability of the preparation
at lower concentrations of antioxidants.

Research is being conducted into the interactions
of various antioxidants within the body, allowing for
the creation of optimal antioxidant compositions. A sig-
nificant aspect of the experimental drug’s application
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in these studies was the emphasis on a comprehen-
sive assessment of the clinical and biochemical status
of broiler chickens. This is a crucial step in ensuring
their optimal health and productivity, justifying optimal
doses of the experimental drug for broiler hepatosis to
ensure effective treatment and prevention of diseases
in poultry, as well as investigating the physicochemi-
cal composition and biological value of broiler chick-
en meat. Similar results were obtained by O. Oke et
al. (2020), as they confirmed the effectiveness of using
hepatoprotectors for broiler chickens in terms of reduc-
ing the feeding period. This is of great importance for
industrial poultry farming, where growth rate and pro-
ductivity are key factors helping to ensure the efficiency
and cost-effectiveness of poultry meat production. The
research results showed that the experimental drug
does not cause local irritation, has no embryotoxic or
teratogenic properties, and has a low allergic poten-
tial, making it safe and convenient to use for poultry
throughout the entire growing period.

When selecting a hepatoprotector, preference was
given to this experimental drug, which has been fre-
quently used in Ukraine in recent years. Research by
K-Y. Tian et al. (2020) confirm the positive impact of
using Carnivet L and Introvit A on the general condi-
tion and productivity of broiler chickens. A significant
increase in the content of total protein in blood serum
by 16.9% indicates an improvement in protein metab-
olism and the overall physiological state of the bird.
Of particular interest is the effect of these drugs on
the meat quality of broilers. An increase in the acid-ox-
idation coefficient of meat to 0.54-0.56 indicates the
maturity and good quality of the meat, which is an im-
portant quality indicator. For comparison, in the control
group, this indicator was significantly lower (0.36), in-
dicating less mature and possibly lower-quality meat.
Another important aspect is the increased content of
tryptophan and decreased content of hydroxyproline in
the breast muscles of experimental groups of broiler
chickens. Tryptophan, as an essential amino acid, plays
an important role in protein synthesis and can posi-
tively affect the growth and development of poultry.
A decrease in the level of hydroxyproline, which is a
marker of collagen, may indicate an improvement in
meat texture, as a decrease in the amount of collagen
makes the meat softer and juicier. These results confirm
the effectiveness of using Carnivet L and Introvit A in
improving meat quality and the physiological state of
broiler chickens, which can be beneficial for increasing
the profitability of production and meeting consumer
demands for the quality of food products.

The results of the current research align with the
data presented by R. Trofimiak and L. Slivinska (2021).
Administration of the drug Carcesel into the diet of
broiler chickens significantly increased their perfor-
mance indicators. In particular, the experimental group
showed an increase in pre-slaughter live weight by
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2.76-5.02% and carcass weight by 2.93-5.89% com-
pared to the control group. This indicates the effective-
ness of the drug in stimulating bird growth and increas-
ing their final productivity. In addition, an increase in
muscle tissue mass by 3.32-6.75%, breast muscle mass
by 3.53-7.83%, and edible carcass parts by 3.33-6.47%
was noted. These indicators demonstrate an improve-
ment not only in overall weight but also in the quality
characteristics of the meat, which is an important fac-
tor for commercial poultry farming.

According to the research of S. Wang et al. (2023),
the increased productivity of the broilers in the exper-
imental group can be attributed to the higher protein
quality index (PQl), which was 3.92-7.84% greater com-
pared to the control. Additionally, the meat preparation
technique score was also 3.92-7.84% higher than the
control’s 1.81-3.61%. During the experiment, a posi-
tive impact on the nutritional value of meat was ob-
served, with the protein content of muscle tissue in-
creasing by 7.5%, fat content by 8.3%, and energy value
by 4.8%. Overall, the authors’results emphasise the im-
portance of optimising the feeding of broiler chickens
to achieve better performance and meat quality, which
can be beneficial both economically and from a nutri-
tional standpoint.

The results of the current organoleptic study con-
firm the findings of V. Yaremchuk et al. (2020) and
V.Yaremchuk and L. Slivinska (2020). According to their
data, feeding broiler chickens various immunostim-
ulants had a significant impact on the digestibility of
key nutrients. Specifically, the digestibility of organ-
ic matter increased by 3.92%, protein by 7.80%, fat by
5.35%, fibre by 6.7%, and NFE (nitrogen-free extract)
by 1.7%. This contributed to better nutrient absorp-
tion and, consequently, more efficient feed utilisation.
Their data showed that feeding broiler chickens with
various immunostimulants indeed significantly affect-
ed the digestibility of important nutrients. In particular,
the digestibility of organic matter increased by 3.92%,
protein by 7.80%, fat by 5.35%, fibre by 6.7%, and NFE
(nitrogen-free extract) by 1.7%. This improved nutri-
ent absorption and allowed for more efficient feed
utilisation. The experimental broiler chickens showed
higher average daily weight gains (3.11-10.79%) and
live weight at slaughter (3.7-10.29%) compared to the
control group. The improvement in feed conversion, i.e.,
the ability to more efficiently convert feed into weight
gain, allowed for better utilisation of the biological po-
tential of poultry meat productivity. This not only in-
creased pre-slaughter weight and carcass weight but
also increased the slaughter yield of dressed carcasses
by 2.52-2.68%. The yield of edible carcass parts also
reached 85.0-86.1%, which is an important indicator for
assessing the productivity and quality of whole meat.

The results obtained show that the meat from broil-
er chickens after the administration of the drug “Hep-
A-Stres” meets the highest quality standards and has a




high biological value. This highlights the effectiveness
of this drug not only in restoring liver function but also
in increasing the overall productivity and natural resist-
ance of poultry. Given the positive results obtained, it is
recommended to include the drug “Hep-A-Stres” in the
diet of broiler chickens to improve the health, produc-
tivity,and meat quality of chickens. This is important for
producers who want to obtain high-quality products.

CONCLUSIONS

The results obtained from the study confirm the safety
of the drug “Hep-A-Stres” when used at various stages
of chicken development. The absence of a negative im-
pact on the development of chicken embryos, including
appearance, limb length, and body weight, indicates
that the drug has no embryotoxic or teratogenic effects.
The positive effect of the drug on tolerability, especial-
ly the activity and average daily weight gain of broiler
chickens, also confirms its effectiveness. The increase
in average daily weight gain in the experimental group
compared to the control by 5.5-7.9% was significant, in-
dicating that the drug contributed to improved growth
and overall condition of the birds. The findings of this
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broiler chickens. The addition of the drug to feed during
broiler chicken feeding is non-toxic. Long-term applica-
tion in doses 3-5 times higher than the therapeutic dose
does not have a negative impact on the physiological
state, morphological and biochemical composition of
the blood, and does not cause changes in the structure
of hepatocytes. Veterinary and sanitary examination of
the meat of broiler chickens showed that the quality
of the meat in the control and experimental groups
corresponded to the indicators of fresh healthy chicken
meat. However, physical and chemical differences were
noted. Based on the research results, it is recommended
to include this drug in the feed of broiler chickens. This
contributes to the restoration of liver function and in-
creases the productivity and natural resistance of poul-
try.To achieve the best results, poultry producers should
adhere to the established dosages of the drug and rec-
ommendations for use, which are based on further re-
search and expert recommendations. The potential for
further research lies in the thorough study of the drug’s
effects on field metabolic and organic systems of agri-
cultural and exotic poultry.
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AHoTauis. 36epexeHicTb NOroniB's MoOXHa NOAIMWMUTK, BBOAAYM B PaLLiOH NiKyBasbHO-NPOMINAKTUYHI nNpenapaTtu,
B TOMY 4MCANi renatonpoTekTopu. MeTa [OOCHIMKEHHS nongrana B OUiHLI BRAAMBY AOCNIAHOrO npenapary, Wwo
MiCTUTb renaTonpoTEKTOPU, HA 340POB'A KypyaT-bpoinepis. [JoCnigKeHHs CNpSMOBAaHE HA BUSABMEHHS MOTEHLiany
npenaparty A/ NOoKpaLleHHs OYHKLIT NeviHKM Ta 3araibHOro 36epexeHHs NOroNiB'a CiflbCbKOroCnoAapCbKoi NTUL,.
HocnipxeHHs 6yno npoeeneHo y nepion 3 2023 p. no 2024 p. 8 Ofecbkoro Aep>KaBHOMY arpapHOMY YHIBEPCUTETI.
Bynu npoBeneHi pocnipkeHHs Ang BUBYEHHS edeKTiB eKCrepMMEHTaNbHOro npenapaty B Takux go3ax: 1,0 r/kr Mmacu
Tina (TepaneBTMyYHa A03a), 2,0 r/Kr Macu Tina (noasiiHa TepaneBTMYHA A033a) i 5,0 r/kr macu Tina (5 TepaneBTUYHMX
no3ax) npotarom 30 gHie. Jocnig nposoannu Ha 500 kypuatax-6poinepax kpocy Ko66 500 Bikom Big 1 o 40 gHis.
Kpim TOro, BUMiptoBanu Ta HOCNigxyBanu BioXiMi4Hi NMOKa3HWKM KPOBi 3a AOMOMOrOK MOMbCbKOro BioXiMiyHOro
cenekuifHOro aBToMaTMYHoOro aHanisatopa Hitachi 902. JocnifxeHHSIMU BCTAHOBEHO, WO ONTUMANbHOK [03010
[oCnifHOro npenapaTty npu renatosax Kypuyat-6poinepis € 1,0 r/kr macu Tina. licns npuitomy npenapaty BMicT
6inipybiHy B CMpOBaTLi KpOBi 3HU3MBCS HA 27,3 %, akTUBHICTb TIAKTaTAEriAporeHasun 3Hn3umnaca Ha 17,1 %, akTBHiCTb
acnapraTamiHoTpaHcdepasm 3HuM3unaca Ha 16,4 %, akTUBHICTb anaHiHaMiHoTpaHcdepasu 3HM3unacs Ha 19,3 %,
BMicT 30inbwmBcs. Bitamin A 36inbwmnBcs Ha 25,6 %, a GaroumTapHa akTMBHICTb NCEBA0E03MHOMINIB 3pocna Ha
23,1 %. B pe3ynbTtaTi AOCNigKeHb LOBEAEHO, WO LOCTIAHWIA NpenapaT HOpMani3ye poboTy MeyiHKWM, MO3UTUBHO
BMJIMBAE HA DIOXIMIYHMIA CKNaA KPOBI, CNPUSIE POCTY, 3abe3neyye 3axXmCT i NPUPOLHY OMNipHICTb OpraHiamMy bpoinepis
i HaBiTb NOKpaALLY€E AKICTb MPOAYKLiT NTaXiBHULTBA NOKPaLLyBaTH. | 3 BMLLE BKa3aHOro HeobXifHO BAOCKOHAMOBATH
METOAM PaHHbOI AiarHOCTUKM MOpylleHb QYHKLIN NeYiHKM y NTULi | 3aCTOCOBYBATU ePEeKTUBHI MEeTOAM Kopekuii
MeTaboniyHMx npouecis

KniouoBi cnoBa: neviHka; renatonpoTekTopu; epUTPOLLUTH; reMOrN06iH; NeMKOLUTH
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Abstract. The study aimed to monitor the prevalence of ectoparasites and bacterial
infestationsin carp and to determine effective dosages of a newiodine-based treatment
for disease prevention. The research found that carp were affected by ectoparasites
G. kobayashii at 43.32%, L. cyprinacea at 46.67%,and P.lusiana at 31.71% in fish farming
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in a reduction of infestation levels to 0.2%, including a decrease in the incidence of
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gyrodactylosis by 89.92-97.35%, lernaeosis by 79.13-95.91%, and philometroidosis by 81.30-91.16% compared
to monitoring results. In investigations of bacterial infestations, it was found that the contamination of carp was
higher for E. coli at the PC “Shmatukha” by 8.0%, Aeromonas hydrophila by 47.97%, and Aeromonas salmonicida by
31.39%. Additionally, Pseudomonas anguilliseptica was detected at 19.48%, Streptococcus iniae at 13.27%, and
Micrococcus spp. at 38.14% at LLC “Ryasnyanske”. The presence of Staphylococcus aureus was recorded at 21.37%,
and Listeria monocytogenes at 11.43% at LLC “Bdzhola”; these figures were lower than those observed in other
farms. Following treatment with the iodine-based agent,contamination of fish by E. coli decreased by 98.96% at the
PC “Shmatukha”, 99.2% at LLC “Bdzhola”,and 84.32% at LLC “Ryasnyanske”. Contamination of carp by A. hydrophila
decreased by 94.51% at the PC “Shmatukha”, 80.28% at LLC “Bdzhola”, and 99.15% at LLC “Ryasnyanske” The
presence of A. salmonicida was reduced by 97.23% at the PC “Shmatukha”, 94.00% at LLC “Bdzhola”, and 79.06%
at LLC “Ryasnyanske”. Contamination by S. aureus decreased by 92.15% at the PC “Shmatukha”, 98.74% at LLC
“Bdzhola”, and 93.89% at LLC “Ryasnyanske”. The levels of S. iniae decreased by 80.90% at the PC “Shmatukha”,
99.63% at LLC “Bdzhola”, and 83.30% at LLC “Ryasnyanske”. Contamination by L. monocytogenes was reduced
by 96.25% at the PC “Shmatukha”, 96.08% at LLC “Bdzhola”, and 98.13% at LLC “Ryasnyanske”. Furthermore,
Micrococcus spp. levels decreased by 93.74% at the PC “Shmatukha”, 96.37% at LLC “Bdzhola”, and 92.26% at LLC
“Ryasnyanske”, in comparison to the monitoring results. The practical value of this study lies in controlling the
spread of ectoparasites and developing preventive measures to eliminate ectoparasites and bacterial infestations

in carp prior to their release into water bodies

Keywords: fish ectoparasites; intensity of invasion; bacterial microflora; control; prevention

INTRODUCTION

The prevention of infectious diseases in commercial
fish is of great importance to both producers and con-
sumers. The development of effective and safe meas-
ures to prevent the spread of infectious agents in ag-
uaculture is a pressing issue for scientists and farmers.

In the cultivation of commercial fish, systematic di-
agnostic monitoring and timely disease prevention are
crucial (Kochmann et al,, 2023). Research by N. Peter et
al. (2023) has shown that parasites can affect inter-
nal organs and systems, and alter fish behaviour. The
prevalence of parasitic infestations in fish increases
with chemical pollution of water bodies (Pravdova et
al., 2023). Studies by N. Umasuthan et al. (2020) have
demonstrated that ectoparasite infestations reduce im-
munity and contribute to the development of bacterial
and viral infestations in fish. Parasitic diseases in fish
lead to significant economic losses in both wild and
farmed environments. Research by G.Rigos et al. (2024)
has shown that the lack of rotation of antiparasitic
drugs in aquaculture has led to the emergence of para-
site resistance. A review of antiparasitic treatments has
highlighted the need for greater control and regulation
of their usage.

Formalin is often used as an effective treatment
for ectoparasites and fungi in fish (Othmen et al., 2024).
However, research by E.R. Fetherman et al. (2023) has
shown that formalin can lead to the death of fish fry
and eggs, depending on the concentration. Addition-
ally, increasing the concentration of the disinfectant
and its continuous use can lead to the development
of resistance in microorganisms. Consequently, the for-
mation of resistant bacterial strains reduces the effec-
tiveness of the disinfectant, making its use impracti-
cal. Research by S.I. Islam et al. (2024) has shown that

bacterial diseases are a significant problem, affecting
both wild and farmed fish species. Common pathogens
include streptococci, staphylococci, E. coli, Listeria, and
Pseudomonas aeruginosa. A thorough investigation into
fish bacterial pathogens, their prevalence, and the de-
velopment of control and prevention methods is nec-
essary. Therefore, controlling the spread of bacterial
infestations among wild fish populations and in aqua-
cultureis a priority. Studies by K.Buchmann (2022) have
shown that parasites adapt well to changes in their en-
vironment and to antiparasitic agents. Scientists there-
fore propose combining various methods for parasite
control, such as chemical, mechanical, and biological.
However, specific agents and protocols for antiparasitic
treatment of fish have not yet been proposed. Research
by S. Zhou et al. (2021) has demonstrated the antipar-
asitic activity of dioscin, an active compound in D.
collettii var. Hypoglauca, against G. kobayashii. However,
studies have shown that 0.6 mg/L of dioscin does not
completely eliminate the parasite but only temporarily
removes it from the host. Therefore, the development
and improvement of measures to control fish ectopar-
asites are still ongoing.

Due to the harmful effects of chemical disinfect-
ants on the environment and fish, researchers B.Y. Har-
mansa et al. (2023) proposed investigating the antipar-
asitic effects of essential oils from Mentha piperita,
Citrus limon and Melaleuca alternifolia. The results of
their studies showed that Melaleuca alternifolia oil was
the most effective, but all three plant essential oils
had a weak antiparasitic effect. Researchers Q. Ma et
al. (2024) note that chemical compounds such as for-
malin, hydrogen peroxide, and mebendazole are widely
used to kill fish ectoparasites. However, the frequent
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use of these agents leads to increased parasite resist-
ance and water pollution.

Fish are often contaminated with both ectopar-
asites and bacterial microorganisms simultaneously.
Therefore, there is a need for an environmentally safe
yet effective disinfectant capable of simultaneously
eliminating parasites and microorganisms from the
fish’s surface. For treating parasitic keratitis in hu-
mans, researchers N. Szentmary et al. (2020) suggested
the use of povidone-iodine, which has been effective
against this rare and hard-to-treat condition. A prom-
ising area of research is the exploration of a broader
spectrum of antiparasitic activity of povidone-iodine.
The compound has shown activity against adenovirus-
es, mumps, measles, and influenza, as well as envel-
oped and non-enveloped viruses. Studies by R. Barre-
to et al. (2020) demonstrated povidone-iodine’s high
antibacterial activity and its ability to disrupt bacterial
biofilms when treating acute and chronic wounds in
patients. There is a need to assess its effectiveness in
eliminating opportunistic and pathogenic microflora
on the surface of fish before stocking ponds. An eval-
uation of the toxic effects of Betadine (a 10% povi-
done-iodine solution) on goldfish fry was conducted,
and researchers Y.A. Mohamadi et al. (2022) found that
Betadine has a short half-life in aquatic environments
and is non-toxic to fish. Therefore, it can be used for
disinfecting closed water systems.

This study aimed to determine the correlation be-
tween ectoparasite infestation and bacterial infesta-
tions in fish and to investigate the efficacy of an io-
dine-based agent (active ingredient povidone-iodine)
as an antiparasitic and antibacterial treatment.

MATERIALS AND METHODS

Monitoring of fish damage by ectoparasites and bacte-
rial microflora. A study on ectoparasite and bacterial
infestations in fish was conducted in fish farms in the
Sumy Region, Ukraine: Private Company “Shmatukha”
(Solidarne village), Limited Liability Company “Bdzho-
la” (Kononenkovo village), and Limited Liability Com-
pany “Ryasnyanske” (Ryasnyanske village) during the
spring-autumn period of 2023. Fish were kept in closed
warm-water ponds of up to 10 hectares. These farms
follow an intensive commercial fish farming system.
The main commercial species was the common carp
(Cyprinus carpio). Fish were fed balanced compound
feed. Ponds were systematically fertilised with organ-
ic and mineral fertilisers and subjected to melioration.
However, due to military activities, fish farming and me-
lioration measures were not carried out at LLC “Ryasn-
yanske”, leading to a deterioration of the pond’s sanitary
condition. During a control catch of 100 individuals in
each farm, the presence of parasites and bacterial flo-
ra was determined. The total number of fish examined
across all farms was 300.

Conducting a production study on fish treatment for
the prevention of ectoparasites (Gyrodactylus kobayashii,
Lernaea cyprinacea and Philometroides lusiana) and bac-
terioses. One-year-old carp infested with ectoparasites
and contaminated with bacterial microflora were placed
in 100 dm? containers for treatment with Combiiod at
concentrations of 0.05%, 0.1%, and 0.2%. The fish were
exposed to the treatment solution for 3 hours at a tem-
perature of +14°C. The study was conducted between
April and May 2024. Three experimental groups were
established (Table 1).

Table 1. Study design

Experiment Number of fish per group Concentration of agent
1E 0.05 %
2E 0.1%
3E 0.2 %

Source: developed by the authors

Microorganism swabs and cultivation were carried
out at 37°C with a 24-hour exposure period. The exper-
imental iodine-based agent (povidone-iodine 200 mg
and sodium selenite 1.2 mg) was provided by the man-
ufacturing company “Brovapharma”. The study aimed to
conduct a practical trial of fish treatment before their
transfer to the pond.

Statistical analysis. The obtained data were pro-
cessed using Microsoft Excel 2010, alongside statis-
tical analysis employing the Fisher-Student method,
accounting for statistical errors and a significance lev-
el greater than 95% (p <0.05). The research conducted
at the fish farms adhered to the standards of DSTU
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EN ISO/IEC 17025:2019 (2019) and complied with
bioethics rules and the humane treatment of verte-
brate animals, as per 2010/63/EU (Hartung, 2010), the
European Convention (1986), and the Law of Ukraine
No. 249 (2012).

RESULTS

Results of monitoring fish damage by ectoparasites. At
the beginning of the study, the degree of ectoparasite
infestation in fish was determined in the ponds of PC
“Shmatukha” (Solidarne village), LLC “Bdzhola” (Konon-
enkovo village), and LLC “Ryasnyanske” (Ryasnyanske
village) during the autumn-spring period (Fig. 1).
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Average number of fish infested with ectoparasites at the beginning of the study
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Figure 1. Monitoring of ectoparasite pathogens in fish at farms in the Sumy Region

Source: developed by the authors

Infestation of carp by ectoparasites was notably
higher at LLC “Ryasnyanske”, with Gyrodactylus kobayas-
hii at 43.32%, Lernaea cyprinacea at 46.67%, and
Philometroides lusiana at 31.71%, compared to the low-
est rates recorded in other farms. The study revealed
breaches in sanitary conditions at LLC “Ryasnyanske”.
Disinfection of the pond is a labour-intensive and cost-
ly process. A large quantity of disinfectant is required,
and it is difficult to accurately calculate the concentra-
tion of the active substance in the water or whether
it will be sufficient to eliminate the parasites. A more
effective and sustainable method for maintaining wa-
ter quality is regular water exchange and mechanical
cleaning, which reduces the risk of parasite and mi-
croorganism accumulation in the water. Additionally, to
prevent the transmission of fish parasites to workers,

personal hygiene must be maintained. Additional-
ly, treatment of infested fish is necessary to prevent
the spread and reinfestation of fish in the main pond
where cultivation occurs.

Conducting a production study on the treatment of
fish against ectoparasites. The next stage of the study
involved treating the fish with a 0.05% solution of
treatment before stocking the ponds (Fig. 2). It was
found that the level of infestation by gill flukes de-
creased after treatment by 4.29% at PC “Shmatukha”,
1.63% at LLC “Bdzhola”, and 12.58% at LLC “Ryasnyan-
ske”, compared to the initial results. Gyrodactylus spp.
are flatworms that infest bony fish, feeding on mucus
and epithelial cells.Damage to the epidermis promotes
the development of secondary infestations, increasing
the risk of mass fish mortality.

Average number of fish infested with ectoparasites after treatment with a 0. 05% solution of the product
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Figure 2. Extensiveness of ectoparasite infestation in fish after treatment with a 0.05% iodine-based solution

Source: developed by the authors

The level of fish infestation by lernaeosis follow-
ing treatment with Combiiod decreased by 1.51%
at PC “Shmatukha”, 14.54% at LLC “Bdzhola”, and
15.39% at LLC “Ryasnyanske” The number of fish
with philometroidosis decreased by 2.52% at PC
“Shmatukha”, 14.59% at LLC “Bdzhola”, and 3.59% at

LLC “Ryasnyanske” compared to the results before
treatment. Treatment of fish with a 0.05% solution
of the agent showed low efficacy. Therefore, in sub-
sequent experiments, the concentration of the io-
dine-based agent was increased to 0.1% to eliminate
ectoparasites on fish (Fig. 3).

Average number of fish infested with ectoparasites after treatment with a 0.1% solution
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Following treatment with a 0.1% solution, the effica-
cyagainst gyrodactylosis was 25.23% at PC*Shmatukha”,
42.97% at LLC “Bdzhola”, and 40.03% at LLC “Ryasnyan-
ske” compared to the beginning of the experiment. The
parasites Gyrodactylus kobayashii exhibit a direct life cy-
cle and a short generation time, allowing them to rap-
idly infest a significant number of fish. The infestation
of fish by the parasite Lernaea cyprinacea decreased by
15.55% at PC“Shmatukha”, 32.67% at LLC “Bdzhola”, and
28.84% at LLC “Ryasnyanske”. The parasite Lernaea cyp-
rinacea is highly invasive and infects freshwater fish in
large numbers. After treatment with the iodine-based

agent the number of fish affected by philometroidosis
decreased by 15.45% at PC “Shmatukha”, 31.24% at LLC
“Bdzhola”, and 25.38% at LLC “Ryasnyanske” compared
to the beginning of the experiment. Philometroidosis
in carp is caused by the nematode Philometroides lu-
siana from the family Philimetridae. The disease is se-
vere and involves the liver, kidneys, and swim bladder.
Against a background of pronounced general intox-
ication, the fish initially lose weight, which gradually
leads to emaciation and death. To achieve maximum
efficacy in eliminating ectoparasites, the concen-
tration of the agent was increased to 0.2% (Fig. 4).

Average number of fish infested with ectoparasites after treatment with a 0.2% solution
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Figure 4. Extensiveness of ectoparasite infestation in fish after treatment with a 0.1% iodine-based solution

Source: developed by the authors

Treatment with a 0.2% iodine-based solution sig-
nificantly reduced gyrodactylosis at PC “Shmatukha” by
97.35%, at LLC “Bdzhola” by 89.92%, and at LLC “Ryasn-
yanske” by 95.09%, compared to the initial data. Lernae-
osis was reduced by 79.13% at PC “Shmatukha”, 95.91%
at LLC “Bdzhola”, and 83.18% at LLC “Ryasnyanske”. The
percentage of fish with philometroidosis decreased by
91.16% at PC“Shmatukha”, 81.30% at LLC “Bdzhola”,and
86.11% at LLC “Ryasnyanske” compared to the begin-
ning of the study.

Results of monitoring fish damage by ectoparasites
and bacterial microflora. The degree of fish infestation
by parasites, in turn, contributes to the development
of bacterial infestations and the death of a significant
number of fish. Therefore, parallel monitoring of fish in-
festation by opportunistic bacterial microflora was car-
ried out in fish farms in the Sumy Region (Fig. 5).

Most fish zoonoses are caused by bacteria. The
prevalence of bacterial infestations in carp is con-
stantly changing and needs to be monitored to detect
infestation in both wild populations and aquaculture.
The results of the study show the degree of bacterial
infestation, which, against a background of ectopara-
site infestation, poses a threat to both fish and human
health. Contamination of carp with Escherichia coli was
higher at PC “Shmatukha” by 8.0% compared to the
lowest value. At LLC “Ryasnyanske”, fish infestation with
Aeromonas hydrophila was higher by 47.97%, Aeromonas
salmonicida by 31.39%, Pseudomonas anguilliseptica by
19.48%, Streptococcus iniae by 13.27%, and Micrococcus
spp. by 38.14% compared to the lowest value in oth-
er farms. At LLC “Bdzhola”, contamination of fish with
Staphylococcus aureus was higher by 21.37% and Lis-
teria monocytogenes by 11.43%.

Infestation of fish by bacterial microflora
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Figure 5. Monitoring of fish infestation by opportunistic bacterial microflora in farms of the Sumy Region

Source: developed by the authors
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Conducting a production study on fish processing to
prevent bacterial microflora.Fish infested with ectopar-
asites have a weakened immune system, making them
more susceptible to bacterial infestations.To reduce
the risk of infectious diseases in fish, the level of bac-
terial contamination was determined after treatment
with a 0.05% solution (Fig. 6). Bacterial infestations
in fish cultured in open water bodies can lead to sig-
nificant economic losses due to disease and mortality.
Therefore, finding effective solutions for the preven-
tion and control of major bacterial diseases in fish is

Fotina et al.

crucial. Studies have shown that after treatment with
a 0.05% iodine-based solution, the number of fish in-
fested with Escherichia coli decreased by 11.11% at PC
“Shmatukha”, 18.08% at LLC “Bdzhola”, and 18.50% at
LLC “Ryasnyanske” compared to the initial data. While
Escherichia coli is not a specific pathogen of fish bacte-
rial infestations, it is a zoonosis that can cause human
disease. Therefore, determining the contamination of
fish with E. coli is important for product safety and also
indicates the sanitary condition of the water bodies
where the fish is kept.

Average number of fish infested with bacterial microflora after treatment with a 0.05% solution
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Figure 6. Infestation of fish with opportunistic microflora after treatment with 0.05 % iodine-based solution

Source: developed by the authors

Aeromonosis in fish is a common cause of fish mor-
tality due to damage to internal organs, especially the
hematopoietic system. Infestations with Aeromonas hy-
drophila decreased by 8.53% at PC “Shmatukha”, 11.52%
at LLC “Bdzhola”, and 14.52% at LLC “Ryasnyanske”. The
percentage of fish infested with Aeromonas salmon-
icida was lower by 3.31% at PC “Shmatukha”, 23.45%
at LLC “Bdzhola”, and 13.42% at LLC “Ryasnyanske”.
Pseudomonas anguilliseptica is a conditionally patho-
genic microorganism that affects various fish species.
Pseudomonas manifests as haemorrhages, damage to
internal organs, and mortality. Infestations with Pseu-
domonas anguilliseptica decreased by 8.53% at PC
“Shmatukha”, 21.18% at LLC “Bdzhola”, and 25.26% at
LLC “Ryasnyanske” after treatment with a 0.05% solu-
tion, compared to monitoring data.

A decrease in staphylococcal infestation was ob-
served at PC “Shmatukha” by 28.09%, at LLC “Bdzho-
la” by 17.61%, and at LLC “Ryasnyanske” by 4.58%.
Staphylococcus aureus is a conditionally pathogenic

microorganism and is an indicator of the sanitary con-
dition of water bodies where fish are farmed. Reduc-
ing the number of staphylococci on the fish surface is
important for ensuring food safety. S. iniae is a major
causative agent of streptococcosis in wild and farmed
fish worldwide. The level of Streptococcus iniae de-
creased after treatment with the agent by 9.09% at PC
“Shmatukha”, 13.65% at LLC “Bdzhola”,and 1.44% at LLC
“Ryasnyanske”, compared to the initial results.

Listeria monocytogenes, a frequent pathogen in fish,
can cause enterotoxemia in humans. After treatment,
the incidence of this pathogen decreased by 9.77% at
PC“Shmatukha”, 16.97% at LLC “Bdzhola”,and 17.25% at
LLC “Ryasnyanske”. The content of Micrococcus spp. on
the fish surface decreased by 4.36% at PC “Shmatukha”,
14.48% at LLC “Bdzhola”, and 3.84% at LLC “Ryasnyan-
ske”, compared to the previous monitoring. The results
of fish treatment with a 0.05% iodine-based solution
suggest the possibility of increasing the concentration
of the agent (Fig. 7).

Average number of fish infested with bacterial microflora after treatment with a 0.1% combiiod solution
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The percentage of fish infested with Escherichia
coli decreased by 32.29% at PC “Shmatukha”, 46.24% at
LLC “Bdzhola”, and 51.04% at LLC “Ryasnyanske” after
treatment. The contamination of fish with A. hydrophi-
la decreased by 34.87% at PC “Shmatukha”, 50.84% at
LLC “Bdzhola”, and 30.52% at LLC “Ryasnyanske”. Fish
during cultivation undergo significant stress, which re-
duces immunity and resistance to bacterial infestations.
Aeromonas salmonicida causes furunculosis and severe
septicaemia, leading to fish mortality. Infestations with
A. salmonicida decreased by 17.50% at PC “Shmatukha”,
37.21% at LLC “Bdzhola”, and 35.30% at LLC “Ryasnyan-
ske” compared to the monitoring results.

The number of Pseudomonas on the fish surface
decreased by 28.10% at PC “Shmatukha”, 40.62% at
LLC “Bdzhola”, and 45.25% at LLC “Ryasnyanske”. The

contamination of fish with the sanitary indicator mi-
croorganism S. aureus decreased by 45.89% at PC
“Shmatukha”, 63.20% at LLC “Bdzhola”, and 42.36% at
LLC “Ryasnyanske” compared to the initial data. The
content of streptococci decreased after treatment by
20.90% at PC “Shmatukha”, 34.31% at LLC “Bdzhola”,
and 16.21% at LLC “Ryasnyanske”. Infestations with
Listeria decreased by 46.15% at PC “Shmatukha’,
32.84% at LLC “Bdzhola”, and 36.59% at LLC “Ryasn-
yanske” compared to the monitoring results. The lev-
el of Micrococcus spp. decreased after treatment with
the agent by 46.15% at PC “Shmatukha”, 32.84% at
LLC “Bdzhola”, and 36.59% at LLC “Ryasnyanske”. To
achieve maximum effectiveness in eliminating mi-
croorganisms, the concentration of the agent was in-
creased to 0.2% (Fig. 8).

Average number of fish infested with bacterial microflora after treatment with a 0.2% combiiod solution
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Figure 8. Infestation of fish with opportunistic microflora after treatment with 0.2 % iodine-containing solution

Source: developed by the authors

As a result of the treatment, the content of Es-
cherichia coli in carp decreased by 98.96% at PC
“Shmatukha”, 99.2% at LLC “Bdzhola”, and 84.32% at
LLC “Ryasnyanske”, compared to the beginning of the
experiment. Infestations with A. hydrophila decreased
by 94.51% at PC “Shmatukha”, 80.28% at LLC “Bdzhola”,
and 99.15% at LLC “Ryasnyanske” after treatment. The
contamination of carp with A. salmonicida decreased
by 97.23% at PC “Shmatukha”, 94.00% at LLC “Bdzho-
la”, and 79.06% at LLC “Ryasnyanske” after treatment
with a 0.2% agent, compared to the monitoring results.
Opportunistic infestations that can affect humans in-
clude Pseudomonas spp., Micrococcus spp.., E. coli, S. au-
reus and Streptococcus spp. The level of contamination
of fish with P.anguilliseptica decreased by 99.08% at PC
“Shmatukha”, 97.91% at LLC “Bdzhola”, and 99.41% at
LLC “Ryasnyanske”.

Infestations with S. aureus in carp decreased by
92.15% at PC “Shmatukha”, 98.74% at LLC “Bdzhola”,
and 93.89% at LLC “Ryasnyanske” after treatment with
the iodine-based agent compared to the initial data.
The level of Streptococcus iniae decreased by 80.90% at
PC “Shmatukha”, 99.63% at LLC “Bdzhola”, and 83.30%
at LLC “Ryasnyanske”. The number of L. monocytogenes
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decreased by 96.25% at PC “Shmatukha”, 96.08% at LLC
“Bdzhola”, and 98.13% at LLC “Ryasnyanske” compared
to the monitoring results. Infestations with Micrococcus
spp. in carp decreased by 93.74% at PC “Shmatukha’,
96.37% at LLC “Bdzhola”, and 92.26% after treatment
with the agent. As a result of the conducted test, the
destruction of ectoparasites and bacterial microflora
on fish (carp) using the Combiiod agent at different
concentrations before stocking in the pond, it was es-
tablished that treatment with a 0.2% solution had the
most pronounced effect.

DISCUSSION

Carp is one of the most widely consumed fish species
globally and is frequently contaminated with parasites.
Many of these parasites can pose a serious threat to hu-
man health. Researchers S. Shamsi (2019) and N. Dysh-
liuk et al. (2023) have found that fish parasites often
remain unidentified and lead to zoonotic diseases.
Protocols and standards for testing food products for
pathogens vary across countries (Williams et al., 2020)
and even within developed countries (Franceschini et
al., 2023). Scientists W. Saijuntha et al. (2021) have
determined that the increasing demand for raw and




undercooked fish as a human food product, as well as
climate change, contributes to the rise of zoonoses.

Infestations of fish with the ectoparasite Gyrodac-
tylus cause a sharp decline in freshwater fish produc-
tion. Researchers E.D. Renner and I.C. Duggan (2024)
confirmed in their studies that the prevalence of gy-
rodactylosis is influenced by season and temperature.
As a result of the monitoring of fish infestations with
ectoparasites in fish farms, the pathogens Gyrodactylus
kobayashii, Lernaea cyprinacea and Philometroides lusi-
ana were identified. Of the three experimental farms,
the highest percentage of infestations was recorded
at LLC “Ryasnyanske”. The obtained result is associated
with the sanitary condition of the pond. Due to the hos-
tilities in the area, it was not cleaned for a long time.
The bottom of the water body has a significant layer of
silt and clay. The increased amount of soil particles in
the water and low transparency prevent sunlight from
destroying microorganisms and parasite larvae in the
water at a significant depth. To prevent the introduc-
tion of infested individuals into the water bodies, the
fish were pre-treated with an agent containing active
iodine in different concentrations.

After treating carp with a 0.05% solution of the
agent, the infestation of fish with gyrodactylosis
(12.58%) and lernaeosis (15.39%) decreased signifi-
cantly at LLC “Ryasnyanske” compared to other farms.
However, the destruction of the parasite Philometroides
lusiana (14.59%) on the fish surface was most ob-
served at LLC “Bdzhola”. Treatment of fish with a 0.05%
iodine-based solution demonstrated low efficacy in
terms of extent. It was established that the infestation
of carp with gyrodactylosis decreased by 4.29% at PC
“Shmatukha”, 1.63% at LLC “Bdzhola”,and 12.58% at LLC
“Ryasnyanske” compared to the initial results. Gyrodac-
tylus spp. are flatworms that infect bony fish, feeding on
mucus and epithelial cells. Damage to the epidermis
promotes the development of secondary infestations,
which increases the risk of death of a large number
of fish. Studies by S. Zhou et al. (2022) in vivo and in
vitro confirm that the antiparasitic efficacy of palm oil
against G. kobayashii depends on the time of applica-
tion and dose.

Increasing the concentration of the agent to 0.1%
for treating fish against ectoparasites showed a de-
crease in the maximum number of parasites G. kobayas-
hii and L.cyprinacea at LLC “Bdzhola” by 42.97% and
32.67%, respectively, compared to other fish farms.
Studies on the infestation of carp with the parasite
Lernaea cyprinacea are of great importance. Scientists
H. Rahmati-Holasoo et al. (2023) studied this problem
and found that it is necessary to consider the direct and
indirect impact of various environmental factors on the
occurrence and spread of the disease. The infestation of
carp with Philometroides lusiana decreased significantly
in the fish farm LLC “Ryasnyanske” by 25.38%. In the
article of F. Moravec et al. (2019), representatives of the

Fotina et al.

species Philometridae were studied, which represent a
group of dracunculoid nematodes parasitising fish. Re-
searchers believe that this species is so widespread on
most continents that it needs to be studied in detail
to increase the possibilities of developing preventive
measures.

Increasing the concentration of the solution to 0.2%
enabled the achievement of maximum extensity effec-
tiveness. The destruction of gyrodactylosis in farms on
the fish surface was 89.92-97.35%; lernaeosis - 79.13-
95.91%; philometroidosis - 81.30-91.16%, compared
to the monitoring results. Scientists A. Hedayati et
al. (2018), and N. Holembovska et al. (2024) proved the
antiparasitic efficacy of povidone-iodine at 200 mg/m?
for 1 hour in the destruction of Pseudocapillaria tomen-
tosa in danio fish. The contamination of fish by bacteri-
al microflora, alongside the presence of ectoparasites,
was high, which further reduced productivity and posed
a threat to carp health. Research indicated that the pro-
portion of contaminated fish included Escherichia coli
(6.25-6.75%), Aeromonas hydrophila (6.42-9.50%), Aero-
monas salmonicida (5.67-7.45%) Pseudomonas anguilli-
septica (3.27-6.85%) Staphylococcus aureus (5.24-6.36%),
Streptococcus iniae (5.42-6.23%), Listeria monocytogenes
(4.80-5.36%), Micrococcus spp. (5.27-7.28%) out of 100
experimental carp.

Research by F.I. Magouz et al. (2024) confirms the
contamination of fish with bacteria such as Aeromonas,
Vibrio, Streptococcus, Pseudomonas, Enterococcus and Ed-
wardsiella spp., especially at elevated water tempera-
tures. Furthermore, an analysis of bacteria isolated from
fish by researchers P. Nicholson et al. (2020) showed a
high level of infestation with A. hydrophila concurrently
with Aeromonas spp., demonstrating their synergy. The
obtained results provide a basis for the development
and implementation of more effective strategies for the
prevention and treatment of diseases.

Treatment of carp with a 0.05% iodine-based solu-
tion significantly reduced the number of fish infested
with Escherichia coli, Aeromonas hydrophila, and Pseu-
domonas anguilliseptica at LLC “Ryasnyanske”. The num-
ber of fish contaminated with Aeromonas salmonicida,
Listeria monocytogenes and Micrococcus spp. decreased
significantly at LLC “Bdzhola”. Results obtained by
X.Chen et al. (2018) showed that povidone-iodine elim-
inates Micropterus salmoides rhabdovirus (MSRV)A. hy-
drophila in closed water bodies and prevents fish con-
tamination. The maximum reduction in staphylococcal
colonisation of fish was observed at PC “Shmatukha”
Scientists P. Xu et al. (2021) confirmed in their stud-
ies that Staphylococcus aureus forms a biofilm, making
it difficult to eliminate. The level of Streptococcus ini-
ae contamination decreased after treatment with the
experimental 0.05% agent at LLC “Bdzhola”. Scientists
N.Mon-On et al. (2018) proved in their studies the high
efficacy of povidone-iodine in inactivating Streptococ-
cus spp.
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Increasing the concentration of the experimen-
tal agent to 0.1% had a positive impact on reducing
bacterial contamination of carp: E. coli by 46.24%,
A. hydrophila by 50.84%, A. salmonicida by 37.21%, P.
anguilliseptica by 45.25%, S. aureus by 63.20%, S. in-
iae by 34.31%, L. monocytogenes by 46.15%, and Mi-
crococcus spp. by 46.15%. The obtained results are
confirmed by the experiment of Q. Ma et al. (2024)
where they recommend treating fish embryos for
5-20 minutes with a povidone-iodine buffer solution
to eliminate Micropterus salmoides rhabdovirus at a
concentration of 5 mg/L.

To achieve maximum efficacy in reducing bacterial
contamination, the concentration of the experimental
agent was increased to 0.2%. As a result of the experi-
ment, a reduction in fish contamination was observed:
E. coli by 99.2%, A. hydrophila by 99.15%, A. salmonici-
da by 97.23%, P. anguilliseptica by 99.08%, S. aureus by
98.74%,S.iniae by 99.63%, L. monocytogenes by 98.13%,
and Micrococcus spp. by 46.15%. The maximum values
obtained in the experimental farms were considered.
The results of the study by R. He et al. (2024) confirm
the possibility of using iodine-based preparations to
develop a method for controlling the transmission of
infestation in closed-water bodies. As a result of the
experiment, the most effective concentration of the
experimental agent was determined, namely 0.2%, for
the destruction of ectoparasites and bacterial micro-
flora on the surface of carp before stocking in ponds.

CONCLUSIONS

Carp infestation with ectoparasites G. kobayashii was
found to be 43.32%, L. cyprinacea - 46.67%, and P. lu-
siana - 31.71% in fish farms. The use of a 0.2% io-
dine-based agent enabled the destruction of gyrodacty-
losis by 89.92-97.35%; lernaeosis by 79.13-95.91%; and
philometroidosis by 81.30-91.16%, compared to moni-
toring results. As a result of the treatment of carp with
the experimental agent at a concentration of 0.2%, the
content of Escherichia coli decreased at PC “Shmatukha”
by 98.96%, at LLC “Bdzhola” by 99.2%, and at LLC “Ryas-
nyanske” by 84.32%, compared to the beginning of
the experiment. The infestation with A. hydrophila de-
creased after treatment at PC “Shmatukha” by 94.51%,

at LLC“Bdzhola” by 80.28%, and at LLC “Ryasnyanske” by
99.15%, compared to monitoring.

Contamination of carp with A. salmonicida de-
creased after treatment with the experimental agent at
a concentration of 0.2% at PC “Shmatukha” by 97.23%,
at LLC “Bdzhola” by 94.00%, and at LLC “Ryasnyanske”
by 79.06%, compared to monitoring results. The lev-
el of P anguilliseptica colonisation decreased at PC
“Shmatukha” by 99.08%, at LLC “Bdzhola” by 97.91%, and
at LLC “Ryasnyanske” by 99.41%. Carp infestation with S.
aureus decreased after treatment with the iodine-based
agent at PC “Shmatukha” by 92.15%, at LLC “Bdzhola”
by 98.74%, and at LLC “Ryasnyanske” by 93.89%, com-
pared to initial data. The level of Streptococcus iniae de-
creased at PC “Shmatukha” by 80.90%, at LLC “Bdzhola”
by 99.63%, and at LLC “Ryasnyanske” by 83.30%.

The number of L. monocytogenes decreased at PC
“Shmatukha” by 96.25%, at LLC “Bdzhola” by 96.08%,
and at LLC “Ryasnyanske” by 98.13%, compared to
monitoring results. Carp infestation with Micrococcus
spp. decreased after treatment with the experimental
agent at PC “Shmatukha” by 93.74%, at LLC “Bdzho-
la” by 96.37%, and at LLC “Ryasnyanske” by 92.26%. It
was established that the use of a 0.2% iodine-based
agent eliminates ectoparasites G. kobayashii, L. cyprina-
cea. P. lusiana, and bacterial microflora E. coli, A. hydro-
phila, A. salmonicida, P. anguilliseptica, S. aureus, S. iniae,
L. monocytogenes, and Micrococcus spp. on the surface of
carp.The perspective of further research is to determine
the level of infestation of carp with ectoparasites and
bacterial infestations one year after stocking in a pond.
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AHoTauia. MeToto focnigxeHHs 6yno NpoBeCcT MOHITOPUHT YpaxeHHs pubu ekTonapasutaMu Ta 6akTepianbHUMM
iHeKLisMM Ta BCTAaHOBUTHU edeKTUBHI J,031 HOBOro MOAMICTKOro 3acoby 3 MeTor npodinakTuku xBopob puow.
[ocnigxeHHsS MM BCTAHOBIEHO YpaXKeHHs Kopona ekTonapasutamu G. kobayashii Ha 43,32 %, L. cyprinacea — Ha
46,67 %, P.lusiana - Ha 31,71 % y pubHux rocnogapcreax Cymcbkoi obnacti. 06pobka MoamicTkmMm 3acobom aana
MOX/IMBICTb 3HU3UTK CTyNeHb ypaxkeHHs A0 0,2 % B TOMy 4ucni Ha ripoaaktmnbos — 89,92-97,35 %; nepHiosy -
79,13-95,91 %, dinomeTpoino3y-81,30-91,16 %,N0piBHSHO 3 MOHITOPUHTOBUMM pe3ynbTaTaMu.[1pu [ocnifKeHHI
Ha 6akTepianbHi iHQeKLii BUSBNEHO, WO KOHTaMiHauis kopona 6yna 6inbwe E. coli y MMM «lWmatyxa» Ha 8,0 %;
Aeromonas hydrophila Ha 47,97 % Ta Aeromonas salmonicida - Ha 31,39 %, Pseudomonas anguilliseptica — Ha
19,48 %, Streptococcus iniae - Ha 13,27 %, Micrococcus spp. — Ha 38,14 % y TOB «PacHaHcbke»; Staphylococcus
aureus— Ha 21,37 %, Listeria monocytogenes — Ha 11,43 % y TOB «baoxona» ui NokasHWKKM Bynu MeHLle Hix
B iHWWX rocnopapcreax. llicng o6pobku WoaMicTkuM 3acoboM KoHTamiHauig pubu E. coli 3Hmu3mnace y [M
«LlMaTyxa» Ha 98,96 %,y TOB «bmxona» — Ha 99,2 %,y TOB «PsicHsiHCcbke» — Ha 84,32 %. ObcimMeHiHHS Kopona
A. hydrophila 3um3unocek y MM «LlLmaTtyxa» Ha 94,51 %, y TOB «bpxxona» - Ha 80,28 %, y TOB «PacHsHCbke» - Ha
99,15 %; A. salmonicida y MMM «Wmatyxa» Ha 97,23 %, y TOB «bmxona» - Ha 94,00 %, y TOB «PacHaHCbke» —
Ha 79,06 %; S. aureus y MMM «Wmatyxa» Ha 92,15 %, y TOB «bmxona» - Ha 98,74 %, y TOB «PacHaHCcbke» - Ha
93,89 %; S. iniae y MM «lWmatyxa» Ha 80,90 %, y TOB «baxona» - Ha 99,63 %, y TOB «PsacHgaHCcbke» — Ha
83,30 %; L. monocytogenes 3mMeHwwmnace y MMM «lmatyxa» Ha 96,25 %, y TOB «bmxona» - Ha 96,08 %, y TOB
«PacHaHcbke» — Ha 98,13 %; Micrococcus spp. y MM «llmatyxa» Ha 93,74 %, y TOB «boxona» - Ha 96,37 %,
y TOB «PsicHsiHCbke» — Ha 92,26 % MOpPIBHAHO 3 pe3ynbTaTaMu MOHITOPUHTY. [TpakTUUYHOK LiHHICTIO poboTH €
KOHTPOJIb NOLWMPEHHS Ta po3pobKa NpodinakTUUHUX 3aXO0AIB 4S8 3HULEHHS eKTonapasuTie Ta BakTepianbHMX
iHbekuin Kopona nepep BUCAAKOW Yy BOAOMMU

Kniouosi cnoBa: ektonapasuTu pubu; eKCTeHCMBHICTb iHBa3ii; 6akTepianbHa Mikpodnopa; KOHTPO/b; NpodinakT1ka
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over a 60-day period, and analysing their growth performance, meat yield, and biochemical blood parameters using
statistical analysis tools. As a result of the research, it was revealed that feed produced according to the developed
recipe has a positive effect on the weight gain of quails. In the experimental group (EG), the absolute increase
was 313.7£4.34 g, in the control group (CG) - 275.9 £ 2.89 g (not significant difference, P > 0.05). Furthermore,
the feed with extruded components and phytobiotics led to improved feed conversion ratio in the EG compared
to the control. The birds in the EG also demonstrated higher carcass weight and yield. The experimental diet
also appeared to have a positive influence on the immune status of the quails. The results demonstrate the
potential benefits of incorporating extruded components and phytobiotics into quail feed to improve growth
performance and maintain healthy physiological parameters. Evaluating the biochemical blood test results, it can
be indicated that no significant changes in the blood composition were detected, which may indicate the absence
of a negative effect of the developed feed on the body of birds. The results obtained may be of practical importance

for developing optimal diets for meat quails and improving the quality and safety of their products

Keywords: extrusion; blood biochemistry; homeostasis; diet; protein

INTRODUCTION

The relevance of this study lies in addressing the criti-
cal issues surrounding quail farming, which has gained
popularity due to its economic advantages, such as low
maintenance costs, short generation intervals, disease
resistance, and high egg production. Two key factors
that limit poultry production are energy and protein,
traditionally sourced from plant-based ingredients like
grains and beans. Although, competition for these re-
sources, along with challenges such as global warming
and rising costs, has raised concerns about the sus-
tainability of using conventional feed ingredients. This
highlights the importance of developing alternative
feeding solutions, such as balanced diets supplement-
ed with animal proteins or essential amino acids, to en-
sure sustainable and productive quail farming.

There is no direct ban on the use of meat and bone
meal (MBM) in animal diets in the Republic of Kazakh-
stan, however, the Veterinary (Veterinary and Sanitary)
Rules dated August 25, 2015 (as amended and supple-
mented as of July 11, 2023) provide recommendations
not to allow the use of MBM for cattle feed and ru-
minant processing waste to prevent bovine spongiform
encephalopathy. In this regard, when developing their
own feed recipes, the authors have used fishmeal in the
feed compositions.

Feed additives are used to replenish missing die-
tary elements. The increasing demand for natural feed
additives in poultry farming is due to the ban on the use
of antibiotics as feed additives. The feed industry is now
focusing on a new category of additives called phyto-
genic feed additives or phytobiotics, which are made
from herbs, aromatic plants and spices. The successful
use of phytogenic growth promoters brings greater
benefits to the poultry industry through increased feed
efficiency and improved health status (Alagawany et
al., 2022; Abd Elzaher et al., 2023). Therefore, in this
study, the authors used a mixed feed that included ex-
truded components and was enriched with BioFeed-P
phytobiotic, which is a natural immunostimulant (Sul-
tanayeva et al., 2023).

G. Kanbur et al. (2023) examined the effects of
adding dried banana leaves with or without a multien-
zyme complex to the diets of laying quails. The results
showed that it increased egg production and weight,
improved yolk colour, and affected egg quality, while
the multienzyme addition had minimal effects on lay-
ing performance. This lack of any benefits from adding
multienzymes leaves room for further exploration into
optimal dietary supplementation strategies.

C.E. Stanquevis et al. (2022) focused on evaluating
the effects of different levels of vitamin A supplemen-
tation in the diets of meat-type quails (Coturnix cotur-
nix sp) from 1 to 35 days of age. The research finds that
vitamin A supplementation has a significant impact on
body weight, weight gain, and feed efficiency, although
its effect on immune parameters was limited. A critical
analysis of the work reveals its focus on immunity was
somewhat narrow, only examining a few immune-relat-
ed factors like heterophil/lymphocyte ratio and organ
weights. The lack of significant findings in immunity
could indicate either that vitamin A does not strongly
influence early immune development or that more com-
prehensive immunological markers need to be assessed.

In their study A. Ansaripoor et al. (2020) examined
the improvement of the growth and production of Jap-
anese quail breeders and their offspring. Using the Ta-
guchi method, the researchers measured egg produc-
tion, feed intake, and hatchability in 630 quails. And
while the study provides valuable data on the optimi-
sation of quail diets, it is limited by its relatively short
timeframe and does not explore potential long-term
impacts on reproductive performance or health. E.A.
Ashour et al. (2024) also investigated the productive
performance, egg quality, and digestibility of laying
Japanese quails. They found that the best egg weight
and mass were achieved with a diet containing 20%
crude protein and 2,900 kcal/kg metabolised energy.
However, the study was conducted only in the summer
season, which might limit the generalizability of the
findings to other seasons.
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The aim of this study was to assess the effects
of feeding Texas quails with extruded parts and phy-
tobiotics on their physiological parameters and meat
productivity. By focusing on alternative feed solutions,
the study address concerns about the sustainability
and efficiency of traditional poultry diets. It determines
whether these dietary enhancements can improve quail
growth performance, carcass characteristics, and bio-
chemical blood markers.

MATERIALS AND METHODS

The experiment was carried out in the base farm (Ak-
mola-Phoenix Farm) in Akmola region, Kazakhstan.
The experiment period was 60 days, starting feeding
from the 7™ day of life until the poultry reached the
slaughter age. The experimental part of the research
was approved by the local ethical commission on bi-
ological and medical ethics (for research involving
animals) of the S. Seifullin Kazakh Agro Technical Re-
search University, Minutes of the Meeting No. 2 dat-
ed December 14, 2021. All procedures performed in
studies involving animals were in accordance with the
ethical standards of the institutional and national re-
search committee and with the Basel Declaration (An-
imal Research Tomorrow, 2010) and its later amend-
ments or comparable ethical standards.

Diets were formulated according to the recom-
mendations of the Nutrient Requirements of Ring-
Necked Pheasants, Japanese Quail, and Bobwhite
Quail (National Research Council, 1994). Compound
feed for quails for meat production was produced in
the production and testing workshop of “NFT-KATU”
Limited Liability Partnership on the basis of S. Sei-
fullin Kazakh Agro Technical Research University. The
composition included extruded corn, wheat, soybean
meal/cake, fish meal, tricalcium phosphate (TCP), feed
yeast, crushed shell rock and chalk, table salt, activat-
ed carbon, and BioFeed-P phytobiotic feed additive
developed by the authors.

The chemical composition of feed for quails for
meat production (content of ‘crude” protein, ‘crude” ash,
‘crude” fat, Ca, P, carotene) was determined using NIRS
DS2500 infrared feed analyser (Foss Analytical A/S,
Denmark). Feed components were purchased from lo-
cal producers in Kazakhstan. The chemical composition
of meat and eggs was determined by the permangano-
metric method. The experiment used 200 birds of the
Texas breed to determine the effect of the developed
recipe on meat productivity, the chemical composition
of meat, and biochemical blood parameters, reflecting
a complete picture of the body state.

The birds were divided into 2 groups: control and
experimental. Until the 7* day of age, the chicks were
fed commercial feed used in the base farm. The main-
tenance of two groups of birds is generally accepted
according to zootechnical standards, depending on the
age of the birds. The experimental group and the con-
trol group were housed in identical settings, guaran-
teeing uniformity in environmental elements including
humidity, illumination,and temperature. The amount of
feed was adjusted as the birds matured to meet their
changing nutritional requirements. To support healthy
growth and reduce stress, age-appropriate guidelines
for general care and space allocation were closely fol-
lowed,guaranteeing that every bird enjoyed ideal living
conditions for the duration of the trial. Feed was given
to quails during the fattening period in the amount of
42 g/bird per day with two feedings a day. Daily feed
intake was measured by subtracting the remaining
feed from the feed offered. The feed conversion ratio
was calculated by dividing feed intake by weight gain
*100. The control group (CG) ate feed previously used
on the base farm. The experimental group (EG) was fed
according to three recipes: “Start” (from the 7*" to 21+
days), “Grower” (from 21 to 42 days), “Finish” (from the
42 to 63 days), differing in the percentage of com-
ponents, however, the data on the “Finish” recipe was
important in authors’ research and is shown in Table 1.

Table 1. Feed composition for the EG of quails

Feed component

Percentage, %

Wheat 39.54
Soybean meal/cake 33
Fish meal 13
Extruded corn 10
Feed yeast 2
TCP 1
Crushed shell rock and chalk - 1% 1
BioFeed-P phytobiotic feed additive 0.06
Common salt (NaCl) 0.4

Source: compiled by the authors
To assess the effect of the developed feed on met-

abolic processes in the blood of quails, the following
indicators were studied: total protein (TP), albumin
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and globulins, total bilirubin, urea, calcium, glucose,
amylase activity, alanine aminotransferase (ALT), as-
partate aminotransferase (AST). Meat productivity was




determined by conducting weekly individual weigh-
ing and slaughter with the study of meat productivity
indicators. For that, 100 quails (50 quails from each
group) were sent for slaughter. Due to the fact that
sexual maturity in quails occurs in approximately 6-7
weeks and blood parameters change quickly accord-
ingly, it is methodically incorrect to compare them at
the beginning and after the experiment. Therefore, the
blood parameters of the EG were compared with the
parameters of the CG of poultry at the end of the ex-
periment at the age of 60 days. The blood test was car-
ried out on SMT-120V biochemical veterinary analyser
(Chengdu Seamaty Technology Co., China, Sichuan), the
operation of which is based on absorption spectroscopy
and transmission turbidimetry. Blood samples were col-

Balji et al.

lected by decapitation using a simple random sampling
method. Before blood sampling, the birds were on a
6-hour starvation diet. After slaughter of poultry, blood
samples for biochemical analysis were collected in
1.5 ml testing tubes with an activator and gel, followed
by centrifugation at 3,000 rpm during 10 minutes on
a CM-6M centrifuge (Sia “Elmi”, Latvia, Riga). Statistical
analysis was performed using SPSS 25.0 application.

RESULTS

To optimise feeding patterns, it is important to deter-
mine the energy content of feeds and also establish the
poultry ideal energy intake to ensure maximum eco-
nomic return. The chemical composition of the diets of
the EGs is presented in Table 2.

Table 2. Chemical composition of quail diets in EGS

s Crude ME (poultry),
0, 0, 0, 0, 0,
Group Humidity (%) DM (%) protein (%) Crude fat (%) Crude fiber (%) Ash Starch (%) Keal
CG 9.3 90.7 25.3 6.9 3.88 6.57 28.83 3,309
EG 8.3 91.7 27.6 5 3.49 5.38 32.79 3,357

Source: compiled by the authors

As can be seen from Table 2,the metabolic energy of
the mixed feed of the EG was 3,357 Kcal/1,000 g, while
in the commercial feed of the CG the level of metabolic
energy was lower by 48 Kcal, but in both groups the in-
dicator was at a high level. According to the Manual for
working with meat quails, the metabolic energy should
be 3,100 Kcal/1,000 g, protein in the feed should be
20%. Due to the fact that the components of the feed
are subjected to extrusion processing, its moisture con-
tent is reduced, which makes it possible to prolong the
shelf life, reducing the risk of the development of mi-
croorganisms and molds. In the mixed feed of the EG
the moisture content was 8.3%, in the CG - 9.3%.

An important indicator of the nutritional and ener-
gy value of feed is dry matter. Dry matter content indi-
cates the actual amount of various nutrients available
to the poultry consuming the feed. Dry matter contains
inorganic (raw ash) and organic components. Organic
matter in feed consists of crude protein, crude fat, and
carbohydrates. The feed according to the recipe authors

developed contained 91.7% of dry matter, while the CG
contained 90.7%. The percentage of protein in the feed
of the EG was 27.6%, in the CG - 25.3%, which indicates
a sufficient supply of protein to the poultry’s body and
satisfies their needs. Fiber in the feed is digested in the
poultry body in the cecum, where there are microorgan-
isms that secrete enzymes that can decompose from 10
to 30% of the fiber. The crude fiber content should be
at the level of 4.0-5.0%, in authors’ case this figure is
slightly reduced and amounts to 3.49% in the EG and
3.88% in the CG.

Carbohydrates - starchy polysaccharides (starch,
sugar) are the main sources of energy for poultry. The
percentage of starch in the feed of the EG was slight-
ly higher than in the CG and amounted to 32.79% and
28.83%,respectively.Ash contentis generally recognized
as the most important indicator for assessing the min-
eral composition of a product. The feed of the EG con-
tained 5.38% of ash, and the CG - 6.57%. The results of
the weight gain of the EGs of quail are shown in Table 3.

Table 3. Dynamics of growth of quails from the 7" day to the 63 day of life using the developed recipes

Average weight, g

Age, days I EG
7 56.7%1.22 60.1+0.88
14 105.8+1.54 106.1£1.56
21 147.7+2.22 170.8%£1.98
28 220.6%2.93 233.3+2.48
35 267.9+3.02 278.3%£2.7
42 306.2+4.03 314.7+3.62
49 319.6%£4.4 342.7+£358
56 331.4%474 360.3%£4.35
63 333.2%453 373.7%4.28

Source: compiled by the authors
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From Table 3 it can be seen that during all periods
of quail growth, the EG had a greater weight gain. Live
weight when feeding birds according to the Start recipe
(from the 7t to 215t days) in the CG by the 215 day was
147.7+2.22 g,and in the EG - 170.8 £1.98 g, which is
15.6% higher or 23.1 g. Live weight when feeding birds
according to the Grower recipe (from 21 to 42" days)
on the 42" day in the EG is 2.7% higher than in the CG.
The weight of birds fed with the Finish recipe (from the

42 to 63 days) in the EG increased every week, while
in the CG from the 56 to 63™ days there was practically
no increase.So, by the end of the fattening period,the EG
poultry weighed 373.7 £4.28 g, while the poultry in the
EG weighed 333.2+4.53 g, which is 12.15% lower than
the EG level or less than 40.5 g. The dynamics of growth
in live weight of quails is presented by indicators of ab-
solute and relative growth. The growth rates (absolute,
average daily) of quail in groups are shown in Table 4.

Table 4. The Contribution of agroforestry practice to pesanggem household income

Group Absolute weight gain, g Average daily weight gain, g
CG 275.9+2.89 5.11
EG 313.7+4.34 5.81

Source: compiled by the authors

Calculation of absolute weight gain revealed that
the difference between the groups amounted to 37.8 g.
Absolute gain in the EG amounted to 313.7 £4.34 g,
in the CG - 275.9 * 2.89 g. Average daily gain in the
CG - 5.11 g, in EG - 5.81 g. The EGs ate almost the

same amount of feed on average per day in the EG -
32.1+0.97g,inthe CG-31.9%£0.99 g,or per 1 gof gainin
the EG 5.53 g of feed was spent, while in the CG - 6.24 g,
i.e.in the EG feed conversion was 13% higher. The re-
sults of meat productivity indices are shown in Table 5.

Table 5. Meat productivity indices

Group (n=30)

Indicator 1+ group (EG) 2" group (CG)
Mim,g Mim,g
Pre-slaughter weight, g 370.1£24.05 294149
Weight of semi-gutted carcass, g 331.3%£16.9 240.6+13.01
Weight of gutted carcass, g 287%174 219.3+£16.4
Slaughter yield, % 78% 75%
Weight of skin and subcutaneous fat, g 37.1%£2.3" 13.5+5.99
Pectoral muscles, g 93.1%£5.7 51.6%4.8
Leg muscles, g 49.3+£49 34.85+13.1
Weight of internal organs, g
Muscle stomach, g 4.1%0.73 3.65+0.3
Heart, g 3.25+0.21 2.8+0.47
Liver, g 6.12+1.48 4.07+0.12

Source: compiled by the authors

According to Table 5, it can be concluded that the
slaughter yield of quails in the EG is 4% higher than in
the CG.The best results were obtained in the EG, which
received Finish enriched feed. Live weight in the EG
was 370.1 £ 24.05 g, which was higher than in the CG
by 76.1 g or 26%, in the CG live weight index was less
by 21%. According to the table in the EG the weight of
half-gutted (331.3+16.9) and gutted (287 = 17.4) car-
casses was 30.6-37.7% ahead of the corresponding in-
dicators of the CG, while in the CG the indicators were
lower by 67.7-90.7 g or 27.38-23.6%, which indicates
the effectiveness of the developed enriched feed.

Also, according to the results obtained in the EG
an increase in the weight of skin and subcutaneous
fat was noted, which gives the meat juiciness, tender-
ness and peculiar taste. According to the results of the
study in the EG this indicator was equal to 37.1£6.8 g,
which was an increase of 174%, as well as pectoral
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muscles-93.1£5.7gor 80.4%,leg muscles-49.3+4.9¢
or 41.46% were more in comparison with the index of
the CG. At the same time in the CG the mass of skin
and subcutaneous fat amounted to 13.5%5.99 g, pecto-
ral muscles - 51.6+4.8 g, leg muscles - 34.85+13.1 g.
Thus, analysing the obtained data, it can be noted that
meat productivity of quails increases with the introduc-
tion of “Finish” enriched feed into the main diet.

In the EGs, the weight of internal organs such as
muscular stomach, heart and liver surpassed the values
of the CG. It is important to develop heart, liver and
muscular stomach as human food organs. The mass of
muscular stomach of the EG was 4.1+0.73 g, which was
12.33% higher than of the CG. The EG was superior to
the CG in heart weight by 16.08%. Liver weight in the
EG was 6.12 £1.48 g or more by 50.7% compared to
the CG. Thus, relative to live weight, internal organs of
experimental birds in the EG had a better index, which




indicates the positive effect of “Finish” enriched feed.
When analysing the results of chemical composition of
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quail meat, 4.70 * 1.74% of fat was found in the CG,
while in the EG this index was 2.79%0.89% (Table 6).

Table 6. Chemical composition of quail meat

Name of indicators, units of measurement Results of the EG CG results
1 2 3
Physical and chemical indicators:
Mass fraction of protein, % 21.12+0.36 20.82+0.08
Mass fraction of fat, % 2.79%+0.89 47174
Mass fraction of carbohydrates, % Not detected Not detected
Mass fraction of ash content, % 1.18%+0.03 1.27%0.06

Source: compiled by the authors

Protein level in the EG was equal to 21.12+0.36%,
in the CG - 20.82 £0.08%. Mass fraction of ash content
in the EG was slightly lower than in the CG and amounted
to 1.18%. Thus, enriched feeds with the use of highly nu-
tritious, highly digestible and natural plant components
according to the Start, Grower and Finish formulation

had a positive effect on the growth and development
of Texas quail. The used enriched feeds allow obtain-
ing the weight of quails at 63 days of age within the
physiological norm, while the feed used on the farm
showed lower efficiency. The results obtained from the
assessment of the developed feed are shown in Table 7.

Table 7. Assess the effect of the developed feed on metabolic processes in the blood of quails

Indicator Actual result of EG Actual result of CG Unit
Albumin 13.67+0.48 12.23+2.93 g/L
TP 27.8+1.11 27.33+8.94 g/L
Globulin 14.32+0.89 18+21.35 g/L
Total bilirubin 2.75+0.84 3.5+0.99 umol/L
AST 403+44.95 3824275 u/L
ALT 11.67+1.8 11.67+3.34 u/L
Amylase
Glucose 15.49+0.48 16.68%0.8 mmol/L
Calcium (Ca) 2.31+0.11 2.39%£0.09 mmol/L
Urea 1.93+0.24 2.48%0.72 mmol/L

Source: compiled by the authors

According to the results of the research of protein
metabolism in quails of the EG at the age of 60 days,
the content of TP was 1.7% higher than in the CG. The
content of globulin fractions in experimental birds
was 20.44% lower than in control birds. Most Llikely
the decrease was due to alpha and beta-globulin frac-
tions, which indicates the absence of intoxication and
inflammatory processes in the body of experimental
birds. Authors found that the combined feeds do not
have a significant effect on the level of urea in the
blood of quails, which is associated with a stable level
of TP and albumin. Urea content in the blood of the EG
was lower by 22.17% than in control quails, and both
values were within physiological values. Both increase
and decrease of urea content in blood are fraught with
consequences for the organism of birds. Urea and cre-
atinine are indicators of normal renal function and
their increase in serum indicates renal dysfunction
or protein overfeeding. Decreased plasma/serum urea

levels are less common and usually have less clinical
significance than increased plasma/serum urea levels
(Mamoulakis et al., 2024). Decreased blood urea is as-
sociated with prolonged protein malnutrition and im-
paired urea-forming function of the liver.

Healthy poultry have higher glucose levels. For
quail, as for other small birds, decrease in blood glu-
cose below 8.25 mmol/L is considered life-threatening.
In authors’ studies, the blood glucose level in experi-
mental and CGs was at a fairly high level, ranging from
15.49-16.68 mmol/L. The concentration of bilirubin in
the blood serum of quails did not exceed the physiolog-
ical values in poultry of both groups, however, in exper-
imental quails this indicator in the blood was 21.42%
lower than in the control ones. Calcium is one of the
most important chemical elements necessary to ensure
the basic life processes of quails. The concentration of
calcium in the blood serum is a fairly constant value.
However, its content may vary depending on the level
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of its intake from feed and the clinical condition of the
bird’s body. The calcium content in the blood of quails
of the experimental and CGs, although it was within the
standard values, 2.31 and 2.39 mmol/L, with a minimum
reference value of 2 mmol/L.

The most valuable information about the function-
ing of the organs of the digestive system of birds is
provided by the activity of enzymes such as ALT and
AST. All enzymes provide metabolic fluxes along with
enzymatic activity, and there is a metabolic relation-
ship between nonspecific biochemical changes. The
research results showed that when feeding extruded
feed to growing quails, there is a significant fourfold in-
crease in AST, while ALT activity remains within normal
limits, and amylase activity shows a distinct decreas-
ing tendency. It was also found that in quails of the EG,
amylase activity was 50% lower than in the CG. Such
changes can be explained by the fact that this age pe-
riod is associated with intensive growth of the poultry
and its puberty. The function of the pancreas reflects
the characteristics of the poultry species nutrition. The
content of enzymes in the pancreatic juice of the gland
reflects its adaptation to the quality of food and its di-
gestibility. The decrease in amylase activity is appar-
ently associated with a decrease in metabolism, as well
as with the emergence of new highly digestible feeds.

DISCUSSION

In the course of this study, significant advantages of
the EG over the CG in terms of meat productivity were
revealed.This trend can be explained by the complete-
ness of the feed composition of EG, which included ex-
truded components and the phytobiotic feed additive
BioFeed-P, which contains more than 250 biologically
active components. Research results by A.M. Khali-
fah et al. (2021) showed that growth performance was
positively affected by the addition of lemongrass es-
sential oil (P<0.01) at a dose of 0.4 g/kg compared to
the CG. In addition, the additive improved meat quality
as it significantly improved (P < 0.01) water holding
capacity of thigh meat and pH values. Blood charac-
teristics showed a significant decrease (P <0.01) in Li-
pid profile, AST, ALT, and malondialdehyde under the
influence of additives.

In the scientific discourse, the position is spread-
ing that the use of natural feed additives as growth
promoters in poultry diets has a positive effect on egg
production, meat production, reproduction and health
and minimizes the use of antibiotics as growth promot-
ers. In the course of this research, a phytobiotic addi-
tive BioFeed-P was developed for animals and poultry,
which was used as a plant feed additive. Corn, wheat,
and soybean meal are the main components of poultry
diets, providing a significant portion of energy and pro-
tein. Traditional sources of fiber-rich byproducts include
wheat bran, sunflower meal, cottonseed, oat bran, soy-
bean bran, and pea bran (Jha & Mishra, 2021).
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M.T. Sisay et al. (2018) reported that wheat-based
extruded products are relatively low in protein and high
in gluten, and have a high glycemic index. Due to the
high protein content in legumes, they are considered
crops that satisfy the need for plant protein in poultry
diets (Nalluri & Karri, 2021). The extruded components
used by the authors also improve the safety perfor-
mance of the feed, reducing the risk of contamination
by microorganisms and fungi. According to D.D. Loy and
E.L. Lundy (2019), corn starch is almost 100% digesti-
ble and its content can be increased during grain pro-
cessing. M.M. Rahman et al. (2024) found that groups of
quails receiving specific combinations of olive oil and
key lime juice showed improved weight gain and feed
conversion ratio. F.M. Reda et al. (2024) examined the
effects of naringenin, a natural feed additive, on the
growth performance, carcass traits, blood biochemistry,
immunity, antioxidant responses, and cecal microbiota
of Japanese quails. The results showed that naringenin
improved quail growth, feed conversion ratio, blood bi-
ochemistry,and immune responses, while also reducing
harmful microbial populations in the quails’ cecum.

K. Wengerska et al. (2022) believe that with prop-
er enrichment, soybean meal fully meets the require-
ments for essential amino acids.According to S.A. Lee et
al. (2023), TCP is obtained by reaction of phosphoric
acid with carbonate, followed by calcination at temper-
atures above 900°C. TCP, intended for feeding, is used
in diets for poultry. TCP is able to provide unique prop-
erties of a filler agent to powder mixtures. According
to C.H.Kim et al. (2023) premixes and minerals such as
copper, iron, zinc, magnesium are important nutrients
that directly or indirectly contribute to biochemical
processes in the body. The authors included 1% premix
to the developed feed to enrich the diet with minerals.

Enrichment of the diet of quails with extruded
components and the phytobiotic additive BioFeed-P
demonstrated a positive effect on the main zootech-
nical indicators. Thus, the absolute increase in live
weight of quails in EG was 313.7 £ 4.34 g, while in
CG - 275.9*2.89 g (the difference is not significant,
P >0.05). This indicates an increase in the energy of
growth and the efficiency of the use of feed by quails
when using the developed diet. In addition, the EG
bird had a higher slaughter weight and meat yield in
the carcass. The analysis of biochemical indicators of
blood did not reveal significant differences between
the groups, which may indicate the absence of a nega-
tive effect of the developed feed on the bird’s body. TP,
albumin, and globulin levels were within the normal
range for both groups, indicating adequate nutrition-
al support and absence of inflammation. Also, no sig-
nificant differences were found in the activity of liver
enzymes, which indicates the absence of a negative
effect on the function of the organ.

A positive effect of the experimental diet was also
observed on the immune status of quails. The stability




of the indicators of protein metabolism and the absence
of signs of liver damage can indicate the maintenance
of the homeostasis of the body and the preservation
of the health of the bird when using the developed
feed. As for the study of quail homeostasis, it should be
noted that this indicator is significantly influenced by
the egg production of birds, as well as the quality and
hatchability of eggs. This indicates the additional ad-
vantages of using extruded components and phytobiot-
ic additives in feeding meat quails and the need to in-
volve them in the development of optimal schemes for
increasing productivity and product quality. The results
obtained by the authors regarding the use of extruded
components in diets in combination with a phytobiotic
feed additive are consistent with the above data of for-
eign authors, and the authors consider their use in the
production of compound feed for quail to be promising.

CONCLUSIONS

As a result of the conducted research, the specifics of
the use of extruded components in quail diets were an-
alysed in order to increase meat productivity. The basis
of the study was the problem of antibiotic resistance,
in particular, effective ways of replacing antimicrobial
agents with safe natural herbal alternatives were con-
sidered. It has been established that they can be phy-
tobiotics that have similar properties, without having a
negative effect on the bird’s body, and, on the contrary,
stimulating metabolic processes. The results obtained
during the research confirm the high efficiency of the
use of extruded components and the phytobiotic addi-
tive BioFeed-P in quail diets for the meat sector. Poul-
try feeding according to the specially developed “Start”,
“Growth” and “Finish” recipes ensured an increase in
live weight indicators, better slaughter characteristics
and quality indicators of meat compared to the CG.

It was established that the introduction of extruded
components and phytobiotics into the compound feed
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contributed to a significant increase in the absolute
and average daily weight gain of the quails of the EG.
In addition, the poultry of the EG had a higher slaugh-
ter weight by 26%, a higher yield of semi-eviscerated
and gutted carcasses by 30.6-37.7%, a greater mass of
skin, subcutaneous fat, pectoral and tender muscles
compared to the CG. The analysis of biochemical blood
parameters conducted during the study did not reveal
significant deviations from the norm, which indicated
the absence of a negative effect of the developed com-
pound feed on the physiological state of the bird. At the
same time, a decrease in amylase activity was observed,
which is probably associated with a decrease in the in-
tensity of metabolism against the background of the
use of easily digestible feed components. In general,
the results obtained in this study prove the expediency
of using extruded components and phytobiotic addi-
tives in feeding quails of the meat production sector
to increase their productivity, preserve health and im-
prove the quality of meat products. The obtained data
can be used in the development of complete balanced
diets for industrial quail breeding. Further research is
required to better understand the mechanisms under-
lying these changes and determine homeostasis for
quail. Additional studies could also explore the impact
of the experimental diet on egg production, quality and
hatchability.
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AHotauis. [lepenenn € UiHHUMM BMAOM OOMALLHBLOI MTULI, OCKIIbKK iXHI 91U Ta M'SCO MalOTb BUMCOKY MOXMBHY
LiHHicTb. KpiM TOro, nepenenu BiApi3HAOTLCS PaHHbLOK CTAaTEBOH 3PiNiCTHO, BUCOKOK HECYYIiCTHO i HEBENUKMMMU
po3mipamu Tina. LLi yHikanbHi xapakTtepuctuku pobnsaTb ix npuBabamMBuM 06'€KTOM Ans cenekuii Ta HayKoBMX
pocnipkeHb. MeTtow pobotn 6yno pocniavtu BAAMB KOMOIKOPMY 3 eKCTPYAOBaHMMM KOMMOHEHTaMMu Ta
diTo6ioTMKAMM Ha M'ACHY NPOAYKTMBHICTb i BiOXiMiYHi MOKa3HMKKM KPOBI TexaCbkux nepenenis. MeTtogonoris
pocnigxeHHs nepepbayana posnoain 200 nepeneniB Ha AOCNIAHY Ta KOHTPObHY FPYnU, 3ro40BYBAHHSA iM Pi3HUX
pauioHiB npoTtarom 60 AHIB Ta aHani3 NOKA3HMKIB pOCTY, M'ACHOI NPOAYKTUBHOCTI Ta B6iOXiMiYHMX MOKA3HUKIB KPOBI
33 LLONOMOrOK iHCTPYMEHTIB CTAaTUCTMUYHONO aHanisy. Y pesynbTati focNigKeHb Oyno BUABNEHO, WO KOMOIKOpM,
BMIOTOB/IEHUI 32 pO3p0OBNEHOI peLenTypoto, MO3UTUBHO BM/IMBAE HA NPUPICT MacK Tina nepenenis. Y AOCNiAHINA
rpyni (EM) abcontoTHMi npupict cknas 313,7 4,34 r,y koHTponbHin rpyni (KM — 275,9+2,89 r (pi3Huus He BiporigHa,
P >0,05). Kpim Toro, koMbBikopM 3 eKCTpyLOBaHMMM KOMMNOHeHTamMu Ta (iTob6ioTMKamMu NpM3BiB A0 MNOKPALLEHHS
KoedilieHTy KoHBepcii KopMy B EI nopiBHAHO 3 KoHTponeM. lNtaxu B El TakoX npoAeMOHCTpyBanu BULLY Macy
TYLUKM Ta BUXOAM. EKCnepuMeHTanbHWIA paLlioH TaKoX MO3UTUBHO BNAMHYB Ha iIMyHHUI cTaTyc nepenenis. OTpuMaHi
pe3ynbTaTu 4eMOHCTPYIOTb MOTEHLiMHI MepeBary BKAOYEHHS eKCTPYA0BaHMX KOMMOHEHTIB Ta QiTo6i0THKIB Y KOpM
nepenenis AN NOKPALLEHHS MOKA3HMKIB POCTY Ta NiATPUMAHHA 300p0BMX disionoriyHnx napameTtpis. OuiHIO0UYM
pe3ynbTaTi BioXiMiYHOrO aHanisy KpoBi, MOXHA 33a3HAYUTH, WO CYTTEBUX 3MiH y CKNafi KPOBi He BUSBNEHO, L0
MOXe CBif4WUTU MpPO BiACYTHICTb HErAaTMBHOMO BMJIMBY PO3p06/IEHOr0 KOMBIKOPMY Ha opraHiam ntuui. OTpuMaHi
pe3ynbTaTM MOXYTb MaTW NMPaKTUYHE 3HAYEHHS A8 PO3pOOKM ONTUMANbHUX PaLLiOHIB A9 M'ACHMX Nepenenis Ta
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juvenile fish and the technology of their production would make it possible to establish the production of these
feeds for fish farms in Kazakhstan, as a result, the survival rate and growth rate of juvenile fish grown in industrial
conditions would increase. The aim of the work was to develop recipes for starter feeds for pikeperch fry and
technology for their production by extrusion, the development of these feeds to improve the efficiency of growing
pikeperch in industrial conditions. According to the developed recipe, a starter feed for zander juveniles, balanced
in terms of basic nutrients, was developed, a study was made of the effect of this feed on the efficiency and speed
of growing zander juveniles. The dynamics of rearing juvenile pikeperch was studied when feeding the starter feed
developed by the Kazakh Research Institute of Processing and Food Industry, with a feed coefficient of 1.28 and as
a control foreign starter feed for trout “Aller Aqua” - 1.2. The materials of the article are of practical importance and
the need for further research, they will help replenish the formulas of compound feed for the industrial cultivation

of juvenile pike perch in fish farms of the Republic of Kazakhstan

Keywords: pike perch; fish fry; extrusion; starter diet; feed ratio

INTRODUCTION

Pike perch Sander lucioperca is a promising object of
aquaculture - it is a valuable fast-growing fish that
matures well and spawns well in cage conditions, lives
well in cages, corresponds to the temperature optimum
of nutrition and the temperature regime of reservoirs
in Kazakhstan. According to V. Zyabrev et al. (2019),
farmed pike perch remains one of the most difficult
species to breed, given that aquaculture techniques
are not fully developed. The difficulty in working with
this species lies in raising the larvae and providing
them with sufficient food. The need to grow pike perch
is determined by a number of reasons: due to high nu-
tritional qualities — an increase in demand, an increase
in productivity, use in inland waters and the restora-
tion of industrial fish stocks. The main problem in the
development of aquaculture is the organization of a
food base for fish of different breeds and at all stages
of cultivation: starter feed for fry, production feed for
fingerlings and breeding stock, mixed feed for adults
and breeding stock.

A. Hernandez-Contreras et al. (2023) investigated
how varying temperatures and fish sizes affect juvenile
wolffish growth rates and feeding efficiency. They dis-
covered that juvenile spotted wolffish had the highest
growth rates at moderate temperatures, with growth
efficiency decreasing at both higher and lower tem-
peratures. The feed conversion ratio (FCR), an impor-
tant metric of feed efficiency, was shown to improve as
fish size rose, particularly at lower temperatures. This
meant that as the fish mature, they will be able to bet-
ter use feed in colder settings. Furthermore, the study
found that temperature had a greater impact on growth
performance than fish size alone, emphasising the ne-
cessity of maintaining ideal environmental conditions
in aquaculture to maximise development efficiency. As
noted by M.J. Bektursunova et al. (2021), in the Kazakh
market of mixed feed raw materials there was a num-
ber of advanced technologies for the rational use of
feed resources, which were mainly characterized by the
feed extrusion method, consisting in a balanced diet of
at least 20 different ingredients, combined depending

on the chemical composition, type and method pro-
duction, as well as the physiological needs of fish.

According to Aquatic Sciences and Fisheries Ab-
stracts, the total volume of fishery and aquaculture pro-
duction reached 214 million tons, including 178 million
tons of aquatic animals and 36 million tons of algae. At
the same time, according to forecasts, until 2030, the
volumes of production, consumption and marketing of
aquaculture products will grow at a low pace. Annual
fish consumption should be at least 15 kg per capita,
but today the figure does not exceed 5 kg per year, in
contrast to developed countries where Japan consumes
70 kg of fish per capita per year, Spain - 43 kg, Norway -
53 kg. Given the statements of J. Wan et al. (2022), the
production of fish feed is currently the most expensive
in comparison with prescription feed for other types of
farm animals. This is due to the fact that the fish has
a short digestive system and needs easily digestible
food. For optimal consumption, feed should be as free
of various contaminants as possible. The shape and size
of the food should match the preferences of the fish.
Depending on the size of the fish and the density of the
food that can sink or float on the surface of the water,
pellets of different diameters should be made.

According to Z. Koshak (2022), at present, the varie-
ty of fish feed offered by domestic producers is limited,
and this leads to a decrease in the development of in-
dustrial aquaculture in Kazakhstan, as enterprises use
outdated dry pressing technology. Modern realities in
the feed production system require theoretical under-
standing and identification of technological conditions,
they can ensure the sustainable use of granulation and
extrusion technologies, which are widely used in the
production of feed for the world’s aquaculture.

The development of starter rations was of particu-
lar importance, as it will increase the efficiency of grow-
ing pike perch fry, given the critical period of exotrophy
of larvae to an acceptable stage, and expand the pos-
sibilities for breeding these fish species in Kazakhstani
aquaculture. Extrusion will allow feed manufacturers to
select suitable processing temperatures that affect the
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density of feed raw materials, structural changes, nu-
tritional and physiological properties of feed, improve
digestibility and nutritional value of feed ingredients.
The purpose of this study was to develop and evaluate
a specialised starter feed for juvenile pike perch (Sand-
er lucioperca), and to compare its effectiveness to that
of a commercial trout feed manufactured by Aller Aqua.
It was to see if the newly created feed could adequate-
ly meet the nutritional needs and development of pike
perch fry, a species noted for its aquaculture problems.
The study looked at the feed’s physical and chemical
properties, tested fish growth and survival rates, and
estimated the FCR.

LITERATURE REVIEW

The general pattern of obtaining functional fish feeds
is poorly understood, and modern technology for the
processing of feeds for valuable fish species is based
on the use of extrusion processes of multicomponent
mixtures to obtain various buoyancy values and con-
trol the sinking rate. Extruded products are resistant to
water and retain their shape, and in combination with
vacuum liquid emulsification and deeper hydrother-
mal processing of ingredients, it is possible to create
compound feeds with programmable characteristics,
maximally adapted to various breeds of valuable fish.
According to X. Zhao et al. (2021), the formation of fish
is accompanied by the development of its digestive
system; therefore, starter diets should contain easily
digestible carbohydrate and high-protein ingredients,
the presence of which is possible by converting the
nutrients of feed raw materials using static extrusion
conditions: dynamic effects of temperature, osmotic
pressure, and water exchange. A. Martin et al. (2019),
in his work evaluated the high density, dry matter con-
tent, long shelf life of extruded feed raw materials. The
main difference between pellets and extruded foods
is that the pellets sink while the extrudates have con-
trolled buoyancy in the water. The settling rate of pel-
lets for fish such as pike perch, sturgeon, catfish, tilapia
should be as low as possible to allow enough time for
product consumption, so producing feed with a density
adapted to the way the fish eat is a prerequisite for
efficient fish farming.

The extrusion parameters of starter feed raw mate-
rials are set within the temperature range of 110-138°C
and steam pressure of 4-6 MPa. At temperatures above
140°C, sugar caramelization occurs and the extruded
granules become too strong,and their swelling is 30-40
minutes. The extrusion conditions promote gelatinisa-
tion of the starch upon deformation of the outer lay-
er of the granules formed by amylopectin. M.O. Oke et
al. (2012) stated that after extrusion, the rate of starch
hydrolysis increased the activity of a-amylase by 6
times, and in corn - by 8 times, in glucose - by 15 times,
before that the enzyme acted only on the amylase of
starch granules. N.P. Mishurov et al. (2019), reported
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that extrusion increases the dextrin content in grain
ingredients by 2-4 times, due to the solubility of non-
starch polysaccharides or crude fibre. As far as feed in-
gredients are concerned, water is activated by binders
and forms a film on the feed components: starch, pro-
tein, fibre and fat, affecting the hardness, durability and
expansion of the granules. Vegetable oils and fats are
rapidly oxidised, reducing the shelf life of compound
feed, so they are introduced into the composition by
spraying at a temperature of 50°C, its amount should
be up to 35-40% to achieve 100% starch degradation.

Z.Koshak (2022) stated that proteins are one of the
most important nutrients that affect growth and all
physiological systems of the body, which play an impor-
tant role in the energy metabolism of fish, since nitro-
gen consumption by fish is 3-5 times higher than that of
warm-blooded animals. The high protein level contrib-
utes to a low feed ratio and rapid fry growth. Extrusion
changes the protein portion of the feed and protein sol-
ubility may vary depending on the type of product due
to denaturation. Due to the research of E. Skarbavik et
al. (2014), it was noted that during extrusion at a tem-
perature of 110°C and a pressure of 6 MPa, proteins are
denatured and most of the anti-nutritional components
are destroyed. The unfolding of the polypeptide chain
facilitates the contact of digestive enzymes with the
active site of the protein molecule, thereby facilitating
hydrolysis, but the reverse process can also occur in
parallel. At high temperature and pressure, additional
bonds are formed between the polypeptide chains with
the formation of protein complexes of glycoconjugates.

In blends, the overall increase in protein content
of the starch recovered from the extrudates is accom-
panied by a significant decrease in starch solubili-
ty. When studying the properties of extrudates from
starch-containing and protein-containing raw ma-
terials, it was found that with an increase in the pro-
tein content in the formulation up to 50%, feeds with
the lowest moisture-absorbing capacity are obtained.
J.Wan et al.(2022) found that an optimal diet would re-
quire additional amino acids and lipids to reduce starch
conversion during extrusion and prevent mechanical
degradation of the granules and prevent water uptake.
The practice of L. Horvath et al. (2008) has shown that
extrusion almost completely disinfects feed from fun-
gal and bacterial microflora. For example, extruding soy
and peas reduces the total bacteria count by 67-100%
and completely inactivates E. coli. Extrusion is an ef-
fective means of suppressing the activity of protease
inhibitors, trypsin amylases. After extrusion, nutrients
are more easily absorbed, especially in predatory fish
species. A.K. Imsland et al. (2006) noted that fish feed-
ing includes more than a hundred different feeds and
feed additives made from food industry waste, includ-
ing products of microbial synthesis, various salts, vita-
mins, enzymes and amino acids, polyunsaturated fatty
acids, antibiotics, adsorbents, antioxidants and flavours.




MATERIALS AND METHODS

The starter feed for pike perch juveniles was produced
strictly according to the recipe developed under the pro-
duction conditions of the Kazakh Research Institute of
Processing and Food Industry, on a professional extrud-
er OEE 25 NG.The new generation of extruders is based
on the Amandus Kahl, crushed feed raw materials with
a moisture content of 12-16% were fed into the system,
the mass was heated to 120-150°C at a high pressure
of 2.8-3.8 MPa. Then the process quickly passed from
the area of high pressure to the area of ambient pres-
sure,the homogeneous mass expanded, resulting in the
formation of a product of a porous structure.

The proportions of the ingredients created a com-
plete biological complex that ideally meets the physi-
ological requirements of juvenile fish, allowing to bal-
ance the diet in terms of nutritional value, digestible
protein, limiting amino acids, vitamins and minerals.
Starter feed for pike perch fry mixed well, had a coarse-
grained texture from dark brown to light brown. The
technology for the production of microgranules with a
size of 0.1-0.5 mm was not available, it was used only
at some feed mills with world brands. Therefore, the
starter feed was made with a granule size of 2 mm,
which was subsequently crushed and sieved into grain
fractions of 0.2-0.5 mm, which are dense multifaceted
particles of crushed granules without impurities, with
the original color and smell preserved. The technical
parameters of the compound feed were determined in
accordance with the current ISO 12875:2011 (2011).

The preparation of the test samples of the starter
feed for juvenile fish was carried out in accordance with
ISO 6498:2012 (2012), while the weight of the exper-
imental feed sample for physical and chemical stud-
ies was taken at least 600 g. During the research, the
experiments were carried out in triplicate, after which
the average was calculated. Friability of feed pellets of
starter feed for fish was determined in accordance with
SO 12099:2017 (2017).The water resistance and swell-
ing capacity of starter compound feed granules was de-
termined accordingto ISO 6495-1:2015 (2015).Chemical
study of starter feed for fish was carried out according to
ISO 6496:1999 (1999) for moisture content, ISO 5983-
2:2009 (2009) - crude protein, ISO 6865:2000 (2000) -
crude fiber, I1ISO 6492:1999 (1999) - crude fat,
ISO 5984:2002 (2002) - raw ash, the content of nitro-
gen-free extractive (NFE) and nutritional value was de-
termined by the calculation method.

A scientific experiment on the productivity of the
starter feed was carried out in cage-grown production
cooperative (PC) “Zhambyl” for 30 days. During the
experiment, the hydrochemical regime in cages was
optimal. Feeding was done by hand six times a day.
The fry was stocked in cages at a density of 10,000
larvae per cubic meter. The feeding regime consisted
of manual feeding six times a day, with control fish-
ing conducted every 10 days to monitor progress.

Bektursunova et al.

The experiment involved the control group, and the
experimental group. The control group was fed the
commercially available Aller Aqua starting feed, which
is primarily intended for trout but was employed in
comparative research due to its nutritional profile. The
choice to utilise this feed in the control group enabled
researchers to establish a baseline for growth, surviv-
al, and feed efficiency. The experimental group was
fed a starter meal prepared by the Kazakh Research
Institute of Processing and Food Industry particular-
ly for pike perch juveniles. The goal was to compare
the performance of the newly formulated feed with
the widely used trout feed. The Aller Aqua feed was
compared to a pike perch-specific feed to guarantee
that the new feed meets or surpasses industry re-
quirements, indicating possible improvements. Based
on the results obtained, the growth rate of zander fry
was determined and the daily feeding rate was calcu-
lated. Upon completion of the experimental work, the
theoretical and practical conclusions were refined, the
results obtained were summarised and systematised.
All procedures performed using animals were revised
and approved by the Scientific Committee of Ethics of
the Kazakh Research Institute of Processing and Food
Industry, Almaty. AuthoriSation No. 68-15.

The feeding efficiency of pike perch fry was evalu-
ated according to the feeding coefficient, growth rate,
survival rate, and physiological state. The experiment
assessed feeding efficiency by measuring the FCR,
which compared the amount of feed given to fry to the
total weight gained by the fish. A lower ratio suggested
improved feed conversion into body mass, as measured
by experimental analysis of feed inputs and fish weight
outputs. The study measured pike perch fry’s weight
at the beginning and the end of a 30-day experiment,
utilising absolute growth rate and specific growth rate
as direct and percentage increases, gathered at regu-
lar intervals. The survival rate of fry was assessed by
counting them at the beginning and end of the exper-
iment, yielding a percentage-based survival rate that
reflects their adaptation to the feed and conditions,
allowing for a quantitative analysis of mortality or sur-
vival trends. The study assessed the fry’s physiological
health using both qualitative and quantitative method-
ologies. Researchers employed the condition factor to
assess general body health, visual inspections to detect
symptoms of sickness, deformities, or stress,and behav-
joural observations to identify anomalies in swimming
or feeding behaviour, offering a full picture of the fry’s
well-being. The hydrochemical parameters in the cages
were monitored throughout the experiment to provide
a favourable environment for pike perch development.
Water factors such as dissolved oxygen (5.8-8.3 mg/l),
pH (6-8),and temperature were maintained at ideal lev-
els for juvenile fish growth. Regular checks guaranteed
that the water quality remained appropriate for the fry’s
development and survival.
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All experiments were performed in triplicate, and
the average results were calculated for each parame-
ter. Statistical analysis was used to compare the perfor-
mance of the control and experimental groups in terms
of FCR, growth rates, and survival rates. The significance
of differences between the groups was assessed, and
conclusions were drawn based on the results.

RESULTS

Starter feed for pikeperch juveniles is not industrially
produced, so it is necessary to study the parameters
of the manufacturing processes of the extruded prod-
uct, the porous structure and expanded volume, mois-
ture content, granulometric and chemical composition
(crude protein, crude fat, carbohydrates). According to
the organoleptic and physico-mechanical properties of
the starter feed, a dark brown color and a fishy smell
were established. The features of the use of the stud-
ied feed are that, when feeding, the granules are intro-
duced into the water, where they float on the surface,
sink at a certain speed, or remain intact for a given
period of time. For aquafeeds, “water properties” are
of paramount importance: bulk density, 880.3 kg/m3;
water resistance (swelling), 165 min; crumbling - 1.1%,
moisture absorption coefficients - 0.002 g/min, gran-
ule size - 0.1-0.2 mm.

The assessment of the chemical composition of
water is important for rearing juvenile pike perch,
and the natural state of pond water, which is deter-
mined by physical and chemical properties, determines
whether it is suitable for fish farming. Water has a high
solubility and contains minerals, organic substances,
gases, therefore it is extremely important for the de-
velopment of phytoplankton and zooplankton. Miner-
als dissolved in water are used by bacteria, lower and
higher aquatic plants, which are used as food for fish.
The content of dissolved oxygen in water varies from
5.8 mg/l to 8.3 mg/l, and the saturation of water with
oxygen from 58.7% to 88.7%. An important aspect of
fish breeding is the active reaction of the water. It can
be acidic (pH less than 6), slightly acidic (pH 6-7), neu-
tral (pH 7) or slightly alkaline (pH 6-8). In order for gas
exchange between blood and water to be efficient,
the pH of the blood must be adjusted to the pH of the
water. The biomass of zooplankton is represented by
three groups of organisms: Rotatoria, Copepoda, and
Cladocera; also, planktonic forms of chironomid lar-
vae and other insects were found in small quantities
in the samples. Fish food is produced in the form of
grains and granules, differing in diameter, and as the
fish move from one age group to another, the size in-
creases accordingly, as noted in Table 1.

Table 1. Diameter of starter feed for fish depending on weight

Diameter, mm

Weight of fish, g

Feeding period, days

Up to 0.2 - nibs Upto 0.1 1-10
0.2-0.4 - nibs 0.1-0.3 10-20
0.4-0.6 - nibs 0.3-1 20-45

0.6-1 - nibs 45-60

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

Pike perch is a predatory fish by its nature. there-
fore, feed of animal origin prevails in the diet: fish 50-
60%, meat and bone and meat 10-20% meal.Vegetable
feed proteins: soybean meal - 20%, soy isolate - 15%,
are similar in terms of crude protein content, how-
ever, the growth rate of zander fry is much lower. Ta-
ble 2 shows the physico-chemical parameters of feed

according to the current ISO 12875:2011 (2011) and
its comparison with the chemical quality indicators of
the experimental starter feed for fish juveniles after
extrusion. The extrusion parameters required to ob-
tain the specific physical qualities of pike perch feed
must be based on an accurate chemical analysis of
each ingredient.

Table 2. Physical and chemical parameters of the starter feed for juvenile pike perch

Components Starter feed for pike perch According to ISO 12875:2011
Moisture, % 8.55 no more 10
Crude protein, % 53.66 at least 52
Crude lipid, % 12.02 at least 11
Crude fiber, % 0.74 no more 1.5
Raw ash, % 10.17 no more 11
Linoleic acid, % 2.13
NFE, % 13.39
Lysine, % 4.03 at least 3
Methionine, % 1.18 at least 1.6

Scientific Horizons, 2024, Vol. 27, No. 9
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Table 2. Continued

Components Starter feed for pike perch According to ISO 12875:2011

Methionine + cystine, % 1.75
Tryptophan, % 0.68
Carbohydrate, % 0.41
Starch, % 457

Phosphorus, % 1.68 at least 0.6
Calcium, % 2.51
Gross energy, Ml/kg 20.78

Exchange energy Ml/kg 17.45 at least 17

Source: compiled by the authors

Evaluating the data, it was found that it was pos-
sible to obtain food with a sufficiently high energy,
nutritional and biological value,which can be suitable
for the industrial production of feed oriented towards
feeding larvae and juvenile pike perch. The carbohy-
drates that make up the diet are the cheapest source
of food and energy, quantitatively the largest compo-
nent of the diet is 40-55%, including them in the diet
can save on expensive food proteins and get more
energy. The main sources of carbohydrates in the diet
of fish are grains (wheat, oats, corn, etc.) and legumes
(soybeans, chickpeas, peas), but their digestibility

and the ability of the digestive system to break them
down should be taken into account. The experimental
extruded diet for pikeperch fry in terms of nutrient
content included 53.7% crude protein, 12% crude Li-
pid, 0.7% crude fiber, 10.2% crude ash, 13.4% NFE, 4%
lysine, 1.2% methionine, 1.8% methionine and cys-
tine.According to the established physiological needs
of fish and the technology for the production of feed
by extrusion, the appropriate norms for introducing
components into starter and production compound
feeds for pikeperch juveniles are used, shown in de-
tail in Table 3.

Table 3. Norms for adding components to starter and production feeds for fish, %

Components Starter feed for pike perch
Wheat 0-15
Wheat bran 0-5
Soybean meal 0-20
Sunflower meal 0-10
Gluten corn 0-15
Meat and bone meal 0-15
Meat meal 0-10
Blood meal 0-15
Fish meal 0-60
Feed yeast 0-20
Casein 0-15
Bentonite 0-1
Soy isolate 0-15
Wheat gluten 0-4
Soybean oil 0-10
Sunflower oil 0-3
Linseed oil 0-4
Fish oil 0-8

Source: compiled by the authors based on E. Puzevich (2021)

Feed protein can fully perform its function if all
components are present in the required amount. Due
to the growing shortage of fishmeal, in recent years,
feeds containing raw materials of plant origin have
become widespread. To develop the formulation of the
starter compound feed, a chemical analysis of feed raw
materials was carried out, which included: fish meal,
blood meal, meat and bone meal; gluten and corn

germ; fodder yeast; meal, isolate and soybean oil; corn,
wheat germ, bran and gluten; fish oil; as a mineral ad-
ditive - bentonite. Table 4 shows the ingredients that
were used in the calculation of the diet, their quality
indicators and the value of satisfying the physiological
requirements of juvenile pike perch, since the composi-
tion of the extruded mixture is an important condition
for obtaining high-quality feed.
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Table 4. Chemical composition of the ingredients of the starter feed ration for pike perc

Indicators
g = b £ g o 3

Diet Ingredients S £ é '::% w S = '§ g 'g £2 E E
s ¢ ¢ =z & 5§ 8§ & = 2% § =2

T g & F i e 7 & 3F g C

S ] £ a

Fish meal 56.2 8.9 - 179 6.4 - - 4.5 1.6 2.2 3.1 4.8
Blood meal 75.2 11 - 5.6 9.3 - - 6.4 0.9 1.8 0.4 0.4

Meat and bone meal 48 20.3 - 23 113 - - 1.7 0.5 0.8 4.8 9
Corn gluten 51.1 5.0 5 2 17.2 13.8 1.4 1.3 1.5 2.6 0.5 0.4
Corn germ 18.2 46 3.3 5.8 24.9 10.1 - 0.6 0.3 0.4 0.3 0.2
Feed yeast 41.5 1.2 1.6 4.7 46 - 1.5 2.6 0.4 0.8 14 0.8
Soybean meal 419 1.2 77 74 329 1.8 4.8 2.5 0.5 11 0.7 0.4
Soy isolate 86.6 4 - 5 - - - 6.9 1.9 2.8 0.3 0.4
Wheat 11.6 1.62 2.73 1.8 72.8 54.9 2.4 0.3 0.2 0.3 0.3 0.1
Wheat germ 28.4 11 3 5.8 37 - - 1.4 0.7 0.8 0.4 0.3
Wheat gluten 75 1.2 0.8 - 14.2 - - 6.2 0.9 1.9 0.3 0.4
Wheat bran 14.4 4.1 9.6 4.7 54.6 - 4.7 0.5 0.16 0.33 1 0.22

Fish oil - 98.1 - - - - - - - - - -

Soybean oil - 99.9 - - - - - - - - - -

Bentonite - - - - -

Source: compiled by the authors

Before the extrusion process, the feed ingredients
were separately crushed in a crusher and screened
through a set of sieves according to TU 25.06.1250-77.
In the production of waterproof floating feed pellets,
the optimal temperature range is 100-110°C and hu-
midity 30% and steam pressure 4-6 MPa. The starter
compound feed developed and produced for juvenile
pike perch Kazakh Research Institute of Processing and
Food Industry from ingredients of local origin differed
from that produced by the popular Aller Aqua brand
in terms of physicochemical, nutritional and energy
properties. Kazakh Research Institute of Processing and
Food Industry starting compound feed in terms of crude
protein content was 53.7%, crude lipid - 12.0%, NFE -
13.4%, with an energy value of 496.8 kcal, and digesti-
ble energy of 417.3 kcal.

The starter feed intended for trout fry “Aller Aqua”
had a content of crude protein 64%, crude lipid - 18%,
NFE - 6%, with an energy value of 472.3 kcal, digestible

energy of 396.7 kcal. It has been established that the
starter compound feed developed by Kazakh Research
Institute of Processing and Food Industry is physiolog-
ically ideal for pike perch, however, when formulating
compound feeds, it is not recommended to exceed the
level of crude lipid content tested for this age catego-
ry, as well as to comply with the energy value of the
feed. The productivity of feeding the starter compound
feed on the fish-breeding and biological parameters of
juvenile zander was studied using two groups of con-
trol and experimental. Foreign starter trout feed “Al-
ler Aqua” was fed to the control group of juvenile pike
perch, the second experimental group was the studied
feed developed by Kazakh Research Institute of Pro-
cessing and Food Industry. The study of the produc-
tivity of juvenile zander was carried out in the cages
of the PC “Zhambyl”, when feeding starter compound
feeds. When feeding starter artificial feeds, the results
presented in Table 5 were obtained.

Table 5. Productivity of juvenile pike perch

i Groups
Indicators .
1-control 2-experienced
Growing period, days 30 30
Planting density, thousand pieces/m? 10 10
Initial weight, mg 1+0.1 1+0.1
Final weight, mg 93£5.8 88+£6.2
Absolute gain, mg 92 87
Average daily gain, mg 3.06 2.9
Survival of juveniles, % 55 52
Feed ratio, units 1.2 1.28

Source: compiled by the authors
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According to the results of the experiment, both
starter feeds had a positive productive effect on pike-
perch fry, due to the same values of feed units, which
differed by 0.06 units, high normative indicators of ab-
solute and average daily gain were observed, differing
by insignificant ones by 5 mg and 0.16 mg, respectively.
Also, during the experiment, the following pattern was
established: the survival rate of pike perch was maxi-
mum - 55% and 52%. The results of rearing pikeperch
larvae in cages showed the possibility of effective use
of the domestic artificial feed Kazakh Research Insti-
tute of Processing and Food Industry for pikeperch fry,
therefore it is recommended for use in the conditions of
fish farms in Kazakhstan.

DISCUSSION

In Kazakhstan, scientific research was being carried out
related to feeding issues in three areas: the develop-
ment of rations for the production of starter feed, the
cultivation of live food organisms (microorganisms, al-
gae, invertebrates) or by adding high-protein meat or
fish meal, as well as the search for the optimal ratio
of dry combined and live feed. Given the scientific re-
search of G.l. Zhelyzakov (2018), in the production of
starter feeds for juvenile pike perch, it has not yet been
possible to create artificial mixed feeds that would ful-
ly satisfy the nutritional needs at the early stages of
postembryonic development. Undernourished juvenile
pike perch lag behind in growth, and with prolonged
starvation, the larvae even change body proportions
and appearance. An emaciated larva has a deformed
body and a degenerated intestine, so subsequently the
digestive tract is destroyed, and digestion of food be-
comes impossible.

The artificial habitat of fish in intensive aquacul-
ture, in contrast to the natural one, can be significant
enough to cause an imbalance in genetically based
metabolic systems, pathology and a decrease in vi-
tality (Bal et al., 2023). Rational feeding of animals is
based on physiologically based diets, optimal feeding
methods and components. Knowledge of the age char-
acteristics of the formation of the digestive system is
an important biological factor necessary for the devel-
opment and survival of fish in the aquatic ecosystem,
the rationing and quality of feed consumed (Alexyuk et
al.,2021).The initial weight of pike perch fry was 1 mg.
The optimal conditions for the metabolic life of fish in
the early stages of development are formed according
to the amount of food that is favourable for the species
of a certain type of fish (Shumka & Apostolou, 2018).
The quality of fish food is influenced by: bulk densi-
ty, water absorption, solubility, hardness, colour, size
and shape of granules, elasticity, buoyancy. Starter
compound feeds for fish, with efficient production, are
fed in strict dependence on the diameter of the grains
on the weight of the fish (Kondratiuk et al., 2023). In
the process of rearing juvenile pike perch, there is a
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transition from endogenous nutrition to external food.
In other words, the forms of metabolism are replaced
one after another, due to the restructuring of the inte-
gration mechanism both in the whole organism and
in its individual parts and organs. When feeding fish,
the daily rate of feed feeding is of great importance,
depending on the age and growing conditions (Voro-
netska & Yurchuk, 2023). With an increase in the mass
of fish, the relative value of the diet decreases, and
with an increase in water temperature to the optimum,
it increases. The development and growth of juvenile
zander can occur if the diet exceeds the nutritional re-
quirements.

The experiment showed that the digestibility of dry
matter, nutrients and total energy of the experimental
diets is affected by the presence of selected ingredi-
ents, since an irrational starter diet leads to significant
weight loss in pikeperch juveniles. For the production
of a mixture of extruded feed, particles of small diame-
ter up to 0.1 mm were burnt to the screw in the centre
of the working chamber, rotating the resulting plug in
one place, laying the outlet of the matrix, which result-
ed in a sharp pressure pulsation, and subsequently to
an unstable extrusion process. With a particle size of
0.2-0.5 mm of the extruded mixture, the extrusion pro-
cess was stable at low pulsations, while the extrudate
was granules with fine porosity, this particle diameter is
the most effective and was recommended for the pro-
duction of starter feed. Also, when extruding the feed
mixture with a particle size of 0.5-1 mm, the process
was stable at low pressure fluctuations, however, the
resulting feed had unground grains, which led to heter-
ogeneity in mixing the feed. Subsequently, components
with a particle size of 0.2-0.5 mm were loaded into the
mixer, mixed, maintaining moisture content up to 28-
30%.E.Delgado et al. (2021) give an example of extrud-
ed shrimp food, where the optimal cooking conditions
are noted at extrusion parameters: temperature 130°C,
humidity 14%, and screw speed 180 rpm. M. Kumar et
al. (2018) note that the extrusion of the production
method for preparing the most versatile fish food is the
chosen way of feeding fish, which has multiple positive
effects. Extrusion occurs: heat treatment, gelatinization,
protein denaturation, hydration, texture change, partial
dehydration and destruction of microorganisms and
toxic compounds, it is also considered environmentally
friendly because it improves the preservation and com-
pactness of the feed in the aquatic environment.

A.GJ. Tacon (2019) noted that pike perch is a car-
nivorous fish, so the percentage of high-protein ingre-
dients of animal origin in their diet was about 70%, and
the percentage of vegetable ingredients is 30%. It is
very important to take into account the ratio of digest-
ible protein and digestible non-nitrogen component
of the feed. The starter diet ingredients tested in this
experiment showed good digestibility. Therefore, com-
ponents such as soy protein isolate, soybean meal, corn
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and wheat germ, corn gluten can be used as alternative
sources of vegetable protein in this recipe (Grayson &
Dabrowski, 2022). However, further experimentation
is needed, especially with regard to the digestibility
and bioavailability of the amino acids contained in the
studied ingredients. This will allow us to fully under-
stand the nutritional value of the starter diet for pike
perch juveniles. An experimental goal of many scien-
tists in the development of diets for carnivorous fish
is alternative, sustainable protein sources that can re-
place fishmeal and ensure high fish productivity. For
example, H. Dadras et al. (2022) cited a method of re-
placing fishmeal in the diet with up to 30% cottonseed
and soymeal, and this research was supported by the
findings of other studies reporting increased water tol-
erance of feeds.

The transition of zander fry to active feeding is de-
termined by the change in their swimming behaviour.
They stop floating vertically upwards, sink head down,
rest against the bottom, and then begin to swim hori-
zontally, always remaining in the water column. They
switch to gill breathing, inflate their swim bladder and
feed first on rotifers and then on crustaceans such as
cyclops. Juvenile pike-perch tolerate transportation in
plastic bags especially well during the transition to ac-
tive feeding.As zander fry are small, they should be kept
in cages with a No. 16 during the transition to active
feeding and transfer to delicacy cages only when they
grow up. Also, zander fry feed on plankton and prefer
crustaceans, and they also grow poorly in cages, reach-
ing 0.5 g at 1 month and 2 g at 4 months.

The results showed that the conditions for rearing
early juvenile pike perch and the amount of feed used
were close to optimal, and the artificial feed developed
was adapted to the requirements of the given rearing
period.The results obtained can help to increase the po-
tential of fish farms that do not have the technical base
foraquaculture.Furtherresearch is needed to determine
the optimal minimum weight. It has been established
that from the results of the quality indicators of feed for
juvenile fish, it follows that the studies carried out on
the development of a starter feed recipe and technolog-
ical modes for the production of extruded feed made it
possible to create a starter feed with a sufficiently high
energy, nutritional and biological value. Kazakh Re-
search Institute of Processing and Food Industry start-
er compound feed can be recommended for feed pro-
duction and is focused on feeding juvenile pike perch.

CONCLUSIONS

The aquaculture feed market is represented by a wide
range of special extruded and granulated compound
feeds for fish of different species and ages (for juveniles,
marketable fish, carp, salmon, sturgeon, catfish spawn-
ers) with a grain size of 0.1 to 2 mm and a granule di-
ameter of 1 mm to 12 mm. Given Kazakhstan’s growing
demand for aquaculture products, the study underlined
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the importance of ongoing scientific research and prac-
tical support to develop fish feed recipes. Current feed
choices included extruded and granulated compound
feeds for a variety of fish species, but customising them
to individual species, such as pike perch, posed distinct
growth and feeding issues.

Chemical examination revealed that the meal com-
prised 53.7% crude protein, 12% crude protein, and
13.4% NFE, which contributed to its high energy value
of 496.8 kcal. These nutritional qualities make the meal
ideal for stimulating the growth of juvenile pike perch
and facilitating effective feed conversion. The feed’s
composition guarantees that vital nutrients are acces-
sible to promote healthy fish growth. It has been estab-
lished that a larger amount of vegetable protein can
be introduced into the diet using extrusion technology.
Furthermore, the capacity to include a greater quantity
of vegetable protein into the feed using extrusion tech-
nology, along with physiologically active compounds
like amino acids, phytase, probiotics, and immunostim-
ulants, improved the feed’s efficacy. This guarantees
that young pike perch get all of the nutrients they need
to prosper, while also minimising dependency on more
expensive animal protein sources.

When using two starter feeds developed by Kazakh
Research Institute of Processing and Food Industry and
foreign starter trout “Aller Aqua”, good productivity was
obtained. When growing juvenile zander, the effective
consumption of nutrients of the extruded starter ration
for absolute growth was established, which amount-
ed to 87 mg, while in the group fed with “Aller Aqua”
compound feed, the increase was 5 mg more. The feed
coefficient of the experimental compound feed for the
study period, on average for all size groups, was 1.28,
in contrast to the control compound feed ‘Aller Aqua’,
which was 0.06 units less. But this difference was not
large enough to negatively affect overall growth per-
formance. It has been established that the process of
extrusion is an effective way to obtain feed for start-
er diets of pikeperch fry, and the technology and de-
veloped recipes will make it possible to establish the
production of grits with a grain diameter of 1 mm, ac-
celerate the growth rate of juvenile fish, increasing the
productivity of fish farming in industrial conditions. The
survival rates of juvenile pike perch in both the control
and experimental groups were similar (55% and 52%,
respectively), indicating that the new diet is equally ef-
fective in enhancing the health and well-being of pike
perch fry. These findings suggested that the locally cre-
ated starting feed is a viable alternative to traditional
commercial feeds. The study also revealed that the ex-
trusion processes are effective methods for producing
high-quality feed for pike perch fry. The new recipe and
production method enabled the creation of feed with
grain diameters as small as 1 mm, which is acceptable
for juvenile fish. This results in quicker development
and increased yield in fish farming operations.




Ongoing research will help feed companies that
produce fish feed make optimal use of extrusion tech-
nology, obtaining feed with high nutritional value and
strong physical and chemical properties, contributing
to the development of waste-free technologies for
processing food raw materials to obtain high-tech
domestically produced feed products. Extruded com-
plete feed for aquaculture is a promising direction
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materials and their compositions, analysis of finished
extrudates with a detailed comparative description of
their properties.
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AHoTauif. HOBITHI OCATHEHHS HAaYKM B MOEAHAHHI 3i 3pOCTalOYUMMU MOXKIIMBOCTSAMM CYYACHOT TEXHONOTiT CNPUAIOTH
YAOCKOHANEHHIO TEXHOMOriA roaisni pubu Ta pubHuuTea B uinoMy. OueBMAHO, LLO PO3LUIMPEHHS BUAOBOMO
CKNafy KynbTMBOBAHWX OO€EKTIB pUOHMLTBA Oyne MpOAOBXKYBATUCS, @ 3HAYEHHS KOPMIB i TexHosnorii rogigni
punb HeyxunbHO 3pocTaTuMe. Po3pobneHi peuentypu cTapToBux KOMOiKOpMIB ANng mMonoai pub i TexHonoria ix
BMPOOHMLITBA J,03BONIATL HANArOAUTU BUNYCK LMX KOPMIB ANst pUOHMLbKMX rocnofapctB KasaxcTaHy, B pe3ynbrari
4oro MigBULLUTLCS BUXKMBAHICTb i WBMAKICTb POCTY MONOLI pub, BUPOLLYBAHOI B iHAYCTpiafibHUX YyMOBaxX. MeToto
poboTn Byna po3pobka peLenTyp CTapToBMX KOMOIKOPMIB ANig ManbKiB CyAaka Ta TEXHOMOTiT iX BUPOOHUUTBA
METOAOM €eKCTPY3ii, OCBOEHHS LMX KOMOIKOpMIB ANng NiABUWEHHS e(heKTUBHOCTI BUPOLLYBAHHSA Cydaka B
iHOyCTpianbHMX yMOBax. 3a po3pobneHol peuenTypolo 6yno po3pobneHo 36anaHCOBaHUM 33 OCHOBHUMM
NOXMBHUMM PEYOBMHAMM CTAPTOBMIA KOMBIKOPM 419 MONOAI Cyfaka i Byno NnpoBeAeHO AOCNIAXKEHHS BMNIMBY LLbOTO
KOMBIKOpMY Ha edeKTMBHICTb Ta LIBWAKICTb BMPOLLYBAHHSA MONOAI Cyfaka. BuByanach guMHaMika BMpOLLYBaHHS
MOJ0Ai CyAaKa Npu 3rof0BYBaHHI CTapTOBOro KoMbikopMy, po3pobneHoro Kazaxcokum HII nepepobHoi i xapyoBoi
NPOMMCIOBOCTI, 3 KOPMOBMUM KoediLieHToM 1,28 i B SKOCTi KOHTPO/H 3aKOPAOHHOM0 CTAapTOBOro KOMBikopMy Ang
tdopeni “Aller Aqua” - 1,2. MaTepianu cTaTTi MaloTb NPaKTUYHE 3HAYEHHS | HEOOXiAHICTb NOAANbLIMX AOCAIAKEHD,
BOHM CNPUATUMYTb MOMOBHEHHIO peLenTyp KOMOIKOpMIB ANg iHAYCTPiafibHOro BUPOLLYBAHHS MONMOAI CyAaka B
punbHULbKMX rocnogapcTBax Pecnybniku KasaxcraH

KntouoBi cnoBa: cyaak; Manbku; eKCTpy3is; CTapTOBMIA paLlioH; CNiBBIAHOWEHHS KOPMIB
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analysis to assess the reliability of the results. This article presents the results of studies on sowing patterns:
70%10 cm, 70x25 cm (control), 70x40 cm, and 70x50 cm, on bush asparagus bean varieties Kafedralna (Ukraine)
and U-Cha-Kontou (China) (control). Stand density significantly influenced the morphometric characteristics and
productivity of the studied varieties. Increasing plant density to 143,000 plants/ha led to a significant increase
(by 2-3 t/ha) in the yield of flat pods in both cultivars compared to the control (70x25 cm). The highest yield of
flat pods (7.7-10.4 t/ha) was obtained for varieties at a density of 143,000 plants/ha. This is related to the optimal
provision of plants with moisture, light, and nutrients at a given stand density. The Kafedralna variety generally
exhibited a higher yield of flat pods than the U-Cha-Kontou variety. At lower seeding densities (29,000 plants/
ha), the beans had a greater mass (120.5-152.0 g), but their number per plant was lower. Reducing stand density
to 29,000 plants/ha led to an increase in the beans’ dry matter, sugars, and vitamin C content. The Kafedralna
variety had a higher content of these components under all sowing patterns. A strong correlation was found
between biochemical indicators and stand density. The optimal sowing pattern for cowpeas to obtain flat pods
in the Forest-Steppe zone of Ukraine can be considered 70x10 cm and 70x25 cm. The Kafedralna variety is
recommended for open-field cultivation to obtain flat pods. The materials presented in the article have practical
value for developing effective technologies for growing bush varieties of asparagus beans in the Forest-Steppe
zone of Ukraine for vegetable production

Keywords: bush asparagus bean; variety; flat pods; planting scheme; plant density; yield; biochemical indicators

INTRODUCTION

Addressing the issue of providing the population with
high-quality food products is a pressing concern world-
wide. These products are primarily valued for their bal-
anced content of nutrients, vitamins, and mineral salts
such as iron, calcium, and phosphorus. However, no
single crop can fully supply all the necessary nutrients
for human consumption. Furthermore, there is a signif-
icant deficit of both animal and plant-based proteins.
Therefore, it is essential to provide the population with
high-protein foods. Plant-based proteins can be effec-
tively obtained from legumes, a diverse group of crops
cultivated globally. Authors S. Dhaliwal et al. (2020),
D. Punniyamoorthy and S.Jegadeesan (2023) assert that
cowpea is a valuable legume crop, serving as a readily
accessible source of protein,vitamins,and mineral salts.
Moreover, a key advantage of this crop is its high heat
and drought tolerance, making it suitable for cultiva-
tion worldwide in the face of global warming. The sig-
nificance of Vigna as a vegetable crop cannot be over-
stated. It is harvested at the technical maturity stage,
specifically for its immature seeds and green beans. In
the USA, high-quality sprouts are produced from the
seeds of small-seeded varieties (Paraschivu et al., 2021).

K. Akasapu and R. Uppaluri (2022) note that green
beans reaching a length of 10-20 cm are primarily used
in the preparation of frozen soup mixes. Beans up to
100 cm in length are bundled for market sale, which
significantly enhances their commercial appeal. Vigna
unguiculata L. exhibits a vast genetic diversity, as evi-
denced by the International Institute of Tropical Agri-
culture in Nigeria, where a genetic repository of 15,000
accessions is maintained (Boukar et al.,, 2020). Although
not as extensively documented in literature as other
legumes, Vigna is often mistakenly identified as com-
mon beans. However, in terms of valuable properties, it
is comparable to both beans and peas.

Asparagus bean is a subspecies resulting from
a mutation in China. It is an ancient vegetable crop,
cultivated in the Mediterranean, India, and Japan. The
immature beans, often exceeding 90 cm in length, are
consumed (Verma et al., 2022). In Ukrainian markets, Vi-
gna seeds can be found under the names “Chinese pea”
or “lentil” (Bondarchuk et al.,, 2022). Asparagus bean, or
Cuban black-eyed pea, belongs to the vegetable variety
of cowpea, Vigna sesquipedalis (L.) W.S. Wight. Aspara-
gus bean is most widely cultivated in China, India, and
African countries, where the mutation that led to the
absence of the parchment layer in young beans likely
occurred. This mutation gave rise to the vegetable vari-
ety (Kebede & Bekeko, 2020; Panzeri et al., 2022).

The authors P. Vyshnivskyi and O. Furman (2020),
and |. Fedosiy et al. (2022) highlight that this crop is
promising for cultivation in Ukraine due to the suffi-
cient amount of effective temperatures. At the Na-
tional University of Life and Environmental Sciences
of Ukraine, the Department of Vegetable Crops and
Greenhouse conducted the first studies on Vigna be-
tween 2008 and 2011 in the northern part of the
Forest-Steppe region. These studies assessed Vigna
samples based on their morphological characteristics,
maturity, and yield. A promising bush Vigna specimen
was obtained, which was later used as a parental form
in breeding programmes. As a result, the first bush Vi-
gna vegetable variety, Kafedralna, was developed. This
variety passed qualification examinations in 2023 and
was granted a patent. In 2024, Kafedralna was included
in the State Register of Plant Varieties of Ukraine (Pat-
ent No. 230332, 2023).

Considering the botanical and biological character-
istics of the crop, it is possible to generate profit by cul-
tivating it for flat pods and seed production. At the same
time, the need arose to investigate planting schemes
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and compare varieties in terms of productivity and bi-
ochemical traits of the beans, considering changing
climatic conditions. Photosynthesis is a key process in
the plant organism, influenced by various factors, with
plant density and uniform distribution per unit area be-
ing the most significant. By optimally combining these
factors, favourable conditions are created, ensuring
equal access to light, moisture, and nutrients for each
plant. This improves the phytosanitary condition of the
agroecosystem, reducing the risk of diseases and pests.

Therefore, this research aimed to study the charac-
teristics of yield formation in asparagus beans, consid-
ering the impact of technological elements, particularly
testing different varieties based on changes in stand
density of crops.

MATERIALS AND METHODS

Between 2014 and 2016, a research study was con-
ducted at the National University of Life and Environ-
mental Sciences of Ukraine (NULES) on the collection
plots of the educational laboratory “Fruit and Vegeta-
ble Garden”, located in the Kyiv Region without irriga-
tion. The research was carried out in three replications
using a two-factor experimental design (Bondaren-
ko & Yakovenko, 2001). The planting schemes of the
bush varieties Kafedralna (Ukraine) and U-Cha-Kontou
(China) were studied, specifically: 70x10 (143), 70x25
(57), 70x40 (36), and 70x50 cm (29,000 plants/ha). The
70%25 cm pattern was used as a control. The total plot
size was 75 m?,and each individual plot was 5 m2. Data
was collected from 30 plants - 10 from each replication.

Previous research at the Department of Vegeta-
ble Crops, NULES Ukraine, identified the adaptive and
high-yielding Chinese variety U-Cha-Kontou, which was
used as a control. In addition, promising bush aspara-
gus bean specimens studied between 2008 and 2011
were utilised in breeding programmes. As a result of
this breeding work, the first bush variety in Ukraine,
Kafedralna, was developed and included in studies to
optimise plant density (Bobos et al., 2022). The cultiva-
tion technology for bush asparagus beans is standard
in production conditions. Seeds of the studied varieties
were sown on 27 April across all variants simultaneous-
ly during 2014-2016.The sowing depth was 2.0-3.0 cm.
Crop care included inter-row loosening, weed control,
and protection against diseases and pests. During the
initial growth period, a combination of high tempera-
tures and low humidity led to the active spread of the
common spider mite (Tetranuchis trticeae Kosh.) on
plants. Significant damage was caused by aphids (Aphi-
doidea), which proliferated on all plants throughout
the growing season. The pesticide Aktofit was applied
(50 ml per 6-12 litres of water). Treatment with this
biopesticide was conducted during the evening hours
when the air temperature ranged from 15 to 25°C. The
level of pest infestation was found to be similar across
all varieties and sowing patterns.
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Common bacterial blight (Xanthomonas campestres
pv. phaseoli (Smith) Dye) was detected on the aspara-
gus bean plants. The disease began to manifest in the
second half of the growing season (July) following a
decrease in temperature and an increase in soil and air
humidity due to rainfall. The biopesticide Fitocid (10 ml
per 10 litres of water) was applied. The plants were
sprayed three times during the growing season: the first
time when the disease first appeared on July 17*, and
subsequently every 10 days. Flat pods (at technical ma-
turity) were harvested simultaneously in all experimen-
tal variants weekly at the same time. Before harvesting,
biometric measurements were taken. The number of
beans and their weight per plant, as well as the length
and number of seeds per pod, were counted during the
harvesting process. Simultaneously with the yield cal-
culation,a combined sample was taken for each variant
to determine the “1,000-seed weight” index.

Biochemical analyses of the flat pods were con-
ducted at the Laboratory of Biochemical and Techno-
logical Quality Indicators at the Ukrainian Institute of
Plant Variety Examination using standard methods.
Samples were collected at the stage of technical matu-
rity. The collection plot is located in the Forest-Steppe
zone with a moderately continental climate, character-
ised by mild winters. The average long-term tempera-
ture in January, the coldest month,is - 6.5°C,and inJuly,
the warmest month, is +19.8°C. According to long-term
observations, the lowest recorded temperature was
-36°C and the highest was +39°C. The total sum of ac-
tive temperatures is 2440-2700°C. Overall, the combi-
nation of temperatures, moisture conditions, and neces-
sary irrigation during the research years was favourable
for the growth and development of asparagus beans,
allowing for the observation of flat pod formation in
the different varieties.

The soil in the area is dark grey, moderately pod-
solised, and consists of light loam, with a slightly acidic
reaction. The thickness of the humus horizon measures
24-28 cm. The experimental site is characterised by a
low humus content of 1.5-2.2%, a moderate level of
hydrolysable nitrogen at 26-38 mg/kg, and available
phosphorus and potassium levels of 43-61 mg/kg and
28-34 mg/kg, respectively. The depth of the plough lay-
er was 20-22 cm. The crop rotation included cucumber
in 2014, tomato in 2015, and white cabbage in 2016.
In autumn, the plant residues from the preceding crop
and weeds were destroyed, followed by deep autumn
ploughing. Seven days before sowing, a fertiliser mix of
N.P.oKy, (@mmonium nitrate, superphosphate, and po-
tassium chloride) was applied. During the first ten days
of April, before sowing, the experimental area was culti-
vated toadepth of 12-15 cm using the KPSP-4 cultivator.

Statistical analysis, specifically analysis of variance
(ANOVA) and correlation analysis was performed using
the XLSTAT add-in for Microsoft Excel. Differences were
considered statistically significant at the a=0.95 level




(Rao, 2018). The authors adhered to the standards set
by the Convention on Biological Diversity (1992) and
the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

During the years of research, it was found that the yield
of Vigna was significantly influenced by the varietal
characteristics of the plants and their density per unit
area. Varieties sown at a density of 143,000 plants per
hectare yielded significantly higher bean crops - 7.7-
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10.4 tonnes per hectare, which is 2-3 tonnes per hectare
more than the control (Table 1). One of the most impor-
tant characteristics of Vigna flat pods is the absence of
a parchment layer and fibres. It is widely accepted that
the highest quality varieties are those whose flat pods
do not thicken over a long period and do not form a
parchment layer or fibres throughout the entire harvest
period. The variety Kafedralna was characterised by the
formation of a weak parchment layer and fibres in the
flat pods under conditions of high air temperature, de-
spite delayed harvesting.

57

Table 1. Productivity indicators of asparagus bean varieties
at different plant stand densities (average for 2014-2016)

The average weight

Experimental Plant density, of beans in the Average number of Weight of beans per Yields: of
variant (factor B)  thousand plants/ha  phase of technical beans per plant, pcs. plant a t the stage of  commercial flat
maturity, g technical maturity, g pods, t/ha
U-Cha-Kontou (control) (factor A)
70x10 cm 143 5.7 9.6 53.7 7,7
70x25 cm (control) 57 6.0 16.8 100.2 5,7
70x40 cm 36 6.5 17.3 109.8 3,9
70%50 cm 29 6.7 18.5 120.5 3,5
Kafedralna
70x10 cm 143 7.1 10.2 724 10,4
70x25 cm (control) 57 7.4 17.5 129.5 74
70x40 cm 36 7.7 17.8 1371 4,9
70x50 cm 29 8.3 18.3 152.0 4,4
LSD,, 1.92 1.82 32.60 1.49
factor A 0.96 0.91 16.30 0.74
factor B 1.36 1.29 23.05 1.05

Source: developed by the authors based on the conducted research

Heavier beans were obtained from Vigna varieties
planted at the lowest density of 29,000 plants per hec-
tare. For the U-Cha-Kontou variety, the average pod
weight was 120.5 g, and for Kafedralna, it was 152.0 g.
This represents an increase of 20.3-22.2 g compared
to the control. At the same time, the sparser plantings
resulted in a greater number of flat pods formed: 18.3-
18.5 per plant, with an average bean weight of 6.7-
8.3 g. Despite these higher metrics, the average yield of
flat pods in the Vigna varieties was found to be higher
at a density of 143,000 plants per hectare, ranging from
7.7 to 10.4 tonnes per hectare. This is attributed to the
greater number of plants per unit area.

Lower yields of flat pods were obtained at a plant
density of 29,000 plants per hectare for the U-Cha-Kon-
tou variety (3.5 t/ha) and the Kafedralna variety
(4.4 t/ha), which is 2.2-3.0 t/ha less than the control.
Additionally, the U-Cha-Kontou variety consistently

produced lower yields of flat pods compared to the
Kafedralna variety across all planting patterns (Fig. 1).
Despite higher productivity and a greater number of
beans per plant, the lower bean yield in Vigna varie-
ties was attributed to the lower plant density per unit
area. Significant differences were found for factor B in
all economic and valuable traits studied.

The productivity of asparagus bean plants in-
fluenced their average yield of flat pods. Due to
the non-simultaneous ripening of beans at differ-
ent plant densities, the crop was harvested week-
ly for each cultivar (Fig. 2). Consequently, the yield
increased with the number of plants per unit area.
At a plant density of 29,000 plants per hectare, the
lowest yield was observed at 3.5-4.4 t/ha. This trend
could be attributed to the lower plant density per
plot, while the average number of beans per plant
and their weight were higher.

Scientific Horizons, 2024, Vol. 27, No. 9
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Figure 1. The impact of plant density of bush Vigna varieties on the yield of marketable flat pods, t/ha (2014-2016)

Note: (c)* - control

Source: developed by the authors based on the conducted research Yield of marketable flat pods, t/ha

Figure 2. Non-simultaneous ripening
of beans in the Kafedralna variety
Source: developed by the authors based on the conducted
research

The results obtained indicate that varying plant
density has a significant impact on economic and val-
uable traits, as plants are in constant competition with
each other for light, water, and nutrients throughout
their life cycle. Consequently, with less dense plantings,
plants receive better lighting, more favourable condi-
tions for nutrition, and there is a better sanitary con-
dition of the plot, which in turn contributes to higher
yields. However, the yield of Vigna varieties was higher
in denser plantings due to the greater number of plants,
which affected the overall output per unit area. The
optimal plant density for bush Vigna varieties in open
ground for obtaining flat pods can be considered to be
from 57 to 143 thousand plants per hectare, at which

Scientific Horizons, 2024, Vol. 27, No. 9

the marketable yield of flat pods for the U-Cha-Kontou
and Kafedralna varieties was, respectively, 5.7-7.7 and
7.4-10.4 t/ha.

The accumulation and formation of organic matter
by plants is a completely autonomous process that does
not require human intervention. However, the intensi-
ty of dry organic matter accumulation in plant prod-
uct organs and their quality indicators are variable, as
their magnitude is determined by the influence of both
organised and unorganised environmental factors. Re-
search has established that the biochemical indicators
of asparagus beans at technical maturity depend on
plant density (Fig. 3).

Based on the biochemical analysis of the studied
varieties, at lower plant densities (29,000 plants/ha), the
quality indicators of the beans improved, specifically:
the dry matter content was between 13.1-13.4%, sugars
at 3.6-4.0%, vitamin C at 32.8-37.1 mg/100 g of fresh
weight, and crude protein at 3.4-3.5 mg/100 g of fresh
weight. Due to the fact that plants in sparse plantings
receive sufficient light, their nutrient uptake and micro-
climate are improved, which contributed to the forma-
tion of beans with higher biochemical indicators. As the
plant density approached 143,000 plants/ha, there was
a significant decrease in the quality indicators of the
beans. In this case, the dry matter content varied be-
tween varieties from 12.5 to 12.7%, sugars from 2.9 to
3.0%,vitamin Cfrom 30.4 to 33.6 mg/100 g fresh weight,
and crude protein from 3.2 to 3.4 mg/100 g fresh weight.

Among the varieties, the Kafedralna variety stood
out as having the most valuable biochemical indicators.
Regardless of plant density, this variety consistently
exhibited a dry matter content of 12.7-13.4%, sugars
of 3.0-4.0%, vitamin C of 33.6-37.1 mg/100g fresh
weight, and crude protein of 3.2-3.7%. Correlation-
al analysis for the U-Cha-Kontou (control) variety re-
vealed a strong positive correlation between dry matter
and total sugars (r=0.98), crude protein (r=0.99), and
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vitamin C (r = 0.93); between total sugars and crude negative correlation was also found between plant
protein (r=0.95), and vitamin C (r=0.97); and between  density and dry matter (r=-0.91), total sugars (r=-0.93),
crude protein and vitamin C (r=0.87) (Table 2).Astrong  crude protein (r=-0.90), and vitamin C (r=-0.84).

13.5 41
13.4 —e— U-Cha-Kontou 4.0 —=e— U-Cha-Kontou
o 133 (control) O (control)
- 132 Kafedralna ;i 38 Kafedralna
(]
£ 131 S
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>
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12.8
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24 1 28 40—
9 25 50 75 100 125 150 b) 25 50 75 100 125 150
Plant density, thousand plants/ha Plant density, thousand plants/ha
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C) Plant density, thousand plants/ha d) Plant density, thousand plants/ha

Figure 3. Biochemical indicators of asparagus bean flat pods
at technical maturity at different plant densities (average for 2014-2016)
Note: a) dry matter, % ((LSD,, 0.23; factor A (LSD,, 0.11; factor B (LSD,, 0.16); b) total sugars, % ((LSD,, 0.19; factor A
(LSD,, 0.09; factor B (LSD,, 0.13); ¢) crude protein, % ((LSD,, 0.17; factor A (LSD,, 0.09; factor B (LSD,,, 0.12); d) vitamin
C,mg/100g (LSD,, 1.55; factor A (LSD,, 0.77; factor B (LSD,, 1.10)
Source: developed by the authors based on the conducted research

Table 2. Correlation matrix between the biochemical composition of asparagus bean flat pods (average for 2014-2016)

Variety Parameter Plant densjty, Dry . Totalo Cru.deu Vitamin C,
thousand units/ha matter, % sugars, % protein, % mg/100g
Plant density, thousand units/ha 1
Dry matter, % -0.91 1
Uc(gjnt'(r‘(’)’f)m“ Total sugars, % -0.93 0.98 1
Crude protein, % -0.90 0.99 0.95 1
Vitamin C, mg/100 g -0.84 0.93 0.97 0.87 1
Plant density, thousand units/ha 1
Dry matter, % -0.88 1
Kafedralna Total sugars, % -0.89 0.92 1
Crude protein, % -0.74 0.93 0.71 1
Vitamin C, mg/100 g -0.67 0.49 0.79 0.14 1

Source: developed by the authors based on the conducted research
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A strong positive correlation was observed in the
Kafedralna variety between dry matter and total sugars
(r=0.92), crude protein (r=0.93); between total sugars
and crude protein (r=0.71),and vitamin C(r=0.79).Addi-
tionally, a moderate positive correlation was found be-
tween dry matter and vitamin C (r=0.49). There was also
a strong negative correlation between plant density and
dry matter (r=-0.88),total sugars (r=-0.89),crude protein
(r=-0.74), and vitamin C (r=-0.67). However, the Kafed-
ralna variety proved to be more adaptable to growing
conditions with high biochemical indicators of beans at
technical maturity. Vigna yields are low in dense plant-
ings, especially in the African region (0.025-0.3 t/ha).
This is due to the widespread prevalence of pests, plant
diseases, reduced soil fertility, drought, improper culti-
vation techniques, unsuitable varieties, unprofessional
seed systems, and various socioeconomic constraints.

Sowing density needs to be regulated to achieve
maximum yield, as competition between plants exists
after emergence. For the growth and development of
leguminous crops such as Vigna, sowing density is of
particular importance. The results obtained in the stud-
ies are consistent with L. Bastos et al. (2020), who state
that seed weight decreases with increasing sowing
rates of Vigna. This response is due to competition for
light and mineral nutrients, as high plant density re-
duces the distribution of assimilates. At the same time,
varieties with lower plant density formed greater bio-
mass and allocated more assimilate to seeds, leading
to higher plant productivity. The obtained results agree
with the data of B. Abebe and M. Alemayehu (2022).
They argue that a plant spacing of 40x40 cm facilitates
light circulation for better photochemical processes,
while at high-density plants shade each other. Thus,
light slowly disperses to all parts of the plant, especial-
ly to the leaves located in the lower part.

It was established that lower plant density increased
the number of shoots and beans per plant. These re-
sults confirm the findings of N. Tehulie et al. (2021). At
the same time, studies conducted on soybeans indicate
that a high seeding rate delays flowering and reduces
the number of shoots (Nleya et al., 2020). Additionally,
excessive narrowing or widening of row spacing also
leads to a decrease in soybean grain yield. Optimal
plant density can vary significantly between regions.
For Vigna varieties with different morphological plant
structures, different optimal densities are required to
ensure high seed and bean yields with high-quali-
ty indicators. Also, the sowing density of Vigna affects
the yield of varieties with different maturity groups.
Very early maturing varieties such as IT99K573-2-1
and IT98K-205-8 are recommended for the Sahel and
semi-arid regions, which helps to avoid the negative
consequences of drought (Senyk, 2020).

Plantings with high densities of 62.5 thousand
plants/ha (40x40 c¢cm) and 125 thousand plants/ha
(40%20 cm) proved to be the most effective for increas-
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ing Vigna yield in West Africa (Ishikawa et al,, 2022).
According to the results of the economic efficiency of
Vigna production in India, it was found that growing
the Yardlong variety in open fields at a plant density
of 74 thousand plants/ha (45 cmx30 cm) was more
profitable (Manjesh et al, 2019). The results of this
study showed that at plant densities ranging from 57
to 143 thousand plants/ha, the maximum marketable
yield of flat pods was formed in both studied varieties.

Plant density can be regulated not only by the sow-
ing pattern but also by the number of seeds per plant-
ing hole. L. Day et al. (2022) argue that when sowing
one seed per planting hole, the plant develops opti-
mally and, consequently, yields a higher harvest. Sim-
ilar results were reported by Y. Gnamien et al. (2023).
Scientists indicate that at a lower density of 62.5 thou-
sand plants/ha (40 cmx40 cm) with 1 plant per hole, a
higher yield was obtained compared to a higher density
of 250 thousand plants/ha (20 cmx20 cm) and 2 plants
per hole. However, these conclusions diverge from the
data of M. Duraipandian et al. (2022). According to the
research of these authors, Vigna yield was higher when
sowing three seeds per planting hole. This difference
could be due to the varying distance between plants.

A higher incidence of common bacterial blight was
observed in denser plantings. A similar trend was ob-
served in the studies of R. Lal (2020) and S. Parveen et
al. (2022), where more rust infection was found at row
widths of 45x30 cm and less at 60x75 cm The study
conducted by the authors also found that disease
spread was slower in the Kafedralna variety compared
to U-Cha-Kontou. The results showed that the biolog-
ical characteristics of the variety, along with ecologi-
cal and agronomic factors, influence the dynamics of
vegetative mass formation and the intensity of plant
photosynthesis, determining the rate of growth and de-
velopment and assimilation processes of the crop. The
higher yield of flat pods at a shorter distance between
plants in a row was due to an increase in the number
of plants per unit area. At the same time, fewer pods
were obtained per plant with a lower average mass. A
significant impact of plant density on the biochemical
indicators of bean varieties and their interaction was
established.

CONCLUSIONS

An optimal plant density for bush asparagus beans
grown in open ground can be considered to be be-
tween 57,000 and 143,000 plants per hectare, result-
ing in marketable flat pod yields of 5.7-7.7 and 7.4-
10.4 tonnes per hectare for the varieties U-Cha-Kontou
and Kafedralna, respectively. The Kafedralna variety ex-
hibited higher biochemical indicators, particularly con-
cerning dry matter content (12.7-13.4%), sugar content
(3.0-4.0%), vitamin C content (33.6-36.8 mg/100 g fresh
weight), and crude protein content (3.2-3.5%) across
different stand densities.




A strong correlation was found between bio-
chemical indicators and plant density in the Vigna
varieties. The dry matter content of the beans had a

Bobos et al.

research should focus on using wild forms in Vigna
breeding to create cultivars resistant to biotic and
abiotic factors.

strong positive correlation with total sugar content
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JocnimKeHHs1 BNIMBY cXeMM CiB6U Ha MiHIUBICTb O3HAK COPTIB BirHM cnap)keBoi
(Vigna unguiculata (L.) Walp. subsp. sesquipedalis (L.) Verdc.)

IpuHa bo6ocb
KaHampaT cinbCbkorocnoaapcbKux Hayk, LOLEHT
HauioHanbHWI yHiBEpCUTET BiopecypcCiB i MpMPOAOKOPUCTYBAHHS YKpaiHM
03041, Byn. l[epois O60poH#u, 15, M. Kunis, YkpaiHa
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Onekcanpp Komap
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IBaHHa laBpuch
KaHaunaaT CinbCbKOrocnoaapCbKnx Hayk, AOLEHT
HauioHanbHuMI yHiBepcuTeT BiopecypciB i NpMpOLOKOPUCTYBAHHS YKpaiHu
03041, syn. lepois O6opoHu, 15, M. Kuis, YkpaiHa
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Muxaiino PetbmaH
KaHamaaTt CinbCbKOrocnoaapCbKMX HayK, CTapLmin OCNIAHUK
IHCTUTYT BOAHMX NpobneM i Meniopauii HauioHanbHOI akageMmii arpapHUX Hayk YKpaiHu
03022, Byn. BacunbkiBcbka, 37, M. Kuis, YkpaiHa
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AHoTauia. MeTol pocnigkeHb Oyno BMBYEHHS ocobnuocTelt GOpPMYBaHHS BPOXAMHOCTI BirHW CMNapxesoi 3
YPaxyBaHHAM BM/MBY efIeMEHTIB TEXHONOTIT, WO nepeadayatoTb BUNPOOYBaHHSA OKPEMMUX COPTIiB, HA OCHOBI 3MiHU
rycToTU CTOSIHHS nociBiB. Cepel, OCHOBHUX METOAIB BMBYEHHS AAHOI Npo6aeMU € NONbOBUIA — AN LOCHILKEHHS
eNeMeHTIB TeXHONOrii BMPOLLYBAHHS, CTAaTUCTUYHMIA — ANS OLiHIOBAHHA AO0CTOBIpPHOCTI pe3ynbratiB. Y cTaTTi
npeacTaBNeHO pe3ynbTaTv AOCNigKeHb cxeM CiBbu pocnmH: 70x10 cMm, 70%25 cm (koHTponb), 70x40 cM, 70x50 cm
Ha copTax KyLLoBOi BirH1 cnapxesoi KadeapanbHa (Ykpaina) Ta Y-ta-KoHToy (Kutai) (KOHTpob). [ycToTa CTOAHHA
POCNUH 3HAaYHO BMJIMBAE HA MOPPOMETPUYUHI NMOKA3HUKM Ta NPOAYKTUBHICTb AOCNIAXKYBAHUX COPTIiB. 36iNbLIEHHS
ryctoTv nociBy Ao 143 Tuc. WwT./ra Nnpu3Beno 40 3HaYHOro 36iNnblieHHs (Ha 2-3 T/ra) BpoxalHoCTi 606iB-nonaTok y
060X copTiB NOPiBHSAHO 3 KOHTponeM (70x25 cm). HalBuuly BpoxainHicTb 606iB-nonatok (7,7-10,4 1/ra) oTpuMaHo
y copTiB 3a ryctotv 143 Tuc. wT./ra. Lle noe'a3aHo 3 onTMManbHMM 3abe3neyeHHsIM pOC/IMH BOJIOTOH0, CBIiT/IOM Ta
NOXWBHWMW peYyoBMHAMWM Mpu AaHin ryctoTi ctosiHHS. CopT KadenpanbHa 3arasoM XapakTepu3yBaBCS BMLLOHKD
BPOXaWMHICTIO 606iB-n0MNaTok, Hix copT Y-T9-KoHToy. 3a MeHwWwoi ryctotu nocisy (29 Tuc. wr./ra) 6061 Manu Hinbluy
macy (120,5-152,0 r), ane ix KinbKicTb Ha pocaunHi Byna MeHLWOo. 3MeHLWEeHHS TyCTOTU CTOSHHS A0 29 Tuc. wr./ra
npu3BOAMNO A0 30inblUeHHS BMICTY Cyxoi pe4vyoBuHM, LyKpiB Ta BiTaMiHy C B 606ax. Copt KadenpanbHa 3a
BCiMa CxeMaMu CiBOM MaB BULMIA BMICT LUX KOMMOHEHTIB. BCTAHOBNEHO CUbHWUI KOPENaUiMHUIA 3B'A30K MiX
6i0XiMIYHMMM NOKA3HMKAMM TA TYCTOTOK CTOSAHHSA. ONTUMaNbHOK CXEMOK NOCIBY BirHWM OBOYEBOT A1 OTPUMAHHS
606iB-nonatok B ymoBax Jlicocteny YkpaiHu MoxHa BBaxatn 70x10 cm ta 70x25 cm. Copt KadeppanbHa
PEKOMEHIYETLCA AN BUPOLLYBAHHS Y BiAKPUTOMY I'PYHTI 3 METOK OTpUMaHHs 606iB-nonatok. HaBeneHi B cTaTTi
MaTepianu MawTb NPaKTUYHY LiHHICTb AN po3pobKM edeKTUBHUX TEXHOMOrIM BMPOLLYBAHHS KYLLOBMX COPTIB
BirHM B ymMoBax Jlicocteny YKpaiHu ANS OBOYEBOro HanpsmKy

KniouoBi cnoBa: kyLL0Ba BirHa cnapxesa; copT; 6061-1onatku; cxema ciBbu; ryctota poC/iMH; ypoXKanHicTb; 6ioxiMiyHi
MOKa3HMKM
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fertility,reduce the anthropogenicload onvegetable agroecosystems,produce high-qualityyields,and increase sweet
potato productivity without relying on energy-intensive production methods. This study aimed to investigate the
impact of biological fertilisation systems on the biometric parameters, yield, and quality of sweet potato tubers.The
research programme was implemented through field, statistical, computational-analytical,and laboratory methods.
An increase in the number (7.33-9.83 per plant) and length (175.55-184.89 cm) of shoots was observed with the
application of the biological preparations “Groundfix” + “Humifriend”, “Help-Rost for vegetables”, and “Mycofriend”.
The use of foliar fertilisations in three terms of “Help-Rost for vegetables”, both in combination with “Mycofriend”
during fertigation and with the foliar fertilisation “Humifriend”, resulted in maximal leaf mass formation on the
plant (2.41-2.56 m?/ha in the third decade of June and 23.12-27.45 m?/ha in the third decade of August). Microbial
preparations significantly increased net photosynthetic productivity by 28.9-63.9% during the period from the
third decade of June to the third decade of July, especially when “Groundfix” and “Humifriend”, or “Humifriend” and
“Help-Rost for vegetables” were combined. A substantial commercial yield of tubers (17.4 t/ha) was achieved by
applying the mycorrhizal preparation “Humifriend” (1.5 L/ha) in the first fertigation and conducting three foliar
applications of “Help-Rost for vegetables” at 2.0 L/ha. Treatments involving biological preparations demonstrated
improvements in key biochemical parameters. The use of “Groundfix” + “Humifriend” and “Humifriend” + “Help-Rost
for vegetables” resulted in a decrease in nitrate levels in the produce. The authors hypothesise that the optimal
supply of micronutrients, particularly iron, manganese, and molybdenum, enhances the transformation of nitrates
into organic matter. This research provides valuable insights for the rational application of biologically enhanced
fertilisation systems to achieve high yields and quality of sweet potato tubers in various agricultural settings

Keywords: Ipomoea batatas L.; biopreparations; irrigation; photosynthetic productivity; yield

INTRODUCTION

Considering the fact that sweet potato tubers arerich in
glucose, protein, minerals, and vitamins, making them a
valuable product for dietary nutrition (especially for in-
dividuals with diabetes), the increase in crop productiv-
ity is associated with rising levels of mineral fertilisers
and phytopharmacological agents. Such technological
approaches, however, can lead to a decline in soil fer-
tility, heightened pollution of agrocenoses, and the in-
troduction of contaminants into agricultural products.
As highlighted by K. Nadarajah and N.S.N. Abdul Rah-
man (2023), in developed countries, despite the use of
high levels of mineral fertilisers, a significant direction
for the development of the agricultural sector is the
biological enhancement of production processes. The
biological enhancement of agricultural production is
fundamentally more than merely forgoing mineral fer-
tilisers and protective agents; it represents a balanced
complex of technological, agrochemical, and biological
measures, combined with integrated pest management
and scientifically grounded crop rotations.

A key element of biologically enhanced agriculture
is the widespread use of microbial preparations to op-
timise plant nutrition. These preparations activate a
range of physiological processes within the soil and
plant, such as nitrogen fixation, mobilisation of soil-
bound phosphorus and potassium, and growth regula-
tion. Each of these processes has the potential to sig-
nificantly impact crop yield and quality. For example,
according to M. Lopes et al. (2021), the use of bioprepa-
rations containing associative nitrogen-fixing bacteria
can provide plants with an additional 20-50 kg/ha of
nitrogen. Nitrogen-fixing microorganisms can fix 40-
300 kg/ha of nitrogen annually from the atmosphere,

without causing environmental pollution and with
minimal energy requirements. Data from R. Gupta et
al. (2021) reveals that globally, approximately 35 mil-
lion tonnes of nitrogen are added to soils annually
through mineral fertilisers, while plants absorb around
75 million tonnes during the same period. The differ-
ence between these figures is largely attributed to the
activity of soil nitrogen-fixing microbes.

D. Minemba et al. (2020 highlight the potential for
improving the phosphorus regime of the soil through
the use of microbial preparations containing phospho-
rus-mobilising microorganisms. These preparations fa-
cilitate the conversion of poorly soluble soil phosphates
into more soluble forms that are readily available to
plants.To transform phosphorus-containing compounds
in the soil and release mobile forms of phosphorus,
fungi, actinomycetes, and spore-forming bacteria from
the genera Pseudomonas, Micrococcus, Corinebacterium,
and Alcaligenes can be effectively utilised.

The primary aim of using microbial preparations
in the cultivation of agricultural plants is to establish
a specific pool of microorganisms in the soil rhizos-
phere. According to the opinion of the authors, healthy
microflora contributes to the creation of comfortable
conditions for plant nutrition and the trophic relation-
ship between soil and plant. According to G. Koskey et
al. (2021) and P. Trivedi et al. (2020), microbial commu-
nities facilitate the contact between plant root systems
and distant soil aggregates, which contain absorbed
nutrient elements. This interaction occurs through
chains of bacterial cells, hyphae, and the mycelium of
microscopic fungi, among other means. Consequent-
ly, the total absorption capacity of microbial-plant
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associations significantly exceeds that of the plant roots
alone. Research by Y. Syromyatnikov et al. (2022; 2023)
indicate that the quantitative and qualitative composi-
tion of soil microbial communities is influenced by var-
ious technological practices, particularly irrigation, soil
cultivation, and fertiliser use.

An important aspect in recent decades has been
the development and implementation of new multi-
functional microbial preparations produced from high-
ly effective strains of associative microorganisms that
do not adversely affect the natural environment. The
use of microbial preparations does not require high en-
ergy and material costs, especially when compared to
the application of mineral fertilisers or soil cultivation.
As noted in the research by L. Gongalves et al. (2023),
the productivity of sweet potatoes can be enhanced by
using microbial preparations with various functional
types of microorganisms to optimise nutrition. Accord-
ing to I. Khan (2023), microbial preparations are effec-
tive in combination with both green manures or organ-
ic fertilisers and mineral fertilisers. The application of
microbial preparations not only increases yield but also
improves the quality composition of tubers, including
an increase in the dry matter content, -carotene, and
starch levels in the tubers.

Thus, in the context of biological enhancement for
sweet potato cultivation, various functional microbial
preparations can be utilised to optimise plant nutrition.
These preparations enhance processes such as associ-
ative nitrogen fixation, phosphorus and potassium mo-
bilisation, the decomposition of plant residues in the
soil, and the reduction of pathogenic pressure, among
others. This study aimed to establish the impact of dif-
ferent nutrient systems on the biometric parameters of
the plants, as well as the yield and quality of sweet po-
tato tubers under irrigation conditions.

MATERIALS AND METHODS

The research was conducted from 2021 to 2023 at the
Institute of Vegetable and Melon growing of the Na-
tional Academy of Agrarian Sciences of Ukraine. The
experiments were carried out on a typical low-humus
light loamy chernozem (the arable layer contained 4.3%
humus, 139 mg/kg of hydrolysable nitrogen, 120 mg/kg
of mobile phosphorus, and 93 mg/kg of exchangeable
potassium; pH of the salt extract was 5.7; hydrolytic
acidity was 2.8 meq per 100 g of soil). The climatic fea-
tures of the research area include an average annual
precipitation of 471 mm, with 57-73 mm of precipita-
tion falling in June and July; relatively dry conditions
were formed in early spring and autumn (Archive of
meteorological data, n.d.). The research was conducted
according to the generally accepted methodology (Bon-
darenko & Yakovenko, 2001). The total plot area for the
experiment was 33.6 m?, with a plot area of 21 m?, and
the experiments were replicated three times. In the ex-
periments, the sweet potato variety Admiral was grown
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under drip irrigation and soil mulching with a black
polyethene film 120 microns thick, using a planting
scheme of (100+40)x25 cm.

The following microbial preparations were used in
the study: “Mycofriend” is a microbial preparation con-
taining a complex of agronomically valuable microor-
ganisms, including mycorrhizal fungi such as Glomus
sp.; rhizospheric microorganisms that enhance mycor-
rhiza formation (Trichoderma harzianum, Pseudomonas
fluorescens, Streptomyces sp.); phosphate-mobilising
bacteria; and bacteria with fungicidal and bacteri-
cidal properties (Bacillus subtilis, Bacillus megaterium
var. phosphaticum, Bacillus muciloginosus, Enterobacter
sp.). The total number of viable cells is not less than
1.0x108 CFU/q.

“Humifriend” is a comprehensive fertiliser based on
potassium humate, containing microorganisms, humic
and fulvic acids, a complex of microorganisms with fun-
gicidal properties, amino acids, peptides, succinic acid,
and micronutrients. It accelerates the uptake of nutri-
ents by plants, stimulates the growth and development
of the root system and the above-ground parts of the
plants, and enhances plant resistance to frost, drought,
high temperatures, and moisture deficiency. Addition-
ally, it increases the yield and quality of agricultural
products, activates the synthesis of proteins, carbohy-
drates, and vitamins in plants, improves soil health, and
restores its fertility (Brochure about HUMIFRIEND, n.d.).

“Groundfix” is a soil bio-fertiliser that contains
cells of the bacteria Bacillussubtilis, Bacillusmegateri-
umvar. phosphaticum, Azotobacter chroococcum, Entero-
bacter, and Paenibacillus polymyxa. The total number of
viable cells ranges from (0.5 - 1.5)x10° CFU/cm?. This
bio-fertiliser enhances the mobility of phosphorus and
the availability of potassium from the soil and miner-
al fertilisers, prolongs the availability of nutrients, im-
proves the biological activity of the soil,and suppresses
the development of phytopathogens (Brochure about
GROUNDFIX, n.d.).

“Azotophyt” is a microbial preparation containing
cells of the natural nitrogen-fixing bacterium Azotobac-
ter chroococcum, along with biologically active products
produced by the bacteria (amino acids, vitamins, phyto-
hormones, and fungicidal substances). The total num-
ber of viable microorganisms in the product is no less
than 1x10%° CFU/cm? (Brochure about AZOTOPHYT, n.d.).

“Help-Rost for vegetable plants” is used in agri-
culture for fertilising vegetable crops to improve the
yield, marketability, and flavour qualities of the final
product. “Help-Rost for vegetable plants” is classified
as an organo-mineral fertiliser, containing macro- and
micronutrients, amino acids, and more (Brochure about
HELP-ROST, n.d.).

Foliar applications of microbial preparations were
conducted inthree terms:the first treatment was 30 days
after transplanting the seedlings, and subsequent treat-
ments were carried out at intervals of 25 days (Table 1).
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Table 1. Biometric parameters of sweet potato plants of the Admiral variety

No. Application of microbial preparations
1 Control (without microbial preparations)
2 Mycofriend application in the first fertigation (1 L/ha)

3 Mycofriend application in the first fertigation (1 L/ha) + Help-Rost for vegetable, foliar application in 3 terms (2 L/ha each)

4 Help-Rost for vegetable, foliar application in 3 terms (2 L/ha each)

5 Groundfix applied in the first fertigation (5 L/ha) + Humifriend, foliar application in 3 terms (1.5 L/ha each)

6  Humifriend, foliar application in 3 terms (1.5 L/ha each) + Help-Rost for vegetables, foliar application in 3 terms (2 L/ha each)

Source: compiled by the authors

At the end of the growing season, the content of
the following was determined: dry matter accord-
ing to DSTU 7804:2015 (2016), vitamin C accord-
ing to DSTU 7803:2015 (2016), total sugar accord-
ing to DSTU 4954:2008 (2009), nitrates according to
DSTU 4948:2008 (2009), and starch (Kucherenko et
al., 2002). During the research, the authors adhered to
the standards of the Convention on Biological Diversity
(n.d.) and the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (n.d.).

RESULTS AND DISCUSSION

Throughout the years of research, the biometric pa-
rameters of the sweet potato plants during the first
decade of July did not differ significantly, except for

the control variant (without fertilisers), where the low-
est number of shoots was recorded at 4.97 shoots per
plant, with an average shoot length of 96.2 cm. In the
second term (the second decade of August), the most
positive impact on the biometric parameters of the
sweet potato plants was observed with the application
of the preparations “Groundfix” + “Humifriend”, which
resulted in an average number of shoots per plant of
7.33 and an average shoot length of 184.9 cm. With the
preparation of “Help-Rost for vegetables”, an increase
in the average number of shoots to 9.83 and an aver-
age shoot length of 183.6 cm was noted. The variant
using “Mycofriend” demonstrated a positive effect as
well, with an average of 8.33 shoots and an average
shoot length of 175.6 cm (Table 2).

Table 2. Biometric parameters of sweet potato plants of the Admiral variety (average for 2021-2023)

First term (1 decade of July)

Second term (1% decade of August)

Fertilisation system

Shoots (pcs) Length (cm) Shoots (pcs) Length (cm)
Control 4.97 96.2 758 1284
Mycofriend (1 L/ha) 5.97 128.5 8.33 175.6
Mycofriend (1 L/ha) + Help-Rost for vegetables (2 L/ha) 6.13 110.2 6.33 1331
Help-Rost for vegetables (2 L/ha) 6.30 111.7 9.83 183.6
Groundfix (5 L/ha) + Humifriend (1.5 L/ha) 5.63 1189 7.33 185.0
Humifriend (1.5 L/ha) + Help-Rost for vegetables (2 L/ha) 5.80 100.7 7.83 148.2
LSD 0.9 16.7 1.2 247

0,95

Source: compiled by the authors

It has been noted that the maximum impact on
leaf formation throughout the entire growing sea-
son of sweet potato plants is achieved through the
application of foliar fertilisations with “Help-Rost for
vegetables” in three terms, both in combination with
“Mycofriend” during fertigation and with “Humifriend”
for foliar application in three terms (Fig. 1). In this con-
text, the leaf area varied from 2.41 to 2.56 m?/ha in
the third decade of June, from 19.47 to 20.45 m?/ha in
the third decade of July,and from 23.12 to 27.45 m?/ha

in the third decade of August. It is important to note
that the use of “Help-Rost for vegetables” alone re-
sulted in significantly lower leaf area values, indicat-
ing a certain synergistic effect of the various prepara-
tions on this parameter. Mycorrhisation of the sweet
potato roots also positively influences the increase in
leaf area. Specifically, the application of “Mycofriend”
during the first fertigation resulted in a consistent in-
crease in leaf area compared to the control, ranging
from 23.5% to 28.5%.
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Figure 1. Leaf area of sweet potato plants, thousand m?/ha (average for 2021-2023)

Source: compiled by the authors

The maximum growth of leaf mass was observed
in June and July. During the tuber growth period (from
the third decade of July to the third decade of August),
the increase in leaf area occurs very slowly, which is
associated with the redistribution of organic matter
synthesised by the plant towards tuber formation. De-
pending on the rate of leaf development in sweet po-
tato plants, the net productivity of photosynthesis also
varies. The parameter of net photosynthetic productiv-
ity significantly depends on the level of accumulated
dry biomass, which is influenced by technological and
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agro-meteorological factors, as well as the biological
characteristics of the crop and variety.

It has been established that optimising plant nu-
trition through the use of various types of microbial
preparations contributes to an increase in net photo-
synthetic productivity during the period from the third
decade of June to the third decade of July, by 28.9%
to 63.9% (Figure 2). The highest levels were observed
with the application of “Groundfix” and “Humifriend”
(25.8 g/m? per day), as well as with “Humifriend” and
“Help-Rost for vegetables” (27.2 g/ m? per day).

oy 64
' 471 454
] I I

Third decade of July - Third decade of August
B Mycofriend

61.4

M Help-Rost for vegetables
Humifriend + Help-Rost for vegetables

Figure 2. Net photosynthetic productivity of sweet potato plants, g/m? per day (average for 2021-2023)

Source: compiled by the authors

In the later period (from the third decade of July to
the third decade of August), the use of microbial prepa-
rations resulted in an increase in net photosynthetic
productivity by 8.6% to 46.9%. Significantly high values
relative to the control group were observed with the ap-
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plication of “Mycofriend”(52.1 g/m? per day), Mycofriend”
combined with “Help-Rost for vegetables” (56.4 g/m?
per day), and “Humifriend” together with “Help-Rost for
vegetables” (61.4 g/m? per day). Throughout the years
of research, microbial preparations for optimising plant
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nutrition have led to an increase in sweet potato yields
(Table 3). The maximum productivity of 17.4 t/ha was
achieved with the application of the mycorrhiza-form-

ing preparation “Humifriend” (1.5 L/ha) during the first
fertigation, alongside three foliar applications of “Help-
Rost for vegetables” at 2.0 L/ha.

Table 3. Indicators of marketable yield of sweet potato tubers of the Admiral variety, t/ha
Tuber yield, t/ha

Fertilisation system

2021 2022 2023 Average for 2021-2023
Control 15.9 9.2 8.6 11.2
Mycofriend (1 L/ha) 18.1 9.6 14.7 14.1
Mycofriend (1 L/ha) + Help-Rost for vegetables (2 L/ha) 19.1 10.0 154 14.8
Help-Rost for vegetables (2 L/ha) 17.6 10.4 12.2 134
Groundfix (5 L/ha) + Humifriend (1.5 L/ha) 18.1 10.7 137 141
Humifriend (1.5 L/ha) + Help-Rost for vegetables (2 L/ha) 22.7 13.6 16.1 174
LSD, 1.67 0.95 1.21 13

0.95

Source: compiled by the authors

The high yield of marketable tubers is achieved
through the combined use of the preparations “Ground-
fix” and “Humifriend”, resulting in a yield of 14.1 t/ha.
The combination of the biological preparations “My-
cofriend” and “Help-Rost for vegetables” leads to a
sweet potato yield of 14.8 t/ha. It is noted that no
synergistic effect from the actions of these prepara-
tions was observed, as the differences between the
treatments with the individual applications of these
microbial preparations were not significant, with no

substantial difference compared to the treatment in-
volving only “Help-Rost for vegetables” (13.4 t/ha) and
the application of “Mycofriend” at 1 L/ha (14.1 t/ha).
Regarding the influence on the biochemical compo-
sition of the tubers, the action of microbial prepara-
tions was ambiguous (Table 4). A positive trend was
observed with the use of “Mycofriend” and the com-
bined application of “Mycofriend” and “Help-Rost for
vegetables”, which increased the dry matter content in
the tubers to 19.07-19.12%.

Table 4. Influence of microbial preparations on the quality
of sweet potato tubers of the Admiral variety (average for 2021-2023)

The content in tubers:

Fertilisation system Dry matter Starch  Totalsugar VitaminC  Carotene Nitrates

(%) (%) (%) (mg/100g) (mg/100g) (mg/kg)

Control 18.66 12.55 3.38 5.51 2.55 165.7

Mycofriend (1 L/ha) 19.07 13.46 3.56 5.27 6.02 101.22

Mycofriend (1 L/ha) + Help-Rost for vegetables (2 L/ha) 19.12 13.97 3.73 4.75 4.09 100.6
Help-Rost for vegetables (2 L/ha) 18.69 13.17 3.65 4.28 5.44 90.3
Groundfix (5 L/ha) + Humifriend (1.5 L/ha) 18.66 12.97 3.85 5.21 5.00 76.0
Humifriend (1.5 L/ha) + Help-Rost for vegetables (2 L/ha) 18.85 14.45 3.90 4.61 476 55.5
LSD 0.94 0.66 0.18 0.25 0.20 12.81

0.95

Source: compiled by the authors

The combined application of “Groundfix” + “Humi-
friend” and “Humifriend” + “Help-Rost for vegetables”
demonstrates a positive trend in the increase of total
sugar content in sweet potato tubers, ranging from
3.85% to 3.90%, compared to a control value of 3.38%.
A significant increase in starch content in the tubers is
achieved with the application of “Groundfix” + “Humi-
friend” (14.45%), “Mycofriend” (13.46%), and the com-
bined use of “Mycofriend” + “Help-Rost for vegetables”
(13.97%). In contrast, a decrease in starch content is
noted in the control (12.55%) and with the combined
application of “Groundfix” + “Humifriend” (12.97%).

Across all variants of microbial preparation applica-
tions, an increase in carotene content (4.09-6.02 mg) is
observed compared to the control (2.55 mg).

The use of various microbial preparations results
in a significant reduction in the nitrate content of
sweet potato tubers, bringing levels down to 55.5-
101.2 mg/kg of raw mass. Preliminary data indicate a
positive effect on reducing nitrate levels in the pro-
duce with the application of “Groundfix” + “Humifriend”
and “Humifriend” + “Help-Rost for vegetables”. The au-
thors believe that the transformation of nitrates into
organic matter is enhanced when an optimal level of
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micronutrient availability is established for the plants,
particularly for iron, manganese, and molybdenum.

In conclusion, it is important to note that microbi-
al preparations, within the context of biologically en-
hanced processes of cultivating crops, provide an effec-
tive alternative to the application of mineral fertilizers.
They enhance crop yields, improve product quality, and
reduce the chemical burden on agrobiocenoses. In this
research, the use of microbial preparations with differ-
ent functional actions proved to be effective for sweet
potato cultivation. Thus, with the use of preparations
with mycorrhizal-forming agents (Mycofriend), an im-
provement in the biometric parameters of sweet po-
tato plants, an increase in leaf area and net photosyn-
thetic productivity was noted, which coincides with the
results of studies by M. Sakha et al. (2019), where the
application of preparations with mycorrhizal-forming
microorganisms also provided high efficiency on the
growth and productivity of sweet potato.

Another key aspect of biologically enhanced sweet
potato fertilisation technology is the use of prepara-
tions containing rhizospheric microorganisms, whose
actions are directed towards various processes: asso-
ciative nitrogen fixation, mobilisation of readily avail-
able forms of phosphorus and potassium in the arable
layer of soil, and stimulation of root system develop-
ment, among others. In the current studies, the appli-
cation of the microbial preparation Groundfix, which
contains both rhizospheric nitrogen-fixing and phos-
phorus-mobilising microorganisms, combined with
the stimulation of growth processes through foliar ap-
plications with humic fertilizers, resulted in a 25.9%
increase in sweet potato yield, an increase in total
sugar content, and a reduction in nitrate levels in the
tubers. Similar results were obtained in research con-
ducted by Colombian scientists A. Ariza-Gonzales et
al. (2019), where the use of microbial preparations
containing Pseudomonas denitrificans and Azotobacter
vinelandii led to increased yields and higher dry mat-
ter and sugar content in the tubers. This approach ef-
fectively forms a technology that utilises agrocenoses
with fully autonomous and regenerative systems for
optimising nutrient supply, where a significant portion
of the nutrients is supplied to the plants through bi-
ological processes such as nitrogen fixation, mineral
weathering, and the decomposition of plant residues.
These findings align with the practical results of other
researchers. According to L. Wang et al. (2022), atmos-
pheric nitrogen fixation by free-living diazotrophs can
meet 20-40% of the nitrogen requirements of sweet
potato plants. Moreover, biological nitrogen fixation
is considered more environmentally friendly and eco-
nomically efficient.

The current research also noted a lack of synergistic
effects with certain combinations of preparations. Spe-
cifically, no significant increase in yield was observed
from the combination of applying “Mycofriend” during
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fertigation and foliar fertilisation with “Help-Rost for
vegetables” compared to the individual use of these
preparations. The authors suggest that these products
affect the same physiological processes in plants (such
as nutrient absorption and growth stimulation), which
results in only modest yield increases from their com-
bined application.

CONCLUSIONS
For the Admiral variety of sweet potato, the use of

the biological preparations “Groundfix” + “Humifriend”,
“Help-Rost for vegetables”, and “Mycofriend” resulted in
an increase in the number of shoots (ranging from 7.33
to 9.83) and their length (from 175.6 to 184.9 cm). The
application of foliar fertilisation with “Help-Rost for
vegetables” over three terms, both in combination with
“Mycofriend” during fertigation and with “Humifriend”,
maximised leaf mass formation in the plants (meas-
uring 2.41-2.56 m?/ha in the third decade of June and
23.12-27.45 m?/ha in the third decade of August). The
use of “Mycofriend” during fertigation showed a stable
increase in leaf area relative to the control,ranging from
23.5% to 28.5%. Optimising plant nutrition through the
use of various microbial preparations contributed to an
increase in net photosynthetic productivity during the
period from the third decade of June to the third decade
of July, achieving an increase of 28.9% to 63.9%, par-
ticularly with the use of “Groundfix” and “Humifriend”
(25.8 g/ m? per day) and “Humifriend” combined with
“Help-Rost for vegetables” (27.2 g/m? per day).

A significant commercial yield of sweet potato tu-
bers (17.4 t/ha) was achieved through the application
of the mycorrhizal-forming preparation “Humifriend”
(1.5 L/ha) during the first fertigation, alongside foliar
application with “Help-Rost for vegetables” at a rate of
2.0 L/ha over three terms. The use of biological prepa-
rations increased key biochemical indicators. Addi-
tionally, a positive effect was noted in the reduction
of nitrate levels in the produce when using “Ground-
fix” combined with “Humifriend” and “Humifriend” with
“Help-Rost for vegetables”. According to the authors of
this article, the transformation of nitrates into organic
matter is enhanced when the optimal level of plant
supply of trace elements (especially iron, manganese,
and molybdenum) is formed. Future research in this
area will focus on assessing the effectiveness of the
comprehensive use of microbial preparations by de-
termining the synergy between their actions, as well
as examining the impact of various microbial prepa-
rations on the agrochemical and microbiological pa-
rameters of the soil.
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AHoTauif. AKTyanbHICTb NPOBEAEHUX AO0CNIIKEHb MONArA€ Yy BU3HAYEHHI MOX/IMBOCTI BMKOPUCTAHHS MiKpOOHMX
npenapatiB pi3HOro QyHKLioOHany Ans ONTUMI3aLii XMBNEHHS Ta CTUMYAALii pOCTOBMX MPOLECIB poCaMH HaTtaTy,
CUHepriaMy pAii pi3HMx npenapaTiB. Po3pobneHi cucteMu onTUMI3aLii XMBNEHHS 3abe3neyatb BiATBOPEHHS
POLKYOCTI FPYHTY, 3HUXKEHHS TEXHOIEHHOr0 HAaBaHTAXEHHS HA OBOYEBI arpoLLeHO3M, OTPUMAHHS NPOAYKLiT BUCOKOT
AKOCTi, 36iNblIEeHHs NPOAYKTUBHOCTI 6aTaTy 6€3 BUKOPUCTaHHS BUCOKOEHEeproeMHUX 3acobiB BMpobOHULTBA. MeToto
npoBeAeHHS [OCNIMKeHHS Oyn0 BUBYEHHS BNAMBY 6ion0risoBaHUX cucteM ynobpeHHs Ha 6ioMeTpuyHi napameTpy,
BPOXaMHICTb Ta gKicTb Oynbb 6ataTy. lMporpaMy AOCHiAXeHb BMKOHAHO 3a PaxyHOK MpPOBEAEHHS MONbOBUX,
CTAaTUCTUYHUX, PO3PAXYHKOBO-aHaNITUYHMX Ta NabopaTopHMxX MeToniB. BctaHoBNeHO 36inblieHHs KinbkocTi (7,33-
9,83 wrt) Ta foBXMHU (175,55-184,89 cM.) naroHiB 3a BMKOPWUCTaHHSA GionoriyHMx npenapatiB «lpayHAdike» +
«[ymidbpena», «<HelpRost ansg osouesmx» Ta «MikodpeHa». BUKOpUCTaHHSA NO3aKOpeHEeBUX MigXKMBAEHb B TPU CTPOKM
«HelpRost a5 oBoYeBMX» FK B MOEAHAHHI 3 BUKOPUCTaHHAM «MikodpeHay» y depTurauito, Tak i 3 no3akopeHeBuMHU
nigxueneHHamu «lymidpeHa» 3abesnevye MakcMManbHe GOPMYBaHHS MAacK NUCTKIB Ha pocauHi (2,41-2,56 m%/ra
B TpeTii aekapi yepsHsa Ta 23,12-27,45 m%*/ra , B TpeTilt fekaai cepnHs). MikpobHi npenapatv NiaBULLYIOTb YUCTY
NPOAYKTUBHICTb POTOCUHTE3Y B Nepiof TpeTs AeKada YepBHS — TpeTs Aekada AunHs Ha 28,9-63,9 %, ocobnuso
3a BUKOpUCTaHHS «payHadikcy» Ta «lymidpeHay», «[ymippeHay» Ta «HelpRost ans oBoyeBMX». 3HaUHY TOBAapHY
ypoxanHicTb 6ynbb (17,4 T/ra) oTpuMaHa 3a BHeCeHHS B nepuwy depTurauito Mikopu3ohopMy4yoro npenapaty
«ymidpena» (1,5 n/ra) Ta NnpoBefeHHs MO3aKOPeHeBMX MiAKMBAEHb B TpU CTpokM «HelpRost ans oBoyeBux» no
2,0 n/ra. Ha BapiaHTax i3 3acTocyBaHHAM 6ionoriyHMx npenapaTiB BiA3HAYEHO MiABULLEHHS OCHOBHMX BiOXiMiUHMX
NMOKa3HMKiB. BCTaHOBNEHO MO3UTUBHY Ait0 HA 3HWXXEHHS PiBHA HITPaTiB B NPOAYKLIT 33 BUKOPUCTAHHS «IpayHAdiKC»
+ «[ymidpena» Ta «[ymidpeHa + «HelpRost s oBoyeBunx». Ha Hawy aymky, 3a GOpMyBaHHS ONTUMANbHOMO PiBHS
3abe3neyvyeHoCTi poCcInH MikpoenemeHTaMu (B 0COBAMBOCTI 3ai30, MapraHeLb, MONibaeH) TpaHCchopMaLis HiTpaTiB
B OpraHiyHy peyoBUHY MOCUMKOETLCS. [TpaKTUYHA LiHHICTb MONAra€ y OTPUMaHHI pe3ynbTaTiB AN pauioHaNbHOro
3aCTOCyBaHHS HionorizoBaHoi cucteMu yaobpeHHs AN 3abe3neyeHHs BUCOKOI BPOXKAMHOCTI Ta KocCTi 6ynbb 6aTtaty
B roCnofapcTBax pi3HMx GopM BNACHOCTI
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protein content). The study was conducted in April-August 2023 in the Sumy district of the Sumy region. Standard
agronomic methods, including soil cultivation, measurement of plant growth and yield parameters, and statistical
processing of the data were used in the study. The results showed that humic acids and algae extract, when applied
separately, provided the highest seed germination and yield. Among all the variants of combined application,
the most significant increase in germination rates for beetroot was provided by treatment with a combination
of Seaweed and Baikal-EM - 91.7%. For maize, Seaweed with humic acids and Seaweed with Baikal-EM are 92%
each. The combination of Seaweed and humic acids had the best effect on the yield of both crops: 460.9 c/ha
for beetroot (compared to 325 c/ha without treatment) and 61 c/ha for corn (41.5 c¢/ha without treatment). The
microbial preparation Baikal also demonstrated a positive effect, but its results were lower, and it proved effective
in combination with humic acids. The results obtained indicate the feasibility of using humic acids and algae
extract to increase plant productivity, while Baikal can be useful for improving the general condition of soil and
plants in combination with other fertilisers

Keywords: fertilisation; germination; humic acids; microbial preparations; consortium; algae extract; greening of

agriculture

INTRODUCTION

Agriculture is the backbone of the Ukrainian economy
and faces many challenges, such as climate change, soil
depletion and declining yields, so rationalisation and
optimisation are essential. The use of biostimulants is
one of the most promising ways to increase crop pro-
ductivity. These natural or semi-natural substances can
activate physiological processes in plants, which in turn
has a positive effect on their growth and yield. Among
the biostimulants, several groups optimise the plant-
soil system and contribute to a more productive use of
the natural potential of soils. Algae extracts contain a
wide range of bioactive compounds that contribute to
the improvement of physiological processes in plants,
such as photosynthesis and nutrient assimilation. Hu-
mic acids are known for their soil structure improve-
ment, increase in soil fertility and better absorption of
nutrients by plants. Microbial preparations activate the
beneficial microflora of the soil, which also has a posi-
tive effect on plant growth and development.

Among the crops grown in Ukraine, sugar beet and
corn are the leading crops. Sugar beet is a key raw ma-
terial for sugar production; therefore, it is a strategic
crop for the food industry (Trembitska & Bohdan, 2023).
Ukraine has great potential in growing this crop, but
due to imperfect agronomic practices, it lags Europe-
an countries, despite more favourable climatic condi-
tions. Corn is a multi-purpose crop: a fodder crop for
livestock and a raw material for the food industry. It
ranks first in the world in terms of gross grain harvest.
Reduced planting areas and the need for crop rotation,
as well as problems in adapting hybrids, prevent the
crop from reaching its potential yield, so optimising the
technology for growing these crops is a pressing issue
for Ukraine (Donchak & Shkvaruk, 2024). Both crops are
sensitive to stress factors, such as insufficient moisture
or insufficient mineral nutrition. The use of biostimu-
lants can significantly improve their adaptation to ad-
verse conditions, which is particularly relevant in the
context of global climate change (Mokrienko & Korn-
ienko, 2024). It can also solve another global problem
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faced by humanity - the oversaturation of soil with fer-
tiliser and herbicide residues, which worsens the quali-
ty of the soil used for crops.

The feasibility of using biostimulants is widely
studied in the world, both in applied and theoretical
terms. M. Baltazar et al. (2021) present the results of a
large-scale review that demonstrates the positive im-
pact of humate-based biostimulants on the productiv-
ity of many crops, including corn. The study addressed
the molecular mechanisms of biostimulants and proved
that they can modify plant metabolism to increase pro-
ductivity. Y. Yao et al. (2020) demonstrated the effect
of algal extracts on improving all plant assimilation
parameters: photosynthesis, synthesis of sugars, and
oils, and activation of defence systems. The benefi-
cial effects of symbiotic microflora are also known, as
S. Shirinbayan et al. (2019) summarised the results of
many studies of microbial preparations, which indicate
that they can increase plant resistance and, due to com-
plex mechanisms of action, significantly increase yields.
These studies are relevant, but to develop technologi-
cal schemes for the use of biostimulants, it is necessary
to study their effectiveness in the context of certain
natural and climatic conditions, considering the char-
acteristics of regional varieties, hence the Ukrainian
regional research relevance is determined.

The study of biostimulants in agriculture in Ukraine
is becoming more intensive, with many groups of
Ukrainian scientists working on their development
and testing (Palamarchuk et al., 2021; Prysiazhniuk et
al., 2022; Kapitanska, 2022). Research focuses on as-
sessing the impact of various biostimulants on crop
productivity, improving their resistance to stress and
optimising agronomic practices. M.V. Patyka (2023)
highlighted the need to develop and optimise microbial
consortia to enhance soil fertility. The author presented
author-made developments in the field of microbial bi-
ostimulants. O.1. Tsyliuryk et al. (2022) studied the effect
of different groups of biostimulants on maize growth
and showed their effectiveness. Despite the existence




of research in the field of corn productivity improve-
ment using biostimulants, no systematic recommen-
dations have been developed yet. The evidence base
for the use of biostimulants for sugar beet cultivation
in Ukraine is not sufficiently developed, but their wide
potential is already well known (RaSovsky et al., 2022).
The widespread use of biostimulants will improve the
economic performance of agricultural production and
contribute to the environmental sustainability of the
regions. It is necessary to select such biostimulants and
their combinations that will ensure maximum produc-
tivity and increase the industrial value of crops.

The study aimed to investigate the effect of bi-
ostimulants based on algae extract, humic acids and
microorganisms, as well as their combinations, on the
growth and fertility of sugar beet and corn. Based on
the objective, the study set the following tasks: selec-
tion of preparations that meet the study criteria; devel-
opment of preparation application schemes based on
manufacturers’ recommendations; cultivation of plants
with biostimulants and their combinations; evaluation
of germination and yield indicators separately for each
experimental variant.

MATERIALS AND METHODS

The study was conducted by the method of field ex-
periment, on a field plot located in the central part of
the Sumy district of Sumy region. For each treatment
option, plots of 10 m? were laid out. Crops were sown in
mid-April and harvested in early September 2023. Two
plant species with different botanical and technical
characteristics were used as objects: a representative
of dicotyledons - sugar beet (Beta vulgaris), hybrid vari-
ety Ipel, and a representative of monocotyledons - corn
(Zea mays), hybrid variety DN Pivyha. Both varieties are
listed in the State Register of Varieties and Hybrids. The
Ipel beet is a high-sugar beet variety with a yield of
500.9-593.9 c¢/ha. Sugar content is 17.1-18.0%. Corn va-
riety DN Pivyha, a hybrid of grain, early maturing. Yield:
57.4-84.2 c/ha. Drought resistance 7-9 points. Protein:
9.8-10.3. Starch content 72.7-73.2. The density of beet-
root sowing was 10 cm between plants and 50 ¢cm
between rows, and corn sowing was 20 cm between
plants and 75 cm between rows.

Biostimulants were used as biofertilisers, which
affect the root system. Three groups of biostimulants
were used: algae extract, humic acids (HA) and microbi-
al preparations. All these biostimulants have a similar
direction of action, namely, optimising the plant-soil
system, and increasing the availability of nutrients and
their absorption by the plant. The aim was to select
products containing only the target substances, with-
out additives. The Ascophyllum algae extract under the
commercial name Seaweed (Terra Aquatica, Ukraine)
is a fully organic supplement. The dilution was carried
out according to the manufacturer’s instructions. It was
treated before planting and sprayed at a dose of 2 |/ha
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three weeks after germination. The preparation based
on humic and fulvic acids, commercially known as Hu-
mic Acid Concentrate (Organic Group, Ukraine), was ap-
plied to the soil before sowing and again 3 weeks after
germination at a dose of 3 l/ha. The third preparation
was a consortium of microorganisms with the commer-
cial name Baikal-EM (Kisson, Ukraine), containing lactic
acid, photosynthesising, nitrogen-fixing bacteria, yeast.
It was diluted according to the instructions and tilled
before planting,as well as sprayed 4 weeks after the first
germination at a dose of 1 litre/ha. The control group of
plants was not treated with biologically active substanc-
es,instead, it was irrigated with water 3 weeks after ger-
mination to simulate the conditions of the experiment.

The square method was used to count seedlings,
each plot was divided into 50x50 cm squares, and seed-
lings were counted in the corners and central square of
the plot, and then calculated per hectare. To determine
the average weight of the root crop and head of cab-
bage, 100 fruits were weighed, and the weight was av-
eraged. To calculate the total yield, the entire weight of
the harvested crop was converted to a hectare of area.
The total carbohydrate content was estimated by the
phenol-sulphuric acid method, with glucose as a stand-
ard (DuBois et al., 1956). The total protein content was
determined by the method of O.H. Lowry et al. (1951),
using bovine serum albumin as a standard. Statistical
analysis was conducted using descriptive statistics,
with the F-test used to assess the significance of differ-
ences between means. The dependence of the studied
indicators on the effect of additives was studied using
ANOVA analysis of variance. The authors adhered to
the standards of the Convention on Biological Diver-
sity (1992) and the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (1979).

RESULTS

The first stage of the experiment included the study
of the effect of biostimulants on the germination rate
of the plants studied. The germination of beetroot
was determined from the moment the first seedlings
appeared on the soil surface, in the conditions of this
experiment, they were observed on the 9™ day after
sowing. Thus, 9 days after sowing is the first day of
observations that were carried out for 5 days. Figure 1
shows the dynamics of emergence. As demonstrated in
the graph, fertilisers based on algae extract proved to
be the most effective in stimulating beet germination,
both as a standalone fertiliser and in combination with
humic acids and the microbial preparation Baikal-EM.
These fertiliser options contributed to a faster and
more synchronised emergence of plants. Other com-
binations were close to the control values. It should
be noted that there was no significant synergistic ef-
fect from the combination of fertilisers, therefore, it is
likely that the leading role at the germination stage
belonged to the algae extract.
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Figure 1. Germination of Ipel beet seeds under the influence of different biostimulants

Source: compiled by the authors

On the 5™ day after the start of the observation,
the germination rate of the seeds planted in the soil
was calculated. The results were added to Table 1. No-
tably, the same fertilisers and combinations are used
to accelerate germination: Seaweed and its combina-

tion with humic acids and Baikal-EM increase the over-
all germination of beetroot. Treatment with these bi-
ostimulants provided germination close to 90%, while
without treatment only 73.33% of seeds germinated as
seedlings on the 14" day after sowing.

Table 1. Germination of beetroot seeds of Ipel variety
on the 14" day after sowing under the influence of different biostimulants

Biostimulator Seaweed Humic acids Baikal-EM

Seaweed +
Baikal-EM

Seaweed + Baikal-Emingulic

humic acids acids Control

Similarity, % 90 71.67 76.67

91.67 80 93.33 73.33

Source: compiled by the authors

The first sprouts of maize on the soil were observed
on the 7th day after sowing the seeds, which was the
first day of registration of sprouts. The effect on maize
germination was similar, but even more pronounced.
The stimulant based on algae extract had the most
pronounced positive effect when applied alone. When
combined with humic acids and a microbial prepara-

140
120
100
80
60
40 <
20 ’/

0

tion, a noticeable synergistic effect was observed in
each of the variants: the emergence of seedlings on
the 3 day of observation was more intense than in the
other variants and control. With a separate application
of humic acids, more active germination was observed
only on day 3 of the observations, which may indicate
different mechanisms of biostimulants’ effect (Fig. 2).

==g==Seaweed
==g==Seaweed + humic acids
e=g==Control
==g==Humic acids
==g==Baikal-Emingulic acids
Baikal-EM
Seaweed + Baikal-EM

Figure 2. Germination of maize seeds of DN Pivyha variety under the influence of different biostimulants

Source: compiled by the authors

Total germination at 12 days after sowing is shown
in Table 2. It is noticeable that Seaweed and its combi-
nations have a pronounced positive effect on the overall

germination of seeds, which, in combination with humic
acids, reach more than 88%, while in the control variant
without treatment, germination at 12 days was only 68%.

Table 2. Germination of maize seeds of DN Pivyha variety
on the 12 day after sowing under the influence of different biostimulants

Biostimulator Seaweed Humic acids Baikal-EM Sea‘fveed. * Ba|kal-E.m ingulic Sea.weed * Control
humic acids acids Baikal-EM
Similarity, % 88 72 72 92 72 92 68

Source: compiled by the authors
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After harvesting, the main characteristics of the
crop were analysed. The yield of the studied crops per
hectare was calculated. Thus, the yield of beetroot was
325 c/ha, which is lower than the average fertility of
this variety, it should be borne in mind that there was
no treatment in the experiment, so low yields are quite
expected. Treatment with all types of biofertilisers led
to an increase in yield. The individual treatments did
not reveal any significant difference in yields: treatment
with Seaweed algae extract led to an increase in yields
of 375%12.2 c/ha, humic acids - up to 394.5+9.2 c/ha,
Baikal-EM - 382.9 £ 8.9 c/ha (Fig. 3). Thus, the most
effective effect on beetroot yield was the addition of
humic acids, although all the results are comparable,
the difference between the experimental variants is not

Skliar et al.

significant, and in all variants, the difference is signif-
icant compared to the control (p £0.05). The combina-
tion of biofertilisers with each other had an even more
pronounced effect compared to individual applications.
The combination of algae extracts with humic acids had
the most pronounced positive effect on the yield - the
weight of harvested roots was 460.9+12.8 c/ha, which
brings these indicators closer to the optimal values for
this variety. The combination of humic acids with Bai-
kal-EM led to an increase in yield to 426.83+9.2 c/ha.
The combination of algae extracts with microbial fertil-
iser allowed for the harvest of 404.2+8.66 c/ha, i.e. this
combination was the least effective in terms of total
yield, the indicators did not differ significantly from the
individual fertiliser application.

B Seaweed
500 B Seaweed + humic acids
400 Control
300 W Humic acids
200 m Baikal-Emingulic acids
100 Baikal-EM
0 Seaweed + Baikal-EM

Figure 3. Yield of beetroot variety Ipel with the introduction of various biostimulants

Source: compiled by the authors

A similar trend towards an increase in yield was
observed in the study of maize yields when fertilised
with all types of biofertilisers compared to the untreat-
ed control, in which the yield was 41.5+4.3 c/ha. These
figures are too low for this variety; however, the lack of
the necessary micronutrient fertiliser was present in the
experiment. The introduction of biostimulants caused
a significant increase in yield compared to the control
in all variants of the experiment (p < 0.05). The use of
biostimulants separately provided the following yield
indicators: Seaweed - 57.53 5.1 c¢/ha, humic acids -

80

0

60
40
20

54.17 £3.9 ¢/ha, Baikal-EM - 52.67 £ 4.8 c/ha (Fig. 4).
The results of using all fertilisers for this indicator are
comparable and have no significant difference. The
combination of algae-based fertiliser and humic acids
again demonstrated the best yield increase: 61+5.86 ¢/
ha. The combination of the microbial preparation with
humic acids yielded 58.17 £5.8 c¢/ha and with algae ex-
tract - 54.33 5.7 c¢/ha. As can be seen, these results
do not significantly improve compared to the separate
use of stimulants but are significantly higher than the
results of the control plot.

H Seaweed

B Seaweed + humic acids
Control

B Humic acids

m Baikal-Emingulic acids
Baikal-EM

Figure 4. The yield of maize variety DN Pivyha with the introduction of various biostimulants

Source: compiled by the authors

Moreover, the average weight of one fruit was
studied separately, since the overall yield can be in-
creased both by increasing the weight of the fruit
and by the survival of more beet plants or by increas-
ing the number of ears of corn per stalk. The aver-
age weight of one beetroot in the untreated variant
was 352+38.7 g (Fig. 5). The best increase in biomass
was provided by the introduction of humic acids, both

separately - 400+ 36 g, and in combination with Sea-
weed algae extract - 425.3+39.5 g. It should be noted
that the separate application of Seaweed fertiliser led
to a less significant increase in biomass compared to
the control - 368 £32 g, thus, the synergistic effect of
the combination of these two products is observed.
In the group with the introduction of the biological
product Baikal-EM, the average weight of the root crop

Scientific Horizons, 2024, Vol. 27, No. 9

77



78

Application of biostimulants in agriculture...

was 395 £ 25.2 g, which is significantly higher com-
pared to the control, but its addition in combination
with humic acids did not have a significant increase
in yield compared to the separate application of ac-

500
400
300
200
100

ids: 407 £39.5 g. The combination of Baikal-EM and
Seaweed also had no synergistic effect: 379+ 31.4 g,
which is lower compared to a separate application of
microbial fertiliser.

W Seaweed

B Seaweed + humic acids
Control

B Humic acids

m Baikal-Emingulic acids
Baikal-EM

Figure 5. The average weight of beetroot of Ipel variety under the application of various biostimulants

Source: compiled by the authors

The determination of the weight of corn cobs re-
vealed a slightly different trend in the effect of the
preparations. The best performance in a separate appli-
cation was provided by the preparation based on algae
extract: 283+ 27.6 g, while in the control variant, the
average was 216.67 £23.4 g (Fig. 6). The use of humic
acids and Baikal-EM had a similar effect, the weight of
the cob was 255%33.2 and 2596.7 £26.1 g, respectively.
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0

When these two preparations were combined, a syner-
gistic effect was observed - 298.3 = 24 g. Furthermore,
the weight indicators were quite high when Seaweed
and humic acids were combined - 294298.3 £ 29.6 g.
The combination of algae extract with a microbial
preparation did not lead to an increase in the weight
of the head of cabbage compared to a separate appli-
cation - 260£22.1 g.

B Seaweed

B Seaweed + humic acids
Control

B Humic acids

m Baikal-Emingulic acids
Baikal-EM
Seaweed + Baikal-EM

Figure 6. The average weight of corn cobs of DN Pivyha variety
under the application of different biofertilisers and biostimulants

Source: compiled by the authors

To study the qualitative composition of root crops,
the amount of sugar in beetroot was determined. The
average sugar content in the untreated variant was
10.23+0.25% (Fig. 7), which is quite low for this vari-
ety. The introduction of Seaweed biofertiliser led to an
increase in this indicator to 15.1#0.36%, which brings
them closer to the optimal for this variety. The intro-
duction of humic acids increased the sugar content to
13.3£0.6%, while comparable results were obtained

20

15
10
5

with the addition of Baikal-EM - 12.83 +0.3%. Thus,
all the preparations had a positive effect on the sugar
content of beet, accounting for the increase in total bi-
omass, the preparations significantly increased the pro-
ductivity of beet. The combination of preparations did
not have a significant additive effect on sugar content:
Seaweed with humic acids - 15.7 £ 0.3%, Baikal-EM
with humic acids - 13.90+0.3%, Seaweed in combina-
tion with Baikal-EM - 13.37 £0.4%.

W Seaweed

B Seaweed + humic acids
Control

B Humic acids

m Baikal-Emingulic acids
Baikal-EM
Seaweed + Baikal-EM

Figure 7. Sugar content in Ipel beet after treatment with different biostimulants

Source: compiled by the authors
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Thus, the sugar content in the root crop increased
under the influence of biostimulants, but their com-
bination in the selected combinations does not have
a significant impact on productivity compared to a
single application. A relevant metric of maize quali-
ty is starch content, so this indicator was also stud-
ied. In the control group of plants, the average starch
content was 66.5 * 0.5%. All treatments showed a
significant positive effect on starch content, and the
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results were quite homogeneous in all groups. The
application of Seaweed provided a starch content
of 71.93£0.4%, humic acids - 73.83 +0.6%, and Bai-
kal-EM - 72.5+0.5% (Fig. 8). The combination of bi-
ofertilisers did not significantly change the indicators
compared to the individual application: Seaweed with
humic acids - 73.4 £ 0.5%, Baikal-EM with humic ac-
ids - 723.9£0.5%, Seaweed in combination with Bai-
kal-EM - 72.5+0.8%.

W Seaweed

W Seaweed + humic acids
Control

B Humic acids

m Baikal-Emingulic acids
Baikal-EM
Seaweed + Baikal-EM

Figure 8. Starch content in corn variety DN Pivyha after treatment with different biostimulants

Source: compiled by the authors

The protein content of corn can be a relevant
metric in the production of oilcake, as it determines
its nutritional value. The study of protein content
showed that in the control variant, it was at the level of
9.17+£0.2% (Fig. 9). The most positive effect when ap-
plied separately was demonstrated by a fertiliser based
on humic acids - the protein content was 11.27 £0.2%.
Similar results were obtained with Baikal-EM treat-
ment - 11.03+0.2%. The use of a stimulant based on al-
gae extract had a slightly lower effect - 10.6+0.4%.The
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1

combination of Seaweed with Baikal-Em had no syner-
gistic effect, with a protein content of 11.17+0.25%. At
the same time, humic acids improved the performance
to some extent both in combination with Seaweed -
12.5+0.2%, and with Baikal-EM - 12.2 £0.26%. Thus,
the combination of fertilisers has a more pronounced
effect on the protein content of sugar beet, however,
since this indicator is not critical for this crop, the use of
such combinations can hardly be considered effective
from an economic point of view.

B Seaweed

B Seaweed + humic acids
Control

B Humic acids

m Baikal-Emingulic acids
Baikal-EM
Seaweed + Baikal-EM

Figure 9. Protein content in maize variety Ipel after treatment with different biostimulants

Source: compiled by the authors

The protein content of corn is of greater relevance
as a technical metric, as it determines its nutrition-
al value, and it also affects the quality of corn flour,
which is also produced from this variety. The protein
level in corn from the control plot was 8.71 #0.15%.
The introduction of biostimulants had a positive and
equal effect on this indicator: Seaweed provided a pro-
tein content of 9.27 £0.2%, humic acids - 9.77 £0.16%,
Baikal-EM - 9.47 £ 0.25% (Fig. 10). The combined

use of biofertilisers further improved the results, the
most effective was the combination of the microbial
preparation extract with humic acids - 11£0.15%, and
a slightly lower level - 10.33 +0.15% was obtained
when processing the combination of humic acids with
algae extract. The combination of algae extract with
the microbial preparation did not lead to a significant
increase in performance compared to the individual
application - 9.83£0.16%.
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Figure 10. Protein content in corn variety DN Pivyha after treatment with different biostimulants

Source: compiled by the authors

Thus, the effect of treatment with biostimulants on
the studied indicators is positive, and the feasibility of
using a combination of biofertilisers should be consid-
ered in terms of the importance of protein content for
the final product. ANOVA analysis of variance revealed

a significant effect of biostimulants on all studied pa-
rameters. The findings are summarised in Table 3. Data
with a significant difference from the control were con-
ditionally marked. The growth of each indicator was es-
timated using a semi-quantitative method.

Table 3. Influence of different biostimulants and their combinations on germination and yield of beetroot variety Ipel

Type of stimulant Similarities Berry mass Yields, hwt/ha Sugar contents Protein content

Seaweed ++ - + +
Humic acids - ++ + +
Baikal-EM - + + + +
Seaweed + humic acids ++ ++ ++ + +
Baikal-Emingulic acids + ++ ++ + -
Seaweed + Baikal-EM ++ + ++ + ¥
Control - - - - _

Note: “” - increase is not statistically significant; “+” - increase in the indicator within 15%; “++” - increase in the

indicator over 15%

Source: compiled by the authors

Table 3 shows that the use of biostimulants had
a positive impact on almost all of the identified indi-
cators. It can also be noted that the level of effect of
different types of fertilisers is not the same for differ-
ent indicators, which is due to different mechanisms of
influence. It is also noticeable that the combined use of
biofertilisers is advisable, as it has a synergistic effect
on some of the studied indicators. The best combina-
tion for Ipel beet among the studied ones is the com-
bination of algae extract with humic acids, which had
a pronounced positive effect on all studied parameters.

Comparative data on the effect of biofertilisers on the
growth and yield of maize variety DN Pivyha are shown
in Table 4. The symbols correspond to those described
above. The table shows that the use of all types of bi-
ofertilisers led to an increase in the studied indicators,
so their application is advisable for increasing yields.
The best combination was a combination of stimulants
based on algae extract and Baikal-EM. Although the
effect on starch and protein content was not very sig-
nificant, germination and total yield were significantly
higher than in the untreated variant.

Table 4. Influence of different biostimulants and their combinations on germination and yield of maize variety DN Pivyha

Type of stimulant Similarities Cob fruit weight Yields, hwt/ha Starch content Protein content

Seaweed + ++ ++ + N

Humic acids - + + + +
Baikal-EM - ++ + + +
Seaweed + humic acids ++ ++ ++ ¥ +
Baikal-Emingulic acids + ++ ++ + +
Seaweed + Baikal-EM ++ + + + .
Control - - R R R

Note: ~ - increase is not statistically significant; “+” - increase in the indicator within 15%; “++” - increase in the

indicator over 15%
Source: compiled by the authors
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Thus, based on the generalisation of the data ob-
tained, it is possible to propose the studied types of
fertilisers to increase the germination and yield of sug-
ar beet and corn.

DISCUSSION

This study focused on the effects of biostimulants on
plant nutrient uptake. All three types of preparations
studied - algae extract, humic acids and microbial con-
sortium - contribute to the enhancement of mineral
nutrition of the plant, but in different ways: through
the influence on the soil structure, root system or rhiz-
osphere. Hence, all methods of influence are effective
in improving the indicators selected for observation.
The best indicators of beetroot germination and sug-
ar content, as well as increased corn yields, were ob-
tained using Seaweed algae extract and combinations
with it. The product under study contains an extract of
the algae Ascophyllum nodosum. This seaweed is one
of the most popular sources of raw materials for bi-
ostimulants. PS. Shukla et al. (2019) describe the com-
position of the algae, it is a source of various bioactive
phenolic compounds, including flortanins, and unique
polysaccharides: alginic acid (28%), fucoidans (11.6%),
mannitol (7.5%), laminarin (4.5%). It is the high content
of phenolic compounds that makes this species differ-
ent from most algae used to produce biostimulants.
These substances help improve the absorption of nu-
trients from the soil, which leads to increased growth
and productivity of many plants, including corn. A. Er-
tani et al. (2018) showed the positive effect of algae ex-
tract-based biostimulants on improving the morpholo-
gy of maize root system and enhancing nutrition.
Numerous studies have also attributed the effect
of algae to the content of natural hormones, includ-
ing auxins, cytokinins and gibberellins, which regulate
plant growth and development (Panfilova et al., 2019).
Their composition increases plant resistance to stress-
ful conditions (drought, disease) by activating antiox-
idant systems. They also stimulate the processes re-
sponsible for seed germination. T. Arioli et al. (2023)
studied the increase in the number of generative or-
gans (flowers and ovaries) in different crops, which
leads to an increase in yield. This study also noted the
most pronounced positive effect of algae extract on
the rate of seedling formation and germination of corn
and beet seeds. R.A. Hamouda et al. (2022) demon-
strated that the polysaccharide fraction isolated from
algae stimulates an increase in carbohydrate and pro-
tein content, as well as enhances antioxidant activity,
which is consistent with the data obtained in this study
on increasing plant sugar content. P.S. Shukla and
B. Prithiviraj (2021) studied in detail the mechanisms
of algae extract effect on maize metabolism under
phosphorus deficiency. It was shown that the addition
of the extract increased the content of chlorophyll and
carotenoids, as well as had a positive effect on sugar
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metabolism, which led to an increase in yield and total
amino acid content.

The use of humic acids (HAs) is important for im-
proving mineral nutrition, especially in conditions of
deficiencies, as they increase the absorption of sub-
stances from the soil (Jindo et al., 2020), in this study, no
additional mineral nutrition was applied, so the plants
did not receive enough of the necessary macro- and
microelements. S. Nardi et al. (2021) in their meta-re-
view indicate that the size of humic substances affects
the sugar content and the intensity of root formation.
D.G. Popa et al. (2022) indicate that strengthening the
root system is a direct mechanism for increasing yields.
Substances with a lower molecular weight penetrate
the root and affect plant metabolism, while high mo-
lecular weight substances contribute to soil structuring
in the root zone, the presence of an aromatic ring in the
structure of HAs makes them resistant to biodegrada-
tion and promotes the formation of complex molecular
structures with minerals (Lipczynska-Kochany, 2018).

One of the ways humates affect the soil is by im-
proving its structure, they contribute to the formation
of soil aggregates, which increases aeration and water
retention capacity. They also affect the absorption of
nutrients, increasing the bioavailability of macro- and
microelements, and activating the processes of their
absorption by the root system (Bulgakov et al., 2017).
M. Olaetxea et al. (2016) described the mechanism of
humic acids’ effect on the roots, which enhances the
ability to absorb substances and distribute them in the
stem, associated with increased ATPase activity, en-
zyme activation and increased absorption of nitrates
and other minerals from the soil. Increased root hair
activity leads to better water and nutrient absorption.
The result is an activation of metabolism: HAs stimu-
late photosynthesis, respiration and protein synthesis,
which leads to an increase in the energy potential of
plants. In addition, they can activate hormonal process-
es, which promote shoot and leaf growth.

A.C. Souza et al. (2022) demonstrated in a study
on maize that HA treatment regulates the activity of
enzymes - kinases and phosphatases. Genes related to
hormones (auxins, gibberellins, cytokinin, ethylene, ab-
scisic acid, brassinoids, jasmonic and salicylic acids), as
well as many other transcription factors, are also acti-
vated. M. Baltazar et al. (2021) review indicates that de-
spite the simple chemical composition of humic acids,
they can regulate the activity of thousands of genes in
plants that regulate all metabolic pathways, including
respiration, photosynthesis, and phytohormone activity.
A. Godara and M. Bakshi (2021) focus on increasing the
yield value of various fruit and vegetable crops when
treated with humic acids, which is due to an increase
in the content of sugars, proteins and oils, due to the
activation of assimilation processes. HAs are common-
ly used in combination with fulvic acids, similar to the
present study. One of the important effects observed
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with the addition of HAs in this study was an increase
in the sugar content of beetroot. These findings are con-
sistent with those of the review by J. Hudda et al. (2020),
which showed an increase in sugar content after HA
treatment in different crops within 20%. Z. Braziene et
al. (2021) showed a positive effect of fulvic acids on
seed germination and an increase in the overall yield
of various crops, including sugar beet.

The microbiological preparation Baikal-EM con-
tains a consortium of microorganisms that increase the
microbiological activity of the soil. It consists of several
groups of microorganisms, including lactobacilli (Lacto-
bacillus spp.), yeasts (Saccharomyces spp.), cyanobacteria
(Nostoc spp.), and bacteria of the Bacillus genus. This
consortium has a balanced composition of microor-
ganisms normally found in soils, so it does not disturb
natural biomes, but can only enrich them (Burdina &
Priss, 2016). S. Shirinbayan et al. (2019) in their review
describe numerous mechanisms of influence exerted
by symbiotic organisms. Cyanobacteria, including Nos-
toc, are active producers of auxin. Bacteria of the Ba-
cillus genus are producers of auxins, gibberellins, and
cytokines. They also have antagonistic effects against
many groups of pathogens. W.F. Viera-Arroyo (2020)
pointed out the following mechanisms of the symbiot-
ic effect of Bacillus bacteria: antagonistic inhibition of
pathogenic microflora of the rhizosphere, stimulation
of root biomass growth and stimulation of microele-
ments absorption. The average positive effect on crop
productivity reaches 20%. R. Singh et al. (2023) in their
review of microbial stimulants provide evidence that
beneficial bacteria can increase the productivity of
many crops, including corn, by up to 25% and reduce
the need for mineral fertilisers by up to 50%.

S. Shirinbayan et al. (2019) showed the effective-
ness of Azotobacter bacteria in increasing growth and
potassium and phosphorus uptake by maize under
drought conditions. L. Nephali et al. (2021) studied the
mechanisms of maize fertility improvement in response
to microbial consortium treatment. An increase in the
main components of the tricarboxylic acid cycle chang-
es in the profile of phenols and lipids were recorded,
and at the cellular level, this was manifested in cell
wall thickening, membrane remodelling, and improved
osmoregulation, which increased drought resistance.
M.E-S. Shalaby and M.F. Shalaby (2008) present the re-
sults of a study on the effectiveness against Fusarium
infection of sugar beet and, as a result, increase in crop
productivity. Thus, consortia of microorganisms con-
tribute to improving the microbiological composition
of the soil, increase the availability of nutrients and
activate fermentation processes, help protect plants
from pathogens and increase their resistance to stress.
These data are supported by the results of this study,
which demonstrated improved germination and plant
productivity under the influence of a consortium of mi-
croorganisms.
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The study demonstrated a synergistic effect on the
germination and yield of both crops. The interaction be-
tween HAs and microbial consortia has been confirmed
in many studies, and attention has also been paid to
the study of mechanisms of interaction. E. Di lorio et
al. (2022) point to the interaction between humic acids
and rhizosphere microorganisms, which can lead to an
increase in the yield of various crops. Several aspects of
synergistic interaction have been identified: HAs can be
metabolised by microorganisms to release biological-
ly active substances, and they can serve as substrates
and adaptogens for microbial survival. Moreover, HAs
are involved in redox reactions as an electron acceptor,
thus changing the buffering properties of the soil (Xi et
al., 2016), which creates a favourable environment for
the development of many beneficial microorganisms.
M. Rasovsky et al. (2022) demonstrated the positive
effect of microbial biostimulants on sugar content,
while the combination of soil bacteria with humic acids
proved to be the most effective for increasing the over-
all yield of root crops. Thus, numerous scientific data
from other researchers confirm the effectiveness of the
studied groups of biostimulants in increasing plant re-
sistance, growth and yield, which is consistent with the
results of the current study.

CONCLUSIONS

The use of fertilisers contributed to a faster and more
synchronised emergence of plants. The best results
were obtained with the use of a biostimulants based
on Seaweed algae extract. In particular, in the case of
beetroot, seed germination exceeded 90% when treat-
ed with algae extract, while the control group showed
only 73.33%. Similar results were observed for maize,
where the maximum germination rate reached 88%
with the treatment and 68% in the control group. The
yield data were also significant compared to the un-
treated control. The treatment with humic acids in-
creased the yield of beetroot to 394.5 c/ha, and with
algae extract to 375 c/ha, while the yield was 325 c/ha
in the control variant. The corn yield had the highest
increase when treated with algae extract - 57.53 c¢/ha,
while the control value was 41.5 c/ha. Among the com-
binations of biostimulants, the most effective was the
combination of algae extract and humic acids, which
increased the yield of beet up to 460.9 c/ha and corn up
to 61 c/ha, thus achieving optimal values for these va-
rieties. Another important effect of the treatment with
these stimulants was an increase in the sugar content
of beet, which significantly increases its commercial
value. It is possible to state of a pronounced synergistic
effect of fertilisers that exceeds the benefits of individ-
ual applications.

Baikal-EM demonstrated good results in terms of
seed germination, although the yield was lower com-
pared to humic acids and algae extract. It has proven
itself well in combination with humic acids, which may




indicate that it is advisable to use it in combination
with other fertilisers to achieve maximum results,
and the product expands the potential for improving
the overall condition of plants. The data obtained are
particularly important as the treatment with other
types of fertilisers and herbicides was limited in the
experimental conditions. It should be noted that the
potential of using bio-fertilisers can be much higher
when combining them with other types of fertilisers.

Skliar et al.

lack of standard mineral nutrition led to the limitation
of the results of this study. To verify the reproducibility
of the data, it is necessary to continue research with
other varieties and hybrids, as well as in areas with
different agronomic and climatic characteristics. In the
future, it is also recommended to investigate the effect
of different growing conditions on the effectiveness of
biostimulants, as well as their long-term impact on soil
fertility. Further research in this area could lead to a

Biostimulants can be useful in reducing the cost of
mineral and organic fertilisers, and herbicides, and in-
crease plant resistance to water shortages. This opens

significant improvement in the results and efficiency of
agronomic practices.

up opportunities for further research to find optimal ACKNOWLEDGEMENTS
combinations of biostimulants and their dosage to  None.
achieve maximum effect.
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BukopucTaHHSA 6ioCTUMYNATOPIB Y CiNlbCbKOMY rocrnofapcTBi:
edeKTn Ha picT Ta BPOXKaMHICTb POCNUH
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AHoTauig. MeToto poboTH Hyna ouiHKa eeKTUBHOCTI BUKOPUCTAHHS BiOCTUMYNATOPIB, TAKMX 9K NpenapaTt ryMiHOBMUX
KMCNOT, eKCTPaKT BogopocTeln Seaweed Ta MikpobHuMIA npenapaT baikan-EM, Ha nokasHMKM poCTy Ta BPOXKaMHOCTI
pocauH. JlocnigkyBaBcs BNAMB HiOCTUMYNATOPIB Ha PO3BWUTOK POCAMH Ta BPOXKAMHICTb CiNlbCbKOrOCNOAAPCbKUX
KynbTyp: uykpoBoro bypska (Beta vulgaris) Ta Kykypyasw (Zea mays). Ans [OCATHEHHS MeTu 6ynu npoBefdeHi
NMONbOBI LOCNIAXKEHHS, B IKUX MOPIBHIOBANMNCSA Pi3Hi BiOCTUMYNATOPMU 33 MOKA3HMKAMM CXOXOCTi Ta BPOXaMHOCTI
(3aranbHa Maca BpoOxato, Bara OKpemMoro naoay, BMicT LyKpy, Kpoxmanto Ta 6inka). [locnigxeHHs npoBeaeHe B nepiog,
KBiTHA-cepnHa 2023 poky B CymMcbkoMy paroHi Cymcbkoi 06nacTi. Y pocnipkeHHi BUKOPUCTOBYBANMUCS CTaHOAPTHI
arpoOHOMIYHI MEeTOoAM, BKIHOYAOUM 0BpOOKY FPYHTY, BUMIpOBAaHHS MapaMeTpiB poCTy Ta BPOXAMHOCTI POCAMH Ta
CTAaTUCTUYHY 06pOOKY OTPMMAHUX AaHMX. Pe3ynbTaTv nokasanu, Wwo ryMiHOBi KMCIOTU Ta €KCTPAKT BOLOPOCTEN MNpu
OKpPEMOMY BHeCEeHHi 3abe3neymnun HavMBMLLI MOKA3HMKM CXOXOCTI HaCiHHA Ta BpoxanHocTi. Cepen ycCix BapiaHTIiB
KOMOIHOBAaHOrO BHeCeHHs, Ans Oypska HaWbinblWw CYTTEBMI PIiCT MOKA3HMKIB CXOXOCTI 3abe3neunna obpobka
KombiHauieto Seaweed 3 baitkan-EM - 91,7 %. [Ins kykypyn3u — Seaweed 3 ryMiHOBMMM KMCnoTaMu Ta Seaweed
3 bavikan-EM - no 92 %. KombiHauia Seaweed 3 ryMiHOBUMM KMCIOTaMM HaMKpalle BIIMHYAM HA BPOXaMHICTb
06ox kynbTyp: 460,9 u/ra ang 6ypska (nopiBHaHO 3 325 u/ra 6e3 06pobku) Ta 61 u/ra ons kykypyasm (41,5 u/ra 6e3
006pobku). MikpobHuiA npenapat balikan TakoX NpoAeMOHCTPYBaB MO3UTUBHWIA BMNAUB, ane MOro pesynbtat bynu
[Oelo HMKYNMMK, eeKTMBHO MokKasaB cebe B KOMOIHaLIT 3 ryMiHOBUMYK KMcoTaMu. OTpUMaHi pe3ynbTati CBigyaTb
Nnpo AOLiNMbHICTb BUKOPUCTAHHS TYMIHOBMX KMCNOT i eKCTpakTy BOAOPOCTEN ANS NiABMLLEHHS MPOAYKTMBHOCTI
pOC/WH, TOAi K npenapaTt baikan Moxe 6YTM KOPUCHUM ANS MOKPALLEHHS 3arabHOr0 CTaHy IPYHTY Ta POC/IMH Y
KOMMJIEKCi 3 iHWMMKM gobpreamu

KntouoBi cnoBa: ynobpeHHs; CXOXiCTb; 'yMiHOBI KMCNOTW; MiKpOOHi NnpenapaTtu; KOHCOPLIyM; eKCTPakT BOAOPOCTEN;
ekonorisauis arpochepu
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increased nutrient uptake from deeper soil layers. Wheat biomass increased by 12% and corn biomass by 14%,
indicating a positive impact of mycorrhiza on plant development. Phosphorus uptake at a depth of 20-30 cm
increased by 50%, which contributed to better root development and the supply of available elements to plants. In
addition, we recorded a 7% increase in protein content in wheat grain and a 9% increase in corn, which indicates
an improvement in the nutritional and feed value of the products. The analysis also showed a 4% increase in the
oil content of corn grain, which increases its economic value. Another important result was a 15% reduction in
mineral fertiliser costs due to improved nutrient use efficiency, which reduces the need for additional fertiliser. The
results confirm that the use of mycorrhizal fungi is an effective method for increasing yields, product quality and

economic efficiency of agricultural production

Keywords: agrotechnology; cereal crops; Glomus; yield; biomass; nutrient uptake

INTRODUCTION

The relevance of this research is driven by the need to
enhance agricultural productivity in Ukraine amidst cli-
mate change and deteriorating soil conditions. The de-
pletion of soil fertility due to the intensive use of chem-
ical fertilisers and the increasing impact of droughts
necessitates the search for alternative methods to
ensure stable yields and improve product quality. One
promising avenue is the utilisation of biotechnology,
specifically mycorrhizal fungi, which facilitate improved
nutrient uptake by plants, allowing for a reduction in
mineral fertiliser requirements and increased plant re-
silience to adverse conditions. In Ukraine, the applica-
tion of mycorrhizal fungi remains understudied, despite
significant interest from the global scientific communi-
ty in exploring the potential of this technology.

One of the primary challenges facing Ukrainian ag-
riculture is soil degradation resulting from the exces-
sive use of chemical fertilisers, leading to soil depletion
and reduced fertility (Burdina & Priss, 2016).W.Sun and
M.H. Shahrajabian (2023) and S. Shahini et al. (2023) in
their studies focused on examining the impact of min-
eral fertilisers on soil structure and their influence on
agroecosystems. Their research demonstrated that the
systematic application of mineral fertilisers without
adequate control results in the loss of organic matter
and soil structure degradation, reducing its ability to
retain moisture and nutrients. However, their studies
were limited to short-term analysis without consider-
ing long-term ecological consequences and potential
biological alternatives, such as mycorrhizal fungi, for
restoring natural soil fertility.

Another significant issue is the accumulation of tox-
ic elements in the soil due to the application of chemi-
cal fertilisers and pesticides (Ivanova et al., 2022).V. Ol-
iferchuk et al. (2023) investigated the impact of such
agricultural practices on heavy metal accumulation in
soils and found that the prolonged use of chemicals
leads to increased concentrations of toxic elements,
negatively affecting soil fertility and reducing crop
yields. Despite the importance of these findings, the
study did not consider alternative methods, particularly
biological solutions, that could help reduce the accu-
mulation of toxic substances in the soil. Mycorrhizal

fungi could be a potential solution to this problem as
they contribute to improving soil structure and its eco-
logical stability.

D.Mitra et al. (2023) conducted research focused on
enhancing nutrient use efficiency in plants. They high-
lighted the ability of mycorrhizal fungi to improve the
uptake of essential elements such as phosphorus and
potassium, which is crucial for boosting plant produc-
tivity. However, their experiments were conducted on a
limited scale and under specific agroclimatic conditions,
which does not allow for a comprehensive assessment
of the technology’s potential across various regions of
Ukraine with diverse soil and climatic conditions. The
need for a broader analysis of the effectiveness of my-
corrhizal fungi in other regions remains a significant
research challenge.

Another crucial area of research is exploring the
impact of mycorrhizal fungi on reducing the demand for
mineral fertilisers. S. Qian et al. (2024) investigated how
mycorrhizal fungi can decrease fertiliser requirements
while simultaneously increasing cereal crop yields.
Their experiments demonstrated that the use of mycor-
rhizal fungi can reduce fertiliser costs by 15-20% while
promoting plant productivity. However, their studies
were conducted on small-scale plots, which limits the
ability to draw conclusions about the application of this
technology on large-scale farms, where environmental
factors can be significantly more complex.

Meanwhile, J. Franczuk et al. (2023) in their stud-
ies examined the impact of mycorrhizal fungi on soil
structure and water-holding capacity. They demon-
strated that the application of mycorrhiza contributes
to improved soil properties and increased drought re-
sistance. However, the research was short-term and did
not encompass an analysis of the long-term impact of
mycorrhizal fungi on the soil ecosystem. To fully under-
stand the long-term effects of mycorrhiza on restoring
natural soil fertility, additional experiments with longer
timeframes and on various soil types are necessary.

Consequently, there is a need for a comprehensive
study to assess the impact of mycorrhizal fungi on ag-
ricultural crop productivity across various agroclimat-
ic conditions in Ukraine. The current study aimed to
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determine how mycorrhizal fungi affect crop yields and
product quality, as well as to evaluate their potential to
reduce reliance on mineral fertilisers and improve the
ecological sustainability of agroecosystems. The objec-
tives of the study included assessing the effectiveness
of mycorrhizal fungi in enhancing nutrient absorption
by plants, analysing the economic feasibility of using
this technology in real agricultural production condi-
tions, and comparing the yield and quality of cereal
crops on plots with and without mycorrhizal application.

MATERIALS AND METHODS

The research was conducted in the experimental field
of Mykolaiv National Agrarian University, located in the
southern region of Ukraine. The sowing of agricultur-
al crops, specifically wheat cultivar “Smuglyanka” and
maize hybrid “Dniprovskyi 181 SV”, was carried out in
early April 2022, when weather conditions favoured the
active development of mycorrhizal fungi. The study cov-
ered the entire annual crop growing cycle and conclud-
ed in April 2023 after collecting all necessary data. Two
groups of plots, each consisting of 50 areas measuring
10 m? were prepared for the experiment. In the con-
trol group, fertilisers were applied following a stand-
ard scheme, which included the base application of
nitrogen, phosphorus, and potassium fertilisers in pro-
portions of N, P, K, per hectare. In the experimental
group, these fertilisers were also used, but additionally,
a mycorrhizal preparation based on fungi of the genus
Glomus was applied. This preparation was produced in
the university laboratory using a specialised method for
cultivating mycorrhizal fungi under sterile conditions on
the roots of donor plants (carrots and Sudan grass). This
method ensured a high concentration of mycorrhizal
spores, which were used for subsequent application.

The application of the preparation was carried out
prior to sowing using equipment designed for uniform
fertiliser distribution, specifically the Kverneland Ac-
cord rotary seeder, which enabled precise dosing of
both fertilisers and the preparation at a depth of 5 cm.
The mycorrhizal fungi preparation was applied at a rate
of 20 g per plot, ensuring a sufficient concentration for
effective colonisation of the plant root system. Fertil-
isers for the crops were applied following a three-stage
scheme: the first nitrogen application took place at the
three-leaf stage, the second during the onset of head-
ing, and the third at the grain filling stage. For this pur-
pose, a drip irrigation system was utilised, ensuring the
uniform application of liquid complex fertilisers of the
“Kristalon” brand (NPK 18-18-18).The irrigation system
was controlled by an automated Netafim installation,

which allowed for precise regulation of water and fer-
tiliser consumption.

Soil condition monitoring was conducted at various
stages of the growing season by analysing soil samples
collected from each plot before sowing, at the begin-
ning of growth, in the middle of the vegetation period,
and during crop maturation. Samples were analysed for
nitrogen, phosphorus, and potassium content using an
Agilent 7500 ICP-MS spectrometer, which allowed for
the highly accurate determination of element concen-
trations in the soil. To assess plant growth, measure-
ments of biomass and height were taken for each plant
on a monthly basis. After harvest in autumn, a detailed
yield analysis was conducted, taking into account the
quantity of grain harvested, its mass, and quality. The
grain was processed and weighed using a Sartorius
Quintix 5102-1S weighing system, which provided a
measurement accuracy of 0.01 g.

The root systems of the plants were subjected to
microscopic analysis to assess the level of colonisation
by mycorrhizal fungi. Roots were excavated and cleaned
of soil, then stained with a trypan blue solution to re-
veal mycorrhizal structures. Root system analysis was
conducted using a Leica DM750 microscope, allowing
for the determination of the number of infected root
sections. For each plant, the proportion of root hairs
colonised by mycorrhiza was calculated and compared
to similar indicators in the control group. Statistical
analysis of the results was conducted using IBM SPSS
Statistics and R software. The primary analytical meth-
ods employed were Student’s t-test for comparing mean
values between the experimental and control groups,
and analysis of variance to determine the impact of my-
corrhizal fungi on various growth stages and yield. The
following parameters were evaluated: biomass growth,
grain yield and quality, and nutrient uptake. The au-
thors adhered to the standards of the Convention on
Biological Diversity (1992) and the Convention on In-
ternational Trade in Endangered Species of Wild Fauna
and Flora (1979).

RESULTS

The research results demonstrated a significant in-
crease in wheat and maize yield and biomass on plots
where mycorrhizal fungi were used (Table 1). This in-
crease is attributed to a more effective symbiotic inter-
action between plants and mycorrhizal fungi, leading
to improved nutrient uptake at various soil depths. Due
to the expanded root zone and more efficient resource
acquisition, plants in the experimental plots exhibited
more stable growth and development.

Table 1. Yield and biomass indicators of wheat and maize in control and experimental plots in 2023

Indicator Crop Control group, t/ha Experimental group, t/ha Increase (%)
Yield (t/ha) Wheat 5.2 +15%
Yield (t/ha) Maize 8.0 +18%
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Table 1. Continued

Indicator Crop Control group, t/ha Experimental group, t/ha Increase (%)
Biomass (t/ha) Wheat 11.2 +12%
Biomass (t/ha) Maize 125 143 +14%

Source: developed by the authors

In the plots with wheat, the average yield was
5.2 t/ha, which is 15% higher compared to the control
plots, where this figure was 4.5 t/ha. In maize, the yield
increased by 18% and amounted to 8 t/ha compared to
6.8 t/ha in the control plots. This difference is primar-
ily explained by the increased availability of nutrients,
especially phosphorus and nitrogen, which are critical
for the formation of ears and cobs. Specifically, it was
recorded that at a depth of 20-30 cm in the soil, the
concentration of available forms of phosphorus in plots
with mycorrhizal fungi increased by 15% compared to
control plots. This facilitated more efficient uptake of
phosphorus by wheat and maize plants, especially at
the early stages of development when plants require
phosphorus to form a strong root system. Additionally,
mycorrhizal fungi actively increased the root surface
area, allowing plants to acquire more phosphorus from
inaccessible soil layers where its uptake would be im-
possible without symbiosis.

Similar changes were observed with nitrogen up-
take. In plots with mycorrhizal fungi, the concentration
of plant-available nitrogen at a depth of 10-20 cm
increased by 12% compared to control plots. This in-
crease provided plants in the experimental plots with
better stem and leaf growth, which was particularly
important for wheat during the formation of reproduc-
tive organs. The increase in nitrogen concentration at
these depths was due to mycorrhizal fungi facilitating
plant access to organic forms of nitrogen, which were
less accessible without symbiotic associations. Regard-
ing biomass, its increase was also significant: in wheat,
the average biomass on experimental plots was 11.2 t/
ha, which is 12% higher compared to the control plots,

where this figure was 10 t/ha. In maize, this figure was
14.3 t/ha, which is 14% higher than in the control plots
(12.5 t/ha). The increase in biomass is explained by the
increased activity of photosynthetic processes due to
better provision of plants with water and nutrients.
Plants in plots with mycorrhizal fungi demonstrated
a better ability to retain water, which was particularly
important in conditions of temporary rainfall deficits
during the growing season.

It is also worth noting that the growth uniform-
ity of plants in the experimental plots was higher
compared to the controls. Plants in plots with mycor-
rhizal fungi demonstrated stable growth throughout
the entire growing season. This can be explained by
the fact that mycorrhizal fungi provided plants with
a constant supply of nutrients, even during periods
when their availability in the soil decreased due to
adverse conditions, such as reduced moisture levels. In
the control plots, where symbiotic relationships were
absent, uneven nutrient uptake was observed, leading
to fluctuations in growth rates. One of the key findings
of the study was a significant increase in the colonisa-
tion of wheat and maize root systems by mycorrhizal
fungi in experimental plots compared to control plots
(Table 2). 1t is known that mycorrhizal fungi form sym-
biotic relationships with plant roots, providing them
with better access to nutrients, especially in hard-to-
reach soil layers, thanks to the development of hyphae
that penetrate microscopic soil pores. This allows
plants to obtain more nutrients, such as phosphorus,
potassium, nitrogen, and other micronutrients, which
are usually unavailable in natural conditions without
symbiosis with fungi.

Table 2. Level of root system colonisation by mycorrhizal fungi
and nutrient uptake at various growth stages and soil depths

Experimental

Indicator Crop Growth stage Soil depth (cm) Control group group Increase (%)
Wheat Three-leaf stage 10-20 15% 80% +65%
Root colonisation (%)
Wheat Heading stage 20-30 25% 85% +60%
Phosphorus uptake oo Three-leaf stage 20-30 0.12 018 +50%
(mg/g root)
Nitrogen uptake Wheat Heading stage 10-20 0.22 0.29 +31.8%
(mg/g root)
Potassium uptake Wheat Grain filling 30-40 015 0.22 +46.7%
(mg/g root) stage
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Table 2. Continued

Experimental

Indicator Crop Growth stage Soil depth (cm) Control group group Increase (%)

Root colonisation (%) Maize Intensive stem 10-20 12% 78% +66%
growth stage

Root colonisation (%) Maize Cob Z(t);r;"l:tlon 20-30 18% 82% +64%

Phosphorus uptake Maize Intensive stem 20-30 014 021 +50%
(mg/g root) growth stage

Nitrogen uptake Maize Grain filling 10-20 0.2 028 +40%

(mg/g root) stage
Potassium uptake Maize Cob formation 30-40 017 026 +52.99

(mg/g root) stage

Source: developed by the authors

Based on the conducted analysis, it was established
that in wheat, the level of root system colonisation by
mycorrhizal fungi reached 85% in the experimental
plots,while in the control plots, this figure did not exceed
20%. Similar results were obtained for maize, where col-
onisation was 82% in the experimental group and 18%
in the control group. This indicates that the application
of the mycorrhizal product significantly improved the
symbiotic relationships between fungi and plants, which
in turn improved their nutrition and ability to adapt to
stressful environmental conditions. Analysis of root col-
onisation revealed that mycorrhizal fungi most actively
colonised roots during the early stages of plant vegeta-
tion. Specifically, in wheat, the highest colonisation was
observed during the period of intensive root growth, at
the three-leaf stage, when fungi entered into an active
symbiosis with young root hairs. This allowed plants
to access nutrients, especially phosphorus, at depths
of 20-30 cm. At this depth, the concentration of phos-
phorus available to plants in the experimental group
increased by 15% compared to the control group. This
value indicates the ability of fungi to assimilate phos-
phorus in less accessible forms and provide it to plants.

Root colonisation in maize was most active during
the stage of intensive stem development when plants
required a significant amount of nitrogen to build up
vegetative mass. At depths of 10-20 cm,a 12% increase
in available nitrogen was recorded in the experimen-
tal plots compared to the control plots, which can be
explained by the activity of mycorrhizal fungi in break-
ing down organic nitrogen compounds and converting
them into accessible forms. Such a high concentration
of nitrogen had a positive impact on the growth of
maize stems and leaf mass, providing plants with bet-
ter conditions for subsequent ear formation. The sym-
biosis with mycorrhizal fungi also positively influenced
the plants’ ability to absorb potassium from deeper soil
layers. At depths of 30-40 cm, a 9% increase in availa-
ble potassium was observed in the experimental group
compared to the control. Potassium is an important
element that regulates plant water relations and is
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responsible for stress resistance, such as drought (My-
ronycheva et al., 2017). This allowed plants in the ex-
perimental plots to retain water in their cells better, re-
ducing the risk of water loss through transpiration and
increasing overall resistance to water shortages during
critical growth stages.

Furthermore, the high level of colonisation by my-
corrhizal fungi contributed to an improved root system
structure. Under experimental conditions, it was ob-
served that the root systems of wheat and maize had
more branched root hairs, allowing plants to absorb
nutrients and water from the soil more efficiently. In
the control plots, where there was no symbiosis with
mycorrhizal fungi, the root systems were less devel-
oped, significantly limiting the plants’ ability to obtain
resources from deeper soil layers. Another crucial as-
pect is that mycorrhizal fungi facilitate the uptake of
micronutrients such as zinc, copper, and iron, which are
essential for the functioning of various plant enzyme
systems (Dymytrov et al., 2023). In the experimental
plots,an 11% increase in zinc concentration in the root
system was recorded, significantly improving the activ-
ity of enzymes responsible for respiration and protein
synthesis. This contributed to increased plant produc-
tivity in the experimental plots.

Thus, the results of the study clearly demonstrate
that mycorrhizal fungi significantly enhance the coloni-
sation of the root systems of wheat and maize, which in
turn ensures more efficient nutrient and water absorp-
tion by the plants. This positively impacts their growth,
resilience to stress and overall productivity. The uptake
of nutrients in plants that formed symbiotic relation-
ships with mycorrhizal fungi was significantly more
effective than in the control groups. This can be attrib-
uted to several key factors, including the increased sur-
face area of the root system and the fungi’s ability to
mobilise hard-to-access elements in the soil (Table 3).
The expanded root system formed through mycorrhizal
hyphae enables plants to absorb nutrients from a larger
volume of soil, including hard-to-reach elements that
exist in bound or organic forms.
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Table 3. Uptake of micronutrients (magnesium, calcium, zinc, copper, and iron)

at various soil depths in control and experimental plots

. Soil depth Control group  Experimental group o
Indicator Crop Growth stage (cm) (mg/g root) (mg/g root) Increase (%)
. Wheat Intensive root 10-20 0.08 0.12 +17%
Magnesium growth stage
uptake Maize Intensive stem 10-20 0.09 013 +17%
growth stage
Wheat Heading stage 20-30 0.1 0.14 +14%
Calcium uptake - -
Maize Grain filling 20-30 0.11 0.15 +14%
stage
Wheat Intensive root 10-20 0.06 0.09 +20%
. growth stage
Zinc uptake Intensive st
Maize ntensive stem 10-20 0.07 0.1 +22%
growth stage
Wheat Grain filling 10-20 0.05 0.07 +18%
Copper uptake stage
Maize Cob formation 10-20 0.06 0.08 +19%
stage
Wheat Grain filling 20-30 0.1 0.13 +15%
stage
Iron uptake Grain filli
Maize raih nting 20-30 0.11 0.14 +17%
stage

Source: developed by the authors

In particular, the study showed a 17% increase in
magnesium uptake at depths of 10-20 cm in the ex-
perimental plants. This can be explained by the active
interaction of mycorrhizal fungi with soil mineral parti-
cles, where magnesium can be bound in an unavailable
form. Mycorrhizal fungi release organic acids and en-
zymes that dissolve these particles, making magnesium
available to the root system. Experimental plants, re-
ceiving magnesium from greater depths and in higher
concentrations, demonstrated more stable growth and
accumulated more biomass throughout the growing
season, which ensured increased photosynthetic activ-
ity and overall physiological plant resistance. A similar
trend was observed with calcium, where a 14% increase
in uptake was recorded at depths of 20-30 cm in the
experimental plants. Calcium is often found bound to
soil particles, but thanks to the symbiotic interactions
of mycorrhizal fungi with soil minerals, its availability is
significantly increased. In the experimental plants, im-
proved calcium uptake ensured the stability of cellular
processes and tissue structure, providing plants with
greater resistance to mechanical damage and stressful
conditions such as drought or nutrient deficiency.

Regarding micronutrients such as zinc and copper,
their uptake was also significantly improved in the ex-
perimental groups. Zinc uptake at a depth of 10-20 cm
increased by 20% for wheat and 22% for maize in the
experimental plants. This effect is linked to the ability
of mycorrhizal fungi to mobilise less accessible forms
of zinc from organic compounds in the soil, signifi-
cantly increasing its availability to plants. Importantly,
zinc uptake became possible even at greater depths
due to the expanded root system formed by fungal

hyphae.As a result, plants had better conditions for res-
piration and protein synthesis, leading to more stable
growth throughout the growing season. Copper up-
take increased by 18% in wheat and 19% in maize in
the experimental plants, which can also be attributed
to the ability of mycorrhizal fungi to release organic
acids that dissolve bound forms of copper in the soil,
making them available to plants. This improved copper
availability ensured more efficient functioning of plant
enzyme systems, especially during periods of stress
when enzymatic activity is critical for plant adaptation
to changes in the environment. In the control group
plants, where symbiotic relationships did not form, a
lower ability to absorb copper was observed, leading to
decreased stress resistance and less efficient growth.
Iron uptake was also significantly improved in the
experimental plants, particularly at depths of 20-30 cm,
where uptake levels increased by 15% in wheat and 17%
in maize. This increase can be attributed to the ability of
mycorrhizal fungi to convert iron from oxide forms into
soluble forms, making this element available to plants
even in hard-to-reach parts of the soil. Improved iron
uptake facilitated more efficient chlorophyll synthesis,
which contributed to increased rates of photosynthesis
and, consequently, improved overall plant productivity.
The research results clearly demonstrated that the use
of mycorrhizal fungi not only increased crop yield and bi-
omass but also significantly improved the quality of the
harvested produce (Table 4).The improvement in product
quality is of great significance for agricultural produc-
tion, as it affects not only the quantity but also the mar-
ket value of the crop, its nutritional value, and its com-
petitiveness in both domestic and international markets.
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Table 4. Quality of wheat and maize grain in control and experimental plots

Indicator Crop Control group Experimental group Increase (%)
Protein content (%) Wheat 12,5 13.4 +7%
Protein content (%) Maize 9.2 10.0 +9%
Carbohydrate content (%) Wheat 67.0 70.4 +5%
Carbohydrate content (%) Maize 73.0 774 +6%
Amino acid content (%) Wheat 5.5 5.9 +8%
Amino acid content (%) Maize 4.8 5.3 +10%
Oil content (%) Maize 3.5 3.7 +4%
Reduction in fertiliser costs (%) Wheat - - -15%
Reduction in fertiliser costs (%) Maize - - -15%
Increase in sales revenue (%) Wheat - - +20%
Increase in sales revenue (%) Maize - - +20%

Source: developed by the authors

An analysis of wheat and maize grain from the ex-
perimental plots revealed a 7% increase in protein con-
tent in wheat compared to the control plots. In maize,
this figure increased by 9%. This increase in protein con-
tent is directly linked to better nitrogen uptake, which
is critical for protein synthesis. Experimental plants in
plots with mycorrhizal fungi had access to a greater
amount of nitrogen due to the expanded root system
and the ability of mycorrhizal fungi to mobilise nitro-
gen from organic forms. This allowed plants to accumu-
late more protein in the grain, which in turn increased
its nutritional value. In addition to the increased pro-
tein content, grains from the experimental plots had
higher levels of carbohydrates and fats, which are also
important indicators of product quality. In wheat, the
total carbohydrate content increased by 5%, while in
maize this figure increased by 6%. This growth can be
explained by the improved photosynthetic process in
plants that receive more nutrients and water. A more
efficient photosynthetic process allowed plants to pro-
duce more assimilates, which directly affected the for-
mation of carbohydrates and fats.

The significant improvement in grain quality is
also supported by data on amino acid composition. In
wheat from the experimental plots, an 8% increase in
essential amino acids was recorded, while in maize, this
figure increased by 10%. This indicator is extremely im-
portant for assessing the nutritional value of grain, as
essential amino acids are not synthesised in the human
or animal body, and therefore their quantity in grain
directly affects its nutritional value for food and feed
(Andreychenko et al., 2024). Analysis of the oil content
in maize grain also revealed a 4% increase. This is a sig-
nificant aspect, as oil content is one of the key param-
eters for determining the quality of maize, especially in
the context of its use in feed production or the food in-
dustry. The increased oil content of maize from the ex-
perimental plots suggests that mycorrhizal fungi also
contributed to the accumulation of fats in the grain.

In addition to improving product quality, the use
of mycorrhizal fungi also had a significant economic
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impact. Since mycorrhizal fungi promote more efficient
uptake of nutrients from the soil, this allows for a re-
duction in the need for mineral fertilisers. According to
calculations, fertiliser costs on the experimental plots
were reduced by 15% compared to the controls, which
allowed for a reduction in overall crop production
costs. This is because mycorrhizal fungi provide more
efficient uptake of macro- and micronutrients, such as
phosphorus, nitrogen, potassium, magnesium, and cal-
cium, from smaller amounts of fertilisers, which would
otherwise be unavailable to plants. The economic ben-
efits of using mycorrhizal fungi also include increased
yields and improved product quality, which directly im-
pacts increased revenue from product sales. According
to calculations, the total revenue from the sale of wheat
and maize on the experimental plots increased by 20%
compared to the control plots. This is due not only to
increased crop yields but also to improved grain quality,
which has a higher market value due to increased pro-
tein, carbohydrate, and other nutrient content.

In conclusion, the use of mycorrhizal fungi has a
significant impact on improving product quality and the
economic efficiency of agricultural production.Improved
grain quality, higher yields, and reduced fertiliser costs
make mycorrhizal fungi a promising element of agri-
cultural technologies for increasing crop productivity.

DISCUSSION

The results obtained demonstrate a significant impact
of mycorrhizal fungi on increasing yield, biomass, im-
proving product quality, and the economic efficiency of
wheat and maize cultivation. These data are of signifi-
cant importance as they confirm the high efficiency of
mycorrhizal fungi in the context of modern agricultur-
al technologies, as well as their ability to improve the
availability of nutrients and water for plants. However,
it is important to analyse the significance of the results
obtained and their correspondence with the research of
other scientists.

The results obtained regarding the increase in yield
and improvement of grain quality using mycorrhizal




fungi are consistent with numerous studies conducted
in various countries worldwide. In particular, the in-
crease in wheat and maize yields on experimental plots
confirms the effectiveness of mycorrhiza as a key el-
ement for improving agricultural technologies. Impor-
tantly, similar results have been obtained in the work
of other researchers. For example, H. Yang et al. (2022)
in their study also found a significant increase in maize
yield under drought conditions through the use of my-
corrhizal fungi. These data are also supported by the
results of studies by A. Fall et al. (2023) and W. Chafai et
al. (2023), who demonstrated similar trends in differ-
ent regions with arid climates. This is consistent with
results indicating the positive impact of mycorrhiza on
root system development and improved water uptake
from deep soil layers.

However, some discrepancies can be explained by
differences in research methodologies or specific soil
and climatic conditions. For instance, C. Ngosong et
al.(2022) noted that excessive soil moisture can reduce
the effectiveness of mycorrhiza due to a lack of aera-
tion. This indicates that the activity of mycorrhizal fungi
is dependent on environmental conditions, particularly
soil moisture and structure. Similar conclusions were
drawn by F. Buzo et al. (2022), who investigated the
effectiveness of mycorrhiza under conditions of high
soil moisture. The study conducted in the Mykolaiv Re-
gion did not include extreme moisture conditions, so
these results may differ in regions with higher rainfall
or waterlogged soils. This highlights the need for fur-
ther research aimed at assessing the impact of different
moisture levels on the symbiosis between mycorrhizal
fungi and plants.

Another crucial aspect for comparison is the study of
the impact of mycorrhizal fungi on wheat and maize bio-
mass.According to the presented results, wheat biomass
increased by 12%, and maize biomass by 14% in plots
where mycorrhizal fungi were applied. This corresponds
to the results of the study by A. Feilinezhad et al. (2022),
which indicated that mycorrhizal fungi not only im-
prove nutrient uptake but also intensify photosynthetic
processes, directly affecting vegetative mass growth.
This trend is also confirmed by studies by Z. Hazzoumi
et al. (2022), which revealed a similar impact of mycor-
rhiza on increasing overall plant productivity in various
climatic conditions. Although Z. Peng et al. (2023) fo-
cused on more southern regions with tropical climates,
the results obtained demonstrate that the effect of my-
corrhiza on increasing plant biomass is universal and
depends less on climatic conditions than on the ability
of fungi to provide plants with additional nutrients.

In the context of maize grain quality, it is also im-
portant to note a 4% increase in oil content as a re-
sult of the experiment. This aligns with the research of
M. Dhiman et al. (2022), which showed that mycorrhizal
fungi can influence lipid metabolism in plants, leading
to increased fat accumulation in grain. Similar results
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were obtained by Z. Felfoldi et al. (2022), who found
that mycorrhiza improves lipid metabolism in oilseed
crops, which may affect the increase in fat content in
maize grain. Although authors studied this phenom-
enon in oilseed crops such as sunflower, similar pro-
cesses can occur in cereal crops, as confirmed by the
results obtained for maize in the Mykolaiv Region. This
highlights the importance of further research into the
impact of mycorrhizal fungi on various aspects of prod-
uct quality, particularly fat and protein content.

The research of M. Sheikh-Assadi et al. (2023) also
confirms that mycorrhizal fungi significantly improve
phosphorus uptake by plants, especially under condi-
tions of phosphorus deficiency in the soil. Similar re-
sults were obtained by A.Khaliq et al. (2022), who inves-
tigated the effectiveness of mycorrhiza in moderately
enriched soils, confirming the overall improvement in
nutrient uptake in plants. This correlates with the re-
sults where a 50% increase in phosphorus uptake was
recorded at a depth of 20-30 cm. However, in the article
of A.Khaliq et al. (2022), focus was on poor soils with a
phosphorus deficit, while the soils in the Mykolaiv Re-
gion were characterised by a moderate content of this
element. Thus, the obtained results demonstrate that
mycorrhizal fungi are effective not only under condi-
tions of critical nutrient deficiency but also in moder-
ately enriched soils, making them a universal tool for
increasing crop productivity.

Regarding the improvement of product quality, the
results also confirm the conclusions of previous studies.
Forinstance, the increase in protein content in wheat by
7% and in maize by 9% aligns with the research of W.Be-
naffari et al. (2022), who found similar changes when
applying mycorrhizal fungi in cereal cultivation. Similar
conclusions were drawn by A. Wahab et al. (2023), who
also observed an increase in protein content in plants
due to improved nitrogen uptake. Their studies showed
that the improved nitrogen uptake, provided by mycor-
rhizal fungi, leads to an increase in protein synthesis in
plants, which increases the nutritional and feed value
of the product. It is important to note that this study
also observed an increase in the content of amino acids
and carbohydrates, indicating a general improvement
in plant metabolic processes.

Comparisons with the research of other scientists
also indicate general trends regarding the use of myc-
orrhizal fungi in modern agriculture.Y.Khan et al. (2022)
also noted a decreased reliance on mineral fertilisers
whenusing mycorrhizalfungiinorganicfarming systems.
The presented study in the Mykolaiv Region showed a
similar result - a 15% reduction in fertiliser costs. This
indicates a significant economic effect, especially for
small and medium-sized agricultural enterprises that
seek to reduce fertiliser costs without lowering yields.

A more in-depth analysis should also be conduct-
ed in the context of the environmental sustainability
that mycorrhizal fungi provide. The presented results
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regarding a 15% reduction in the need for mineral fer-
tilisers coincide with the research of J. Sun et al. (2022)
and K. Anand et al. (2022), who note that mycorrhizal
fungi can significantly reduce the chemical load on
the soil. Similar results are presented in the studies of
D. Beslemes et al. (2023) and R. Kalamulla et al. (2022),
where it was established that mycorrhiza can contrib-
ute to the restoration of soil ecosystems through re-
duced use of chemical fertilisers. This not only allows
for a reduction in fertiliser costs but also promotes the
restoration of natural soil fertility, which is critically
important in the context of ecosystem conservation. A
comparison of the results of the study in the Mykolaiv
Region and other regions of the world suggests that
mycorrhizal fungi can be an important element of sus-
tainable agriculture, regardless of specific climatic and
soil conditions.

Another crucial aspect deserving attention is the
impact of mycorrhizal fungi on plant resilience to stress
factors such as drought and nutrient deficiencies. The
results obtained confirmed that plants in plots with my-
corrhizal fungi demonstrated greater resistance to tem-
porary droughts and a better ability to maintain growth
under adverse conditions. This aligns with the research
of S. Ettlili et al. (2022), who found that mycorrhizal
fungi promote better water use under limited mois-
ture conditions, providing plants with access to deeper
soil layers. Similar results were obtained in studies by
H.Tang et al. (2022) and F. Soussani et al. (2023), which
confirmed the effectiveness of mycorrhiza in improv-
ing plant water balance. In the study conducted in the
Mykolaiv Region, this effect was noticeable due to im-
proved water absorption from a depth of up to 30 cm,
allowing plants to maintain stable growth even with a
lack of moisture in the upper soil layers. Importantly, this
effect was also observed in other regions with different
climatic conditions, emphasising the universality of the
mechanism of action of mycorrhizal fungi in increas-
ing plant stress resistance (Donchak & Shkvaruk, 2024).

In summarising the analysis results, it can be con-
cluded that the data obtained regarding the impact of
mycorrhizal fungi on yield, product quality, and eco-
nomic efficiency corroborate trends noted in other
studies. Nevertheless, certain aspects of the interaction
between mycorrhizal fungi and plants remain open for
further investigation, particularly concerning the influ-
ence of various ecological conditions on the effective-
ness of the symbiosis.

CONCLUSIONS

The research conducted demonstrated that the ap-
plication of mycorrhizal fungi significantly increased
the yield and quality of cereal crops, such as wheat
and maize, in the Mykolaiv Region. In particular,a 15%
and 18% increase in yield was recorded for wheat and
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maize, respectively, on experimental plots compared to
control plots. This increase is associated with improved
uptake of nutrients from the soil by plants, including
phosphorus, nitrogen, and potassium. Specifically, phos-
phorus uptake increased by 50% at a depth of 20-30 cm,
which contributed to the development of a more robust
root system, ensuring a stable supply of nutrients to
plants throughout the growing season. This, in turn, led
toa 12% increase in wheat biomass and a 14% increase
in maize biomass, indicating a positive impact of myc-
orrhizal fungi on overall plant growth.

Another significant outcome of the study was an
improvement in the quality of the harvested grain. The
protein content in wheat increased by 7%, and in maize
by 9%, indicating a higher nutritional value for both hu-
man consumption and animal feed. This aspect is cru-
cial for the agricultural industry, as products with high-
er protein content are in greater demand on the market.
Additionally, the oil content in maize grain increased by
4%, which enhances its value and attractiveness to the
processing industry. The increase in these quality indi-
cators of the grain confirms that the application of my-
corrhizal fungi is an effective technology not only for
increasing production volumes but also for improving
economic performance in the agricultural sector. The
economic benefits of using mycorrhizal fungi were also
evident in reduced costs of mineral fertilisers. Due to
improved efficiency in nutrient uptake from the soil, the
need for additional fertilisation decreased by 15%, al-
lowing for a reduction in reliance on mineral fertilisers
and a decrease in the chemical load on soils. This is a
significant step towards sustainable agriculture, which
considers environmental aspects and contributes to
preserving natural soil fertility.

However, it is important to note that the study had
certain limitations. Specifically, the experiment was
conducted in only one region - the Mykolaiv Region -
which may influence the overall conclusions regarding
the application of mycorrhizae in different climatic and
soil conditions. Therefore, the results may vary in oth-
er regions where climatic conditions and soil compo-
sition differ. This underscores the necessity for further
research in various climatic zones, as well as on other
crops, to broaden the applicability of the findings in ag-
ricultural production. The study also did not include an
analysis of the long-term effects of mycorrhizae on soil
ecosystems and plant resilience to stress factors such
as drought or excessive moisture, which could serve as
a direction for future experimental work.
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AHoTauis. JocnigxeHHs 6yno npoBefeHe 3 METOK OLHKKM BMIMBY MiKOPU3HKUX rPUBIB Ha BPOXaMHIiCTb, Biomacy Ta
AKICTb 3€PHOBUX KyNbTYp (MWeHWL Ta KyKypyA3u) B ymoBax [liBoHs Ykpainu. ng ekcnepumeHTy 6ynu BigibpaHi
KOHTPOJIbHI Ta eKCMepUMEHTANbHI AiNSHKM, HA SKMX 3aCTOCOBYBANMUCS MiKOPU3HI rpnbu ANg NOKPaLLeHHS 3aCBOEHHS
NOXWBHUX PEYOBMH pocanHaMu. [Mpouec focnimKeHHs BKKOYaB AeTanbHe BUMipIOBaHHS BPOXaMHOCTI, 6iomMacK Ta
MOMMMHAHHA TAaKUX NMOXMBHUX eNleMeHTIB, K docdop, a30T i Kani, Ha pi3HMX eTanax BereTtauii. Pesynstati nokasanu,
L0 33CTOCYBaHHS MiKOPU3HMX rpubiB 3abe3neymnno 36inblueHHs BpoXaNHOCTI nweHuui Ha 15 % i kykypya3su Ha 18 %
Ha eKCnepuMeHTaNbHUX AiNSHKAX Y MOPIBHAHHI 3 KOHTPONbHUMMU, L0 BYN0 AOCATHYTO 3aBAAKM MiABULLEHOMY PiBHIO
MOMMHAHHS NOXMBHUX PEYOBMH i3 rMMOLIMX WapiB rpyHTY. bioMaca nwenuui 3pocna Ha 12 %, a Kykypyasu Ha 14 %,
WO CBiAYMTb NPO MO3UTUBHMIA BMIMB MIKOPM3M Ha PO3BUTOK POCIUH. MornnHaHHa docdopy Ha rnbuHi 20-30 cm
36inbwmnocs Ha 50 %, Wwo cnpuano KpawoMy po3BUTKY KOPEHEBOI CUCTEMM Ta 3abe3MeUYeHHI0 POCIUH LOCTYMHUMMU
enemeHTamu. KpiM Toro, 6yno 3aikcoBaHo NifBULLEHHS BMICTY Binka B 3epHi NweHuULi Ha 7 %, a B KyKypya3u Ha 9 %,
LLLO CBIAYMTb MPO NOKPALLEHHS Xapy0BOi Ta KOPMOBOI LLIHHOCTI NpoAyKLii. AHani3 NOKa3aB TaKOX NiABULLEHHS PiBHS
ONIMHOCTI 3epHa KYKypyA3n Ha 4 %, WO NiABULLYE ii EKOHOMIYHY LiHHICTb. BaXKIMBMM pe3ynbTaToM CTano 3HMKEHHS
BMTPAT Ha MiHepanbHi fobpuBa Ha 15 % 3aBAsKku nokpalleHHo edeKTUBHOCTI BUKOPUCTAHHS MOXMBHUX PEYOBUH,
WO 3MeHwWwye noTtpeby B A04aTKOBOMY MimkueneHHi. OTpMMaHi pe3ynbratv NiATBEpOXKYHOTb, O BUKOPUCTAHHS
MiKOPU3HMX TpUBIB € edeKTMBHMM METOLOM ANS NiABULLEHHS BPOXAMHOCTI, SKOCTI NPOAYKLii Ta €KOHOMiYHOI
edeKTUBHOCTI CiNbCbKOroCnoAapCbKOro BUPOOHMLTBA

KniouoBi cnoBa: arpotexHonorii; 3epHoBi KynbTypu; Glomus; BpOXaMHiCTb; BiomMaca; MOMMHAHHA MOXMBHUX
enemMeHTIiB
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ml after dogwood enrichment. Sherbet showed an increase in activity of 22.5 mg GAE/100 ml with the addition of
raspberries. Tea enriched with persimmon increased its antioxidant activity by 125%. The pomegranate-enriched
compote increased its activity by 24 mg GAE/100 ml. Blueberry pekmez showed average results, although due
to the high level of nutritional properties of blueberries, it was also a promising research object. The study also
analysed the selected berries, further evaluating potential changes in the vitamin composition, antioxidant activity,
and organoleptic properties of the beverages after adding the berries. The most significant improvement in taste,
aroma, colour and texture of the drinks was observed in persimmon extract-enriched tea and blueberry pekmez,
which received the highest scores for all parameters after enrichment. The antioxidant activity of the drinks also
increased significantly after adding berry extracts. The microbiological and chemical risks associated with the use
of fresh berries and the proposed measures to ensure the safety of beverages helped to shape the further vector

of research in this area

Keywords: antioxidant activity; healthy food; functional foods; microbiological analysis; formulations

INTRODUCTION

In the modern world, the consumption of various soft
drinks is an important part of everyday life for millions
of people. However, the growing interest in healthy life-
styles is driving consumers to look for healthier alter-
natives to traditional beverages, which often contain
high levels of sugar and artificial additives. In this re-
gard, the use of natural ingredients to enrich beverages
is becoming increasingly popular. Berries are high in
antioxidants, vitamins, minerals and biologically active
compounds. Antioxidants are crucial in protecting the
body from oxidative stress, which is one of the causes
of chronic diseases such as cardiovascular disease, dia-
betes and cancer. Azerbaijani berries are a source of fla-
vonoids, anthocyanins and antioxidants, which makes
them promising components of functional foods.

Recent studies show that berries can not only sup-
plement the diet but also have a positive impact on
the health of patients with iron deficiency anaemia, di-
abetes or obesity (Hameed et al., 2020; Pourhakim et
al., 2024). Details of the pharmacological properties
of chemical compounds in berries were also reported
in a recent review in 2024, where O. Golovinskaia and
C-K.Wang (2021) identified the main components that
affect the usefulness of berries, which, in addition to
the above effects, can be used in the treatment of cardi-
ovascular diseases to slow platelet aggregation. On the
other hand, there is the problem of consuming large
quantities of stimulating sweetened beverages that can
cause food addiction in consumers, with further nega-
tive health consequences (Loiko et al., 2024). A Romani-
an research team, together with M. Mititelu et al. (2023),
noted correlations between the growing popularity of
coffee-sweetened drinks and the deterioration of the
psycho-emotional state and a decrease in physical ac-
tivity among the population. Moreover, in the work of
T.C.Gheonea et al. (2023), a negative trend can be noted
on the general impact of a high-calorie, but not particu-
larly nutritious diet on human social activity.

Scientists highlight the benefits of blueberries and
raspberries on the gastrointestinal tract. For instance,
a group of scientists from China, when studying the
antioxidant properties of berries using four chemical

methods of analysis, noted that the results for each
sample may differ depending on the chosen method of
analysis (Chen et al., 2022). To obtain a more accurate
overall picture, they needed data from both in vitro and
in vivo experiments, which revealed that the addition
of berries to the diet inhibits the growth of pathogen-
ic bacteria and, on the contrary, promotes the growth
of Bifidobacterium and Lactobacillus. At the same time,
a combination of drinks already containing phenolic
compounds, anthocyanins and vitamins with berry ex-
tracts can have a more nutritious and balanced compo-
sition (Bogoyavlenskiy et al., 2022).

Among the popular berries in Azerbaijan, pome-
granate is also of particular interest due to the presence
of several polyphenolic compounds with pronounced
anti-inflammatory properties (Habib et al., 2023). In ad-
dition, T. Bozkurt and Z. Ergun (2021) emphasised that
even the seeds of pomegranate are rich in fatty acids
and should be included in the daily diet. Diospyros kaki is
another source of antioxidants in the Republic of Azer-
baijan; adding persimmon extract to tea can enrich the
beverage with several bioactive substances and fruit
flavours (Hossain & Shahidi, 2023). It is also worth not-
ing that for Azerbaijan, the culture of tea drinking occu-
pies a special place in everyday life and is an important
part of national identity. Tea is traditionally served at
significant events, such as holidays, family gatherings
or even business negotiations (Isaxanli, 2023). Thus, the
enrichment of traditional Azerbaijani tea with persim-
mon extract is a rational and useful addition that can
not only preserve cultural heritage but also become
part of an innovative technology in the food industry.

The search for an alternative to modern beverag-
es is not only a promising area of research but also a
necessity for broad social groups. For instance, for chil-
dren, the availability of alternatives to consuming large
amounts of sugar and replacing it with natural sweet-
eners, as well as the promotion of traditional drinks,
will prevent several acute and chronic diseases in
adulthood (Dudarev, 2024). Research by other authors
highlighted the importance of using natural ingredi-
ents, such as berries, to enrich soft drinks to improve
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their functionality and health benefits. Antioxidants,
flavonoids and other biologically active compounds
contained in berries have a positive effect on the body,
helping to prevent and treat chronic diseases. This data
confirms the promise of the fortified beverage business.
The study aimed to evaluate the effect of adding ex-
tracts of Azerbaijani berries (pomegranate, dogwood,
persimmon, raspberry and blueberry) on the nutritional
value and organoleptic properties of traditional drinks.

MATERIALS AND METHODS

The study was conducted in the spring-summer period
of 2024 in the food technology laboratory of Azerbai-
jan State University of Economics (Baku) and Lankaran
State University (Lankaran). The laboratory was select-
ed due to the availability of the necessary equipment
and qualified personnel to carry out biochemical, tox-
icological, microbiological and organoleptic analysis
of soft drinks enriched with Azerbaijani berry extracts.
For the analysis of beverages enriched with extracts of
Azerbaijani berries and fruits, the study required various
reagents used in spectrophotometry, chromatography,
assessment of antioxidant activity, and microbiologi-
cal analysis. All chemicals were of analytical purity and
were purchased from Sigma (St Louis, Missouri, USA),
among them Methanol (CH,OH), chloride acid (HCL,
1%), rutin, cyanidin-3-rutinoside, tannic acid, acetoni-
trile (CH,CN), phosphate buffer (pH 3-5), distilled water
(H,0), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Trolox, so-
dium hydroxide (NaOH, 0.1 N), phenolphthalein, nitric
acid (HNO,), metal standard solutions (for ICP-OES cali-
bration), ethyl alcohol (70%), H,0,.

The following equipment was used in the study: a
blender (Philips HR3652/00, Netherlands), a spectro-
photometer for the determination of phenolic com-
pounds and anthocyanins (Shimadzu UV-1800, Japan),
chromatography for the determination of vitamins and
flavonoids (Shimadzu LC-2030, Japan), inductively cou-
pled plasma with optical emission spectrometry (ICP-
OES) on an Agilent 5100 instrument with Agilent Vapor
Generation Accessory VGA 77 (USA), pH meter (Mettler
Toledo SevenCompact S210, Switzerland). Regulatory
standards were complied with according to local re-
quirements according to the State Standard of Azer-
baijan (AZS) 731-2018 (standard establishing require-
ments for the quality of drinking water and beverages,
including methods of their analysis and control of safe-
ty indicators), AZS 249-2001 (standard for methods of
determining physical and chemical indicators of bever-
ages, including measurement of acidity, sugars and oth-
er indicators), AZS 441-2014 (normative document de-
termining methods of organoleptic evaluation of food
and beverages, as well as requirements for qualification
of members of the tasting commission). All equipment
was purchased through official distributors and sup-
pliers in Azerbaijan, which guaranteed the authenticity
and reliability of the equipment. Laboratory equipment
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and reagents were supplied through Interlab LTD, one
of the leading suppliers of scientific equipment and re-
agents in the region.

The following Azerbaijani berries and fruits were
used in the experiment: raspberries (Rubus idaeus),
blueberries (Vaccinium myrtillus) collected in mountain-
ous regions of Azerbaijan, peeled pomegranate (Punica
granatum), pitted dogwood (Cornus mas), and persim-
mon (Diospyros kaki), peeled and pitted. To prepare the
extracts, the berries and fruits were ground in a blend-
er and filtered through cheesecloth to remove solid
particles. The extracts were stored at +4°C until use.
The study objects were purchased from a local manu-
facturer or prepared according to standard recipes, in-
cluding ayran (AZS 119-2002), sherbet made from fruit
juice and sugar syrup following AZS 562-2012, black
Azerbaijani tea brewed in the traditional way following
AZS 574-2016, compote made from boiled fruit with-
out added sugar following AZS 762-2014 and pekmez,
a thick juice obtained from grapes by AZS 744-2012.
Each traditional drink was divided into two parts: con-
trol and experimental. The experimental samples of
beverages were enriched with the respective extracts
in the ratio of 10% of the total volume of the bever-
age. Enriched drinks were stored at +4°C before analy-
sis. The antioxidant activity of drinks and berry extracts
was determined by the DPPH method. The sample
(0.1 ml) was added to 3.9 ml of DPPH solution (0.1 mM)
in methanol. The mixture was left at room temperature
for 30 minutes, after which the absorbance at 517 nm
was measured using a spectrophotometer. The antiox-
idant activity was expressed in trolox equivalents (mg
TE/100 ml for beverages and mg TE/100 g for berries).
The decrease in absorbance compared to the control
DPPH solution without the addition of the extract was
calculated using the formula (1):

Antioxidant activity(% inhibition) =

= Acontrol - Asample/Acontrol X 100’ (1)
where A - absorbance of the DPPH control solu-
tion; A - absorbance of the sample with the extract.

sample

The choice of the DPPH method for determining the
antioxidant activity of fortified beverages is based on
its simplicity, reliability and availability, which allows
for an effective and accurate assessment of the con-
tribution of Azerbaijani berries to improving the func-
tional properties of beverages. The organoleptic analy-
sis was carried out with the participation of 20 trained
tasters. The following characteristics were evaluated:
taste, aroma, colour and overall impression. The scores
were based on a 5-point scale, where 1 is very poor and
5 is excellent. The general requirements for this anal-
ysis were conducted following O’z DST 2004:2008 and
0’z DST 2765:2013 (standard governing the quality and
safety of dairy products, including their organoleptic
evaluation). The study complied with all the necessary




ethical standards, and the participants agreed to the
publication of the study results. All measurements were
made in triplicate. Data are presented as mean values *
standard deviation. Statistical analysis was performed
using ANOVA followed by Tukey’s test to determine the
significance of differences (p <0.05).

RESULTS

Azerbaijan, with its rich natural resources and favour-
able climate, is one of the main producers of a variety
of berries and fruits that can be used to make func-
tional drinks. Known for their health benefits, berries
such as pomegranate, persimmon, blueberry, raspberry

Maharramova et al.

and dogwood are rich in vitamins, minerals and antiox-
idants. The addition of these berries in soft drinks can
not only improve their nutritional value but also give
them unique organoleptic properties.

Before preparing the extracts for the subsequent
enrichment of the drinks, the berries themselves were
analysed, as their chemical composition can vary both
due to climatic conditions and the location of the plan-
tation. Blueberries demonstrated the highest antioxi-
dant activity, while the conclusion about the benefits of
new functional drinks should be made by comparing a
range of metrics of the finished product with its classi-
cal analogue (Table 1).

Table 1. Antioxidant activity of Azerbaijani berries (mg GAE/100 g)

Berry Antioxidant activity (mg GAE/100 g)
Pomegranate 2,340
Persimmon 1,440
Raspberries 2,700
Dogwood 1,210
Blueberries 4,000

Source: compiled by the authors

The choice of traditional drinks for this study was
based on their importance in the culture of Azerbai-
jan and the unique properties they can acquire when
enriched with berry extracts. Immediately before the
enrichment, a detailed analysis of the selected control
samples was also carried out, among which pekmez
showed the highest antioxidant activity, while ayran
had much lower values. At the same time, this drink
contained more animal fats and proteins, which also
affected its beneficial properties. The literature analy-
sis was used to identify the most successful combina-

tions of traditional drinks with each of the berries. The
addition of dogwood extract to ayran significantly en-
riched the organoleptic properties of the drink, giving
it a characteristic sourness and refreshing taste. On the
other hand, raspberries were used in sherbet, a tradi-
tional sweet drink made from fruit juice (Table 2). Rasp-
berries were chosen as an enriching ingredient due to
their high content of antioxidants, in particular antho-
cyanins and vitamin C, as well as their distinct berry
aroma and sweet taste, which perfectly complemented
the basic characteristics of sorbet.

Table 2. Changes to traditional formulations

Drink Enriching berry Reason for the choice
Ayran Dogwood Increase in antioxidant activity and vitamin C
Sherbet Raspberries Improved flavour and increased antioxidant activity
Compote Pomegranate Increased antioxidant and vitamin content
Pekmez Blueberries Improved flavour and increased antioxidant activity
Tea Persimmon Increase in antioxidant activity and vitamins

Source: compiled by the authors

According to the recipe, sugar was dissolved in wa-
ter and brought to a boil, after which it was simmered
until a thick syrup was obtained. This stage ensured
the necessary sweetness and thickness of the drink.
Thus, before being enriched with raspberries, sherbet
was a refreshing sweet drink with a light fruity taste
that was common to the locals. The enrichment pro-
cess involved adding concentrated raspberry extract
at the stage of cooling the drink. This preserved the
maximum beneficial properties of raspberries while
avoiding changes in the texture and taste of traditional

sherbet. The extract was added in the proportion that
ensured the best combination of taste and functional
characteristics.

The antioxidant activity was assessed using the
DPPH test, which is based on measuring the ability of
antioxidants to reduce the DPPH free radical, which has
an intense purple colour. As the radical reacts with the
antioxidants, the colour changes to yellow, which can
be measured spectrophotometrically. To obtain the re-
sults, 0.025 g of DPPH was initially prepared in 100 ml
of methanol, and then 1 ml of the sample was added
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to 2 ml of the DPPH solution. Incubated in the dark at

room temperature for 30 minutes, the absorbance of

the solutions was measured at 517 nm using a spectro-
photometer (Table 3).

Table 3. Antioxidant activity of beverages (mg TE/100 g)

Drink enlrgiifh?;int Raspberries Blueberries Pomegranate Dogwood Persimmon

Ayran 15+0.5 45+0.7 50+0.8 55+0.6 52+0.5 48+0.7
Sherbet 20+0.6 50+0.9 55+0.7 60+0.8 58+0.6 53+0.8

Tea 30+0.4 60+0.8 65%0.6 70£0.7 68+0.7 64+0.6
Pekmez 25%0.7 55+0.8 60£0.9 65%0.6 63%0.8 59+0.7
Compote 18+0.5 48%0.6 53+0.7 58+0.7 56+0.5 51+0.8

Source: compiled by the authors

These tests were chosen due to their simple prac-
ticality, but moderate sensitivity to some components
of the resulting mixtures. The antioxidant activity of
the beverages increased significantly after enrichment

with selected berry extracts. The highest increase was
observed in tea and Pekmez, which indicated a high
content of antioxidants in the added berry extracts
(Table 4).

Table 4. Antioxidant activity of beverages before and after enrichment (mg TE/l)

Drink Before enrichment After enrichment
Ayran 6.3
Compote 7
Sherbet 8.5
Tea 9
Pekmez 10.2

Source: compiled by the authors

A factor of 1.5 was used to convert the antioxi-
dant activity of the drinks from milligrams of Trolox
equivalent (mg TE/100 ml) to milligrams of gallic acid
equivalent (mg GAE/100 ml). Dogwood ayran demon-
strated the greatest increase in antioxidant activity,
which amounted to 20 mg GAE/100 ml, equivalent to
a 200% increase. This indicates the high efficiency of
dogwood in improving the antioxidant properties of

the drink. Before conducting the organoleptic eval-
uation, it was also crucial to analyse the toxicity of
the beverages, and for this purpose, their composi-
tion was studied, and the data was summarised in
Tables 5-7. These are particularly important in the
context of beverage production, as any violations of
sanitary standards or the presence of toxic substances
can harm consumer health.

Table 5. Content of phenolic compounds and anthocyanins in beverages before enrichment (mg/l)

Drink Phenol compounds Anthocyanins
Ayran 150 50
Sherbet 200 70
Tea 160 55
Pekmez 220 75
Compote 14£0.3 7%0.3
Source: compiled by the authors
Table 6. Biochemical contents of beverages (mg/100 g)
Drink Phenol compounds Flavonoids Anthocyanins Vitamin C
Ayran 12+0.3 8%0.2 6+0.3 4+£0.2
Sherbet 15+0.4 10+0.3 8+0.4 5%0.3
Tea 20+0.5 12+0.4 10%0.5 6+0.4
Pekmez 18+0.4 11+0.3 9+0.4 55%0.3
Compote 14+0.3 9+0.2 7+0.3 45%0.2

Source: compiled by the authors
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Table 7. Heavy metal content in beverages (ug/l)

Drink Lead (Pb) Cadmium (Cd) Mercury (Hg) Arsenic (As)
Ayran 2.1+0.1 0.05%0.01 0.02£0.01 0.5+0.02
Sherbet 1.8+0.1 0.04%0.01 0.01+£0.01 0.4+0.01
Tea 2.5+0.2 0.06%0.01 0.03£0.01 0.6+0.03
Pekmez 2.2%0.1 0.05+£0.01 0.02£0.01 0.5+0.02
Compote 2£0.1 0.04%0.01 0.02%£0.01 0.4+0.01

Source: compiled by the authors

During the chemical analysis of the berry-enriched
beverages, some particularly important compounds
that directly affected the healthiness of the resulting
formulations were identified. For ayran, it was epicat-
echin and gallic acid, which have anti-inflammatory
properties and prevent lipid oxidation in cells. At the
same time, the combination of quercetin and rutin in
the compote demonstrated its ability to improve capil-
lary strength. Due to its high content of phenolic com-
pounds, tea could be considered a medicinal drink. On
the other hand, the content of heavy metals in all bev-
erages was well below the permissible limits set by
national safety standards. This indicated that fortifica-
tion of the beverages with berry extracts does not ad-
versely affect their safety for consumption. These data
indicate that there is no risk of toxic effects on con-
sumers when consuming these beverages. It is worth

noting that control of heavy metal content should be
an integral part of the production process, especially
when using herbal ingredients, as their concentration
can vary depending on environmental conditions.

The test for pathogens and general microbiologi-
cal activity of the samples showed their compliance
with the established standards, with a slight decrease
in the concentration of bacterial organisms, which
was caused by the high content of phenolic com-
pounds in the components of the drinks (Table 8).The
microbiological analysis was aimed at determining
the presence of pathogenic microorganisms in the
beverages before and after enrichment with berry ex-
tracts. The main purpose of this analysis was to iden-
tify possible microbiological risks associated with the
use of fresh berries, as well as to confirm the safety of
the final product.

Table 8. Microbiological analysis of beverages

Total number of aerobic

Yeast and

Metric microorganisms Escheri.chia Salmonella mould Staphylococcus

(CFU/ml) coli spp. (CFU/ml) aureus

Permissible level (CFU/mL) <103 None None <100 None
Ayran (before enrichment) 120 Not detected Not detected 10 Not detected
Ayran (after dogwood enrichment) 100 Not detected Not detected 12 Not detected
Compote (before enrichment) 95 Not detected Not detected 9 Not detected
Compote (after enrichment with 90 Not detected Not detected 8 Not detected

pomegranate)

Sherbet (before enrichment) 110 Not detected Not detected 11 Not detected
Sherbet (after enrichment with raspberries) 105 Not detected Not detected 10 Not detected
Tea (before enrichment) 125 Not detected Not detected 14 Not detected
Tea (after enrichment with persimmons) 110 Not detected Not detected 12 Not detected
Pekmez (before enrichment) 130 Not detected Not detected 15 Not detected
Pekmez (after enrichment with blueberries) 115 Not detected Not detected 13 Not detected

Source: compiled by the authors

For microbiological analysis, standard methods
were used, including cultures on nutrient media to
identify pathogens such as Escherichia coli, Salmonella
spp., Staphylococcus aureus, as well as yeast and mould.
In addition, the total number of aerobic microorganisms
was analysed to assess the overall microbiological pu-
rity of the beverages. The results of the microbiological
analysis showed that all beverage samples met the es-
tablished microbiological safety standards. Pathogenic

microorganisms such as Escherichia coli and Salmonella
spp., were not detected in any of the samples. The total
level of aerobic microorganisms was within the permis-
sible limits, which indicates a high level of hygiene at
all stages of beverage production and processing.
Yeast and mould content was also analysed, which
is particularly important for beverages containing fruit
ingredients, as they can contribute to the development
of such microorganisms. In this study, the levels of yeast
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and mould were minimal and did not exceed the per-
missible values, which confirms that the berry extracts
were stored and processed properly.An important aspect
of microbiological safety is the control of the pasteur-
isation or heat treatment process that can be applied
to beverages to kill pathogens. This study confirmed
that the fortified beverages underwent the necessary
heat treatment to ensure their microbiological purity.

The organoleptic properties of beverages, such as
taste, aroma, colour and texture, are inextricably linked
to their biochemical composition. Thus, enrichment
with berry extracts significantly improved all these
parameters, which was confirmed by the results of the

questionnaire survey of the participants of the tasting
group. During organoleptic analysis, firstly, each recipi-
ent was offered to taste drinks with traditional formu-
lations and evaluate them on a five-point scale. The
tasters described ayran as slightly sour and it was rated
3.8 points. Sherbet was rated slightly higher because of
its sweetish flavour, namely 4 points. The highest scores
were given to pekmez, its syrupy structure was particu-
larly liked by the focus group participants (4.2 points).
Tea and compote were rated at 3.7 and 4.1 points. After
the control samples, the tasters were asked to rate the
beverages with extracts. The results of the survey were
averaged and summarised in a table (Table 9).

Table 9. Organoleptic evaluation of fortified beverages (points, mean value)

Drink Taste Aroma Colour Overall assessment
Ayran 4.2 4.3 4.1 4.2
Sherbet 4.5 4.4 4.6 4.5
Tea 4.8 4.7 49 4.8
Pekmez 4.4 4.5 4.3 4.4
Compote 4.3 4.2 4.4 4.3

Source: compiled by the authors

The organoleptic evaluation showed a high ac-
ceptability of the drinks enriched with berries. Their
flavour was quite different from the traditional paren-
tal prototypes and depended on the combination of
sweetness, acidity, tartness and bitterness, as well as
the texture of the product. Dogwood and pomegranate
extracts added the necessary sourness to the ayran and
compote, respectively, which improved their flavour
characteristics. The raspberries added to the sherbet
brought sweetness and a light fruity note, softening the
bitterness sometimes present in the traditional version
of the drink. Persimmon tea added a fruity flavour that
harmoniously complemented its original taste, while
blueberries gave the pekmez a slight tartness and in-
tensity of flavour. The most preferred tea in terms of
taste was persimmon-enriched tea, which received high
marks in all parameters.

The texture of the drinks has also changed as a
result of the enrichment. The introduction of berry ex-
tracts, especially raspberries and blueberries, added
density to the drinks, which was noted by the tasting
panel. These changes in texture could be due to the
presence of pectin and other polysaccharides in the
berries, which affected the viscosity and mouthfeel of
the drink. On the other hand, the change in flavours
as a result of enrichment with berry extracts was due
to the content of various volatile compounds in their
composition, which gave them a characteristic smell.
Pomegranates and raspberries were known for their
intense aroma, which was reflected in the results of
the compote and sherbet tasting. After enrichment,
these drinks became more flavourful and attractive
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to consumers. These changes were attributed to the
increased content of aromatic compounds such as es-
ters and aldehydes, which enhanced the pleasant fruity
smell. Anthocyanins had a direct impact on the colour
of the drinks due to their pigment properties. The tea
enriched with persimmon extract acquired a richer hue,
which also affected its perception in the organoleptic
analysis. Colour, along with aroma, was one of the first
indicators perceived by tasters, and it had a significant
impact on the overall impression of the product. In the
present study, the colour of the beverages after forti-
fication was highly appreciated, indicating a positive
effect of anthocyanins on the visual properties of the
beverages.

The results of the study show that the enrichment
of traditional drinks with Azerbaijani berries signifi-
cantly increases their nutritional value, antioxidant
activity and organoleptic properties. All enriched
beverages showed improvement over their tradi-
tional counterparts, making them more attractive to
health-conscious consumers.

DISCUSSION

Sweet soft drinks in the modern world are used not
only to quench thirst but have long been part of the
cultural heritage. At the same time, their prevalence
does not indicate the dynamics of improving the chem-
ical composition and healthiness of such drinks. Every
day, while shopping, a wide variety of sugary drinks
with synthetic flavours that do more harm than good to
the body are readily available. Due to their low cost and
high glucose content, children are the main consumers




of such drinks, which can later provoke diseases of the
cardiovascular, digestive and other body systems (Cal-
vano et al., 2019).

There are controversial opinions on this topic. For
instance, Korean scientists state that unhealthy eating
habits have a worse impact on women’s health than
men’s. J-M. Kim and E. Lee (2021) link the onset of de-
pression in Korean women to their consumption of
sugary soft drinks. On the other hand, in South Amer-
ica, C. Campos-Ramirez et al. (2020) argued that men
consume significantly more sugary drinks than women,
which can lead to the development of obesity and di-
abetes. In any case, the popularity of sweeteners does
not contribute to the quick quenching of thirst and the
health of soft drink consumers. Therefore,improving the
chemical composition of well-known beverages can act
not only as a disease prevention measure but also con-
tribute to the nation’s health (Byeon et al., 2024).

R.Yenicag and N. Rakicioglu (2024) studied the an-
tioxidant activity of Turkish beverages,among 394 sam-
ples, the highest results were observed in tea of dif-
ferent brewing methods and the lowest in sodas. They
argued that climate change, along with increased en-
vironmental awareness among both governments and
consumers, has led to a significant increase in demand
for plant-based products, suggesting the relevance of
this trend in the context of the study. In addition, the
review by H.E. Khoo et al. (2023) analysed plant-based
sweeteners, which were considered as an alternative to
synthetic sweeteners, which are often carcinogenic.Tra-
ditional Azerbaijani beverages are composed of natural
ingredients, and they also need to be modernised to
improve their nutritional value and market appeal.

Many literature sources suggest that berries rich
in anthocyanins and phenolic compounds may have
a therapeutic effect on people with anaemia, type 2
diabetes or high cholesterol (Jara Palacios et al., 2019).
Food safety is an important aspect that cannot be ig-
nored when developing new products. In this work,
all risks associated with the potential toxicity of bev-
erages were addressed. Thus, a comprehensive study
of the heavy metal content in samples and raw ma-
terials showed that the metal content was well be-
low the permissible limits set by national standards
(Maharramova & Maharramov, 2023; Wale, 2023).
This indicated that the fortification of beverages with
berry extracts does not lead to the accumulation of
potentially hazardous substances, which is important
for consumer safety. It is worth noting that the use of
berries grown in the Republic of Azerbaijan for bev-
erage enrichment can help support local producers
and develop the agricultural sector. This will create
new jobs and stimulate economic development in the
regions where these berries are grown. In addition, it
will draw attention to the preservation and revival of
traditional berry processing and beverage production
technologies.

Maharramova et al.

In previous studies, ayran enriched with dogwood
extract was determined to have an increase in antiox-
idant activity, which is associated with the high con-
tent of phenolic compounds in dogwood (Maharramo-
va, 2023). These compounds were found to be effective
free radical inhibitors, confirming their significant
contribution to the overall antioxidant activity of the
beverage (Aurori et al.,, 2023). In addition, ayran itself
contains unsaturated fatty acids and can be further
enriched with beneficial bacterial cultures, which also
makes it an almost ideal traditional beverage (Shala-
bi et al., 2024). Similarly, pomegranate-enriched com-
pote showed a significant increase in antioxidant con-
tent due to the presence of active compounds such as
punicalagin and anthocyanins, which contributed to the
protection of body cells from oxidative stress. Pome-
granate juice is mostly used as a stand-alone product,
but not everyone can enjoy such an acidic drink, with
pomegranate seeds containing many beneficial sub-
stances (Zeynalova-Husuyeva et al., 2019). A scientif-
ic group led by I.D. Bobayev et al. (2022) analysed 69
species of pomegranates that grow in Azerbaijan and
found high levels of vitamins, minerals, and phenol-
ic compounds, but they advise diluting it with water.
Therefore, the use of pomegranate extract for compote
enrichment can be called a promising solution.

Another interesting combination was the enrich-
ment of the classic sherbet with raspberries, which is
characterised by a high content of vitamins and fla-
vonoids, making it attractive in terms of strengthen-
ing the immune system and preventing inflammation
(Marcetic & Arsenijevic, 2023). The presence of raspber-
ries in the drink also improved its organoleptic proper-
ties, giving the sherbet a fresh and rich flavour that was
highly appreciated by the tasting panel. In the study,
pekmez enriched with blueberries was characterised
by an increased concentration of anthocyanins (Zhou et
al., 2019). Anthocyanins, which are powerful antioxi-
dants, can effectively protect cells from damage caused
by free radicals, which underlines the importance of us-
ing blueberries in this product.

Tea enriched with persimmon also demonstrat-
ed an improvement in its sensory characteristics and
bioactive substance content (Zaychenko et al., 2019).
Persimmon, being a source of antioxidants such as cat-
echins and flavonoids, contributed to the antioxidant
potential of tea, which confirmed its functional val-
ue (Choudhary et al., 2022). At the same time, B vita-
mins, as well as essential amino acids and sugars in
their composition, were supposed to add sweetness to
the drink. The change in the recipe resulted in a sam-
ple with a more pronounced taste and aroma, which
were positively evaluated in the organoleptic analysis.
The microbiological safety of beverages was also one
of the main challenges identified in previous studies
(Hellstrom et al., 2013). The use of fresh berries as raw
materials posed a potential risk of microbiological
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contamination, which required careful consideration
of processing and sterilisation methods (Shevchuk et
al., 2023). Studies noted that the lack of proper pas-
teurisation or other processing methods could lead to
the development of pathogenic microflora in beverag-
es, which could jeopardise consumer safety.

A comparative analysis of the antioxidant activity of
beverages before and after enrichment showed that the
addition of berry extracts led to a significant increase
in the antioxidant content of the finished products.
This underlined the prospects of using local berries to
create beverages with increased functional value that
meet modern consumer requirements for a healthy diet.
The difficulties noted in previous studies were also ad-
dressed. The focus was on controlling storage condi-
tions and processing methods for berry raw materials
to preserve their bioactive properties. The enrichment
process was standardised to minimise variations in the
composition of the final products.

CONCLUSIONS

The results of this study could have a major impact
on the food industry, opening new opportunities to
produce healthy and natural drinks. They also help to
promote Azerbaijani berries on the international mar-
ket, increasing their value and contributing to the eco-
nomic development of the region. The berries chosen
were pomegranate, persimmon, raspberry, dogwood
and blueberry. The nutritional value of the drinks was
assessed by the content of vitamins, minerals, antiox-
idants and acidity. The safety of the drinks was de-
termined using chemical tests. The results showed
that the soft drinks enriched with berries grown in
Azerbaijan have a high nutritional value and are safe
for consumption. Fortified drinks contain more anti-
oxidants and vitamins than traditional drinks, which
makes them promise for introduction into the diet of

the public. This study can be used as a basis for further
developments in the field of functional drinks and the
food industry.

On the other hand, the study has high scientific
significance and practical value. First and foremost,
the study aimed to improve traditional drinks that are
deeply rooted in the culture of Azerbaijan, making the
results important for a wide audience. Despite the pos-
itive results, this study had several limitations. Firstly,
the study was limited to the selection of five specific
berry extracts, and the effects of other potentially ben-
eficial berries such as blackberries, currants, kinkans,
barberries, cherries, etc. were not considered. Secondly,
the studies were conducted in a laboratory environ-
ment, which may not fully reflect the actual industrial
environment of beverage production.

Seasonal and regional variations in the composi-
tion of berries should also be addressed, which may af-
fect their antioxidant activity and biochemical compo-
sition. Consequently, changes in the quality of the raw
materials may affect the reproducibility of the results in
the future. Further research may include clinical evalu-
ations of the impact of regular consumption of fortified
beverages on human health, including their effect on
the antioxidant status of the body and the prevention
of chronic diseases. Taken together, these results show
that the enrichment of traditional Azerbaijani beverag-
es with berry extracts not only improves their function-
al properties but also maintains or even enhances their
safety and organoleptic qualities, making them promis-
ing products for consumer health.
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OuiHKa xap4oBoi LiHHOCTI Ta 6e3ne4YHocTi 6e3a5KorosibHMX HanoiB,
36arayeHunx arogamum, IO POCTyTb B A3ep6apKaHCcbKin Pecny6iiui,
MOPIBHAHO 3 TPaAULUINHUMU HaNnoAMU

CeBiHpx MaxappamoBa
[okTop dinocodii, aoueHT
AzepbanokaHCbKUI fep>KaBHUIA EKOHOMIYHWUI YHIBEpCUTET
AZ1001, syn. IcTiknsniaT, 6, M. baky, AsepbanoxaH
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Map'am MamepanieBa
KanouaaT 6ionoriyHnx Hayk, BUKnaaay
A3epbanaXaHCbKWA LepXKAaBHMIM EKOHOMIYHUIM YHiBEpCUTET
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MoHaw HacpynnaeBa
KaHamMpaT eKOHOMIYHUX HayK, AOLLEHT
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KaHouoaT 6ioforiyHnX HayK, AOLEHT
A3epbanaXaHCbKMIA LepXKAaBHMIM EKOHOMIYHUIM YHiBEpCUTET
AZ1001, syn. IcTiknsaniaT, 6, M. baky, AsepbanoxaH
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AHoTauif. Y pocnifkeHHi BUKOPUCTOBYBANUCS MOAUMIKOBaHI peLenTypu TpaaMLiMHMX HAaNoiB 3 MeTo 36arayeHHs
X HM3KOK NMOXMBHMX PEYOBMH i MiKpoeneMeHTiB. BifibpaHi Ans AOCNILKEHHS ArofiM, @ CaMe: KM3WI, rpaHaT, XypMma,
YOPHMLSA, MaNIMHA, NPOAEMOHCTPYBANIM BUCOKY aHTMOKCUAAHTHY aKTUBHICTbTa 6araTui BiTaMiHHMI CKnaf.Y pe3ynbrari
LOCNiIKEHHS BYN0 BUSBMEHO 3HAYHE MiABULLEHHS aHTMOKCUAAHTHOI aKTUBHOCTI TPaAMLiMHMX a3epbanakaHCbKUX
HanoiB y pasi 36arayeHHs ix ArigHUMKU ekcTpakTamu. AHTMOKCUOAHTHA akTMBHICTb aipaHy 36inbwmnaca Ha 20 mr
GAE/100 mn nicns 36araveHHs kusunom. Lepbet nokasaB 3pocTaHHs akTMBHOCTI Ha 22,5 mr GAE/100 mn npwu
[0AaBaHHI ManuHK. Yai, 36arauyeHuit Xypmoto, 36ifblUMB CBOK aHTMOKCUMAAHTHY aKTMBHICTb Ha 125 %. Komnor,
30arayeHuit rpaHaToM, 36inbLIMB CBOK aKTUBHICTb HA 24 mMr GAE/100 mn. Jowab i3 YopHULe NpoLeMOHCTPYBaB
cepefHi pe3ynbTaTi, Xo4a 32 paxXyHOK BUCOKOTO PiBHS MOXMBHUX BNACTUBOCTEN Yy YOPHULL BYB TAaKOX NEpPCNeKTUBHUM
006'ekTOM foCnikeHHS. Y poboTi Takox Byno npoBeaeHo aHani3 BigibpaHux siria, 3 NoAabLIOK OLLHKOK NOTEHLLiAHMX
3MiH BiTaMiHHOro CKnagy, aHTMOKCMAAHTHOI aKTMBHOCTI, @ TaKOX OPraHONENTUYHMUX BNACTMBOCTEM HAMOIB Micns
[00aBaHHS arif. Hanbinbl 3Ha4yHe NoninweHHs y CMaky, apoMarTi, Kobopi Ta TEKCTYpi HAaMoiB CNocTepiranocs y vato,
36ara4yeHoro eKCTpakT OMXYpMM, Ta A0LWaby, YOpHULIEH, AKi OTpUMaNM MakCMManbHi 6anu 3a BCiMa napamMeTpamu
nicna 36arayeHHa. AHTMOKCUMAAHTHA aKTMBHICTb HAMOIB TakKoX 3HA4yHO NiABULIMAACA MiCNs A0OABaHHA AriAHUX
eKCTPaKTiB. PO3rnsHyTi Mikpo6ionoriyHi Ta XiMiYHi pu3nKK, NOB'A3aHi 3 BUKOPUCTAHHAM CBIXMX ATi4, | 3aNpONoHOBaHi
3axoam ons 3abe3neyeHHs 6e3nekn HanoiB Jonomornm copMyBaTV NOAANbLUNIA BEKTOP BUBYEHHS Li€i cdhepu
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approaches to land use have the potential to increase the level of efficiency of the agrarian sector, improve the
state of local and regional landscape. The concept of improving the state of degraded lands, including a system of
management measures and practical activities, has been developed. It was proved that it should be based on the
synergy of economic efficiency and environmental safety, with the mandatory introduction of modern innovative
technological approaches. The effectiveness of methods of rational use of degraded lands as an effective tool for
the transformation of the agrarian sector has been determined. It was proposed to intensify the development of
organic agricultural production, which is positioned as the gentlest for degraded landscapes. It was proved that
the implementation of sustainable management of landscape complexes in the innovative context implies the use
of information monitoring technology, which anticipates the diagnosis, genesis and forecasting of the state of the
studied ecosystems. Such measures will make it possible to develop programmes for the restoration of ecological
functions of natural landscapes, which is an integral part of sustainable development programmes. Actualised the
situation in the context of ecologisation of land use in Kazakhstan, predicted further destruction of ecosystems
of agrarian landscapes in case of use of aggressive methods of soil cultivation. The necessity of introduction of
improved methods of rational land use is substantiated, and the specificity of the introduction of organic and
biological technologies of agricultural production is outlined, with an indication of tangential risks and challenges
in the economic realities of Kazakhstan. The study substantiated that the application of integrated management
and ecosystem approach have a synergistic potential to ensure the rational use of land in the Almaty region, the

Karasai district in the conditions of their degradation

Keywords: farming; sustainable development; modernisation; intensification; organic production

INTRODUCTION

Pollution of soil cover, and depletion due to irrational
use, lead to undesirable ecological consequences for
the land resources of Kazakhstan. Intensification of land
use for a long time contributed to large-scale chemi-
calisation of soils, development of processes of their
salinity, erosion, and minimization of organic matter
content. Natural processes of regeneration and self-pu-
rification do not provide renewal of degraded natural
landscapes. The low threshold of natural resistance of
land resources of the Republic to degradation is due to
the narrow homeostatic range, peculiarities of natural
resource potential, and insignificant adaptive capacity.
Increasing requirements for the quality of agricultural
products in the global market environment leads to the
need to search for new opportunities for the formation
of competitive advantages of agricultural producers in
crisis conditions, which in synergy will allow the na-
tional agricultural sector to increase and maintain its
own position in the market, while minimizing further
land degradation.

Today, special attention is paid to improving the
economic efficiency of the agricultural sector to form
sustainable competitiveness in a dynamic market en-
vironment (Pasichnyk et al., 2023). The development of
agricultural production in Kazakhstan in the concept
of prioritization of the foundations of sustainable de-
velopment requires the introduction of gentle farming
techniques. Such a strategy to ensure competitiveness
of the greatest functionality focuses on internal and
external investment in promising projects, the imple-
mentation of innovative solutions and practical devel-
opments of successful international experience, the
establishment of mechanisms for financing projects of
organic production.

In the Karasai district of the Almaty region, the
qualitative change of land is clearly demonstrated. De-
structive processes have a negative systemic impact
on all tangential components of the ecosystem. Under
such conditions, the necessity of formation and intro-
duction of a new conceptual approach to the regional
land use strategy is actualised. Many scientific works
and researches of the present day are devoted to the
improvement of methods of rational use in the condi-
tions of land degradation (Skliar et al., 2024). Strategies
of technological modernization of farming, and gentle
methods of soil cultivation, which raise the level of eco-
nomic efficiency and environmental safety, are studied
in the works of modern authors E.A. Guliyeva (2021) and
G.K. Kurmanova et al. (2022). Researchers focus on the
practical aspects of organic production through innova-
tive technological solutions that are sparing to the soil,
and complementarytothe principles ofagreen’economy.

Scientists D. Glover et al. (2019) analysed the de-
structive changes of land resources that are difficult
to regenerate. The authors are convinced that degra-
dation is provoked by the long-term accumulation of
toxic chemicals in soils from agricultural activities. The
researchers are convinced of the feasibility of trans-
forming the traditional land use system to an organic
one. In continuation, F. Caffaro et al. (2020) investigate
organic production as a regulator of ecosystem health.
The scientists pay special attention to the potential of
technological transfers as a promising vector of innova-
tive transformation of the agricultural industry.

Researchers X. Yin et al. (2022) substantiate the
functionality of monitoring systems, which they posi-
tion as the basis of the ecosystem approach to agricul-
tural activities, providing preventive protection against
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negative environmental impacts. At the same time,
J.Clapp and S-L.Ruder (2020) conclude in their research
that to meet the existing global growth in demand for
organic products with limited resource capacity can only
be achieved through effective technological moderniza-
tion of agricultural projects. Researchers M. Herrero et
al. (2020) propose an integrated approach to optimize
the state of degraded lands, within the framework of sus-
tainable development programmes and green economic
course. The approach provides measures to neutralise
the negative impact of anthropogenic load, maximize
the elimination of pollution and regeneration of natu-
ral resources, and restore natural landscape complexes.

Without levelling the significance of scientists’
conclusions, still many issues in the field of improving
methods of rational use in the conditions of land deg-
radation require detailing and searching for optimal
solutions. In particular, the processes of integration of
organic and precision farming systems in the realities
of Kazakhstan are studied fragmentarily. The aim of
the study was to analyse the potential of innovative
approaches to optimize the rational use of degraded
land resources (in the context of the Karasai district of
Almaty region of Kazakhstan).

MATERIALS AND METHODS

Statistical observation made it possible to form gener-
alizing information that is representative as a character-
istic of the whole set of attributes of the phenomenon
under study. In order to determine the level of greening
of land use, the main indicators of qualitative changes
were compared. The specifics of precision farming devel-
opment within the strategy of circularity of agricultural
production processes have been determined, and meas-
ures to improve the management paradigm in the sphere
of agrarian production have been proposed. The optimal
conditions and solutions in the context of efficiency and
expediency of the complex of methods of rational use in
the conditions of land degradation on the basis of green’
economic development and sustainable decarbonisa-
tion of technological processes have been specified.
Prerequisites for active practical use of organic and pre-
cision farming technologies in Kazakhstan are formed.

Analytical and structural grouping allowed forming
a step-by-step algorithm for the introduction of inno-
vative gentle farming technologies, taking into account
the socio-economic features of activity in the agrarian
sector of Kazakhstan, in particular, the Karasai district
of the Almaty region. To determine the disadvantages,
risks,and advantages of certain solutions in the context
of transforming the approach to land use on degraded
lands, the forecasting method was used. The synergy of
economic feasibility and ecological safety, which forms
a system of circular sustainable economic activity, was
chosen as the predominant orientation.

To assess the dynamics of organic agriculture devel-
opment, official statistical information of the Ministry
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of Agriculture of the Republic of Kazakhstan (2022) and
the Bureau of National Statistics (2024) was used. In ad-
dition, the research process used strategic programme
documents and regulatory legal acts in the industry un-
der study, in particular, Land Code of the Republic of
Kazakhstan (2003), Law of the Republic of Kazakhstan
No. 464-1V (2011), the Ecological Code of the Republic
of Kazakhstan (2021), Strategic measures to combat de-
sertification in the Republic of Kazakhstan until 2025
(United Nations Development Programme, 2015), Ka-
zakhstan’s Final Report on the LDN Target Setting Pro-
gramme (United Nations Convention to Combat Deser-
tification, 2018), and Law of the Republic of Kazakhstan
No.423-IV LRK (2015).

RESULTS

Prolonged extensive land use in the agricultural sector
actualises the need to transform traditional production
processes towards intensive methods and new tech-
nologies. Protection of degraded lands corresponds to
the basic paradigm of agricultural sustainability, as the
priority of rational use in the conditions of land degra-
dation is determined precisely by the sustainable use of
landscapes. The basis for modernisation and ecologisa-
tion of land use in Kazakhstan is the state innovation
policy, the purpose of which should be renewable re-
source use, integration of technological achievements
and scientific approaches, formation of mechanisms
and methods to stimulate innovation activity.

Organic farming has a huge potential for develop-
ment in Kazakhstan. As of 2024, the total area of fields
allocated to organic farming is more than 200 thousand
hectares, which is confirmed by European certification
organizations Land Code of the Republic of Kazakh-
stan, 2003; Bureau of National Statistics, 2024). Imple-
mentation and adaptation of effective technologies of
organic farming, stimulation of targeted investment,
professional development form the basis for intensive
development of the agricultural sector in the Republic.
In 2022 and 2023, Kazakhstan exported organic prod-
ucts worth about 35 million USD (Fig. 1), which demon-
strates positive dynamics.
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Figure 1. Export of organic products from Kazakhstan
to the EU, million USD
Source: developed by the authors, based on Ministry of
Agriculture of the Republic of Kazakhstan (2022)




Priority export positions of Kazakhstan are wheat,
flax seeds, and soya beans. According to the Ministry of
Agriculture of the Republic of Kazakhstan (2022) and
Ecological Code of the Republic of Kazakhstan (2021),
in Kazakhstan, today there are 38 farms certified for
the production of organic products. Certification is a
necessary step in the effective development of organ-
ic agriculture, significantly increasing the level of trust
between producers and consumers. Law of the Repub-
lic of Kazakhstan No. 423-IV LRK (2015) and No. 464-
IV (2011) defines the basic norms of organic production
(social, legal, economic and organizational). They reg-
ulate the vector of ensuring the rational use of soils,
including degraded soils, and promote environmental
protection and food security. Intensification of imple-
mentation of precision farming systems is part of the
strategy of practical functionality of the Intergovern-
mental Science-Policy Platform on Biodiversity and
Ecosystem Services BesNET. The platform was initiated
in 2012, and today it unites about 140 countries of the
world. Kazakhstan is supported by BesNET through the
BES Solutions Fund to scale up and implement the key
priorities identified during the Central Asia Regional
Trialogue in Almaty in October 2019.

Organic farming has a number of defining param-
eters, the most significant of which is considered to be
the prohibition of aggressive agrochemicals in the pro-
duction process, which minimizes the negative impact
on the environment by preventing chemical pollution
and ensuring the preservation of natural soil microflo-
ra. In addition, organic farming involves strict adher-
ence to crop rotations so that there is no risk of soil
depletion by sowing the same crops. The obligatory use
of legumes in the crop rotation allows the soil to be
saturated with nitrogen in this natural way (Aldieri et
al., 2021). Almaty oblast is a region of Kazakhstan rich
in natural resources and with the potential for intensive
economic activity. The resource-raw material and mon-
ocultural system of nature management has caused the
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formation of many environmental problems. On the ter-
ritory of intermountain valleys of Kegenya and Naryn-
kola, foothill sloping plains of Zailiyskiy Alatau, water
erosion processes are a potential danger. The territory
has a significant slope and dissection. The mentioned
problem concerns also farms of the Karasai district.

Also, gully erosion is actively and universally man-
ifested. In particular, it causes significant damage to
natural pastures and fodder lands of the Almaty region,
located on slopes. Such phenomena provoke process-
es of turf destruction and loss of valuable compo-
nents of pasture grasses. Due to long-term irrational
use of territories for irrigated and rainfed farming, the
predominant share of pastures in the foothills in the
Karasai district is characterized by severe degradation.
Soil salinization is observed in the floodplains of riv-
ers and around lakes, which is caused by a violation
of the hydrological regime of the landscape ecosystem.
Modernisation of sustainable land use practices within
degraded landscapes mainly implies the integration of
innovative agrotechnologies, optimisation of fertilizer
and chemigation systems with priority given to biolog-
ical methods of plant protection and organic fertilizers
(Rose et al., 2021). Implementation of the latest scien-
tific-research developments, contributes to the inten-
sive growth of export potential.

The innovative technology of precision farming
involves the preliminary study of agrophysical and
agrochemical indicators of fields. On the basis of the
collected information, it is reasonable to draw up spe-
cial electronic maps of fields. GPS systems can be used
effectively for this purpose. The new generation of
functional field maps makes it possible to develop an
optimal individualized system of tillage and fertiliza-
tion, plant protection, and crop adjustments (Fleming et
al., 2021). Precision farming provides for continuous
monitoring of soil conditions, which makes it possible
to strategically plan a system for optimising the param-
eters of degraded land (Fig. 2).
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Figure 2. Method of precision farming technology on degraded sites
Source: developed by the authors based on A. Raihan et al. (2022)
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Technological transformation of land use in-
volves energy efficiency, optimization of irrigation
equipment and systems, precision farming concept,
and bioenergy strategies. Methods that are tolerant
to the natural environment, keeping soil conditions
within ecological norms (Kernecker et al.,2021). Inno-
vative technological techniques and algorithms that
allow the implementation of a step-by-step transfor-
mation of the land use system give a possibility of

guaranteeing compliance with European standards
of sustainable development, the scientific validity of
ecologization of agrarian processes, and implementa-
tion of gentle land cultivation technologies (Rolan-
di et al., 2021). Strategic management of degraded
land resources in Kazakhstan, and, in particular, in the
Karasai district of the Almaty region has certain pe-
culiarities. The main factors affecting the process are
summarized in Table 1.

Table 1. Limiting factors of management of degraded land resources in Kazakhstan

Limitation factor

Influence

Natural and climatic conditions

Direct dependence of production activities on environmental factors, propensity of

the territory to water and wind erosion

Territorial dispersion of production

Difficulty in making timely operational decisions and adjusting strategic plans due
to imperfections in the management system

Seasonality

Increased risk of unforecasted performance due to seasonal specificity of impact

Organizational and legal forms of management

Precision farming farms are under significant pressure from external determinants

Regulatory and legislative basis degradation

The need for adaptation to innovative management practices in the context of land

Source: developed by the authors

Thus, among the specific prerequisites for improv-
ing land use methods in Karasai district of Almaty re-
gion, are identified: specificity of living conditions of the
population of rural areas - the basis of the farmer com-
munity; dependence on natural and weather-climatic
peculiarities, which creates the need to provide a reli-
able material and technical base; seasonality of agrar-
ian production, which creates unevenness in the use of
material resources throughout the year; specificity of
production on the basis of living organisms and natu-
ral systems, dependence of economic factors of activi-
ty on the efficiency of natural reproduction processes.

The main directions of innovation activities within
the concept of rational use of land resources, in the
future, should be targeted advisory centres, close to
the agricultural producer (Clapp, 2021). The level of
popularity of agricultural advisory services in Kazakh-
stan is currently insignificant. At the same time, advi-
sory services can stimulate the improvement of the
ecological condition of land, allowing to obtain sig-
nificant economic benefits based on the integration
of innovative technologies (Rocchi et al., 2020). It is
possible to highlight specific features of the proposed
methodology of rational use in conditions of land deg-
radation in the Almaty region, Karasai district, among
which (Ruzzante et al., 2021; Lacoste et al., 2021): low
level of accuracy and reliability of forecasting, which
is associated with the specific nature of the region;
the necessity of optimizing production processes due

Scientific Horizons, 2024, Vol. 27, No. 9

to seasonal shortage of basic resources; the need for
comprehensive monitoring; systemic problems of ag-
ricultural production.

The system of precision organic farming can be con-
sidered as the foundation of innovative development
in the context of the conservation of degraded lands.
Its effective development provides for the gradual and
effective achievement of objectives, which include:
strengthening of the status in the market environment,
diversification of production, development of new sales
directions; increasing production volumes, efficient uti-
lization of assets and saving resources; ensuring pro-
duction stability by stabilizing resource reserves and
insuring risks. The precision farming system provides a
balance between environmental stability and economic
efficiency of agricultural production (Bilushenko, 2023).
Minimization of mechanical tillage of the soil cover, ab-
sence of chemicalization processes, individualization of
agricultural technologies and processes stimulate an
increase in demand for organic products, growth of its
share in exports, encourage the spread of organic land
use in other regions (Sadik-Zada, 2020; Farrokhi & Pel-
legrina, 2023).

In order to analyse the effectiveness of the intro-
duction of precision farming technology, the rate of
implementation of its elements in European countries
was analysed, which allows us to predict the positive
dynamics of the impact of technology, if implemented,
on changes in soil productivity in Kazakhstan (Fig. 3).
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Figure 3. Rate of implementation of precision farming elements in developed European countries, %
Source: developed by the authors based on European Commission (2023)

As is evident from Figure 3, over the period 2005-
2023, the process of implementation of precision farm-
ing technology and some of its conceptual approaches
is characterized by positive dynamics, with a significant
intensification of the process after 2014. This period is
characterized by global awareness of the level of de-
pletion of the natural potential of landscape resources
and the realization of the need for an immediate tran-
sition to extensive tillage technology. At the same time,
the level of integration of GIS-technologies remains
much lower than other elements of precision farming
technology, although progressive positive dynamics
characterize it.

Introduction of organic production on a large scale
in Kazakhstan is limited by the imperfect regulatory and
legal framework, the predominant share of exports, un-
derdevelopment of the domestic organic market, lim-
ited range of goods, low awareness of the population,
lack of investment in organic production. At the same
time, there is a significant potential in the industry,
which can be unlocked with the help of targeted inter-
national support and attract investment opportunities.
In the future, an important function is assigned to the
integral ecological assessment of soils for comprehen-
sive analysis of the situation and preventive protection
of cause-and-effect relationships in the ecosystem. At
the same time, a special role in the process should be
given to engineering and ecological research, which
takes into account that landscapes of this type are an
active area of exogenous geological processes.

Mapping for fixing the existing anthropogenic load
on degraded land resources should be singled out sep-
arately. Cartographic modelling using GIS-technologies
is one of the priority methodological bases for research
of degraded soils and assessment of their condition
(United Nations Development Programme, 2015; Unit-
ed Nations Convention to Combat Desertification, 2018;
European Commission, 2023). They demonstrate imme-
diate effectiveness in the context of ecological and
landscape monitoring data analysis, digital mapping,
forecasting and modelling of the dynamics of natu-
ral-anthropogenic systems.

Geoinformation technologies are currently very ac-
tively used in the Republic of Kazakhstan. Most of the

projects based on geoinformation systems, which use
ESRI software, have already become a standard used
in many state enterprises and departments. GIS-tech-
nologies are maximally adapted to work in a dynamic
geographical environment, and therefore it is expedi-
ent to use them for solving problems of ensuring en-
vironmental safety and sustainable development of
territories with the help of spatially distributed arrays
of reliable data (Skydan et al., 2021). On the basis of
GIS-technologies, the direction of operative mapping in
real-time dimension is created, which forms the possi-
bility of operative influence on the process in case of
necessity, as well as an inventory of objects, monitoring
of their dynamics, and prognostic analytics.

GIS-technologies actualize the possibilities of pre-
serving degraded lands through ecological and land-
scape management, in particular through buffering
(Fedoniuk et al., 2024). Modern GIS tools allow buffer
zones to be formed automatically,and they can be built
around objects of any type. Also, a popular aspect of
land management is the implementation of network
analysis, which is carried out in order to determine the
three-dimensional modelling of spatial tasks. Precision
farming has a significant resource potential and the
prospect of large-scale integration on the territory of
Kazakhstan. At the same time, farms, as a small form
of entrepreneurship, have a number of advantages in
comparison with large agrarian enterprises of agricul-
tural production, in the context of the implementation
of precision farming systems: economical logistics,
ease of integration into the market environment, in-
creased level of adaptability due to the small scale of
production, quick reaction to the dynamics of market
conditions. At the same time, in Kazakhstan, the seg-
ment of farms needs optimization of the legislative
and regulatory-methodological basis for development,
as well as stimulation of their competitiveness and
profitability by the state.

The ecosystem approach ensures the balance of
individual ecosystem components among themselves
and with the anthropogenic component (de Janvry &
Sadoulet, 2020). Integrated land use in the condition of
land degradation will effectively address such strate-
gic objectives as optimization of nature management,
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improvement of soil sustainability, prompt response to
risks and threats, and quality informative monitoring.
Thus, the modern methodology of rational use under
conditions of land degradation in Kazakhstan should
combine vectors of innovative optimization of agricul-
tural activity, protection of land from destruction, its re-
generation, as well as technological modernization of
the agricultural sector, which in synergy can provide fa-
vourable conditions for the most effective development
of sustainable agriculture in Kazakhstan.

DISCUSSION

Increasing the level of ecological sustainability of farm-
ing systems in conditions of land degradation is based
on the need to integrate precision and organic agrarian
production systems to minimize destructive processes.
Most modern scientists working in the interdisciplinary
field are convinced of this. Scientific research confirms
the fact of destructive influence of long-term extensive
use of land resources. Scientists |. Cisternas et al. (2020)
are convinced that the modernization of land use is a
gradual transition from traditional economic methods
to innovative technological methods, while it should
correspond to the priorities of the green economy. The
position of scientists reflects the main scientific idea of
the current study. In the context of the Almaty region,
the level of modernization of economic processes of
land use depends on the efficiency of practical imple-
mentation of innovative research and development and
foreign experience.

Modernisation of degraded land use, according to
the research of X. Yang et al. (2021), is represented by
typical modes of development of intelligent agricul-
ture: precision farming, objective farming and order
farming. The authors then derive several underlying
technologies and programmes from the above regimes,
including blockchain-based solutions for data integrity,
cryptography and key management, authentication and
access control, physical countermeasures and intrusion
detection systems, and privacy preservation. It is worth
paying attention to the associated cybersecurity risks,
because the strategy of digitalization of management
processes proposed by the authors will potentially be
accompanied by many threats to information security,
on which the efficiency of alternative farming depends.
Precision farming forms a direction for the develop-
ment of alternative systems of gentle farming in de-
graded areas, which has a particularly promising poten-
tial for the Almaty region, given the level of destruction
of local ecosystems (Bragina et al., 2018).

C. Gras and D.M. Caceres (2020) argue that the
long-term results of precision agriculture are lo-
cal regeneration of degraded soils, preventive pro-
tection from salinization and erosion processes.
The authors analyse the algorithm of influence
of modern technological innovations on the lev-
el of sustainability of farming. At the same time, it is
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possible to discuss with the authors about the expe-
diency of the priority of economic benefit in the con-
text of Almaty region as a representative region of
Kazakhstan,becausetheproposeddialecticpositionsthe
mediating role of technological innovations to achieve
high levels of crop yields and expanding the reach of
capital over insufficient and non-capitalised nature.

The results of the review of the scholar R. Pravalie
(2021) showed that there are currently about twenty
ways of land degradation. The most common and de-
structive among them, the author singles out aridity,
erosion phenomena, salinization, and acidification of
soil, soil compaction, land pollution and biological in-
vasion, soil subsidence, landslides, and others. The re-
search results of H. Xie et al. (2020) demonstrate the
evolutionary ways of dynamic monitoring of land degra-
dation, reveal the potential of ecological management.
The article concludes that the directions of prospective
degradation research should summarize the process,
mechanisms, and consequences of destructive impact,
the application of new technologies, new methods for
monitoring land degradation, improving the recon-
struction strategy of degraded land, multidisciplinary
integrated system research, building a policy guaran-
tee system for the reconstruction of degraded land and
strengthening land resources engineering research. In
the concept proposed by the authors, from the point of
view of possibilities of its implementation in the region
of Almaty oblast, it is worth adding the possibilities of
levelling the negative effects on land resources by in-
troducing protective buffer zones, introducing restric-
tions on the use of heavy agricultural machinery.

S.Mahata and V.N. Sharma (2021) draw attention to
the need to implement closed-cycle technologies that
minimize the negative impact on the environment. The
authors point out the main factors of land degradation,
emphasizing on the extent and severity of the process.
They also propose innovative methods for assessing
landscape and soil conditions. It is worth discussing
with scientists about the expediency of using a unified
assessment system. Priority should belong to a differ-
entiated methodology that takes into account many re-
gional and local factors of land condition. Precision ag-
riculture contributes to food security. This is convinced
in the studies by scientists L. Olsson et al. (2019). Ac-
cording to the authors, large-scale use of digital maps
and GIS technologies allows for preventive protection
of land from degradation, which will increase the ef-
ficiency of agricultural production. The creation of an
interactive map of degraded lands in the Almaty region
will allow for the most effective coordination of efforts
to optimize the land use system.

A.Hossain et al. (2020) offer potential solutions to
reduce soil degradation through understanding inte-
grated land management practices. The study contains
relevant information on the account of agricultural de-
velopment, topography, economics and environmental




management. It should be emphasized that the pro-
posals of the scientists are foreseen to be feasible for
practical use in the Almaty Oblast of Kazakhstan only
if the appropriate policy framework is provided in the
Republic to mitigate agricultural land degradation. In
the studies of K. Hermans and R. McLeman (2021), the
authors analyse the scheme of organic production, ar-
guing the need for intensive investment in precision
and organic farming systems. It is evident that it is re-
newability that is positioned as the main development
of sustainable landscapes, ensuring soil regeneration.

R.Pravalie et al. (2021) argue that precision organ-
ic farming ensures the balance of the socio-econom-
ic system, positively influencing the natural resource
potential of land use. Analysing the findings of scien-
tists, it is necessary to focus on the existing potential
in Kazakhstan to attract international mechanisms of
interaction and targeted investments in the field of
agro-ecological projects. Potential long-term benefits
of such a development strategy in the context of the
Almaty Oblast include increased economic efficiency
of the industry and improved environmental parame-
ters, including agro-ecological landscapes. The reali-
sation of such a goal anticipates the expansion of the
functionality of the management paradigm in the ag-
ricultural sector, taking into account the digital trans-
formation of economic processes. This is convinced
by W. Shao et al. (2024), also drawing attention to the
need to implement an effective monitoring system in
the land use sector.

Summarising the research results and conclu-
sions of modern scientists, it is necessary to indicate
the main preconditions for improving the methods
of rational use in the conditions of land degradation
in the Almaty region, Karasai district. Among them:
prevention of soil erosion due to ploughing or place-
ment and cultivation of crops on slopes; avoiding soil
compaction due to the use of heavy machinery; pre-
vention of soil pollution and chemical poisoning, un-
controlled use of protection products and fertilisers
that can change soil pH; maintenance of soil water
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CONCLUSIONS

The analysis of existing approaches to rational land use
in conditions of land degradation shows that the most
effective strategy requires a synergy of efforts aimed at
increasing the level of functionality of land resources
and the ability to regenerate. It is advisable to realize
these objectives by optimising management policies.
The transformation of land use systems should take
place in close interrelation with the technological and
organisational-technical optimisation of the main pro-
duction processes in the direction of the renewability
of natural resources. Innovative approaches to land use
have the potential to increase the level of efficiency of
the agrarian sector, and improve the condition of the
local and regional landscape. The concept of improv-
ing the state of degraded lands should be based on
the synergy of economic efficiency and environmen-
tal safety, with the mandatory introduction of modern
innovative technological approaches, and information
technology for monitoring, diagnostics and forecasting.

Realisation of tasks of sustainable management of
landscape complexes in an innovative context implies
the use of information monitoring technology, which
anticipates diagnosis, genesis and forecasting of the
state of the studied ecosystems. Such measures imply
programmes for the restoration of ecological functions
of natural landscapes, which is an integral part of sus-
tainable development programmes. The study is limited
by the possibilities of experimental verification of the
obtained results in real socio-economic conditions of
development of the Almaty region of Kazakhstan. Un-
questioning compliance with the requirements in terms
of the maximum load on land resources, bringing the
existing norms in organic production to the standards
of developed countries, the application of a closed
cycle of resource use contributes to the optimization
of soil conditions in the Karasai district of the Almaty
region. The possibilities of wide implementation of
geoinformation technologies, satellite navigation de-
vices and electronic mapping require further research.
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AHoTauia. JocnipkeHHs Oyno cnpsamMoBaHe Ha igeHTMGIKauilo MoTeHuiany Cy4acHMX METOAIB paLioHaNbHOro
3eMneKopucTyBaHHa B KapacaliCbkoMy paioHi AnMaTuHCbKOi obnacti KasaxcraHy 3 origgy Ha iX iHTEHCUBHY
nerpapauito. Metogonoria [OCNigXeHHS MpeacTaBfeHa METOAAaMM CTAaTUCTUUYHOIO CMOCTEPEXEHHS, MOPIBHSAHHS,
QHANITUYHO-CTPYKTYPHOrO rpynyBaHHS Ta MNPOrHo3yBaHHA. [poaHanizoBaHO mnpiopuTeTHI Wini MopepHizauii
CinbCcbkoro rocnogapctea Pecnybniku B TexHonoriyHOMy acnekTi. BcTtaHoBMeHO, WO iHHOBaUiWHI MmigxoaM OO
3eM1IeKOPUCTYBAHHSA BOSIOAIHOTb NOTEHLLIANIOM NiABULLEHHS PiBHA eheKTUBHOCTI arpapHOi ranysi, NoninwWeHHs CTaHy
NOKANbHOIO Ta PerioHanbHOro NaHawadTy. Po3pobneHo KOHLENLIio NOMIMNWeHHS CTaHy LerpagoBaHMX 3eMefb, WO
BKJIOYAE CUCTEMY YNPABAiIHCbKMX 3aX0A,iB i NPakTUUYHMX 3ax0AiB.[JoBeaeHo, L0 BOHA Ma€ ByTM 3aCHOBAHA HA CUHepTii
€KOHOMiYHOi edeKTMBHOCTI Ta ekonorivyHoi 6e3neku, 3 060B'I3KOBMM BMPOBALXKEHHAM CyYaCHWX IHHOBALIMHMX
TEXHONOTrIYHMX Niaxoais. BuUsHaueHo edeKTUBHICTb METOAIB paLioHaNbHOrO BUKOPUCTAHHSA AerpafoBaHUX 3eMenb
SK [Ii€EBOro iHCTPYMEHTY Ans TpaHcdopmaLii arpapHoi ranysi. 3anponoHOBaHO iHTeHCUdiKyBaTU PO3BUTOK ranysi
OpraHi4yHOro CiNbCbKOrOCNOAAPCHKOr0 BUPODOHULTBA, IKE NO3MLIOHYETbCS K HaWbiNblW WwaaHe AN AerpagoBaHmX
nanpwadTis.[loBeneHo,Wwo peanisauig 3aBaaHb CTaNoro ynpasaiHHA NaHAWAbGTHUMM KOMNAEKCaMM B iIHHOBALLIMHOMY
KOHTEKCTi Ma€ Ha yBa3i BUKOPUCTAHHS iHPOpMaLLiHOT TEXHONOTiT MOHITOPUHTY, WO NepeadayvaE AiarHOCTUKY, reHesy
Ta MPOrHO3YyBaHHS CTAaHY eKOCUCTEM, L0 BMBYAOTbCS. Taki 3axoAu AaAyTb MOXIMBICTb po3pobnstu mporpamu
BIAHOB/IEHHS €KONOoriYHmMx GbyHKUin NpupoaHnX naHawadTie, WO € HEBIA'EMHOK YAaCTMHOK Mporpam CTanoro
po3BMTKY. AKTyani3oBaHO CUTyaLil0 B KOHTEKCTi ekonorisauii 3emMnekopuctyBaHHa B KasaxcTaHi, CnporHo30BaHo
noAanblly OecTpyKLil0 eKOCMCTEM arpapHux NaHAwadTiB y pa3i BUKOPUCTAHHS arpecMBHUX MeTOAiB 0O6pobiTKy
rpyHTy. OBrpyHTOBaHO HeOOXiAHICTb YNPOBaAXeHHS BAOCKOHANEHMX METOAIB PaLioHaNbHOrO BMKOPUCTAHHS
3eMefb, OKpecneHo cneumdiky BNPOBALXKEHHS OpPraHiuyHMX i BioNOriYHMX TEXHONMOTIM CiNbCbKOrOCNOAaPCbKOro
BMPOOHMLTBA, i3 3a3HAYEHHAM AOTUYHUX PU3MKIB | BUKIUKIB B €KOHOMIYHMX peanisx Kasaxcrany. Y gocnigpkeHHi
0OrpyHTOBAHO, WO 33aCTOCYBAHHS iHTEFPOBAHOrO YMNpaBiiHHA Ta €KOCMCTEMHOrO MiAXOA4Y MalTb CUHEPreTUYHMIMA
noTeHLian 3abe3neyeHHs paLioHaNbHOrO BUKOPUCTAHHS 3eMenb ANMaTUHCbKOT 06nacTi, Kapacaicbkoro paioHy B
yMOBax ixXHbOi Aerpagadii

KniouoBi cnoBa: 3eMnepobcTBO; CTanuii po3BUTOK; MOAEPHI3aLlis; iIHTeHCUIiKaLig; opraHiuyHe BUPOOHULTBO
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the region’s performance and the determinants of competitiveness across 11 key export products were analysed.
These products include fruits such as blueberries, avocados, and grapes, as well as vegetables such as asparagus
and piquillo peppers. The analysis revealed strong ECAs for fruits and vegetables, with values ranging from 1.56 to
7.08,and a promising specialisation in cane sugar (RCA of 1.28). The findings indicate that most of these products
possess strong to moderate comparative advantages in international markets, with products like blueberries and
avocados leading in competitiveness. However, certain challenges remain, including the need for strategic business
management and technological innovation to maintain and improve the sector’s competitiveness. The study
underscores the importance of continuous monitoring and adaptation to ensure the sustainability and growth of
Peru’s agro-export sector. These findings offer valuable insights for policymakers and regional planners seeking to

enhance La Libertad’s agricultural export potential

Keywords: Porter’s Diamond; fruits and vegetables; revealed comparative advantages

INTRODUCTION
The competitiveness of agricultural exports is a key fac-
tor in a country’s economic development. The agro-ex-
port sector, particularly in regions with fertile land and
favourable climates, is essential in generating econom-
ic income and creating employment opportunities. At
the regional level, understanding competitive advan-
tages is crucial for ensuring the long-term sustainabil-
ity of the agricultural industry, as agricultural exports
are often seen as a catalyst for economic progress, par-
ticularly in developing countries, where they can con-
tribute to poverty reduction, food security, and sustain-
able development. This research is highly relevant as it
sheds light on the competitiveness of the agro-export
sector in the La Libertad region of Peru, a significant
hub for non-traditional exports. Evaluating regional
performance can provide policymakers with insights to
enhance competitiveness, address market challenges,
and drive economic growth. Several researchers have
studied the dynamics of agricultural exports. M. Ba-
bacan (2018) noted that international trade not only
fosters economic growth but also enhances innovation
and productivity within the business sector. Moreover,
it strengthens competitiveness, a key driver for long-
term development. ). Salas-Canales (2020) analysed the
growth of Peru’s agricultural exports, identifying a sub-
stantial increase in non-traditional exports. The author
highlighted that exports of products such as blueber-
ries, grapes, and avocados grew exponentially, with irri-
gation projects and trade agreements being significant
contributors to this growth. A deeper look into Peruvian
agriculture is provided by D.A. Escalante et al. (2023),
who assert that between 2000 and 2019, exports of
blueberries, grapes, avocados, and asparagus soared
due to increased investments in agricultural technol-
ogies and infrastructure. This boost in productivity al-
lowed Peru to surpass countries like Chile, the United
States,and Mexico in the export of key products such as
blueberries and avocados. The impressive performance
of the agro-export sector has placed Peru among the
world’s leading exporters of high-value crops. These
achievements are further enhanced by Peru’s abili-
ty to meet international quality standards, which has
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allowed it to access competitive global markets and en-
sure the success of its agricultural exports.
Additionally, the determinants of competitiveness
in agriculture have been widely explained through Por-
ter’s Diamond Model, which has been recognised as a
critical framework. According to PH. Tsai et al. (2023)
and P. Grden and A.Jakubczyk (2023), this model exam-
ines the factors that contribute to a country’s or region’s
ability to compete in agriculture, highlighting four key
determinants: factor conditions (labour, capital, infra-
structure, and natural resources), demand conditions
(including consumer preferences for agricultural prod-
ucts and market size), related and supporting industries
(such as agricultural suppliers, machinery, and logis-
tics), and firm strategy, structure, and rivalry (encom-
passing farm management practices and competition
among agricultural producers). Government policies,
investments in rural infrastructure, and the adoption
of technological innovations are identified as pivotal
factors influencing the agricultural sector’s competi-
tiveness both regionally and globally. In the research of
G.Harya et al. (2023), this model emphasised the notion
of competitive advantage from dynamic capabilities
and the expectation of improving industry performance
at the regional level, demonstrating the importance of
policy frameworks and technological innovations. Its
findings underscore the role of effective government in
influencing the factors that create an enabling environ-
ment for agricultural innovation and competitiveness.
Given the significant role that agriculture plays in
Peru’s economy and the rapidly evolving global mar-
ket, it is imperative to assess the comparative advan-
tages of the La Libertad region’s agricultural exports.
This research aimed to evaluate the international com-
petitiveness of the agro-export sector in La Libertad,
with a focus on fruits and vegetables. By calculating
the Revealed Comparative Advantage (RCA), Export
Comparative Advantage (ECA), and Import Comparative
Advantage (ICA) indices, this study seeks to identify the
region’s strengths and key determinants of competi-
tiveness using Porter’s Diamond framework. Additional-
ly, this analysis will offer valuable insights into how La




Libertad can continue to enhance its competitive posi-
tion in global markets, ensuring the sustainability and
growth of its agro-export sector.

MATERIALS AND METHODS

Calculation of the Revealed Comparative Advantage
Index to measure the competitiveness of agricultural
export goods. To calculate the comparative advantage
index for agro-exportable goods, a modified version of
T.Vollrath’s (1991) approach was used. This version im-
proves upon the original Balassa formula by avoiding
double counting between country pairs, reducing the
asymmetry between export and import values through
the application of the natural logarithm (ln), and in-
cluding imports in the original formula (Laursen, 1998).
It is expressed through equations (1 to 3):

RCA,=ECA,-ICA., (1)
ECA, =10 (X/X /X /X,), @
ICA =Iln (M /M )/M /M), (3)

where RCA stands for Revealed Comparative Advantage,
ECA represents Export Comparative Advantage, and /CA
denotes Import Comparative Advantage. In these for-
mulas, X and M refer to exports and imports, respective-
ly. The subscript i refers to the country or region being
analysed, a corresponds to the specific product under
study, r indicates a group of countries or the rest of the
world,and n represents the total goods, excluding prod-
uct a. To evaluate the comparative advantages of the
selected products within the fruit and vegetables cate-
gory, equation (2) for ECA was used, focusing solely on
export values, as Peru does not import these products.
Conversely, for the analysis of sugar, which is both ex-
ported and imported, equation (1) for RCA was applied.

Interpretation of possible ECA and RCA index values.
The interpretation of the value resulting from equation
(2): a value greater than 1 indicates a comparative ad-
vantage, suggesting specialisation, while a value less
than 1 indicates a comparative disadvantage, suggest-
ing importation. Regarding the result of equation (1),
the RCA can be positive or negative, depending on the
ECA and ICA indices. If the value is positive, it indicates
that the country has a comparative advantage in the
given product, a strong export sector, and greater com-
petitiveness; that is, the higher the value of the index,
the greater the competitiveness and, consequently, the
participation of that product in international trade (Vol-
lrath, 1991). If the RCA index is less than 1, it indicates
a comparative disadvantage in the product, with the
country having a weak export sector and low competi-
tiveness, making importation more favourable. A posi-
tive RCA indicates that the country or region has good
competitive performance in the foreign market; if neg-
ative, it implies a comparative disadvantage in exports
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(the product should not be exported). If the ICA is posi-
tive,imports have a comparative advantage (it is advan-
tageous to import), whereas if negative, it shows that
imports cannot compete in the domestic market due to
low demand or the existence of factors (such as trade
barriers) that limit or prevent their internal marketing.
A combination of these indices may be found in the re-
sults: ECA>0and ICA<O with RCA>0; ECA>0and ICA>0
with RCA20; ECA<0 and ICA<0 with RCA<0 and finally
ECA<0 and ICA>0 with RCA< O (the last two scenarios
are undesirable for the country under consideration).

Interpretation of possible ECA values. M.E. Pé-
rez-Romero et al. (2022), based on J. Hinloopen and
C. Marrevijk (2004), classified the ECA values by ranges
and interpreted them as follows: 0 S ECA< 1: no com-
parative advantages. 1 < ECA < 2: weak comparative ad-
vantage. 2 < ECA<4: moderate comparative advantage,
ECA>4: strong comparative advantage. To measure the
competitiveness of the region’s agro-export sector us-
ing revealed comparative advantage indices, the fol-
lowing information was considered: export and import
values of selected agricultural products from the total
merchandise of La Libertad and the rest of the world,
in nominal US$ FOB, sourced from the Central Reserve
Bank of Peru (CRBP) (2022) and TradeMap (n.d.).

Products under evaluation in the study and assess-
ment sequence. A sample of 11 export products from
the region was selected, comprising vegetables (as-
paragus, artichokes, piquillo peppers, and paprika pep-
pers), fruits (blueberries, avocados, grapes, mangoes,
watermelons, and mandarins), and sugar cane deriv-
atives (sugar for domestic consumption or industrial
use). The ECA index was calculated separately for fruit
and vegetables, as these products are only exported.
The RCA index was then applied to sugar, followed by
the respective index for each category that groups the
products (fruit and vegetables). The analysis period
spanned 12 years, from 2011 to 2023. To determine
the export comparative advantage indices for each
product for the period 2011-2023, the averages of the
annual ECA values were used. The Import Comparative
Advantage index for sugar was estimated using FOB
import values over the same period. Measures of com-
petitiveness based on trade flows assume the exist-
ence of free trade and do not account for distortions
caused by trade barriers, exchange rate policies, tariffs,
subsidies, or variations in demand due to changing
consumption patterns. While the comparative advan-
tage indices provide static results, competitiveness
evolves over time, meaning it is dynamic.

RESULTS AND DISCUSSION

ECA index for fresh fruit. The ECA indices for the prod-
ucts during the period 2011-2023 show values classi-
fied, according to M. Pérez-Romero et al. (2022), within
the ranges of weak comparative advantage (watermel-
on: 1.29), moderate comparative advantage (mandarin:
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2.57,grape: 2.79,and mango: 3.54), and strong compar-
ative advantage (avocado: 5.40 and blueberry: 6.18).
These values reflect their competitive performance in
exports and specialisation, which is advantageous due
to their significant presence in the external market,
except in one case (watermelon), which shows a weak
comparative advantage and limited participation in the
external market. However, its specialisation would still
be justified by a value greater than 1. The results of

the competitiveness measurements using the ECA in-
dices are presented in Table 1. Blueberries, mandarins,
grapes, avocados, and mangoes displayed an upward
trend in competitiveness over the period. In the case of
mandarins, the trend was downward until 2016, when it
reached its lowest point, after which it increased stead-
ily. Watermelon, however, showed a decline in its export
competitiveness index and a reduction in its market
share, with only one buyer: Chile.

Table 1. ECA of fresh fruits

Fruits ECA
Blueberry 6.18
Avocado 5.40

Mango 3.54

Grape 2.79
Mandarin 2.57

Watermelon 1.29

Source: compiled by the authors based on Trade Map (n.d.)

The high competitive performance demonstrated
by the ECA indices for blueberries and avocados, par-
ticularly the Hass and Fuerte varieties, reflects the dy-
namic and sustained growth of exports. This growth is
attributed to their high profitability and increasing in-
terest in the foreign market due to their nutraceutical
properties, which are beneficial to human health, posi-
tioning them in important markets such as the United
States and the Netherlands. Recently, exports have also
been made to China, Belgium, Singapore, and Russia
(Trade Map, n.d.). The growing global demand for blue-
berries and avocados, particularly from the US and Eu-
rope, has led national growers to dedicate more land to
these crops, improve yields, and develop new varieties
to meet consumer demand. According to the Fresh Fruit
Report (2021), commercial intelligence analyses sug-
gest there are large potential markets for these prod-
ucts, such as China and Japan. The area planted with
grapes is relatively small,and the increase in acreage is
moderate; however, yields in the r egion are very close
to those of the main grape producers in the country (Ica
and Piura). There is considerable potential for increas-
ing grape production and productivity, as the region
possesses the right soil and climate conditions for the
successful development of the crop.

The provinces of Gran Chimu and Chepén concen-
trate most of the region’s grape production, followed
by Virt and Ascope. In terms of mandarins, the region’s
exports have gained momentum since 2016 (Fig. 1).
The ECA index for this product increased significantly
during the period 2016-2020, reaching +0.41 (Table 1),
due to the rise in citrus exports, meeting the growing
demand from the United States, the main importer, as
well as from the United Kingdom, the Netherlands, Can-
ada, and China. It is important to note that, according to
V. Ballena (2019), the La Libertad region has increased
citrus production and exports; however, its share of the
national mandarin market remains low. This may be at-
tributed to the climatic conditions of the northern Peru-
vian coast, characterised by high temperatures and hu-
midity (Caceres Candia et al.,, 2021). Consequently, citrus
fruits are susceptible to pests and diseases throughout
their growth cycle, which adversely affects their pro-
ductivity. Globally, Cyprus leads in yields per hectare
with 50 tonnes, and China is the largest exporter.

Regarding vegetables (Table 2), asparagus (7.11),
paprika peppers (5.71), and piquillo peppers (4.05)
stand out, as they present ECA values greater than 4,
indicating a strong comparative advantage. Artichokes
(1.80) exhibit a weak comparative advantage.

Table 2. ECA of fresh vegetables

Vegetables ECA
Asparagus 711
Paprika peppers 571
Piquillo peppers 4.05
Artichoke 1.80

Source: compiled by the authors based on Trade Map (n.d.)

Scientific Horizons, 2024, Vol. 27, No. 9




10

[e)}

N

N

ECA of blueberries

o

-001

-2
2010 2015 2020

1a. ECA of blueberries 2011-2023

2025

ECA of mangos

2015 2020 2025

1c. ECA of mangos 2011-2023

=
(%}

)

ECA of mandarins

0 0.24
2010 2015

2020
1e. ECA of mandarins 2011-2023

2025

Soriano-Colchado et al.

£,
S 4.14
o
3
G
<t
Q2
1
0
2010 2015 2020 2025
1b. ECA of avocados 2011-2023
5
4 3.84
" 3.03
8 3 258 324 319
=)
G 2
<
e 1.57
1 .
0
2010 2015 2020 2025
1d. ECA of grapes 2011-2023
3
2.63
2,5
w 2
cC
k=)
g 15
3]
®
z 1
G
<
905
0
2010 2015 2020 2025

1f. ECA of watermelons 2011-2023

Figure 1. ECA indices of fruits

Source: compiled by the authors

For asparagus, a key product for the region and the
country, competitiveness increased throughout the peri-
od 2011-2023. It is worth noting that if the evolution of
asparagus competitiveness is divided into two periods,
there was a decline from 2013 to 2017, which coincides

withthe boom in blueberry production and exports (2013-
2014), which partially displaced asparagus cultivation.
However,since 2018,Peru—and La Libertad in particular -
has repositioned itself in the global asparagus market,
resulting in increasing competitiveness indices (Fig. 2).
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Asparagus was one of the first non-traditional for-
eign products to be adapted in the region, positioning
itself in the United States (USA), followed by the United
Kingdom, the Netherlands, Spain, Canada, and others.
Its quality and good taste have enabled its exports to
increase rapidly. High yields have consolidated Peru
as one of the world’s leading suppliers of asparagus,
along with China and Mexico. The artichoke has a weak
comparative advantage (ECA of 1.80),although it has an
important presence in the international market, with a
stagnant competitiveness trend in the last years of the
period from 2018 to 2023 (Fig. 3). It is mainly exported
in canned form or as whole pieces, with the main buy-
ers being the United States, Spain, and France.

Of the Capsicum genus, the piquillo pepper has had
a mixed performance, with a decline in exports and re-
strictions on access to markets due to post-harvest con-
tamination. However, the ECA index indicates its high
competitiveness and the trend shows an increase over
time. It is exported preserved and dried as a powder. For
paprika pepper, competitiveness gas decreased over
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the period from 2012 to 2023 (Fig. 4). The product is
exported preserved and ground. The main destinations
are the USA, Mexico, Spain, Germany, and France.
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The RCA (Revealed Comparative Advantage) in-
dex for sugar was obtained by taking the difference
between the ECA (Export Comparative Advantage)
and ICA (Import Comparative Advantage) indices to
determine whether the product has a revealed com-
parative advantage. Statistical information on sugar
imports for the La Libertad region is not available,
and the authors worked with data at the national
level. This does not diminish the significance of the
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results, as a large part of Peru’s sugar production
comes from this region (Flores et al., 2022). Sugar
has a positive RCA of 1.27, with positive ECA > ICA
values, indicating a moderate comparative advan-
tage of its exports; both are positive, meaning that
the country’s imports are important in internal trade.
The trend of the ECA is increasing while that of the
ICA is decreasing, although both exhibit fluctuations
(Table 3, Fig. 5).

Table 3. ECA and ICA of sugar

Product ECA

ICA RCA

Sugar 2.44

1.17 1.27

Source: compiled by the authors based on Trade Map (n.d.)

4
3,5
3
s 2,5
(@)]
=}
o 2
o
S 15
[N}
1
0,5
0
2010 2015 2020 2025
5a. ECA of sugar 2011-2023
5
4
3
©
g 2
21
=
0
) -0.87
-2
2010 2012 2014 2016

25
g 15
2
kS
S 1
0,5
0.28
0
2010 2015 2020 2025

5b. ICA of sugar 2011-2023

2022

2018 2020 2024

5c. RCA of sugar 2011-2023

Figure 5. ECA, ICA, and RCA of sugar (2011-2023)

Source: compiled by the authors

Export Comparative Advantage (ECA) of prod-
ucts by category. Figure 6 analyses the products by
category: fruits and vegetables. In the period 2011-
023, La Libertad showed an increasing competitive
performance in fruits but was more stable in vege-
tables. From 2012 to 2016, vegetable exports domi-
nated fruit exports; however, since 2019, fruits have

overtaken vegetables. This performance is explained
by the expansion of blueberry production and ex-
ports led by La Libertad, alongside higher exports of
avocados, grapes, and mangoes, which significantly
increased overall fruit exports. International trade
in fresh fruits and vegetables has become increas-
ingly consolidated in recent decades in developed
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countries due to sustained growth in consumption,
which is attributed to changes in dietary preferenc-
es for health and aesthetics. In fresh fruit, exports
grew significantly, especially of avocados, grapes,
mangoes, mandarins, and blueberries, to the Unit-
ed States, the Netherlands, Spain, Chile, the United

5.00
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g 400
o 350
(0]
> 300
©
S 250
£ 200
>
£ 150
2100
)
D 050

Kingdom, Hong Kong, South Korea, China, Canada,
Russia, and others (Duarte, 2019). For vegetables,
the leading products were asparagus and paprika. As
with fruits, the United States led the ranking in veg-
etables, followed by Spain, the Netherlands, France,
and the United Kingdom, among others.

W Average Fruits

Average vegetables

- 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 6. Fruits and vegetables ECA evolution 2011-2023

Source: compiled by the authors

Competitiveness is then addressed in terms of
the specialisation and productivity of the region and
the country.

International Competitiveness, Specialisation,
and Productivity. In La Libertad, the products with
a strong comparative advantage discussed in the

previous section - fruits (blueberries, avocados),
vegetables (asparagus), and sugar cane - exhibit
higher productivity than both Peru and several lead-
ing countries in the world. This is reflected in the
position of Peru and La Libertad in the export rank-
ing (Table 4).

Table 4. Export ranking of the main crops

Crop Peru/ world La Libertad/Peru (%) The three most important exporting countries
Canned asparagus 2° 43.2 China (50%); Peru (36%); Netherlands (6%)
Fresh asparagus 2° n.d. Mexico (34%); Peru (30%); USA (11%)
Avocados 3° 31.6 Mexico (50%); Netherlands (11%); Peru (10%)
Canned artichokes 2° 14.0 China (41%); Peru (7%); Netherlands (6%)
Fresh blueberries 2° 54.0 Chile (19%); Peru (15%); Spain (13%)
Fresh grapes 6° 4.11 Chile (14%); USA (12%); Italy (9%)
Fresh mangoes 6° 1.20 Mexico (15%); Vietnam (12%); Netherlands (11%)
Paprika pepper 6° 0,0 China (39%); India (18%); Spain (18%)
Fresh watermelon 38° 52.6 Spain (22%); Mexico (15%); Iran (9%)
Sugar cane derivatives 62° 48.4 Brazil (16%); Thailand (10%); France (9%)

Source: compiled by the authors based on Trade Map (n.d.)

A region with high productivity is likely to be highly
competitive due to its lower unit costs. This is clear-
ly the case in La Libertad; if factor specialisation is
added to the production of these goods, international
competitiveness will be guaranteed. The methodolo-
gy employed to estimate the competitiveness indices
(ECA, ICA, RCA) is similar to that used by M. Anderson et
al. (2021), who determined the revealed competitive-
ness of Peru and South America in the production of
rice and potatoes. J. Heredia and J. Huarachi (2009)
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evaluated the RCA for the Lambayeque region of Peru,
using a larger sample of agro-industrial products and
the index values for competitive products were of a
higher magnitude than those obtained in this research
for La Libertad.

Determinants of the competitiveness of the region’s
agro-exports. Once the competitiveness of La Liber-
tad has been measured, it is also necessary to identify
the factors that have enabled this success, as well as
those that have constrained it. A descriptive analysis is




conducted of the main components that have facil-
itated the export of products which have established
themselves in the international market, using the
qualitative model (Inga-Avila, 2022) known as Porter’s
Diamond. This considers: 1) factor conditions, 2) de-
mand conditions, 3) related industries, and 4) the struc-
ture and rivalry within the industries - attributes that
constitute the system referred to by Porter (1991) as
the “Diamond”. Two additional variables complete the
framework of the analysis: government influence and
random or causal events. The competitiveness of the
export sector depends significantly on the quality of
logistics infrastructure and services (World Bank, 2016).
In La Libertad, there are deficiencies in road infrastruc-
ture and in the cargo capacity of ports and airports,
which do not meet the demands of exporters. Moreo-
ver, there is a shortage of skilled workers in the digital
technologies necessary to compete successfully with
foreign companies. The paralysis of the third phase of
the Chavimochic irrigation project is hindering the in-
corporation of 20,000 new hectares of crops and the
enhancement of irrigation for the 50,000 hectares al-
ready under cultivation (SPCH, 2023). If these factors
were strengthened, the productivity potential of the La
Libertad region would be greater, and its competitive-
ness would be sustainable over time.

In summary, the analysis of the ECA indices from
2011 to 2023 reveals that La Libertad’s agricultural
exports exhibit notable competitive advantages. Both
blueberries and avocados stand out with high ECA val-
ues, reflecting strong international competitiveness.
Vegetables such as asparagus and paprika also demon-
strate robust advantages, while watermelon and arti-
chokes have weaker comparative positions. The trend
analysis indicates that blueberries, avocados, grapes,
and mandarins have generally become more compet-
itive over the period, whereas mangoes, watermelons,
and certain vegetables have seen a decline. The RCA in-
dex for sugar indicates a moderate competitive stance,
with challenges in balancing exports and imports.
Despite these competitive strengths, La Libertad fac-
es significant obstacles, including infrastructure ineffi-
ciencies and logistical issues, which impact its overall
competitiveness. These findings underscore the region’s
potential and highlight areas where improvements are
necessary to sustain and enhance its agro-export sector.

The efficiency and simplicity of calculating the com-
petitiveness indices (ECA, ICA, and RCA) for La Libertad
in its agro-exports reflect the findings of S. Gariballa et
al. (2023), who obtained these indices for rice and pota-
toes from Peru and South America and found that they
were not competitive in these products. Likewise, the
competitiveness of Peruvian agricultural products was
also evaluated by D.A. Escalante et al. (2023), who com-
pared the competitiveness of blueberries, grapes, avo-
cados, coffee, and asparagus with products from other
Latin American countries during the period 2010-2019,
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analysing two categories: the degree of specialisation
and the degree of competitiveness using the competi-
tiveness matrix. They found a high degree of special-
isation in Peruvian blueberries, grapes, and avocados;
coffee and asparagus were the least competitive. Peru’s
competitive potential in blueberries was confirmed by
C.Aggio et al. (2022) through a case study on blueberry
producers in Argentina, which revealed that their strat-
egy, based on achieving high prices out of season, was
less efficient than that of Peruvian blueberry exporters.
The study agrees with the findings of J.C. Montes Nin-
aquispe et al. (2024) regarding the high competitive-
ness of Peru in blueberries.Regarding the importance of
institutional factors, the findings of the research on the
competitiveness of La Libertad align with those of H-
P. Feng et al. (2023), which indicated that membership
in the European Union (28 members) positively impact-
ed the economic development and competitiveness of
all Union members. In contrast, C.E. Ospina et al. (2023)
found that the Hass avocado system in Cauca improves
its competitiveness through technological support
driven by institutions and international cooperation,
which favours producers’ access to export markets.

In the specific case of rare earth industries, A. Thi-
beault et al. (2023) point out that competitiveness is the
fundamental framework for achieving the development
of any industry and highlight the role of government
in strengthening it, in line with Porter’s thinking: in-
formation, incentives, competitive pressures, access to
firms, institutions, infrastructure, knowledge resources,
and management skills contribute to increasing com-
petitiveness indicators. Each region has different com-
parative advantages due to climate, access to resources,
technology, innovation, agricultural practices, and other
factors. Competitiveness implies the efficiency of pro-
duction, logistics management, and factors external to
the firm, and it changes over time as it depends on the
internal and external conditions in which firms operate
(De & Singh, 2022).

C.E. Ospina et al. (2023) assess the avocado value
chain in Valle del Cauca (Colombia), taking into account
biophysical, social, economic, and technological factors.
They found that the Hass avocado system in Cauca is
heterogeneous and dispersed, with varying degrees of
modernisation and articulation with markets. Moreover,
technological progress is driven by institutions and in-
ternational cooperation, which promotes access to ex-
port markets for small and medium-sized producers. To
ensure the sustainability of an agro-export sector that
is well positioned in the world market, it is necessary
to understand its level of competitiveness, monitor its
performance over time, and reduce the obstacles that
hinder its improvement. J. Hancco (2022) found that
strategic business management significantly impacts
the competitiveness of 127 micro and small agro-ex-
port firms in Tacna, Peru. R. Ramos-Sandoval (2019)
points out that the small size of Peruvian agribusinesses
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could hinder their internationalisation by preventing
them from achieving economies of scale and adopting
technological innovations. On the other hand, recent
popular protests against agro-exporters, alleging wage
and labour productivity inequality in the sector (Castil-
lo, 2021), align with the issues identified 30 years ago
by M. Carter and D. Mesbah (1993), who found a link be-
tween agricultural export growth, land concentration,
and labour instability.

M. Mills-Novoa (2020) critically points out that
agricultural and water policies since 2009 have real-
located water to agro-export companies. It should be
noted that agro-export crops generate a growing water
footprint. In this context, X. Esteve-Llorens et al. (2022)
observe that Peru exploits abundant groundwater for
avocados and asparagus, but high-tech irrigation sys-
tems minimise water use, and low pesticide mobility
prevents the degradation of natural water bodies. To
alleviate the water deficit, desalination of seawater is a
strategy employed in Greece (Panagopoulos & Gianni-
ka, 2023; Harati et al,, 2023). This could provide more
water for agricultural irrigation, which could alleviate
the water shortage in many areas of Peru, such as La
Libertad. However, this could be further addressed
through irrigation projects, which, although expen-
sive, can be implemented over many years, as demon-
strated by the Chavimochic project (SPCH, 2023). The
Chavimochic project began in 1988 to harness the wa-
ters of the Santa River to meet the irrigation needs of
144,000 hectares in the Chao, Viru, Moche, and Chica-
ma valleys. After the completion of the first and sec-
ond phases, the irrigation of 28,000 hectares has been
improved, and 46,665 hectares will be included in the
Chao, Vird, and Moche valleys.

E. Roszko-Wéjtowicz and M. Grzelak (2020) used
macroeconomic variables to rank European Union (EU)
member states by competitiveness and found that
membership in the EU (28 members) had a positive
impact on economic development and competitiveness
in both the EU-13 (more developed) and the EU-15
(less developed) countries. Measuring competitive per-
formance using comparative advantage indices from
international trade is a practical way of determining
whether a country or region has comparative advantag-
es. P. Crupi et al. (2021) point out that competitiveness
is measured by taking into account prices, exchange
rates, production, financial, fiscal, and transport costs
using the Export Competitive Advantage (ECA), Import
Competitive Advantage (ICA),and Revealed Competitive
Advantage (RCA). Y. Bahta (2021) evaluated South Afri-
ca’s agri-food competitiveness with the RCA, the Lafay
Index (LI), the Export Diversification Index (EDI), the
Main Export Category (MEC), the Hirschman Index (HI),
and the influence of factors using regression analysis.
C. Aggio et al. (2022) used a case study of the blue-
berry agrosystem to assess Argentina’s competitiveness
in this product and found that its strategy, based on
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achieving high prices out of season, was less efficient
than that of blueberry exporters from Peru.Z. Tamar and
A. Lopez (2022) found that Mexico has RCA in 15 of the
37 major agricultural products of Mexico, the US, and
Canada, from the period 1990-2017, with per capita
income, total population, rural population, arable land,
and agricultural capital as significant factors. D.A. Es-
calante et al. (2023) compared the competitiveness
of the five main Peruvian products with similar prod-
ucts from other Latin American countries in the peri-
od 2010-2019, analysing two categories: the degree of
specialisation and the degree of competitiveness using
the competitiveness matrix. They found a high degree
of specialisation in Peruvian blueberries, grapes, and
avocados; coffee and asparagus were the least com-
petitive. J.C. Montes Ninaquispe et al. (2024) applied
a quantitative approach to evaluate the sustainability
and competitiveness of Peru’s blueberry exports. They
calculated the Herfindahl-Hirschman Index (HHI) and
the Balassa RCA index. They found very high growth in
the United States (115% annually) and robust growth in
the Netherlands and the United Kingdom. However, the
HHI showed great dependence on the United States.
The RCA indicated that Peru is competitive in blueber-
ries compared to the United States (values ranging from
0.09 to 0.55 during the study period). In summary, the
literature identifies competitive advantages for Peru in
Peruvian agricultural products, and this is confirmed by
the present work for the region of La Libertad, using a
simple and research-friendly methodology such as that
of revealed comparative advantages.

CONCLUSIONS

The competitiveness indicators show that La Libertad’s
agricultural exports have comparative advantages and
that specialisation is advantageous. The most competi-
tive fruits are blueberries and avocados, and in vegeta-
bles,the most competitive are asparagus, artichoke,and
paprika, which have the highest ECA indices. The least
competitive fruits are mango, tangerine, grape, and wa-
termelon, while for vegetables, the least competitive is
piquillo pepper. The evolution of the competitiveness
indices shows that blueberries, avocados, grapes, and
mandarins have become more competitive over the pe-
riod, while mangoes, watermelons and all vegetables
except piquillo peppers have become less competitive.
The RCA for sugar shows that it is weakly competitive,
with a positive net value very close to zero, indicating
that exports are moderately competitive but imports
are also competitive in the domestic market. The com-
petitiveness indices for exports and imports increase
over the period studied, although the competitiveness
of imports tends to increase faster than that of exports.
In general, La Libertad is competitive in the fruit and
vegetable trade because it has developed competitive
advantages based on regional comparative advantag-
es. However, there are still factors that affect business




logistics and increase the cost of products: the inef-
ficiency and lack of capacity of the regional port and
airport infrastructure, customs inefficiency, poor local
road infrastructure, a lack of skilled workers in digital
technologies, and the failure to complete the Chavimo-
chic Special Project, which would integrate agricultural
land and improve land irrigation.

Future research should delve into several impor-
tant areas. First, it should explore how the increased
competitiveness of La Libertad’s agro-exports has in-
fluenced the regional economy. Additionally, investigat-
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Libertad’s agro-exports and assessing the prospects for
broadening the sector will provide valuable insights.
Addressing these questions will be essential for refin-
ing strategies to boost competitiveness and tackle on-
going challenges in the agro-export sector.
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AHoTauif. 3pocTaHHA CBITOBOro MOMWMTY Ha BMCOKOBAPTICHI CiNbCbKOrOCNOAapCbKi MPOAYKTU MiAKpecntoe
HeobXiAHICTb PO3YMIHHS KOHKYPEHTOCMPOMOXHOCTI perioHanbHoOro ekcrnopty. Meta nonsrana B ToMmy, Wwo6
OLiHWTV NopiBHANbLHI NepeBaru La Libertad B ekcnopTi cinbcbKorocnogapcbkoi npoAykuii 3a nepiog 2011-2023
pokiB. BukopuctoBytoun iHaekcu BugaBneHoi nopiBHanbHoi nepesarn (RCA), nopiBHANbHOI nepeBarM ekcnopry
(ECA), nopiBHsnbHOi nepeBarn imnopty (ICA) i piamanTa lNopTepa, 6yno AOCNiAXEHO MOKAa3HWMKM perioHy Ta
[eTepMiHaHTU KOHKYPEHTOCNPOMOXHOCTI B 11 KNOUYOBUX €KCMOPTHUX MPOAYKTAX, BKAKOYAOUM TaKi GPYKTH, SK
4YOpHMULS, aBOKAA0, BUHOTPAL, i 0BOYIi, TaKi SIK cnapxa Ta nepeub Nikinbo. AHani3 nokasye cunbHi ECA ong dpykTis i
0BOUYiB,3i 3Ha4YEeHHAMM B Aiana3oHiBig 1,56 o 7,08, i xMTTE30aTHY Cnewiani3auito Ha TpocTMHHOMY Lykpi (RCA 1,28).
OTpuMaHi paHi nokasanu, Wwo 6inbWwicTb i3 LMX NPOAYKTIB MatoTb 3HAUYHI aB0 MOMipHi NOPiBHANbLHI NepeBaru Ha
MIXXHapOAHUX PUHKAX, TPUYOMY TaKi NPOAYKTU, IK HOPHULS Ta aBOKA0, € NiAePaMM 33 KOHKYPEHTOCMPOMOXKHICTHO.
OpHak neBHi NpobneMun 3anumlLaoTbes, 30KkpeMa notpeba B cTpaTeriyHOMy yrnpaBiHHi 6i3HECOM i TEXHONOTIYHMX
iHHOBaLiAX ANS NIATPUMKM Ta MNiABULLEHHS KOHKYPEHTOCMPOMOXHOCTI cekTopa. [JocnigkeHHs nigKkpecntoe
BAX/IMBICTb MOCTIMHOrO MOHITOPUHIY Ta afanTalii ans 3abe3neyeHHs CTIMKOCTI Ta 3pOCTaHHS arpoeKCnopTHOro
cektopy lepy, a pe3ynbTati NpOMNOHYIOTb LiHHY iHDOpMaLito AN NONITUKIB | perioHanbHUX NAaHyBaNbHUKIB 414
NiABULLEHHS €KCMOPTHOIO NOTEeHLiany CifbCbKorocnogapcbkoi npoaykuii Jla Jlibeptan

Kniouosi cnosa: giamaHT [MopTepa; GpyKTU Ta 0BOUI; BUAB/IEHI MOPIBHAIbHI NepeBaru
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products during wartime. The authors employed various general scientific and special methods and approaches,
including a systematic approach, abstract-logical and graphic methods, retrospective and comparative analysis,
correlation-regression analysis, and forecasting methods. A periodisation of the export logistical transformation
due to the war was used. It included the following stages: the collapse of logistics; the growth of exports due
to the impact of international agreements; and the operation of an alternative Ukrainian maritime corridor with
the support of international partners. The significant impact of production and sales transformations caused by
the war on the growth of wheat export logistics costs for various supply bases was demonstrated. The authors
concluded that the export logistics risks were primarily mitigated by low grain and oilseed prices for agricultural
producers. An assessment of the grain, oil crops, and processing products export market in Ukraine was also
provided. The development of effective marketing strategies was highlighted. The practical value of the study lies
in the use of the research results for developing marketing strategies for enterprises and European cooperation
development projects in the agrarian sector

Keywords: logistics; food supply chains; prices; costs; agricultural enterprises; food safety; export; international

agreements

INTRODUCTION
The stability of production, trade, and logistics chains
in Ukraine, which ensured the country’s presence in
global food markets, has proven to be one of the key
prerequisites for maintaining food security in numerous
countries worldwide. Several studies have revealed the
critical importance of Ukraine’s domestic logistics for
global food supply chains and the stability of interna-
tional markets for grain, oilseeds, and related products.

The research by I. Savenko et al. (2022) indicates
that the production and export potential of the grain
and oilseeds market in Ukraine increased significantly
due to substantial investments in logistics, including the
development of seaport infrastructure. This contributed
to Ukraine>s growing share in the global trade of these
products, reaching 8.7% for grain, 2.7% for oilseeds, and
39.8% for sunflower oil. The study by N. Galunets (2019)
demonstrates that Ukraine plays a significant role in
addressing food supply issues in import-dependent
countries, as well as in ensuring the availability of food
products and combatting hunger worldwide. The Rus-
sian military invasion of Ukraine and the occupation of
parts of the southern regions severely impeded the op-
erations of strategic seaports and disrupted logistics in
the supply chain of agricultural products and raw ma-
terials for their production. O. Penkova and A. Kharen-
ko (2023) explored the content and role of marketing
logistics in exports and identified the challenges faced
by crop production exporters due to the full-scale war
with the russian federation. According to O. Kovalenko
and A. Kyrychenko (2023), this led to a decline in the
volume of grain, oilseeds, and related products export-
ed from Ukraine and increased price volatility in the
global food market. This issue was also highlighted in
a publication of the Food and Agricultural Organization
by the United Nations (FAO, 2023).

Therefore, it is important to understand how to
mitigate such risks through the development of mar-
keting strategies and logistics for agricultural enter-
prises during crises. O. Krasnorutskyy et al. (2023) have
emphasised the role of effective marketing strategies

and tools during wartime, which contribute to increas-
ing the competitiveness of agricultural enterprises.
Additionally, |. Zhofan et al. (2023) have justified the
development of marketing strategies for agricultural
sector enterprises in Ukraine’s grain markets and es-
timated the economic potential of Ukrainian farmers.
Moreover, the issue of global food security is widely dis-
cussed among scientists. T. Hassen and H. Bilali (2022)
investigated the direct and indirect impact of the Rus-
sia-Ukraine war on global food security. They empha-
sise that the war may jeopardise the implementation of
the Sustainable Development Goals. At the same time,
W. Leal Filho et al. (2023) propose measures to mitigate
the conflict’s impacts on food security and promote sus-
tainable agriculture.

Despite valuable scientific contributions to re-
search on the impact of armed conflict on global and
local food markets, there is a need for a comprehensive
study of the new changes in the logistics of food sup-
plies to global markets as a result of military aggres-
sion in Ukraine. The purpose of this study was to in-
vestigate the transformations in the grain and oilseeds
market due to the war, assess the impact of interna-
tional agreements on the supply of Ukrainian products,
and identify strategies to improve marketing strategies
and logistics.

MATERIALS AND METHODS

The study was based on official documents and re-
ports from the Ministry of Agrarian Policy and Food of
Ukraine (2023), the World Bank (2023), and the Food
and Agricultural Organization of the United Nations
(OECD, 2022; FAO, 2023). Datasets from the official
websites of the United Nations Conference on Trade
and Development (UNCTAD, 2022) and the Ukrainian
Agrarian Council (2023) were also utilised. Amendments
to Ukrainian legislation (Decree of the President of
Ukraine. No. 654/2022, 2022) and European legislation
regarding the regulation of agricultural trade were also
analysed, including Regulation (EU) 2022/870 (2022),
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Regulation (EU) 2023/1077 (2023), Commission Imple-
menting Regulation (EU) 2023/903 (2023), Commission
Implementing Regulation (EU) 2023/1100 (2023), and
other relevant regulations.

The method of logical generalisation was employed
to assess the potential for developing production, trade,
and logistics chains, which was strategically important
under martial law and for ensuring Ukraine’s food secu-
rity. Price volatility in the agricultural markets was iden-
tified using statistical methods. Logistic transforma-
tions in the grain and oilseed markets during the war
in Ukraine were illustrated through statistical tables
and graphs. Abstract-logical and graphical methods
were utilised to evaluate the impact of international
initiatives and agreements on the functioning of export
logistics in the grain, oilseeds, and processed products
markets during the war in Ukraine. The systematic ap-
proach and retrospective analysis revealed the impact
of the Black Sea Grain Initiative on the export of grain,
oil crops, and processed products from Ukraine during
the war. The comparative analysis method was applied
to assess the effectiveness of wheat trade through the
Grain Corridor within the framework of the humanitarian
aid provided by the UN World Food Programme (2023).

The method of cause-and-effect analysis helped
to identify the challenges in transport infrastructure in
the European direction and assess the impact of the
EU-Ukraine Solidarity Lanes Initiative on the export of
grain and oil crops (European Commission, 2022). The
method of correlation-regression analysis was applied
to determine the potential of using Danube region ports
as alternative routes for exporting grain, oilseeds, and
their processed products during the war. Single-factor
models were employed to identify changes in export
logistics. The standard deviation indicator (STDEV) (as a
built-in MS Excel function) was used to compare export
volatility in the grain, oilseeds, and processed products
markets across different transport routes. Marketing
analysis enabled the assessment of the impact of the
war on the cost of wheat export logistics in Ukraine,
based on data from SE “Sangrant Plus” (2023) and
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Barva Invest (2023). The method of analysis was used
to forecast the logistics capacities for exports in the
grain, oilseeds, and processed products markets for the
2023/2024 marketing year (MY).

RESULTS

The initial period of the war (March-April 2022) crit-
ical challenges for the logistics of the grain and oil-
seeds markets, causing significant disruptions in sup-
ply chains. At the onset of the russian invasion, four
deep-water seaports were occupied (Kherson, Skadovsk,
Berdiansk, and Mariupol), and six others ceased oper-
ations due to military threats (Bilhorod-Dnistrovskyi,
Odesa, Mykolaiv, Chornomorsk, including Olvia and Piv-
dennyi). The blockade of seaports resulted in a logis-
tical collapse. In the pre-war period, 93-98% of the
exports of grain, oilseeds, and related products were
handled through these ports (Bielashov, 2022). Monthly
exports had reached 7.8 million tonnes by November
2021. With the outbreak of war, these figures declined
to 56-270 thousand tonnes. Only the river ports of the
Danube region (Reni, Izmail, Kilia, and Ust-Dunaisk) re-
mained operational, ensuring monthly exports of the
aforementioned products, but up to 1 million tonnes
until June 2022. Overall, the export of grains and sun-
flower oil decreased by 1.3 times in 2022 compared to
2021 (Trade Map data, 2023).

Disruptions in Ukraine’s food supply chains in-
creased price volatility in the global food market. In
particular, the FAO food price index soared from 136
points in January 2022 to 158 points in May 2022. This
represents the largest increase in the past decade
(FAO, 2023). During this period, grain and oilseed prices
on the European market rose by 1.4-1.5 times. Despite
this, there was a sharp decrease in prices on Ukraine’s
domestic market for grain, oilseeds, and related prod-
ucts. For example, before the war (January 2022), pric-
es for 3rd class wheat on an EXW basis were USD 314
per tonne, but during the first seven months of the war,
these prices collapsed to USD 148 per tonne, represent-
ing a more than twofold decrease (Fig. 1).

e EUropean Union
(grade 1, France)
United States of America
(No. 2, Soft Red Winter, Gulf)
===Poland (bread making quality,
. wholesale)
=== Romania (bread making quality,
wholesale)
Ukraine (3™ class, EXW)

September
November
January
March
May

July
September
November

2023

Figure 1. Dynamics of food wheat price indices, %
Source: developed by the authors based on Food Price Monitoring and Analysis (2023)
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As a result, there was a forced and urgent trans-
formation of export chains. In particular, export vol-
umes were redistributed among different means of
transportation. During the first year of the war, there
was a significant increase in transportation by land.

Bodnar et al.

The share of road transport increased to 23%, and
rail transport to 22%, depending on the type of car-
go. Waterway transportation decreased significantly,
accounting for only 59-72% of the export structure
(Table 1).

Table 1. Changes in the transport logistics of grain, oilseeds,
and related products exports during the war period in Ukraine, %

Type of transport Grain

Oilseeds Sunflower oil

War period (March 2022-January 2023) Share in total transportation, %

Road 6 23 18
Railway 22 17 15
Marine 72 59 64

Other 0 1 3

Changes in the share of transportation compared with the pre-war period (2021), pp

Road 5.9 18.4 15.8
Railway 21.5 -1.0 13.7
Marine -27.3 -19.4 -32.5
Other 0.0 1.0 3.0

Source: calculated by the authors based on Barva Invest data (2023)

It must be acknowledged, that the process of re-
storing the destroyed logistics infrastructure was sup-
ported by international initiatives and agreements.
These documents aimed to preserve Ukraine’s presence
in global supply chains and maintain the stability of

7000
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the world food market. An analysis of the dynamics of
export volumes for grain, oilseeds, and related prod-
ucts from Ukraine during the war reveals the signifi-
cant impact of these agreements on the functioning of
Ukraine’s export logistics (Fig. 2).

Ukrainian
maritime corridgr

—_— == AY l’ \
\ v A — —
— -R'étﬁﬂc{p{e-war customs import
restrictions in some EU countries®
1 2 3 4 5 6 7 8 9 10 11 12
2023

Export volumes of grain, oilseeds and products thereof from Ukraine by types of transport, thousand tons

Marine transport e o | and transport = === Black Sea Grain Initiative (volume)

Figure 2. Impact of international initiatives and agreements on the export logistics

of the market of grain, oilseeds, and related products of Ukraine during the war **

Note: * April-September 2023 - Bulgaria, Poland, Romania, Slovakia,Hungary. September-December 2023 - Poland, Slovakia,
Hungary. **Export includes the following goods: wheat, barley, corn, sunflower seeds, rapeseed, soybean, sunflower oil,
soybean oil, and oil cakes
Source: developed by the authors based on data from the Ministry of Agrarian Policy and Food of Ukraine (2023),
European Commission (2022), and Barva Invest data (2023)

Firstly, the partial restoration of maritime logis-
tics occurred following the signing in July 2022 of the
agreement titled “Initiative for the Safe Transportation
of Grain and Foodstuffs from Ukrainian Ports”, which

aimed to unblock three Ukrainian ports: Odesa, Pivden-
nyi, and Chornomorsk. In various sources, this agree-
ment is referred to as the “Black Sea Grain Initiative”
(UNCTAD, 2022) or the “Grain Corridor” (Ministry of
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Agrarian Policy and Food of Ukraine, 2023). This was
a unique type of agreement that required the signing
of two mirrored documents - one between Ukraine,
the UN, and Turkey, and the other between the Russian
Federation, the UN, and Turkey. The parties agreed to
establish a safe logistics corridor for the export of grain
and other food products from Ukrainian ports. Subse-
quently, specific routes were established, which were
regularly monitored and controlled by the Joint Coordi-
nation Centre under the auspices of the UN in Istanbul
to ensure compliance with the agreements. The validity
period of the agreement lasted 120 days, with provi-
sions for automatic renewal for subsequent periods.

In general, the validity of this agreement was
extended twice: in November 2022 and March 2023.
However, as of 19 August 2023, the Grain Agreement
ceased to be in effect due to the withdrawal of the
Russian Federation, which subsequently started the
blockade of the Black Sea (Hirnyk, 2023). Consequent-
ly, the role of these international agreements in pre-
venting the critical destruction of Ukraine’s logistics
chains is considered quite significant (UNCTAD, 2022).
It should be noted that this agreement served as an
effective mechanism for supplying grain, oilseeds, and
related products to the global market. During its pe-
riod of effectiveness, it ensured the operation of the
largest export logistics route from Ukraine. Thanks
to joint efforts, approximately 32.9 million tonnes of
grain, oilseeds, and related products were exported
through deep-water ports during the Grain Initiative’s
effective period. The majority of exports consisted of
corn (17 million tonnes, 51%) and wheat (9 million

tonnes, 27%). The export of oilseeds and related prod-
ucts was significantly smaller, totalling 5.6 million
tonnes (17%), of which about 1.7 million tonnes (5%)
was sunflower oil (Fig. 3).

rapeseed other

barley 3%

4%
sunflower oil
5%

soya beans

3% 1%

sunflower
meal
6%

corn
51%

weat
27%

Figure 3. Type structure of the export of grain,
oilseeds and related products during the Grain Initiative
period (August 2022-July 2023)

Source: developed by the authors based on data from the
Black Sea Grain Initiative. Joint Coordination Centre (2023)

Following the results of the export analysis, it was
possible to account for more than a third of the total ex-
port of grain, up to 14% of oilseeds, and approximately
20% of related products through the deep-water sea-
ports (Odesa, Pivdennyi, and Chornomorsk) during the
war (February 2022-December 2023) due to the Black
Sea Grain Initiative (2023) (Fig. 4).

sunflower meal I ——

sunflower oil NG

sunflower seed NG

rapeseed NG

soyabean NG

corn |
barley I
wheat | —

0 5 10 15

20 25 30 35 40

Share of Black Sea Grain Initiative export in total, %

Figure 4. Significance of the Black Sea Grain Initiative
in the export of grain, oilseeds and related products from Ukraine during the war *

Note: * February 2022-December 2023

Source: developed by the authors based on data from the Ministry of Agrarian Policy and Food of Ukraine (2023), Black

Sea Grain Initiative. Joint Coordination Centre (2023)

The Black Sea Grain Initiative enabled the elimina-
tion of the domestic market surpluses in Ukraine dur-
ing the 2022/23 marketing year. Monthly export vol-
umes through seaports reached 3.0-4.2 million tonnes
(Fig. 2). Consequently, this led to a reduction in prod-
uct stocks at the beginning of the 2023/24 marketing
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year by almost 2.5 times compared to the previous year.
However, pre-war export volumes via this logistical
route were not achieved, as sea routes accounted for
only about 46% of the export of these products during
the agreement’s validity. Importantly, the signing of this
agreement resulted in a rising price trend in Ukraine’s




domestic market, which lasted until February 2023. In
particular, prices for 3" class food wheat based on Ex
Works (EXW) delivery increased by 25%, reaching USD
184 per tonne. Nonetheless, alignment with global
trends was not achieved, as in the pre-war period, as
logistics costs remained relatively high and exerted
pressure on domestic prices (World Bank, 2023).

At the same time, is important to acknowledge the
risks associated with exporting through the Grain Corri-
dor due to the potential for blockage by the Russian side.
During the period of the Grain Initiative from August
2022 to August 2023, the Russian Federation system-
atically threatened to terminate the agreements. The
necessity of extending the agreement every 120 days
created additional risks due to the unpredictability of
reaching new agreements among the parties involved.
However, one of the most critical risks during wartime
was the high probability of shelling of the seaports en-
gaged inthe implementation of the Grain Initiative.Spe-
cifically, the ports of Chornomorsk and Odesa (July 2022,
July 2023), as well as the infrastructure of the Danube
region ports, sustained significant damage. According
to experts’ estimates, 167 port infrastructure facilities
and 7 civilian ships were damaged, and around 300,000
tonnes of grain were destroyed (Muravskyi, 2023). In
the early stages of the war, the indirect losses due to
the blockade of Ukraine’s Black Sea ports by the ag-
gressor country’s naval forces, including those caused
by the decline in domestic prices and the increase in
transport costs for export-oriented products, amounted
to approximately USD 14.5 billion (World Bank, 2023).

The significant risks associated with this logistical
route and the official withdrawal of shipping safety
guarantees by the Russian side necessitated the search
for alternative access to Black Sea routes. The ports
in the Danube region were considered one of the key
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components of Ukrainian logistics for the supply of
grain, oilseeds and their processed products to global
markets. This became possible through the partial res-
toration of the ports of Izmail, Reni, Ust-Dunaisk, and
Kilia. Logistical routes in this region were established
through Romania and the Republic of Moldova. Notably,
international agreements with the Republic of Moldova
led to discounts being granted for the transit of prod-
ucts by rail to the port of Reni. Specifically, grain was
discounted by 27% and sunflower oil by 39% (Ministry
of Agrarian Policy and Food of Ukraine, 2023). The main
objective of these efforts was to mitigate the effects of
the blockade of deep-water ports.

However, the capacity of this logistical route is
significantly lower. In the ports of the Danube region,
the majority of vessels, carrying loads of up to 5,000
tonnes, were heading to Romania, where they were
transshipped at the port of Constanta onto larger sea
vessels, particularly Panamax vessels. According to ex-
pert estimates, the potential throughput capacity of
the Danube region ports for transshipping grain, oil-
seeds, and related products is up to 3 million tons per
month (Ukrainian Agrarian Council, 2023). In the pre-
war period (2019-2021) the volume of cargo handling
in the Danube seaports of Ukraine, particularly lzmail,
Reni, and Ust-Dunaisk, was insignificant, accounting for
only 2.5-4.2% of the total volume. During the war, actu-
al maximum monthly export shipments through these
ports reached 2.0 and 2.2 million tonnes in March and
May 2023, respectively. At the beginning of the war,
mainly grain was exported through the Danube region
ports, primarily wheat. Since the beginning of 2023,
the export of sunflower oil and oil cakes has increased
(Fig. 5). Overall, this logistical route managed to facili-
tate the export of about 21 million tonnes of grain and
oil products.

M Grains
Qilseeds

B Oilseed products thereof

Dec 2022 Jan 2023

Figure 5. Dynamics of the export of grain, oilseeds, and related products through the Danube ports of Reni, Kilia,
and Izmail between July 2022 and January 2023 (thousand tonnes)
Source: developed by the authors based on Barva Invest data (2023)

Therefore, despite the only partial utilisation of the
Danube region ports, during the 2022-2023 marketing
year (MY), they provided an alternative for the export
of grain and oilseeds to some extent. This is also sup-
ported by the regression models constructed (Table 2).
Based on the calculated correlation coefficients, it was

found that during the studied period, there was an in-
verse relationship between export volumes through the
Danube seaports and the use of highways, railways, or
Black Sea ports. Specifically, for land transportation, the
data shows a strong inverse relationship between ex-
port volumes (road transport:-0.74, rail transport:-0.67).
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Table 2. Results of the correlation-regression analysis of the use of the Danube region ports as alternative routes
for exporting grain, oilseeds and related products during the war (2022-2023 MY)

Factor signs

Indicators
Road Railway Deep-water seaports
Correlation coefficient -0.74 -0.67 -0.44
Determination coefficient 0.54 0.45 0.19
Elasticity coefficient -5.252 -2.211 -0.094
X STDev 0.18 0.19 0.95
Regression equation Y=2.23 - 1.612X Y=2.80 - 1.394X Y=2.05-0.187X

Source: calculated by the authors based on data from the Ministry of Agrarian Policy and Food of Ukraine (2023)

The calculated elasticity coefficient indicated that
a 1% decrease in the volume of exports by road trans-
port, on average, led to a 5.3% increase in exports
through Danube region ports and a 2.2% increase in
exports through rail transport. A comparative analysis
of the STDEV indicator demonstrates that these routes
were less risky compared to exports through deep-wa-
ter ports from August 2022 to June 2023. The full reali-
sation of the potential of this logistics route is possible
with investments in the development of the infrastruc-
ture of the Danube region ports, which would increase
the throughput capacity of the transport system. Fur-
thermore, European investments are needed for the
development of the ports of Galati and Constanta, as
well as to enhance the throughput of the Sulina Ca-
nal. However, the shelling of the ports of Reni and Iz-
mail, for instance in August 2023, and ongoing military
threats undermine progress in this direction, creating
conditions where investments carry a high degree of
risk. An alternative to sea routes for the export of grain,
oilseeds, and related products was land logistics, which
has also undergone significant restructuring since the
beginning of the war. Notable changes have occurred in
internal railway and road transport routes, which were
re-directed towards the river ports at the mouth of the
Danube (Ust-Dunaisk, Izmail, Reni, Kilia) as well as land
border crossings with neighbouring countries: Poland,
Romania, Slovakia, Hungary, and Moldova.

To establish alternative logistics routes between
Ukraine and EU countries, the European Commission
launched the EU-Ukraine Solidarity Lanes Initiative.
This initiative aimed to maintain Ukraine’s integration
into global supply chains and address global food se-
curity concerns (European Commission, 2022). It com-
prises a series of agreements in the areas of trade and
logistics designed to expand Ukraine’s opportunities
for exporting grain, oilseeds, and related products. To
this end, in May 2022, the European Parliament intro-
duced temporary trade liberalisation in addition to the
trade preferences already applicable to domestic goods
under the Association Agreement between Ukraine
and the EU. Other measures included the suspension
of import duties, customs quotas, and trade protection
measures on the import of grain, oilseeds and related
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products from Ukraine. These decisions were adopted
by the European Parliament until May 2023 and were
later extended to May 2024. This was a crucial step in
supporting Ulraine’s agricultural sector and opened up
European markets to trade in domestic products. How-
ever, it also created certain contradictions both at the
national and European levels.

The urgent transformation of Ukraine’s logistics
exacerbated several transport infrastructure challeng-
es in the European direction, which increased obsta-
cles to export to global food markets. In particular, re-
garding railway transportation, the issues include the
non-compliance of railway track widths with European
standards and the insufficient capacity of transhipment
terminals. Road transport flows were limited by admin-
istrative obstacles associated with the cross-border
movement of vehicles. To avoid these problems, with-
in the framework of the Initiative, customs procedures
and the processes for issuing export certificates, as well
as veterinary and phytosanitary certificates of product
quality, were streamlined and simplified, along with the
increased capacities for storing grain and oilseeds near
border points, stations along the “broad” track lines, and
in EU seaports.

Furthermore, a Special Agreement on the liberali-
sation of freight transportation by road was concluded,
which has been renewed until June 2024. This agree-
ment provided for the abolition of the requirement for
Ukrainian carriers to obtain permits for road transport
(Decree of the President of Ukraine No.654/2022,2022).
European transport corridors to Ukraine were also ex-
panded. Through amendments to the Trans-European
Transport Networks (TEN-T), the North Sea-Baltic Cor-
ridor and the Baltic-Black-Aegean Seas Corridor were
extended (Regulation of the European Parliament
No. 2022/870, 2022). This will create opportunities to
eliminate logistical obstacles and attract future invest-
ments in modernising Ukraine’s transport infrastructure
(European Commission, 2022).

During the period of the Initiative, with the com-
plete removal of tariff restrictions on the export of grain,
oilseeds, and related products from Ukraine to Europe-
an countries, export volumes increased significantly. In
particular, between May 2022 and March 2023, grain




exports to the EU increased by 2.4 times compared to
the same period the previous year, oilseeds by 2 times,
and sunflower oil by 1.2 times (Table 3). Simultaneously,
the share of imports from Ukraine in total EU imports
for the studied period reached 15% for grain, 9.6% for
oilseeds,and 31.5% for sunflower oil. Most export flows
were directed to EU countries that were the first link
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of the “Solidarity Lanes”, including Poland, Hungary,
Slovakia, Romania, and Bulgaria. For example, grain ex-
ports to Poland increased by 10 times compared to the
previous period, oilseeds by 5.9 times, and sunflower
oil by 3.2 times. Grain exports to Romania increased by
23.8 times, oilseeds by 217.7 times, and sunflower oil
by 4.9 times.
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Table 3. Export of certain types of agricultural products from Ukraine to EU countries
within the framework of the EU-Ukraine Solidarity Lanes

Grain Oilseeds Sunflower oil
Relation to the similar period of the previous year (May 2021-March 2022) times
Poland 10.0 5.9 3.2
Hungary 444 7.2 8.2
Slovakia 71.8 339 1.9
Bulgaria 18.3 58.6 9.8
Romania 23.8 217.7 4.9
EU countries, total 2.4 2.0 1.2
Export volume from Ukraine (May 2022-March 2023) USD million
Poland 711 523 475
Hungary 539 279 87
Slovakia 154 90 23
Bulgaria 10 462 278
Romania 1645 813 79
Import share from Ukraine in total EU import, % 15.0 9.6 31.5
EU countries, total 5,385 3,362 2,462

Note: * excluding transit

Source: calculated by the authors based on Trade Map data (2023)

The influx of grain and oilseeds from Ukraine
overwhelmed the domestic markets of neighbouring
countries, exceeding the capacity of their transport and
storage infrastructure. The excess of products was also
due to increased logistics costs during the transit of
these crops to EU countries. Moreover, the situation was
complicated by a trend of price dumping in the glob-
al food market, which was replicated in EU markets
(Fig.1).In May 2023, the European Commission adopted
a decision to limit the export of wheat, corn, sunflower
seeds, and rapeseed from Ukraine to Poland, Hungary,
Slovakia, Romania, and Bulgaria. This was done at the
request of the national governments of these countries
to protect domestic producers of grain and oilseeds
from price reductions and to avoid unprofitable pro-
duction (European Commission, 2022). These measures
were extended in June 2023 and remained valid until
September 2023, reducing the number of tariff items
from 17 to 6 for certain types of products. It should be
noted that there were no restrictions on the transit of
products from Ukraine through these countries.

Starting in September 2023, the governments of
Poland, Hungary, and Slovakia continued, at the na-
tional level, a de facto ban on the import of wheat and
wheat flour, corn, rapeseed, sunflower seeds, oil cake,
and oil meal from Ukraine to protect their domestic
markets for these products (Laws of the Republic of Po-

land, 2023; Ministry of Economy of Ukraine, 2023). Fol-
lowing the restrictions placed on the export of grain,
oilseeds, and related products, the monthly volume of
deliveries from Ukraine through the Solidarity Lanes
decreased by nearly half. In particular, in April 2023,
these amounted to 874 thousand tonnes, compared to
1,560 thousand tonnes in March 2023 (Fig. 2). During
the 2023 harvest period, a certain revival of export de-
liveries is evident, but the levels of the previous year
(1.6-1.8 million tons per month) have not been reached.

Overall, due to the implementation of the EU-
Ukraine Solidarity Lanes Initiative, Ukraine successfully
established alternative opportunities for maintaining
food supplies to global markets. During the period of
its validity until December 2023, exports of grain, oil-
seeds, and related products from Ukraine by land routes
amounted to 25 million tons. Along with the capabili-
ties of the Black Sea Grain Initiative (Black Sea Grain
Initiative..., 2023), it was possible to achieve maximum
monthly export deliveries of products at 7.5 million
tons (March 2023). However, a stable result was not
consistently maintained.

The Ukrainian Alternative Sea Corridor demon-
strated high effectiveness in exporting grain, oilseeds,
and related products. This logistics route became op-
erational thanks to the efforts of the Ukrainian Armed
Forces and the support of international partners,
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particularly Romania, Bulgaria, and Turkey. The corri-
dor was launched in September 2023 and ran through
the territorial waters of Romania and Bulgaria. As a
result, monthly exports by sea transport became sta-
ble. In particular, it was no less than 5.5 million tonnes
from December 2023 to March 2024, and reaching
6.4 million tonnes in February 2024, the highest fig-
ure of the war period (Fig. 2). However, this logistics
route remained highly risky due to military threats and
the danger of mines. Thanks to these measures, it was
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possible to avoid a collapse in the domestic market of
grain, oilseeds, and sunflower oil from Ukraine during
the 2022/2023 MY. As a result, grain exports reached
49 million tonnes, oilseeds 9 million tons, and sun-
flower oil 5 million tons (Fig. 6). These figures include
products from the 2022 harvest as well as significant
stocks from the previous year. Consequently, the share
of exports in production volumes was slightly higher
than in the pre-war period reaching 91%, 50% and
113%, respectively.
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Figure 6. Assessment of the export volume needs for grain, oilseeds,
and sunflower seeds from Ukraine in 2023/2024 MY (as of April 2024)
Note: * Forecast of production of grain and oilseeds according to the Ministry of Agrarian Policy of Ukraine, forecast of
production of sunflower oil according to the data of the Association “Ukroliaprom”
Source: prepared by the authors based on data from the Ministry of Agrarian Policy and Food of Ukraine (2023), the

Association “Ukroliaprom” (2023), and authors’ forecasts

The logistical transformations in the grain, oil-
seed, and related product markets amid the war,
alongside the significant risks of export disruptions
or delays due to military threats, resulted in a sharp
increase in transport costs. According to this re-
search, the average wheat logistics costs sea route

(EXW-DAP Reni-FOB Constanta) were USD 140 in
2023. This represents a 1.9-fold increase compared
to the pre-war period for deliveries to the Kherson
Seaport (2021). The share of these costs in the ex-
port price rose to 44%, compared to only 22% in
2021 (Table 4).

Table 4. Impact of the war on the cost of wheat export logistics in Ukraine

Indicators 2021 (pre-war period) 2023 (war period)
EXW-
Logistic chain EXW-FOB Kherson  EXW-CPT Kherson DAP Reni -FOB EXW-DAP Gdansk
Constansa
Type of transport railway road railway & freight road
Trade batch volume, tonnes
Silo to port (destination) 500 500 500 300
Port to shipboard 1,000 X 1,000 X
Type of costs, USD per tonne *
Warehousing costs (incl. delivery, acceptance,
additional wgorks an(d storing prgductspin silo) 246 246 281 281
Domestic certification™* 0.7 0.7 0.7 1.7
Delivery to the point of destination (incl.
weighing, loading, costs):
railway 19.8 X 441 X
road X 31.7 X 87.0
Customs clearapce a_nd*l*rlternatlonal 12 12 28 40
certification
Port costs 25.1 X 215 X
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Table 4. Continued

Indicators 2021 (pre-war period) 2023 (war period)
Insurance 0.4 X 4.8 15
Freight to destination port (Constanta) X X 37.7 X
Total costs, USD per tonne:
railway 72 X 140 X
road X 58 X 122
Costs increase, times X X 1.9 2.1
Share of costs in pricing export chain ****, %
railway 22 X 44 X
road X 17 X 33
Market price changes
Food wheat pri i
Price change, times X -1.7

Note: * The costs are calculated according to the NBU exchange rate as of February of the respective year and include VAT.
** Domestic certification includes a phytosanitary certificate and a protocol for testing product samples. *** International
certification includes a certificate of origin and a certificate of quality and quantity of an independent surveyor. *** The

indicator is determined with the deduction of VAT refunds

Source: calculated by the author based on data from SC “Sangrant Plus” (2023) and Barva Invest (2023)

It should be noted that the growth in logistics costs
placed significant pressure on the entire supply chain,
which was primarily offset by price reductions for agri-
cultural enterprises. For instance, the food wheat price
reduction for agricultural enterprises during the stud-
ied period amounted to 1.7 times lower than previous
levels. As a rule, the most vulnerable group consisted of
small and medium-sized grain and oilseed producers,
who had limited access to export logistics, especially
during wartime. Compensation in most cases occurred
due to a decrease in the profitability of these products.
Furthermore, a marketing analysis was conducted to as-
sess the possibilities of export logistics for these prod-
ucts in 2023/2024. It was assumed that all logistical
routes in Ukraine were accessible as of January-March
2024. According to forecast calculations, the minimum
export to global markets from Ukraine by all modes of
transport until the end of the marketing period will be
about 42 million tonnes of grain, 7 million tonnes of oil-
seeds,and 6 million tonnes of sunflower oil. In this case,
it will be possible to retain international partners and
avoid a deeper decline in production profitability. The
distribution of supplies by land and sea transport will
depend on Ukraine’s military control over waterways.

According to our estimates, these volumes can be
achieved if at least 95% of grain, 70% of oilseeds, and
70% of vegetable oil and vegetable oil are exported by
sea transport. In addition, resolving the issues of land
logistics will require financial assistance from the EU to
compensate for transport costs to the deep-water ports
of Lithuania, Latvia, Germany, Croatia, Slovenia, and It-
aly. In this case, transit to the countries of Africa and
Asia would become profitable for exporters, thereby en-
suring that products are accumulated in neighbouring
European countries.

DISCUSSION

Efficient logistics is a crucial factor fora crucial fac-
tor for the uninterrupted functioning of food supply
chains at both domestic and international levels. The
challenges and risks posed by the war in Ukraine ne-
cessitate the development of innovative marketing ap-
proaches and strategies to promote grain, oil crops, and
their derivatives in global markets. However, their sale
requires a relevant legal framework based on interna-
tional agreements. This study examines the positive
impact of the Grain Initiative on the recovery of export
supplies through Black Sea deep ports and emphasis-
es the need for further development of logistics chains
through Danube ports and neighbouring countries in
the Black Sea region. A similar conclusion is drawn in
the research by B. Kormych and T. Averochkina (2023),
which also considers the economic benefits of these
logistics routes.

R. Goyal and S. Steinbach (2023), using a method
involving the analysis of high-frequency futures-trad-
ing price data, concluded that the Grain Initiative had
a negligible effect on the level of uncertainty in the
futures market amidst the war in Ukraine. In compar-
ison with this research, which is based on a compre-
hensive assessment of the effectiveness of the Grain
Agreement as illustrated by the markets of grain, oil
crops, and their derivatives, a positive impact of the
same agreement on the competitiveness of domestic
agricultural producers has been recognised. The pres-
ent research is more focused on a detailed analysis of
its benefits and economic risks arising from obstacles
and violations of agreements on Russia’s side. More-
over, the analysis of the logistics routes through the
Danube region ports revealed their significant poten-
tial, which requires investment.
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R. Vos and J. Glauber (2023) also emphasise the
importance of the Solidarity Lanes for both the Euro-
pean community and Ukraine. They expand upon the
problem of Eastern European markets being oversat-
urated with Ukrainian grain and its consequences for
European farmers. They suggest that comprehensive
support for comprehensive support from the European
Commission is necessary for the affected EU member
states (Poland, Hungary, Romania, Bulgaria, and Slova-
kia). Therefore, the need to maintain Ukraine’s presence
in global grain markets is underscored. This research
reaches a similar conclusion, despite the congestion
in the markets of EU countries neighbouring Ukraine.
The Solidarity Lanes remain one of the crucial logistics
routes for the export of grain, oil crops, and their deriv-
atives from Ukraine.

D. Poursina et al. (2024) employ the econometric
analysis to determine the impact of the Black Sea Grain
Initiative on price fluctuations in global wheat and corn
markets. Both studies conclude on the economic val-
ue of the agreement in addressing global food security
concerns. However, the present research also outlines
an assessment of economic losses resulting from the
Russian invasion. Nevertheless, more attention is paid
to calculating the losses of the first link in the logistics
export chain on the wheat market, i.e. agricultural pro-
ducers. The research highlights the significant vulnera-
bility of this link due to the transformation of logistics
in the market for grain, oil crops and their derivatives. A
similar perspective is found in the article by Y. Bielash-
ov (2022). Both studies demonstrate that risk reduction
is achievable through the gradual diversification of
grain exports from Ukraine.

S. Devadoss and W. Ridley (2024) also estimate the
losses incurred by Ukrainian wheat producers based on
the Global Spatial Equilibrium Model (SEM) on the pro-
duction-consumption, and trade of wheat in Ukraine.
The study outlines the significant impact of the Rus-
sian invasion on the reduction of wheat consumption
in importing countries. This conclusion is supported by
the present research, which demonstrates that delays
in export deliveries have increased threats to food se-
curity in import-dependent countries. S. Steinbach and
Y.Yildirim (2024) examine the consequences of Russia’s
withdrawal from the Black Sea Grain Initiative, ana-
lyse the indirect volatility of agricultural markets, and
demonstrate specific differences in the volatility of fu-
tures for various agricultural commodities. Y. Fang and
Z. Fang (2022) also examine commodity market prices
during the war in Ukraine. Similar to the present re-
search, the authors conclude that the exacerbation of
the Russian-Ukrainian conflict significantly affects the
risk of market volatility and highlight similar results re-
garding the relationship between the escalation of the
conflict and the level of volatility in commodity markets.

0. Shpychak et al. (2021) assess price food chains in
crisis conditions, including those involved in the trade
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of grain, oil crops, and their derivatives. They emphasise
the need to create parity relationships between partic-
ipants in price chains to increase the effectiveness of
food supply chains. The present research also reveals
a significant increase in logistics costs amidst the un-
certainty and transformation of wheat supply chains
to global markets. Both studies conclude that in crisis
conditions, compensation for losses is at the expense of
agricultural commodity producers. N. Yaloveha (2023)
demonstrates the need to shift market segment prior-
ities and proposes measures in the area of marketing
communications to promote goods during wartime.
Both studies underline the importance of ensuring ef-
fective changes in marketing strategies for agricultural
enterprises, particularly in logistic supply chains. Fur-
thermore, according to this research, following strate-
gic marketing principles in agribusiness, the export of
raw materials should be gradually phased out. Instead,
there should be a focus on developing trade in prod-
ucts with higher added value, which can be promoted
in global and European markets. In particular, during
the war and energy supply crisis, demand for bioenergy
resources has increased. This creates opportunities for
Ukraine to develop biofuel production and export it to
EU countries.

The results of this research align with the conclu-
sions drawn by other Ukrainian and foreign scientists,
confirming their importance for the development of
supply chains in the grain, oil crops, and derivatives
markets.

CONCLUSIONS

The integration of Ukraine into global food chains has
been preserved thanks to the introduction of several
initiatives and agreements at the international level.
As a result, pressure on the domestic market for grain,
oilseeds, and related products in Ukraine was signifi-
cantly reduced, as well as the threats to global food
security. The recovery of exports through the Black Sea
ports within the framework of the UN-led Grain Ini-
tiative facilitated up to 30% of total exports of grain,
oilseeds, and their processing products during the war.
Nevertheless, this was significantly lower compared to
the pre-war period. This reduction occurred against the
backdrop of constant uncertainty and the blocking of
the Grain Initiative by the aggressor state. The ports of
the Danube region provided alternative water trans-
port export routes. However, critically short timeframes
for resuming operations, constant military threats, and
shelling prevented the realisation of this route’s poten-
tial. The implementation of the EU-Ukraine Solidarity
Lanes Initiative created opportunities to increase land-
based exports of Ukrainian products to European and
global markets. Railway and road routes were redirect-
ed to border crossings with neighbouring countries:
Poland, Romania, Slovakia, Hungary, and Moldova. Re-
newed customs restrictions on exports to neighbouring




countries led to a reduction in supplies. A significant
contribution to the restoration of export logistics for
grain, oil crops, and their processing products was also
made by the Ukrainian Alternate Sea Corridor, which
was supported by international partners.

The aforementioned transformations in logistics
resulted in a doubling of its cost. This limited access to
logistics for small and medium-sized producers. More-
over, it contributed to a decrease in domestic prices for
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and EU countries. In particular, this can be achieved
through the development of multimodal transporta-
tion. It is also essential to establish an energy-efficient
logistics infrastructure and continue harmonising do-
mestic legislation with European standards. Anoth-
er direction involves the construction of a network of
domestic container terminals in Ukraine, which would
improve access to global logistics for small and medi-
um-sized producers and exporters of grain, oil products,

grain, oilseeds, and related products, consequently re- and their derivatives.

ducing income from their production. There is an urgent
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fundamental concept of the circular economy in the agricultural sector was justified, and the primary benefits of
implementing this economic model in the field of agriculture were established. The European Commission has
approved the strategy for the Common Agricultural Policy for the period 2023-2027. This strategy emphasises
the primary responsibilities that EU member states must undertake to implement the principles of the circular
economy in agriculture. The primary patterns in the operation of agriculture in Ukraine are recognised, and
the significance of the agricultural sector in the framework of gross domestic product (GDP) formation and
foreign exchange profits is established. The destruction of infrastructure, mining activities, and occupation of
regions resulted in a decline in the cultivated land and animals, leading to a loss in physical productivity. Due
to the war, there has been a decline in production and logistics capabilities, resulting in a large fall in the
export of agricultural products. Consequently, the profitability of firms in this sector of the Ukrainian economy
has also decreased. Ukrainian agricultural firms lack the financial resources to independently support creative
development, which includes the implementation of new technology solutions that form the foundation of the
circular economy. Considering the effects of globalisation and military conflict, it is justified that prioritising
innovation and investment support, particularly by the State, should be a strategic direction for implementing
the principles of the circular economy of agriculture in Ukraine. This approach will enhance economic efficiency
and create new opportunities

Keywords: agriculture; closed-loop model; sustainable development; waste recycling; regenerative agriculture;

biotechnology

INTRODUCTION

The linear economy, characterized by production-con-
sumption-disposal, is declining due to its role in de-
pleting natural resources, polluting ecosystems, and
driving climate change. This has increased the need for
alternative models that promote sustainable develop-
ment and resource conservation. The circular economy
offers a solution, combining economic benefits with
environmental protection by conserving resources, re-
ducing waste, and utilizing renewables (Kirchherr et
al, 2023). Unlike the linear model, it creates closed
cycles where materials and products are reused, and
waste is converted into resources for future production.
Implementing a circular economy in agriculture can
mitigate environmental impacts, boost economic pro-
ductivity,and achieve social balance. This is particularly
relevant for Ukraine, where agriculture is crucial to the
economy, contributing significantly to GDP, job creation,
export earnings, and financial stability, especially after
the damage to the metallurgical industry from Rus-
sian aggression. Despite global challenges, the circular
economy’s potential in Ukraine’s agricultural sector is
immense and could be vital for the country’s sustaina-
ble economic development.

The circular or closed-loop economy is one such
model that is increasingly attracting the attention of
scientists in the modern world of the global economy.
0. Dovgal et al. (2024) studied this topic in the context
of Ukrainian realities. The authors’ conclusion states
that, despite the challenging circumstances, Ukraine is
making progress in implementing the principles of cir-
cular economy and sustainable development, albeit it is
not fully implemented. State-level entities are currently
establishing distinct structures and implementing cor-
responding regulations, which has garnered a favour-
able response from businesses. The authors highlight

that Ukraine has the potential to emerge as a frontrun-
ner in adopting the concepts of the circular economy,
especially following its recovery from the devastating
aftermath of the conflict. In essence, everything will be
completely recreated, giving us a competitive edge over
other countries that have to reconstruct their current
manufacturing, logistics, and infrastructure capacities
in order to follow circular economy ideas.

Problematic aspects of the functioning of the
Ukrainian agro-industrial complex have been stud-
ied by O. Shebanina et al. (2023). The papers note the
need to develop mechanisms to stimulate partnerships
based on private investment in waste management,
encourage the use of recycled materials and support
the introduction of innovative technological solutions.
Some researchers conclude that the strategic directions
for further progress of Ukraine’s economy in the coming
years, in the face of global challenges, are the rational
use of available resources and the modernization of ex-
isting production facilities, which will enable economic
recovery (Shubalyi et al., 2023). In the context of the ag-
ricultural sector, researchers note that most agricultural
enterprises use outdated equipment, which negatively
affects productivity and product quality. Often, agri-
cultural enterprises have a low level of management
culture and organizational structure, which leads to in-
efficient use of resources and low labour productivity.
The military invasion of Ukraine has significantly exac-
erbated existing challenges and created new problems
for the agricultural sector of the national economy.

Although there have been scientific advancements,
the implementation of circular economy principles and
methodologies in the Ukrainian agricultural sector re-
mains inadequately researched. This is particularly per-
tinent in the present circumstances marked by global
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concerns and issues linked to the military war in Ukraine.
The purpose of the study is to provide evidence for the
necessity of developing and implementing strategies to
use circular economy principles in the agricultural sec-
tor of Ukraine. To achieve this objective, it is imperative
to examine the fundamental principles of the circular
economy, its benefits and drawbacks for the agricultur-
al industry, and the viability of introducing this model
in the present circumstances of Ukrainian agriculture
through innovative approaches. The reason for this is
that innovation and technology play a vital role in the
shift towards a circular management model. This mod-
el necessitates a comprehensive approach to creating
suitable policies and assuring their support and im-
plementation by government, academia, and business.

MATERIALS AND METHODS

The study applies the method of extrapolation to ex-
tend the findings on the circular economy to the ag-
ricultural sector, identify its main principles and high-
light its economic benefits, in particular in agriculture.
The analysis of the European Commission’s Common
Agricultural Policy (CAP) for 2023-2027, which is part of
the EU’s Green Deal (Delivering the European..., 2021),
provides a framework that Ukraine can follow to im-
plement circular economy principles in agriculture.
The essay uses data from the State Statistics Service
of Ukraine to highlight the importance of agriculture to
the Ukrainian economy and the need for circular econo-
my practices. In particular, it looks at the GDP and mon-
etary value of agriculture, forestry and fisheries (State
Statistics Service, n.d.). Using dynamic analysis and
the calculation of averages, the average growth rates
of GDP and the agricultural sector from 2013 to 2023
were determined and estimated. The article also calcu-
lates the share of agriculture in GDP from 2013 to 2023,
distinguishing between the pre-war (2013-2021) and
the war (2022-2023) periods to identify relevant trends.
To evaluate the effects of the conflict and deter-
mine the current patterns in Ukraine’s agricultural in-
dustry, we analysed the growth rates of cultivated land
for specific crops and the animal population using of-
ficial information from 2021 to 2023 (State Statistics
Service, n.d.). To assess the impact of changes in the
volume of sown areas and the number of livestock on
the performance of the country’s agriculture, the agri-
cultural production index was used, which is one of the
key economic indicators used to study changes in agri-
cultural production over a certain period. This index re-
flects not only the total volume of production, but also
allows analysing the structure and dynamics of chang-
es in different segments of the agricultural sector.
Using structural analysis, the share of agricultural
products in the total structure of exports was calculated
based on statistics on export operations in foreign eco-
nomic activity and the dynamics of this indicator was
presented (State Statistics Service, n.d.). The analysis

Scientific Horizons, 2024, Vol. 27, No. 9

was carried out for the period from 2018 to 2023 in the
context of individual export items of crop and livestock
products.Based on an analysis of the shares of loss-mak-
ing and profitable enterprises in agriculture for the pe-
riod 2021-2023, and using statistics on expenditures
on basic, applied research and scientific and technical
(experimental) development in agriculture, forestry,and
fisheries (official data available for the period 2021-
2022), the main challenges and problems that hinder
the implementation of the principles of the circular
economy in the country’s agricultural sector were iden-
tified and substantiated (State Statistics Service, n.d.).

RESULTS

The circular economy aims to optimize resource effi-
ciency and minimize waste, contrasting with the linear
economy’s ‘extract, manufacture, consume, and dispose”
model. It promotes closed-loop systems where resourc-
es are recycled and reused (Corvellec et al., 2022). Key
principles include designing durable products that
are easy to repair and upgrade, reducing the need for
replacements and conserving resources. The product-
as-a-service model, where items are leased or rented,
encourages manufacturers to produce high-quality,
long-lasting goods since they retain ownership and
responsibility for maintenance and disposal (Marsh et
al, 2022). Another principle is utilizing production
waste as a resource, integrating materials traditionally
discarded back into production through recycling, com-
posting,orrepurposing (Kennedy & Linnenluecke, 2022).
The circular economy also emphasizes the regenerative
use of resources, such as using renewable energy, re-
storing ecosystems, and ensuring sustainable resource
extraction. Applied to agriculture, these principles sup-
port sustainable development, food security, resource
efficiency, and waste reduction (Fassio & Chirilli, 2023).

Several crucial issues should be encompassed
while implementing the core concepts of the circular
economy in the agricultural sector. These include uti-
lising agricultural waste in production processes, such
as converting crop residues into biogas or compost.
Additionally, it involves using natural and biodegrad-
able materials for packaging and storing products,
adopting drip irrigation systems and reusing water for
irrigation purposes. Furthermore, it entails promoting
organic farming practices, minimising the use of pesti-
cides and chemical fertilisers, supporting biodiversity,
and implementing recycling and reuse strategies for
waste, whether it be for creating new products, animal
feed, or fertiliser (Yang et al.,, 2023). The application of
circular economy principles in the agricultural sector
has several advantages, such as a decreased environ-
mental impact. This is achieved by minimising waste
and reducing the utilisation of chemicals, which in turn
helps to protect ecosystems and enhance the quality
of soil and water resources (Selvan et al., 2023). The
aforementioned factors contribute to the preservation




of crop productivity and the mitigation of risks related
to severe weather conditions. This leads to improved
economic efficiency by promoting the judicious utilisa-
tion of resources and the recycling of waste, resulting
in reduced production expenses and enhanced profita-
bility for agricultural enterprises (Kucher et al.,, 2021).
The European Green Deal advocates for the im-
plementation of a circular economy framework, which
seeks to minimise waste and optimise the utilisation of
resources (Arru et al., 2022). This entails the reconfigu-
ration of products, processes, and business models with
the aim of diminishing resource use and enhancing
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recycling and reuse. The Circular Economy Action Plan
delineates strategies to accomplish this objective, en-
compassing more stringent rules on single-use plastics
and incentives for sustainable product design (Chioat-
to & Sospiro, 2023). In accordance with the aforemen-
tioned path, the European Union introduced the Com-
mon Agricultural Policy for the period of 2023-2027 in
the year 2023.This policy initiative is crucial for the ad-
vancement of agriculture and rural areas in the EU. Its
objective is to address pressing issues such as climate
change, biodiversity decline, rural population decline,
and unstable agricultural markets (Table 1).

Table 1. Main goals and objectives of CAP 2023-2027 in terms of applying the principles of the circular economy

CAP 2023-2027 objectives

CAP 2023-2027 objectives in the context of ensuring the functioning
of the circular economy of the EU agricultural sector

1.Reducing greenhouse gas emissions: encouraging the use of emission-reducing practices in
agriculture, such as precision agriculture and sustainable livestock management.

1. Increasing environmental

2.Promoting biodiversity: support for measures that enhance biodiversity, including the conservation
of natural habitats and the development of agroforestry.

sustainability and
addressing climate change

3.Sustainable resource management: efficient use of natural resources with a focus on soil health,
water management and reduction of chemicals such as pesticides and fertilizers.
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4. Measures to promote circular practices, such as organic farming, agroecology and the use of biogas
from agricultural waste.

To promote economic growth, job creation, women’s involvement in agriculture, social integration
and regional development of rural areas, as well as the development of a circular bioeconomy and
sustainable forest management.

Knowledge sharing and training: facilitating access to knowledge and best practices through training
programmes, advisory services and farmer networks.

Research and development: supporting agricultural research to develop innovative solutions for
sustainable agriculture.

2.Strengthening the socio-
economic structure of rural
areas

3. Promoting knowledge and
innovation

Source: compiled by the authors based on The common agricultural policy: 2023-27 (2023)

The Common Agricultural Policy for the period
2023-2027 is a component of the Farm to Fork strate-
gy. The strategic initiative, initiated in 2020, delineates
multiple objectives that align with the concepts of the
circular economy. The primary objective is to minimise
food waste. The objective of the strategy is to minimise
food waste per person by 50% at the retail and con-
sumer stages by 2030, while also decreasing food loss-
es across the entire manufacturing and consumption
process. Furthermore, it promotes the use of farming
techniques such as precision agriculture, agroecology,
organic farming, and agroforestry. These methods en-
hance soil health and biodiversity while minimising the
reliance on pesticides (Dey et al., 2022). Furthermore,
the plan entails enhancing resource utilisation efficien-
¢y, specifically with regards to water and soil, by imple-
menting techniques such as crop rotation, cover crops,

and conservation agriculture (Moreira et al., 2023).
Lastly, it aims to minimise the use of chemicals, spe-
cifically by decreasing reliance on chemical pesticides
and fertilisers through the promotion of integrated pest
management and organic farming methods that safe-
guard ecosystems and human well-being. Hence, the
incorporation of circular economy principles into ag-
riculture holds significance for EU nations, as seen by
the Farm to Fork strategy (n.d.) and the European Green
Deal. The agriculture industry in Europe may make a
substantial contribution to a sustainable and resilient
food system by minimising waste, preserving resources,
and advocating for circular economy principles. Agri-
culture plays a crucial role in Ukraine’s food security
and overall economy. The significance of this sector has
notably grown in recent years, particularly during the
war (Table 2).

Table 2. Compatrison of Ukraine’s GDP and the share of the agricultural sector in the GDP structure in 2013-2023

Years GDP, nominal, UAH million Agriculture, forestry and fisheries, UAH million
2013 1,465,198 128,738
2014 1,586,915 161,145
2015 1,988,544 239,806

Scientific Horizons, 2024, Vol. 27, No. 9



Circular economy of the agricultural sector...

Table 2. Continued

Years GDP, nominal, UAH million Agriculture, forestry and fisheries, UAH million
2016 2,385,367 279,701
2017 2,981,227 303,419
2018 3,560,302 360,998
2019 3,977,198 356,563
2020 4,222,026 393,077
2021 5,450,849 593,367
2022 5,191,028 444,024
2023 6,537,825 484,150

Source: compiled by the authors based on the State Statistics Service of Ukraine (n.d.)

During the study period, the agriculture sector’s
contribution to the GDP structure grew about ten
times. At the same time, if we compare the data before
the military year of 2021 with 2013, the growth was
almost 4.61 times, which outpaced the growth of GDP
itself, which in 2021 grew by only 3.7 times compared

14

to 2013. This is evidence that agriculture grew faster
than any other sector of the country’s economy. The
share of agriculture in the GDP structure of Ukraine
in the period 2013-2023 was constantly fluctuating,
and averaged about 10% in the pre-war period (until
2022) (Fig. 1).
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Figure 1. The percentage contribution of the agricultural industry to the structure of GDP from 2013 to 2023
Source: compiled by the author based on the State Statistics Service of Ukraine (n.d.)

However, as a result of the war, the share of agri-
culture in the country’s total GDP decreased by 2.33%
in 2022 and by another 1.15% in 2023. The war has
intensified numerous destructive processes that have

had a negative impact on Ukraine’s agricultural sec-
tor. The hostilities resulted in the destruction, con-
tamination, or seizure of large areas of agricultural
land (Table 3).

Table 3. Percentage change in the area under crops in Ukraine

Years Cereals and pulses Beetroot Sunflower Potatoes Vegetable crops
2021/2022 -2391 -18.94 -20.07 -5.85 -17.83
2022/2023 -9.74 35.87 -1.38 0.17 5.03

Source: compiled by the author based on the State Statistics Service of Ukraine (n.d.)

In general, over the two years of war, the area un-
der grain decreased by 33.65%, sunflower by 21.45%,
potatoes by 5.68%, vegetables by 12.8%, with only
beetroot showing positive dynamics and increas-
ing by 16.93%. In the frontline regions and regions
where hostilities are ongoing, in particular in Zapor-
izhzhia, Kharkiv, Donetsk and Kherson, a significant
part of the land used for growing grain crops be-
came unsuitable for cultivation due to hostilities and
mining. Restoring and expanding cultivated areas
in safer regions, such as Poltava and Vinnytsia, has
become a priority to maintain food security. Zapor-
izhzhia and Kherson regions, which have traditionally
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been leaders in sunflower cultivation, also experi-
enced a significant reduction in acreage. Dnipro and
Kropyvnytskyi oblasts remain important regions for
sunflower cultivation, although they also face certain
difficulties due to logistical and economic issues. In
addition, landmines, infrastructure destruction, and
the destruction of machinery and storage facilities
have reduced the ability to cultivate fields and store
products. Some regions that used to be key to agri-
cultural production have become inaccessible or un-
safe for farming. The same negative trends exist in
livestock production, as evidenced by the number of
farm animals (Table 4).
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Table 4. Volumes of farm animals in Ukraine for the period 2021-2024 (data as of 1 January of the respective year)

Number of farm animals (thousand heads)

Years Poultry, million heads
Cattle Pigs Sheep and goats

2021 2,874 5,876.2 1,140.4 200.7

2022 2,644 5,608.8 1,094.3 202.2

2023 2,307.1 4,948.3 941.4 180.5

2024 2,156.2 5094 906.3 184.7

Source: compiled by the author based on the State Statistics Service of Ukraine (n.d.)

Some farms were caught up in the hostilities,
which led to the loss of livestock, destruction of in-
frastructure and reduced production. It also made
logistics and exports more difficult. The rising cost
of feed, energy, and other production costs has put
many farmers under pressure. Additional pressure on
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the industry was exerted by currency fluctuations,
which affected production costs and competitive-
ness on foreign markets. As can be seen from the
table, during the study period, there was a negative
trend in the number of almost all types of livestock
in Ukraine (Fig. 2).
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Figure 2. Indices of agricultural products in Ukraine for 2021-2023
Source: compiled by the author based on the State Statistics Service of Ukraine (n.d.)

Despite a slight increase in agricultural produc-
tion indices in 2023, against the backdrop of a drop
in 2022 due to military operations in Ukraine, agri-
cultural production volumes have not yet reached the
levels of 2021. Thus, the average value of production
volumes in various agricultural sectors (crop and live-
stock) in 2023 was 14.2% lower than in pre-war 2021.
It should also be noted that the decline in physical
output in 2022 was more pronounced in the crop sec-
tor, with specialized enterprises showing a more rapid
decline. For example, the output of agricultural en-
terprises decreased by almost 30%, while the decline
in production by households was about 20% (State

Statistics Service, n.d.). The war has also led not only
to a reduction in production capacity, but also to more
complicated logistics and the loss of markets. Blocked
ports, destroyed roads and railways, and the imposi-
tion of export restrictions due to the hostilities have
made it much more difficult or even impossible to
deliver products to end consumers. This has led to a
decline in farmers’ incomes, affected GDP, and conse-
quently affected exports and foreign exchange earn-
ings, which are essential for stabilizing the hryvnia in
the foreign exchange market. In recent years, the agri-
cultural sector has become the flagship export sector
of the Ukrainian economy (Table 5).

Table 5. Share of exports of selected agricultural products in 2018-2023

Export items, % 2018 2019 2020 2021 2022 2023
Live animals, products of animal origin 2.6 2.6 24 2 33 3.8
Products of plant origin 20.9 25.8 24.2 22.8 30.5 324
Including cereals 15.3 19.2 19.1 18.1 20.6 23
Fats and oils of animal or vegetable origin 9.5 11.7 10.3 135 15.6

Source: compiled by the author based on the State Statistics Service of Ukraine (n.d.)

The most significant export item in the agricul-
tural sector is the sale of grain crops, with its share
increasing by almost 8 percentage points in 2023

compared to 2018. In general, the agricultural sec-
tor has become the dominant sector in the structure
of exports of foreign economic activity of business
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entities during the period under review. While in
2018 the share of agriculture was 33%, in 2023 it was
52%. However, the volume of export earnings for all
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agricultural products has significantly decreased over
the 2 years of war, and for some items still does not
reach the level of 2019 (Fig. 3).
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Figure 3. Dynamics of export revenue from agricultural products, billion USD (for the period 2018-2023)
Source: compiled by the author based on the State Statistics Service of Ukraine (n.d.)

As can be seen from the figure, the most rapid de-
cline in export earnings is observed for plant products,
of which cereals are a component. The total decrease in
foreign exchange earnings from grain exports in 2022-
2023, compared to the pre-war year 2021, was almost
33%. ALl of the above necessitates the formation of a
strategy for the implementation of an intensive type of
agricultural sector development based on the circular
economy as a promising area that combines economic
efficiency and environmental sustainability (Silvius et
al., 2023). The introduction of innovative technologies
and the transition to closed production and consump-
tion cycles not only increase productivity without ex-
panding production capacity or increasing sown are-
as, which is especially significant for Ukraine, but also
create a more sustainable agricultural system capable
of coping with the challenges of the modern world
(Vinayagam et al., 2023).

In order to make progress in sustainable produc-
tion and consumption, innovation plays a vital role
(Gongalves et al., 2022).1n the field of agriculture, where
the availability of natural resources is crucial, the adop-
tion of innovative practices is necessary in order to shift
towards a circular economy (Rusch et al., 2023). Techno-
logical advancements, such as the utilisation of drones
and sensors in precision farming, improve resource
management by optimising the allocation of water, fer-
tiliser, and pesticides (Yrjala et al, 2022). This method
decreases expenses and minimises the ecological foot-
print. Furthermore, contemporary biotechnologies facil-
itate the transformation of agricultural waste into use-
ful commodities such as biochar, biogas, and organic
fertilisers, hence diminishing waste and dependence on
non-renewable energy sources (SantAna et al., 2024).
The 2023 strategy for the development of Ukraine’s
agro-industrial complex emphasises the importance of
recycling and biomethane production as major compo-
nents of the circular economy (Ministry of Agrarian Pol-
icy and Food of Ukraine, 2023).

Novel agricultural solutions are progressing the
utilisation of alternative raw resources, such as in-
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sect proteins and algae, for the production of biofuels
(Rauw et al., 2023). These alternatives alleviate the bur-
den on conventional systems and promote sustainable
development, which is a fundamental principle of the
circular economy. In addition, the implementation of in-
novative packaging technologies such as biodegrada-
ble materials and smart packaging has shown effective
in prolonging the shelf life of food products and mini-
mising food waste (Kusumowardani et al., 2022).This, in
turn, contributes to the resolution of global hunger and
food security concerns (Muscio & Sisto, 2020). Utilis-
ing digitalisation and information sharing platforms is
essential for implementing circular economy concepts,
as they facilitate effective and sustainable farm man-
agement (Kleisiari et al,, 2021; Ye et al., 2023). Shared
agricultural machinery platforms help small farms
avoid resource overproduction and lower capital costs.
This results in a reduction in the release of greenhouse
gases and the consumption of resources, as evidenced
by research undertaken by C. Lehmann et al. (2022). In-
vestments are essential for fostering innovation and
economic growth as they offer financial backing for re-
search and development.This,in turn,leads to the devel-
opment of innovative solutions and enhances the com-
petitiveness of industries (Bjerke & Johansson, 2022).

Companies and private investors also play a major
part in funding research (Zou & Li, 2022). This can be
beneficial for businesses, as innovation and new tech-
nologies can lead to competitive advantages. Famous
examples include investments by large corporations
in research in IT, pharmaceuticals, and biotechnology.
Investments also contribute to the creation and devel-
opment of the necessary infrastructure for innovation
in all areas, including the agricultural sector. This in-
cludes both physical infrastructure (e.g. laboratories,
production facilities) and digital infrastructure (e.g.
high-speed internet, cloud technologies). A well-devel-
oped infrastructure can accelerate the process of de-
veloping and adopting new technologies in business
(Baah et al., 2024). In addition, investments in educa-
tion, training, and skills development contribute to the




creation of a strong human capital base ready to per-
form innovative tasks (Castillo-Valero & Garcia-Corti-
jo, 2021). Investment in innovation can also be stimu-
lated through government support and policies. Public
investment in research, tax incentives for companies
engaged in innovation, grants, and subsidies create
favourable conditions for the development of innova-
tion (Alston & Pardey, 2021).
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Public policies aimed at supporting innova-
tion help to attract private investment in this area
(Wang et al., 2021). This is relevant for Ukrainian ag-
ricultural companies, as it is quite difficult to finance
innovative developments in the current environment,
as enterprises have significantly reduced production
and sales volumes, which significantly affects their
profitability (Fig. 4).

B Enterprises that made a profit, %

l l M Enterprises that made a loss, %

2023 (data for 3 quarters)

Figure 4. Structure of profitable and unprofitable enterprises in agriculture in 2021-2023
Source: compiled by the author based on the State Statistics Service of Ukraine (n.d.)

As the figure shows, the situation with regard to
profitability for Ukrainian agricultural enterprises has
deteriorated significantly: while in 2022 only a fifth
of enterprises was unprofitable, in 2023 (data for the
first 9 months of the year are available) this figure
increased by almost 30 percentage points, meaning
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that half of all agricultural enterprises made losses.
This state of affairs leads to their inability to finance
innovations at their own expense, which is also ev-
idenced by the statistics of low innovation and in-
vestment activity in the activities of agricultural en-
terprises (Fig. 5).
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Figure 5. Expenditures on basic and applied research and scientific and technical research
(developments in agriculture, forestry, and fisheries)
Source: compiled by the author based on the State Statistics Service of Ukraine (n.d.)

The data shows a decline in agricultural research
and development (R&D) spending and its share of the
total R&D budget in Ukraine. The restricted alloca-
tion of finances for agricultural innovation is primarily
driven by economic volatility, including fluctuations in
currency, high inflation rates, and economic downturns.
These factors discourage the long-term commitment of
resources. Small and medium-sized agricultural firms
encounter substantial obstacles in accessing cost-effec-
tive financing as a result of elevated expenses and limi-
tations. Although there have been some improvements
through state concessional lending, these efforts have
been further hindered by the ongoing war. In addition,
the war has exacerbated the movement of young people
from rural areas, which in turn diminishes the number
of specialists available to drive innovation. The industry

is confronted with difficulties stemming from a dearth
of specialised education, obsolete technologies, and in-
sufficient infrastructure. The lack of access to technol-
ogy, information, and platforms for exchanging knowl-
edge significantly impedes innovation in agriculture.

In addition, an unstable legal framework and fre-
quent regulatory changes create uncertainty for inves-
tors. An imperfect system of property rights protection
and bureaucratic obstacles also reduce the attractive-
ness of investment in the sector. High levels of corrup-
tion in government agencies involved in agricultural
regulation discourage investment. Investors often face
non-transparent procedures and demands for bribes. In
general, support from government and international in-
stitutions is needed to successfully implement innova-
tions in the agricultural sector and ensure the principles
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of a circular economy. This could include subsidies for
research and development, creating favourable condi-
tions forinvestmentin environmentallyfriendlytechnol-
ogies,and promoting cooperation between science and
business. However, this should be done on the basis of
a specific strategy with goals, objectives, and indicators.

DISCUSSION

The study’s findings highlight the circular economy as
a groundbreaking approach to addressing urgent envi-
ronmental and economic challenges. The circular econ-
omy promotes a closed-loop system that prioritises the
reuse, repair, refurbishing, and recycling of resources, in
contrast to the traditional linear economy’s “take, make,
dispose” strategy. E. Arruda et al. (2021) similarly iden-
tify the circular economy as a shift towards sustainable
development amid global challenges. While A. Velen-
turf and P. Purnell (2021) emphasize circular economy
concepts, this research stresses the importance of im-
plementing these principles to address resource deple-
tion and scarcity. The circular economy fosters inno-
vation, economic growth, and environmental benefits,
aligning with V. Shebanin et al. (2022) on sustainable
development through closed-loop technologies. J. Ve-
lasco-Munoz et al. (2021) note that agriculture faces
resource depletion, climate change, and pollution, re-
quiring new technical solutions, with Q. Ren and J. Al-
brecht (2023) advocating for circular economy strate-
gies in agriculture to address these issues.

Primarily, these are ecological advantages. The ag-
ricultural industry is a substantial contributor to the re-
lease of greenhouse gases, the contamination of water,
and the deterioration of soil quality. The adoption of a
circular model effectively minimises the environmental
impact by optimising resource utilisation. For instance,
instead of incinerating or depositing crop residues in
landfills, they can be utilised as organic fertiliser. This
practice reduces the reliance on chemical fertilisers and
enhances soil structure, as highlighted by M. Martin-
ez-Moreno et al. (2024) in their examination of current
circular economy practices, obstacles,and motivators in
the agricultural sector.

The method,as advocated by A.Khajuria et al. (2022),
is crucial for establishing a sustainable food system
and enhancing environmental resilience. Strategies
encompass regenerative agriculture, utilisation of re-
newable energy, recycling of trash, and implementation
of closed production cycles. Regenerative approach-
es, such as low tillage and crop rotation, help restore
ecosystems. Innovations like vertical farming improve
resource efficiency, especially in locations with limited
water availability (Shah et al,, 2024). Renewable energy
sources such as solar and biogas diminish dependence
on fossil fuels and enhance waste management effi-
ciency (Shahini et al., 2023). Ukraine is confronted with
a notable obstacle due to the lack of a comprehensive
state strategy for agricultural development based on

Scientific Horizons, 2024, Vol. 27, No. 9

circular economy concepts. Ukraine should utilise its
abundant natural resources and important economic
position to promote a circular agricultural sector. This is
essential for achieving economic growth, ensuring food
security, and maintaining sustainability.

In general, agriculture, excluding the processing
component, accounted for more than 10 percent of GDP
between 2013 and 2021, while during the war years
this figure fell to about eight percent. However, despite
this, agriculture remains the main export item of the
national economy, accounting for more than 50 per
cent of all export transactions. However, according to
the study, the amount of foreign exchange earnings has
significantly decreased compared to 2021. All this hap-
pened as a result of the war, which, along with existing
problems for the agricultural sector, such as the lack of
state support and regulatory mechanisms, high costs of
introducing new technologies and innovations, which is
a significant obstacle for many farms that cannot afford
the transition to a circular model of management, limit-
ed information and relevant education, has caused new
challenges for Ukrainian agriculture. First and foremost,
it is the destruction of infrastructure, as the hostilities
have led to the destruction of farms, transport, and
logistics facilities (Dunayev et al., 2024). The absence
of adequate infrastructure poses challenges to the im-
plementation of circular economy ideas. Infrastructure
has a crucial role in aiding the transition to a circular
economy, especially in the agricultural sector (Nunes
& Sytnychenko, 2024). The circular system necessi-
tates the presence of physical assets and services for
the collection, transportation, processing, storage, and
distribution of resources. This requirement is supported
by the findings of the conducted study, as well as the
results of the study done by A. Nogueira et al. (2020).

Another significant problem today is landmines and
the “‘contamination” of agricultural land with unexplod-
ed ordnance, which makes it impossible to use it safely.
The armed conflict has also led to the migration of peo-
ple, particularly agricultural workers in the south-east
of Ukraine, which has led to labour shortages in many
sectors of the agricultural sector. This makes harvest-
ing, animal care and other important agricultural tasks
difficult. In addition, it leads to the loss of knowledge
and experience that has been accumulated over gener-
ations and makes it difficult to introduce new technolo-
gies and practices, as well as to lower productivity and
product quality, as also pointed out by N. Musayeva et
al. (2024), who study the role of innovation in mitigat-
ing the effects of war on Ukrainian agriculture. All of
the above has had a significant negative impact on the
Ukrainian agricultural sector, which is confirmed by the
data obtained in this study. In particular, there was a
significant decrease in the area under crops, almost all
major crops, and a decrease in livestock. As a result,
the physical volume of production decreased signifi-
cantly, which, combined with the logistical difficulties




of selling it both domestically and abroad, led to the
loss of national agricultural enterprises. In particular,
in 3 quarters of 2023, half of all agricultural enterpris-
es made losses. Accordingly, this makes it impossible
to carry out innovative activities, which cannot be fully
implemented without investment support.

The utilisation of new technology in contemporary
agricultural practices is being propelled by globalisa-
tion processes. This is primarily aimed at enhancing
crop yields, optimising resource utilisation, and mit-
igating environmental consequences. These efforts
align with the core principles of the circular economy
(Reshetilov, 2022). Investing in research and using cut-
ting-edge technologies are crucial for the advancement
of circular models in the agricultural industry. This en-
compasses the advancement of novel processing tech-
niques, biotechnology, and management information
systems. The circular economy promotes the advance-
ment of novel technologies and strategies that can en-
hance the sustainability and productivity of the agricul-
tural sector, as supported by the research conducted by
D. Pemsl et al. (2022). For instance, precision farming
technologies have the ability to optimise the use of wa-
ter and fertilisers, resulting in a reduction in their con-
sumption and an increase in crop yields. Biotechnology
enables the development of novel crop varieties that
possess resistance against pests and diseases, hence
diminishing the reliance on pesticides.

Globalisation and wartime challenges necessitate
that the agricultural sector adopts modern technol-
ogies and innovations to meet increasing demands,
adapt to climate change, and stay competitive global-
ly. These changes enhance productivity, sustainability,
and food security. Strategic international cooperation,
infrastructure development, technological advance-
ments, and skilled workforce training are crucial for in-
tegrating agriculture into the global economy. Securing
investments and support from government and inter-
national organizations will help Ukraine’s agricultural
sector grow, particularly through adopting a circular
economy approach. This involves funding R&D for new
technologies, supporting small businesses in circular
economy practices, and providing education for farmers
on these new methods.

CONCLUSIONS

The proportion of agriculture in the composition of the
Gross Domestic Product (GDP) varies approximately at
a level of 10%. From 2013 to 2021, this industry ex-
perienced a higher growth rate compared to Ukraine’s
GDP. Additionally, when considering other industries
like food processing and related processing, this figure
might be substantially higher. Furthermore, Ukraine
holds a prominent position as a major global exporter
of agricultural products. Agricultural product exports
contribute to over 50% of the nation’s overall export
revenue. However, the war has exacerbated the existing
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problems of the national agricultural sector and sig-
nificantly reduced the production capacity of business
entities due to the destruction of fixed assets, transport
and logistics infrastructure, and a reduction in sown ar-
eas due to mining and seizure of territories. As a result,
the volume of physical production in the sector has sig-
nificantly decreased. This had a corresponding impact
on sales opportunities, so foreign exchange earnings
from agricultural exports decreased by 33% in 2022-
2023. Farmers suffered significant losses, which also
affected tax revenues to the state budget. The finan-
cial situation of agricultural enterprises does not allow
them to invest in innovative development using their
own resources, which is the basis for the introduction
of modern technological solutions that ensure the for-
mation of a circular economy in this area. Expenditures
on research and development in agriculture in the
period under review did not exceed 0.3% of the total
expenditures for this purpose in all sectors of the econ-
omy. However, it should be noted that such conclusions
are based on the available general statistics and do not
take into account the innovation and investment activ-
ity of individual enterprises in the agricultural sector.

The conflict and economic volatility have dimin-
ished investor enthusiasm for Ukraine’s agriculture
industry. This has hindered the process of attracting
investment in the development of the sector and the
modernisation of manufacturing. The study highlights
that investments in innovation and technology play a
crucial role in implementing the principles of the cir-
cular economy, particularly in the era of globalisation.
These investments enhance economic efficiency and
generate new growth opportunities through precision
farming, biotechnology, closed-loop systems, while also
reducing the environmental impact. Ukrainian agricul-
tural firms lack the financial capacity to independently
provide the necessary investment support for the suc-
cessful application of these technologies. Hence, this
component should serve as the foundation for the
state’s strategic growth of the agricultural sector.

Additional research should focus on formulating a
plan to provide financial assistance for the implemen-
tation of new technologies and innovations. This plan
should involve the establishment of specific financial
tools, partnerships between the public and private sec-
tors, educational and advisory initiatives, infrastructure
improvement, and the engagement of international in-
vestors. This strategy will facilitate the incorporation of
circular economy ideas into the operations of Ukrainian
agricultural firms and bolster the sustainable growth of
the country.
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AHoTauif. [locnigkeHHs Mano Ha MeTi NiaATBepAMTH HEOOXiAHICTb po3pobKK Ta peanisalii NNaHiB BNPOBALXEHHS
KOHLenuii LMPKyNspHOi eKOHOMIKM B arpapHOMyY ceKTopi YKpaiHu, BpaxoByruu BNAMB rnobanisauii Ta npobnemu,
WO BMHWUKIM BHACNIAOK BiMHW. Y LbOMY OOCAIAKEHHI PO3rNsaanncs dyHAaMeHTanbHi NPUHLMNK Ta iHTENeKTyanbHi
NigBanuHK, SKi BiAPI3HATb LMPKYNAPHY €KOHOMIKY BiA TpaAMuUiNMHOI ekoHOMiuHoi mopeni. O6rpyHTOBaHO
dyHAAMEHTANbHY KOHLENLUi UMPKYNSPHOI €KOHOMIKM B arpapHOMY CEKTOpi Ta BCTAHOBAEHO OCHOBHI nepeBaru
BNPOBAAXEHHS Lii€i eKOHOMIYHOT Mofeni B CiflbCbKOMY rocnoaapcTei. EBponeicbka Komicis 3aTBepamnna crparterito
CninbHoi arpapHoi noniTuku Ha nepiog 2023-2027 pokis. Lig cTpaTeria Haronowye Ha neplioyeproBnx 060B'a3kax,
AKi KpaiHn-uneHn €C NOBMHHI B3STH Ha cebe Ans BNPOBALXKEHHS MPUHLMMIB LMPKYNAPHOI EKOHOMIKM B CiIbCbKOMY
rocnogapctBi. BW3HAaHO OCHOBHI 3aKOHOMIPHOCTI (YHKLIOHYBAaHHS CinbCbKOrO rocnogapcrea B YKpaiHi Ta
BCTQHOBJIEHO 3HAYEHHS arpapHoOro cektopy y GopMyBaHHi BafioBOro BHYTPIiWHbLOro npoaykty (BBI) Ta BantoTHMX
HaaXxomOXeHb. PyiiHyBaHHS iHDPacTpyKTypu, BMOOOYTOK KOPUCHMX KOMasWMH Ta OKyMawis perioHiB npu3senu Ao
CKOpPOYEHH$S MOCIBHMX MAOLL Ta NOrONiB'a TBAPWH, WO CIPUYMHUNO BTPATY i3MYHOT NPOAYKTUBHOCTI. Yepes BiiHy
BiAOYNOCH 3HMXKEHHS BMPOOHUUMX i NOFICTUYHMX MOXIMBOCTEN, LLO MPU3BENO OO 3HAYHOrO MaAiHHA eKcrnopTy
CinbCbKOrocnoAapcbkoi npoAykuii. Ik Hacnigok, npubyTKoBICTb ipM y LbOMY CEKTOPi YKPAiHCbKOi €KOHOMIKM
TaKOX 3HM3MNACs. YKpaiHCbKMM arpapHUM KoMMaHism 6pakye diHaHCOBMX pecypciB, Wob caMoCTiiHO NiaATpUMMYBaTH
TBOPYMI PO3BUTOK, IKMIM BKJTKOYAE BNPOBAAKEHHS HOBUX TEXHONOTIYHMX PilleHb, O GOPMYOTb OCHOBY LIUPKYNSPHOI
eKOHOMiKM. BpaxoBytoun Hacnigku rnobanisauii Ta BiiCbKOBOro KOHMiKTY, 06rpyHTOBAHO, WO CTpaTeriyHUM
HanpsiIMOM BMNPOBAMKEHHS MPUHLUMMIB LMPKYNSPHOI €KOHOMIKM B CiZIbCbKOMY FrOCNoAapcTBi YKpaiHM Mae cratu
NpiOpUTETHICTb iHHOBALIMHOT Ta iHBECTULIMHOI MIATPUMKM, 30KpeMa 3 OOKy AepxaBu. Takui nigxin cnpustume
NiABULLEHHIO EKOHOMIYHOT e(PEeKTUBHOCTI Ta CTBOPEHHIO HOBUX MOXJIMBOCTEN

KniouoBi cnoBa: cinbcbke rocnogapcrso; MoAenb 3aMKHYTOrO LMK/Y; CTanuii po3BMTOK; nepepobka BigxomLiB;
pereHepaTuBHe 3eMnepobCcTBO; HioTexHonorii
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Abstract. The study addressed the mechanism of state regulation of the production,

resource and export potential of the Kyrgyz Republic. The study aimed to improve
the system of state regulation of the agricultural sector to increase national food
security. The analysis revealed a steady increase in production of the main types of

agricultural products over the period 2014-2024: cereals by 11.6%, potatoes by 12.5%,
vegetables by 18.2%, meat by 24.5% and milk by 17.1%. However, the study also showed
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uneven levels of self-sufficiency across different types of products: the high levels of self-sufficiency in potatoes
(167.4%), vegetables (164.5%) and milk (116.5%) contrast with the low levels of self-sufficiency in fruit and berries
(18.2%), vegetable oil (44%) and sugar (69%). An analysis of the existing state regulatory mechanisms revealed
a comprehensive legal framework, including the Law of the Kyrgyz Republic No. 320 “On Food Security” and the
“Food Security and Nutrition Programme for 2019-2023", but their implementation is limited by insufficient
funding and administrative barriers. Based on the analysis, recommendations were developed to optimise the state
regulatory mechanism, including the introduction of a differentiated subsidy system, optimisation of the structure
of exports and imports of agricultural products, increasing the efficiency of agricultural production, development
of agricultural processing and improving the food quality control system. Proposed measures include the creation
of the brand “Ecologically clean products of Kyrgyzstan”, the introduction of the Global G.A.P. certification system,
the creation of a network of regional agricultural-consulting centres, the development of agro-industrial parks and
the modernisation of quality control laboratories. The implementation of these measures aims to overcome the
identified problems create more favourable conditions for the development of agriculture and ensure food security
in the Kyrgyz Republic

Keywords: agricultural sector; agricultural production; food security; self-sufficiency; subsidies; concessional

lending; export potential

INTRODUCTION

In the context of global climate change and the grow-
ing instability of global food markets, the problem of
effective state regulation of the agricultural sector is
becoming critical to ensuring national food security. For
the Kyrgyz Republic, which has significant agricultural
potential, optimisation of agricultural production and
resource management mechanisms is becoming a key
factor in ensuring sustainable development of rural ar-
eas, increasing food self-sufficiency and strengthening
its position in regional agri-food markets. Effective state
regulation in this area is intended not only to stimulate
the growth of agricultural production but also to en-
sure national food independence in the long term.

The problem of the study is the insufficient effi-
ciency of the existing mechanisms of state regulation
of the agricultural sector of the Kyrgyz Republic, which
prevents the full realisation of the national agricultural
potential and limits its ability to ensure food securi-
ty. Despite favourable natural and climatic conditions
and significant land resources, Kyrgyzstan has several
challenges in the agricultural sector, including low la-
bour productivity in agriculture, insufficient mechani-
sation and technological equipment, dependence on
food imports for several key items, poorly developed
processing industry and limited access of local produc-
ers to international agricultural markets (Sakkaraeva &
Kumashey, 2024). These factors together pose risks to
the national food security and the sustainable develop-
ment of its agricultural sector.

The study of the impact of state regulation on the
innovation activity of enterprises attracts the attention
of many scientists.As such, F.Wang and X. Dai (2020) re-
vealed the relationship between regulatory policy and
innovation activities of companies, emphasising the
key role of resource reallocation in this process. Their
findings confirm the need for a careful approach to the
development of regulatory mechanisms to stimulate

innovation. At the same time, the efficient use of natu-
ral resources remains a key issue for many developing
economies. An interesting perspective on this issue is
provided by Z. Gao et al. (2024), who rethink the con-
cept of the “resource curse” in the context of the Chi-
nese model of economic development. Their research
shows that, with the right approach, dependence on the
resource industry can become a driver of high-quality
economic growth.

An equally important aspect of government reg-
ulation is the support of key sectors of the economy
(Kryvenko, 2022). In this context, a study by A.A. Naiza-
bekova and Z.D. Iskakova (2024) on the role of invest-
ment in agriculture in ensuring sustainable economic
development is noteworthy. Their study emphasises
the need for a balanced approach to the allocation of
investment resources between different sectors of the
economy. Analysing the impact of natural resources on
economic development in a broader context, a study by
S.Erdogan et al. (2020) is noteworthy. The authors ana-
lysed the relationship between natural resource abun-
dance, financial development and economic growth in
the example of the Next-11 countries. Their findings
can be particularly useful for developing economic de-
velopment strategies in resource-dependent countries.

An important aspect of government regulation of
export potential is support for small and medium-sized
businesses (Dolynska, 2023). In this context, the study
by O. Malca et al. (2020) is noteworthy, as they address
export support programmes as catalysts for the export
activities of small and medium-sized enterprises. Their
study underlines the importance of government initi-
atives in stimulating the export activity of small and
medium-sized enterprises. Continuing the discussion
on the development of export potential, the study by
N. Mozhaikina and I. Ostrovskyi (2024), devoted to the
peculiarities of the development and management of
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export potential of small and medium-sized enterpris-
es, is also worth consideration. The authors proposed
several valuable recommendations for improving the
mechanisms of state support for export-oriented small
and medium-sized enterprises.

G. Gertz and MM. Evers (2020) contributed to the
understanding of global economic competition by a
study on the prospects of state capitalism in geo-eco-
nomic competition. Their study raised important ques-
tions about the role of the state in shaping the compet-
itive advantages of national economies on the world
stage. The study by V. De Marchi and M. Alford (2022),
which provides a systematic analysis of public policy
and modernisation in global value chains, is also nota-
ble. Their study offers valuable insights for developing
effective strategies for integrating national producers
into international production networks.

Despite the significant amount of research in this
area, many aspects of the mechanism of state regulation
of production, resource and export potential, especially
in the context of the specifics of the Kyrgyz Republic’s
economy, remain insufficiently studied. In particular,
the issues of adapting successful international prac-
tices to the conditions of the transforming economy
of Kyrgyzstan, as well as developing a comprehensive
approach to stimulating innovation activity and export
potential, considering the existing resource constraints,
require additional analysis. The study aimed to improve
the mechanism of state regulation of the agricultural
sector of the Kyrgyz Republic to ensure the food secu-
rity of the country.

MATERIALS AND METHODS

The methodological basis of the study was formed by
the principles of systematicity and objectivity, which
provided a comprehensive approach to the study of
the mechanism of state regulation of the agricultural
sector and food security of the Kyrgyz Republic in their
dynamics and interrelation with the broader socio-eco-
nomic context. The study was based on an analysis of
a wide range of sources. The regulatory framework is
composed of key legislative acts of the Kyrgyz Repubilic,
including Law of the Kyrgyz Republic No. 183 (2008),
Law of the Kyrgyz Republic No. 161 (2012), Law of the
Kyrgyz Republic No. 52 (2019), Law of the Kyrgyz Re-
public No. 67 (2004). The study of these documents
identified the legal framework and mechanisms of state
regulation in the field of food security and the agricul-
tural sector.

An important source of information was the na-
tional strategic development documents, in particular
Resolution of the Government of the Kyrgyz Republic
No. 320 (2019). Analysis of this document identified
the main directions and priorities of State policy in the
area of food security. The programme contains a com-
prehensive approach to solving food security problems,
including measures to increase the availability and
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quality of food, develop agricultural production, im-
prove the nutrition of the population and strengthen
the food safety control system. The document address-
es the improvement of the efficiency of land and wa-
ter resources use, development of seed and livestock
breeding, and improving mechanisms of state support
for agricultural producers. The study of this programme
identified key metrics used by the Government to as-
sess the level of food security and to define target met-
rics for the development of the agricultural sector in
the medium term.

To assess the current state and dynamics of devel-
opment of the agricultural sector and food security of
the Kyrgyz Republic, statistical data provided by the
National Statistical Committee of the Kyrgyz Repub-
lic (2015-2024). Metrics of production of the main types
of agricultural products, the level of self-sufficiency of
the country in food, exports and imports of agricultural
products for the period 2014-2024 were analysed. The
study addressed and analysed scientific publications on
state regulation of the agricultural sector, food security
and agricultural development in transition countries.
Particular attention was devoted to studies that ana-
lyse successful international experiences in these areas.

Based on the analysis, the main trends in the de-
velopment of the agricultural sector and food securi-
ty in the Kyrgyz Republic were identified. In particular,
the report noted a steady increase in the production
of major agricultural products, and an increase in ex-
port potential in some sectors, while maintaining de-
pendence on imports for several key food products. To
assess the effectiveness of the existing state regulato-
ry mechanisms, the current regulatory framework and
institutional structure were analysed. This identified
both positive aspects and problem areas in the existing
regulatory system. Based on the analysis, recommen-
dations were developed to optimise the mechanism of
state regulation in the field of food security and the
development of the agricultural sector of the Kyrgyz
Republic. These recommendations include proposals to
improve the subsidy system, optimise the structure of
exports and imports of agricultural products, increase
the efficiency of agricultural production, develop agri-
cultural processing and improve the system of quality
control and food safety.

RESULTS

Analysis of the current state and dynamics of devel-
opment of the agrarian sector and food security of the
Kyrgyz Republic (2014-2024). Agriculture is primary in
the economy of the Kyrgyz Republic, being the basis for
ensuring national food security. Over the period 2014-
2024, the agricultural sector of Kyrgyzstan demon-
strated mixed dynamics of development, facing several
challenges and demonstrating certain achievements.
The share of agriculture in the national gross domestic
product (GDP) was 14.7% in 2014, and by 2023 it had




decreased to 11.3%. Despite the relative decline in the
share of GDP, the absolute volume of agricultural pro-
duction has increased over this period. According to the
National Statistical Committee of the Kyrgyz Repub-
lic (2015; 2023), the production of major agricultural
products in the Kyrgyz Republic in 2014-2024 showed
steady growth in all key areas, indicating the gradual
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development of the country’s agricultural sector. Table
1 illustrates the dynamics of production of the main
types of agricultural products for the period 2014-
2023. This table reflects changes in the production of
key crops in the Kyrgyz Republic over a ten-year period,
which traces long-term trends and identifies noticeable
fluctuations in the national agricultural sector.

165

Table 1. Dynamics of production of main types of agricultural products
in the Kyrgyz Republic, 2014-2023 (thousand tonnes)

Crop 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Cereals  1,4459 17231 17281 16818 17415 17814 1856 13291 18673 16238
Wheat 572.7 704.6 661.5 601 615.9 601.2 629.1 3627 592.5 440.4
Barley 317 370.2 4153 4244 4293 4659 510.2 274.1 539.6 382.1

Graincorn  556.1 641.9 648.7 653.4 692.9 711.8 714.1 691.1 7326 799.9

Rice 27.2 30.2 348 38.2 40.8 412 445 46.3 44 46.8
Pulses 90.1 96.7 97.7 1026 106.6 108.6 107.2 85.5 80.6 723
Oilseeds 357 49 413 39.7 354 311 239 178 197 153
Cotton 69 441 52.1 65.3 747 80.2 728 66.9 76.5 634
Tobacco 19 13 0.5 15 18 0.9 1 11 12 14
Sugarbeet  173.6 183.2 705.2 712.3 773 7411 4488 365.6 468.1 621
Potatoes  1,320.7 14164  1,3884 1416 14466 153738 13272 12891 1275 12868

Vegetables 9197 10521 10693  1,0867 10949 11336 11312 11142 11636 1,166
Gourds 1933 2486 2373 259.1 249.1 2458 2615 2249 226.1 2356

F"t‘)*étr;z:d 237 209.2 239.3 240.6 251.4 269.5 278 266.4 275.5 278.9
Grapes 8.5 5.7 8.6 8.6 8.8 8.9 9.3 74 73 5.1

Note: values are in thousands of tonnes

Source: compiled by the authors based on National Statistical Committee of the Kyrgyz Republic data (2016-2023)

Based on the analysis of data on the production of
major crops in Kyrgyzstan for the period 2014-2023,
several key trends and their interrelationships can be
identified. Grain production in general shows an upward
trend, increasing from 1445.9 thousand tonnes in 2014
to 1623.8 thousand tonnes in 2023, reaching a peak of
1867.3 thousand tonnes in 2022. However, this growth
was not uniform, reflecting the influence of various fac-
tors, including climatic conditions and changes in agri-
cultural policy. Notably, there are mixed trends within
the cereals category. Wheat production, traditionally an
important crop for the country’s food security, is show-
ing a downward trend after peaking at 704.6 thousand
tonnes in 2015, reaching 440.4 thousand tonnes in
2023.This decline may be due to farmers switching to
other, more profitable crops, as well as the impact of
climatic factors. In contrast, corn production is showing
steady growth, increasing from 556.1 thousand tonnes
in 2014 to 799.9 thousand tonnes in 2023. This growth
may be due to increased demand for corn as a fodder
crop, as well as its greater resistance to climate change
compared to wheat.

Potato andvegetable productionalso shows positive
dynamics. Potato production grew from 1320.7 thou-
sand tonnes in 2014 to 1286.8 thousand tonnes in 2023,
reaching a peak of 1446.6 thousand tonnes in 2018.
Vegetable production increased from 919.7 thousand

tonnes to 1216.6 thousand tonnes over the same pe-
riod. This trend can be attributed to growing domestic
demand and developing export opportunities for these
crops. Sugar beet production is subject to significant
fluctuations, which may be a result of changes in gov-
ernment policy to support the industry and fluctuations
in sugar market prices. The sharp increase in production
from 183.2 thousand tonnes in 2015 to 773.0 thousand
tonnes in 2018 was likely caused by favourable market
conditions and government incentives. The subsequent
decline and new growth to 621.0 kt in 2023 may reflect
the industrial adaptation to changing market conditions.
Production of cotton and oilseeds is showing a
downward trend. This may be caused by competition
for land resources with more profitable crops, as well
as difficulties in ensuring the competitiveness of these
crops on the international market. At the same time, the
production of fruits and berries shows a steady increase
from 237.0 thousand tonnes in 2014 to 278.9 thousand
tonnes in 2023, which may be the result of government
programmes to develop horticulture and the growing
demand for fruits and berries. These trends point to on-
going structural changes in Kyrgyz agriculture. Farmers
are shifting towards more profitable and climate-resil-
ient crops such as maize, vegetables and fruits. At the
same time, there is a decline in the production of tradi-
tional industrial crops such as cotton and oilseeds.
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Large fluctuations in the production of some crops,
especially cereals and sugar beet, point to the need for a
more stable and long-term agricultural policy. This pol-
icy should account for not only market factors but also
food security, environmental sustainability and climate
change adaptation. Despite the overall growth in agri-
cultural production,Kyrgyzstan continues to face serious
challenges in ensuring food security. The analysis of the
national self-sufficiency in basic foodstuffs as of Janu-
ary-August 2023 reveals a complex overview, showing
both achievements and problem areas in the country’s
agricultural sector (Providing Kyrgyzstan with..., 2023).

Kyrgyzstan has made significant progress in ce-
real production, meeting 77.6% of its domestic needs
for bread products through domestic production. How-
ever, the country is still dependent on imports, which
account for 62.6% of the domestic bakery market. This
points to the need for further development of the grain
sector to strengthen food independence. Potato vege-
table and melon production is particularly successful.
Self-sufficiency in potatoes reached 167.4% and in veg-
etables and melons 164.5%. Addressing export and im-
port operations, these figures are even higher: 167.9%
and 182.4% respectively. This high level of production
not only fully meets domestic needs, but also creates
significant export potential, helping to strengthen the
country’s economy. At the same time, fruit and berry pro-
duction remains a problematic area. Self-sufficiency in
these products is only 18.2% and 35.3% when imports
are addressed. Imported products account for more than
half of the domestic fruit and berry market (50.4%). This
points to the need to develop horticulture and berry
growinginthe countrytoreduce dependence onimports.

The situation in the livestock sector is more fa-
vourable. Self-sufficiency in meat reaches 80.5%, and
97.1% when imports are considered. Imports account
for 20.1% of the domestic meat market. This indicates
a positive development in the livestock sector but also
points to the potential for further production growth.
The dairy industry demonstrates strong performance:
self-sufficiency in milk is 116.5%, and including export
and import operations, it is 118.8%. This not only fully
meets domestic needs, but also creates opportunities
for dairy exports. Egg production covers 63.9% of do-
mestic demand, and with imports, the supply reaches
79.2%. This points to the need for further development
of poultry farming to achieve full self-sufficiency. The
situation with sugar and vegetable oil production re-
mains challenging. Self-sufficiency in sugar is 69%
and in vegetable oil 44%. Imports affect supply in the
domestic market with 34.2% for sugar and 57.5% for
vegetable oil. This underscores the need to develop the
respective agricultural and food industries.

Thus, despite achieving self-sufficiency in several
key food products such as potatoes, vegetables and
milk, Kyrgyzstan is still dependent on imports for many
important food categories. This poses risks to national
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food security and points to the need for further devel-
opment of the agricultural sector, especially in the pro-
duction of cereals, fruit, sugar and vegetable oil. The
implementation of a targeted policy to increase agri-
cultural productivity and sustainable food production
is crucial for strengthening Kyrgyz food security and
achieving the Sustainable Development Goals. The
analysis of Kyrgyz foreign trade in agricultural products
in 2023 demonstrates a significant increase in nation-
al export potential while maintaining dependence on
imports for several key food commodities. Exports of
agri-food products from Kyrgyzstan in 2023 reached an
impressive volume of 818.9 thousand tonnes, which is
231.8 thousand tonnes or 39.5% more compared to the
same period of 2022. This significant growth indicates
the strengthening of Kyrgyz position in international
agricultural markets.

The structure of exports demonstrates the di-
versity of Kyrgyz agricultural products. The main ex-
port commodities were vegetables with a volume of
186.8 thousand tonnes, fruits — 139.1 thousand tonnes,
nuts — 88.5 thousand tonnes and pulses - 70.5 thou-
sand tonnes. Potatoes (43.5 thousand tonnes) and dried
fruits (34.9 thousand tonnes) also accounted for a sig-
nificant volume. This structure of exports reflects the
strengths of Kyrgyzstan’s agriculture, in particular, fa-
vourable conditions for growing vegetables, fruits and
nuts (Exports of agricultural..., 2023). Despite success
in exports, Kyrgyzstan continues to be dependent on
imports for several important food products. Imports
include significant volumes of poultry meat (65.1 thou-
sand tonnes), dairy products (14.7 thousand tonnes),and
large quantities of eggs (192.6 million eggs).In addition,
the country imports cattle (26.3 thousand heads) and
horses (7.3 thousand heads), which indicates an insuf-
ficient development of domestic livestock production
in some segments (What agricultural products..., 2024).

The significant volume of imports of feed for an-
imals, poultry and fish (about 63,000 tonnes in total)
indicates the dependence of the livestock sector on
foreign supplies, which may negatively affect the com-
petitiveness of Kyrgyz livestock products. The current
situation in Kyrgyz foreign trade in agricultural prod-
ucts points to the need for further development of the
national agricultural sector. Despite successes in ex-
ports of vegetables, fruits and nuts, which demonstrate
national potential in these areas, Kyrgyzstan still faces
serious challenges in ensuring food security. Depend-
ence on imports for several key foodstuffs, rising food
prices and insufficient development of agricultural in-
frastructure pose risks to the sustainable provision of
quality and affordable food to the population.

Several key factors influence the development of
the agricultural sector and food security in Kyrgyzstan.
Climate conditions and natural risks, such as droughts
and frosts, create instability in agricultural produc-
tion. Limited land and water resources constrain the




potential for expanding agricultural production.The low
level of mechanisation and technological equipment in
agriculture leads to a decrease in labour productivity
and production efficiency. Insufficient development of
storage and processing systems for agricultural prod-
ucts limits opportunities for value-addition and ex-
tending the shelf life of products. Limited access of
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farmers to financial resources hampers investments in
modernisation and expansion of production. The vol-
atility of world food prices creates additional risks for
the stability of the domestic market. The following ta-
ble provides a visual representation of the current state
of food security in Kyrgyzstan and the key factors af-
fecting it (Table 2).

Table 2. Key Metrics of Food Security in Kyrgyzstan and Factors Influencing its Provision

Metric Value Influencing factors
Level of self-sufficiency in bread products 77.6% Climate conditions, limited land resources
Level of self-sufficiency in meat products 80.5% Insufficient deverhoepér::r:tsaotfi;:e feed base, low
Level of self-sufficiency in dairy 116.5% Traditionally developed livestock farming
Level of self-sufficiency in vegetables and melons 164.5% Favourable climatic conditions
Level of self-sufficiency in fruits and berries 18.2% Insufficient development of horticulture
Food price growth (2014-2023) 78.5% Volatility of global prices, dependence on imports
Share of agriculture in GDP 11.7% Low labour productivity, limited investment
Share of agricultural exports in total exports 15.3% Insufficient development of storage and processing systems

Note: self-sufficiency level is calculated as the ratio of domestic production to total consumption; food price growth is

presented as cumulative growth for the period 2014-2023

Source: compiled by the authors

These factors together form a complex environ-
ment for the development of agriculture and food se-
curity in Kyrgyzstan. They require a comprehensive ap-
proach to solving problems and improving mechanisms
of state regulation in this area. Measures are needed
to stimulate Kyrgyz production, improve the efficiency
of agriculture, develop the agro-industrial complex and
optimise the structure of food exports and imports. This
situation highlights the need to improve the mecha-
nisms of state regulation in the field of food security, in-
cluding stimulation of Kyrgyz production, improvement
of agricultural efficiency, development of the agro-in-
dustrial complex and optimisation of the structure of
food exports and imports.

State mechanisms for regulating the agricultural
sector and ensuring food security in the Kyrgyz Repub-
lic. The system of state regulation of the agricultural
sector and food security in the Kyrgyz Republic is a
complex and multi-level structure based on interrelat-
ed legislation, targeted programmes and specialised
support measures. The central element of this system
is Law of the Kyrgyz Republic No. 183 (2008). This law
is central to establishing the legal framework to ensure
national food independence, economic and physical
accessibility of food and its safety for the Kyrgyz pop-
ulation. The Law of the Kyrgyz Republic No. 183 (2008)
contains several key definitions that form the conceptu-
al basis of the state policy in the field of food security. It
defines such relevant concepts as “food security”, “food
independence”, “economic accessibility of food” and
“physical accessibility of food”. These definitions outline
the goals and objectives of state policy in this area.

An important aspect of the law is the establish-
ment of the principles of state policy in the field of food
security. These include ensuring physical and economic
availability of safe food products for all segments of the
population, guaranteeing food quality and safety, sup-
porting Kyrgyz agricultural producers, and developing
competitive agricultural production. The law delineates
the powers of different levels of government in food
security. It defines the competencies of the Government
of the Kyrgyz Republic, authorised state bodies and lo-
cal self-government bodies. This delineation allows for
the creation of an effective system of management and
control in food security at all levels of government. The
law addresses the regulation of the formation and use
of state food reserves. This aspect is critical to ensuring
the stability of the food supply in the event of emer-
gencies or sharp fluctuations in the market. The law es-
tablishes the procedure for the formation, storage and
use of food reserves, providing quick state response to
crises in the food supply sector.

In addition, the law provides mechanisms for mon-
itoring and evaluating the state of food security in the
country. This includes the regular collection and anal-
ysis of data on food production, imports and consump-
tion, as well as an assessment of the country’s self-suf-
ficiency in basic foodstuffs. This approach identifies
potential threats to food security, which can be used
to take the necessary measures promptly. The Govern-
ment of the Kyrgyz Republic developed and approved
Resolution of the Government of the Kyrgyz Republic
No. 320 (2019). This program addresses a set of objec-
tives,including increasing the availability and quality of
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food, developing agricultural production, improving the
population’s nutrition and strengthening the food safe-
ty control system.The programme provides several spe-
cific support measures for agricultural producers. These
include subsidies for the purchase of plant protection
products, which are regulated by the draft Regulations
on the Procedure... (2017). According to this draft regu-
lation, subsidies are granted by the Ministry of Agricul-
ture, Food Industry and Land Reclamation of the Kyrgyz
Republic to reimburse part of the costs of purchasing
pesticides permitted for use in the Kyrgyz Republic.

The subsidy rate is set at 20% of the cost of plant
protection products. Subsidies are granted if there are
crop areas treated with plant protection products. The
recipients of subsidies may be agricultural producers
and organisations of the agro-industrial complex, re-
gardless of their legal form and form of ownership,
engaged in the production of agricultural products.
However, the effectiveness of these subsidies remains
a matter of debate. There are concerns that the number
of subsidies allocated may not be sufficient to ensure
significant productivity growth in the sector. This may
be due to limited budgetary resources and potential
difficulties in administering the subsidies, especially
for small farms. In addition, the process of obtaining
subsidies requires farmers to prepare and submit a sig-
nificant amount of documentation, which may pose ad-
ditional difficulties, especially for small farms.

Another important mechanism for supporting agri-
cultural producers is the system of preferential lending.
It is implemented through state-owned banks and spe-
cialised funds such as Aiyl Bank and the Kyrgyz-Russian
Development Fund. The legal basis for this mechanism
is Law of the Kyrgyz Republic No. 161 (2012), which de-
fines the principles and procedures for the functioning
of state financial development institutions. Despite the
existence of this system, access to financial resources
for many agricultural producers remains limited. This
is related to high collateral requirements, complicated
loan processing procedures and insufficient financial
literacy of small farmers. As a result, a significant part
of agricultural enterprises, especially small farms, do
not have access to the necessary financial resources to
modernise production and increase productivity. As a
member of the Eurasian Economic Union (EAEU), Kyr-
gyzstan adheres to a common customs and tariff poli-
cy in regulating foreign trade in agricultural products.
The main regulatory act in this area is the Customs
Code of the Eurasian Economic Union. According to this
code, the Single Customs Tariff of the EAEU applies to
imports of agricultural products from third countries
(Mukhametov et al., 2023).

To protect the domestic market and support Kyrgyz
producers, Kyrgyzstan uses several methods within the
framework of EAEU membership. These include tariff
and non-tariff measures to regulate foreign trade, which
are applied following the EAEU Treaty and decisions of

Scientific Horizons, 2024, Vol. 27, No. 9

the Eurasian Economic Commission. In respect of im-
ports of agricultural products, Kyrgyzstan, as a member
of the EAEU, applies the EAEU Common Customs Tariff,
which may include seasonal duties on certain types of
products. These measures aim to protect the interests
of Kyrgyz producers in certain periods of the year. As for
agricultural exports, Kyrgyzstan may impose temporary
restrictions on the export of certain types of goods fol-
lowing national legislation and obligations under the
EAEU. The basis for such measures is Law of the Kyrgyz
Republic No. 52 (2019), which provides for the possibil-
ity of imposing export bans and restrictions to ensure
national security, protect the domestic market and ful-
fil the international obligations of the Kyrgyz Republic.
These measures can be used to ensure the country’s
food security in cases of crop failure, emergencies or
significant price fluctuations in the world food market.

The food quality and safety control system in Kyr-
gyzstan is based on the Law of the Kyrgyz Republic
No. 67 (2004) and the relevant technical regulations.
This law establishes the legal basis for the develop-
ment, adoption, application and enforcement of man-
datory requirements for products, including food prod-
ucts. The Centre for Standardisation and Metrology
under the Ministry of Economy of the Kyrgyz Republic
is central to the quality control system (Regulations on
the..., 2021). This body is responsible for the develop-
ment and implementation of national quality stand-
ards that are harmonised with international standards,
in particular Codex Alimentarius. The activities of the
Centre are regulated by Law of the Kyrgyz Republic
No. 67 (2004), which defines the principles and proce-
dures for the development and application of technical
regulations and standards.

The State Inspectorate for Veterinary and Phy-
tosanitary Safety under the Government of the Kyrgyz
Republic controls the safety of products of animal and
plant origin. This body is regulated by Law of the Kyr-
gyz Republic No. 175 (2014) and Law of the Kyrgyz Re-
public No. 2 (2015). The Inspectorate conducts regular
inspections of agricultural enterprises, storage and sale
of products, as well as border control of import and ex-
port of agricultural products. Despite the existence of
a comprehensive regulatory system, its effectiveness
remains a matter of concern. The main problems are
related to insufficient funding from regulatory author-
ities, lack of modern laboratory equipment for analy-
ses, and insufficient coordination between the various
agencies involved in ensuring food security. In general,
state regulation mechanisms for the agricultural sector
and food security in the Kyrgyz Republic cover a wide
range of measures from legislative regulation to spe-
cific programmes to support producers and control the
quality of products. However, the effectiveness of these
mechanisms is limited by several factors, including in-
sufficient financial resources, administrative barriers
and difficulties in coordinating the actions of various




government agencies. This indicates the need to fur-
ther improve the system of state regulation to better
address the challenges of agricultural development
and food security in the country.

Recommendations for optimising the state reg-
ulation mechanism. Improvement of the system of
subsidising agricultural producers is a key factor in in-
creasing the efficiency of the agricultural sector in Kyr-
gyzstan. The existing system, which provides for 20%
reimbursement of costs for plant protection products,
does not take into account regional specifics and is dif-
ficult for small farmers. The experience of Turkey shows
that a differentiated approach to subsidies can signifi-
cantly increase their efficiency. In Turkey, subsidies for
seeds and seedlings range from 30% to 75% depend-
ing on region and crop, which resulted in a 20-25% in-
crease in yields over five years (Cevher & Cevher, 2021).
Considering this, it is recommended to introduce a
comprehensive system of differentiated subsidies in
Kyrgyzstan. For mountainous areas with limited culti-
vated areas, subsidies for the purchase of high-yielding
seeds and seedlings should be increased to 40% of the
cost. In arid regions, such as the Batken region, a 50%
subsidy for the introduction of drip irrigation should
be introduced. This is particularly relevant given the
successful experience in Israel, where the use of drip
irrigation reduced water consumption by 30-40% while
increasing yields (Ayars et al., 2024).

For organic farmers, whose number in Kyrgyzstan is
growing, but still small, it is advisable to provide 60%
subsidies for certification of products according to in-
ternational standards. Such a measure is successfully
applied in Tunisia, where the area of organic farmland
tripled in five years (Benabdelkader et al., 2021). Imple-
mentation of these measures will require amendments
to the Regulations on the Procedure for Granting Sub-
sidies to Agricultural Commodity Producers for the Pur-
chase of Plant Protection Products (2017) and the crea-
tion of a “single window” based on district departments
of agriculture to receive applications and counselling of
farmers.Optimisation of the structure of exports and im-
ports of agricultural products is the next important step
in ensuring the food security of the country. Currently,
Kyrgyzstan exports raw materials with low added value,
importing significant amounts of food (Omurgazieva et
al., 2024). To change this situation, it is necessary to
develop a programme to support exports of high-val-
ue-added products. A successful example of such an ap-
proach is the experience of Chile, which in recent years
has significantly increased exports of wine and fruit
through the creation of a national brand and active
promotion in international markets (Panez et al., 2020).

Similarly, to the Chilean experience, it is recom-
mended that Kyrgyzstan create a brand “Ecologically
clean products of Kyrgyzstan”to promote organic fruits,
honey,and dried fruits in the EAEU and Chinese markets.
At the same time, it is necessary to introduce a Global
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G.A.P. certification system for the 500 largest fruit and
vegetable producers. This will facilitate access for Kyr-
gyz products to foreign markets, especially in the EU,
where this standard is widely recognised. To optimise
imports, the Kyrgyz poultry industry should be encour-
aged to reduce chicken meat imports by 50% within 5
years. A similar strategy was successfully implemented
in Morocco, which not only fully supplied the domestic
market but also became an exporter of poultry meat
within a decade (Fagrach et al., 2023). The implemen-
tation of these measures will require the development
and adoption of a state programme for the develop-
ment of agricultural exports for 2025-2030, as well as
the establishment of the Agency for the Promotion of
Agricultural Exports under the Ministry of Agriculture.

Improving the efficiency of agricultural production
is critical to ensuring food security in Kyrgyzstan. Cur-
rently, the country faces problems of low agricultural
productivity, insufficient use of modern technologies
and fragmentation of land plots. To address these
problems, it is recommended to create a comprehen-
sive system of support for farmers, including advisory
services, promotion of cooperation and the renewal of
machinery. A successful example of the implementation
of such a strategy is the experience of India, where an
extensive network of agricultural advisory centres Kris-
hi Vigyan Kendra was established, which led to a signif-
icant increase in labour productivity in the agricultural
sector (Varshney et al., 2019). Similar to the Indian ex-
perience, it is recommended to create a network of 7
regional agricultural-consulting centres in Kyrgyzstan
based on existing agricultural universities and research
institutes. These centres will provide farmers with in-
formation on modern farming and livestock production
technologies, as well as advice on farm management
and product marketing.

The development of agricultural cooperation is
another important area for improving the efficiency
of the agricultural sector. A successful example in this
area is the experience of dairy co-operatives in Kenya,
which helped small-scale producers improve the quali-
ty of their products and find stable markets (Onyango et
al.,2023). Building on this experience, it is recommend-
ed to develop an agricultural cooperative development
programme that includes tax incentives and grants for
newly established cooperatives. To upgrade the agri-
cultural machinery fleet, it is proposed to introduce a
preferential leasing programme with a 50% subsidy of
the down payment for small and medium-sized farms. A
similar programme has been successfully implemented
in Brazil (Baccarin et al., 2020). The implementation of
these measures will require the adoption of the Law on
Agricultural Consulting, amendments to the Tax Code
of the Kyrgyz Republic,and the establishment of a state
leasing company.

The development of agricultural processing and
the creation of added value is a key factor in increasing
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the competitiveness of the Kyrgyz agricultural sector.
Currently, the country has an underdeveloped process-
ing industry and a low level of domestic processing of
agricultural products. To solve this problem, it is rec-
ommended to create an infrastructure for processing
agricultural products and stimulate the development of
processing enterprises. A successful example of imple-
menting such a strategy is the experience of Thailand,
where the creation of agro-industrial clusters has led
to a significant increase in the production of high-val-
ue-added products. Similarly, to the Thai experience,
it is recommended to create 4 agro-industrial parks in
Kyrgyzstan in the main agricultural regions of the coun-
try (Chui, Issyk-Kul, Osh and Talas oblasts). For instance,
a complex to produce canned beans and other legume
products could be created in the Talas region, which is
known for its beans.

To stimulate the development of small processing
enterprises in rural areas, it is proposed to develop a
programme of concessional lending with an interest
rate not exceeding 5% per annum. It is also recommend-
ed to introduce a system of tax preferences for verti-
cally integrated agro-industrial complexes. A successful
example of such integration in other countries is Olam
International in Singapore, which has created vertically
integrated chains of production and processing of var-
ious crops in developing countries. Implementation of
these measures will require the adoption of the Law
“On Agricultural Parks in the Kyrgyz Republic”, amend-
ments to the Tax Code of the Kyrgyz Republic and the
establishment of a special fund for preferential lending
to processing enterprises under the Russian-Kyrgyz De-
velopment Fund. Improving the system of quality con-
trol and food safety is critical to ensure food security
and increase the competitiveness of Kyrgyz products in
international markets. Currently, the country faces the

problems of insufficiently equipped laboratories, lack
of product traceability and food smuggling. To address
these problems, it is recommended to modernise the
system of quality control and food safety following in-
ternational standards.

A successful example of modernising a quality con-
trol system is the experience of Chile, which managed
to bring its system in line with EU and US requirements
in a short time, which opened access to these impor-
tant markets for Chilean products (Lu et al., 2021). In
Kyrgyzstan, it is recommended to equip 5 key labora-
tories of the Centre for Standardisation and Metrolo-
gy and the State Inspectorate for Veterinary and Phy-
tosanitary Safety with modern equipment to conduct
analyses following EU standards. The introduction of
a digital system for traceability of products “from field
to counter” based on blockchain technology is another
important step in improving food safety. Such a sys-
tem has been successfully implemented in Australia,
where it has significantly reduced cases of product
falsification and increased consumer confidence (El-
lahi et al., 2023). Implementation of these measures
will require the development and adoption of a state
programme for modernisation of food quality control
laboratories for 2025-2030,amendments to Law of the
Kyrgyz Republic No. 67 (2004) and Criminal Code of the
Kyrgyz Republic (2021).

Based on the recommendations presented to opti-
mise the mechanism of state regulation in food security
in Kyrgyzstan, it is possible to identify key areas and ap-
propriate measures that can potentially bring significant
benefits to the development of the national agricultur-
al sector. For a clear presentation of this information, a
summary table reflecting the main recommendations,
their expected results and examples of successful in-
ternational experience is presented below (Table 3).

Table 3. Key recommendations for optimising the mechanism of state requlation of the agricultural sector in Kyrgyzstan

International

Direction Recommended actions Expected results R
experience
Subsidisation Differentiated subsidies (up to 40% for seeds, 50% Yield growth by 20-25%, water consumption  Turkey, Israel,
for drip irrigation, 60% for organic certification) reduction by 30-40% Tunisia

Exports and of Kyrgyzstan”, introduction of Global G.A.P,

Creation of the brand “Ecologically clean products

Exports up 30%, imports down 50% Chile, Morocco

Imports development of poultry farming
Production Establishment of 7 agrlcult.ural consulting cen'Fres, Increased labour productivity, 40% increase India, Kenya,
A development of cooperation, and a preferential . . -
efficiency . - in the number of cooperatives Brazil
leasing programme for machinery
Product Establishment of 4 agro-industrial parks, Growth in the production of high-value- Thailand,
processing preferential lending of up to 5% per annum added products Singapore
Quality Modernisation of 5 key laboratories, Compliance with international standards, Chile. Australia
control implementation of a traceability system reduction of counterfeit products ’

Source: compiled by the authors

Thus, the proposed recommendations, based on the
successful experience of other countries and account-
ing for the specifics of Kyrgyzstan, will significantly op-
timise the mechanisms of state regulation in the field
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of food security in the country. Their implementation
will increase the efficiency of agricultural production,
increase exports of high-value-added products, devel-
op the processing industry and improve the quality and




safety of food, which will ensure the sustainable devel-
opment of the agricultural sector of the Kyrgyz Republic.

DISCUSSION

The study of the mechanism of state regulation of the
agricultural sector and food security in the Kyrgyz Re-
public revealed several key aspects and trends. The
analysis showed that over the period 2014-2024, there
has been a steady increase in the production of major
agricultural products, including cereals, potatoes, vege-
tables, meat and milk. There is also an increase in the
export potential of agricultural products, as evidenced
by a 39.5% increase in exports of agri-food products in
2023 compared to the previous year. However, the study
also identified several challenges, including insufficient
self-sufficiency in certain types of food, dependence on
imports for several key food products, and insufficient
development of agricultural storage and processing
systems. The analysis of government regulatory mech-
anisms showed the existence of a comprehensive reg-
ulatory framework but also identified problems in the
implementation and effectiveness of existing support
measures for agricultural producers.

The results of the study revealed insufficient devel-
opment of innovation in the agricultural sector of Kyr-
gyzstan, which indicates the need to revise the existing
mechanisms of state regulation in this area. In this con-
text, the concept of “requlatory abstinence” proposed by
M. Dewey and D. Di Carlo (2022), represents an alterna-
tive approach to stimulating innovation in agriculture.
The authors consider the selective non-application or
relaxation of regulations as an agricultural policy tool
that can stimulate innovation and economic growth in
certain agricultural sectors. However, an analysis of the
situation in Kyrgyzstan shows that the approach de-
scribed by M. Dewey and D. Di Carlo is practically not
applied in the country. While the researchers note the
potential effectiveness of this approach to stimulate in-
novation, the situation in Kyrgyzstan is characterised by
the lack of effective mechanisms to support innovation
in the agricultural sector.

This points to the need not only to revise existing
regulations but also to develop a comprehensive strat-
egy for innovative agricultural development that could
include elements of “regulatory abstinence” combined
with active measures to support innovation. Such an
approach could be used to stimulate innovation in ag-
ricultural sectors that have the potential to diversify
Kyrgyzstan’s agricultural production and increase its
productivity. For example, it could promote the devel-
opment of innovative technologies in organic farming,
precision agriculture or the development of new crop
varieties adapted to local conditions.

The results of this study revealed a significant
growth in agri-food exports from Kyrgyzstan, which
increased by 39.5% in 2023 compared to the previous
year. However, the analysis also revealed the national
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dependence on imports for several key food commodi-
ties. This finding takes on particular significance consid-
ering the study by M.A. Bashir et al. (2020), who inves-
tigated the relationship between export diversification
and energy efficiency using OECD countries as an exam-
ple.Although this study did not focus directly on energy
efficiency, the situation in Kyrgyzstan is consistent with
the findings of M.A.Bashir et al. on the importance of ex-
port diversification for sustainable economic develop-
ment. However, the situation in Kyrgyzstan has its pecu-
liarities. Unlike the OECD countries considered in their
study, Kyrgyzstan faces more fundamental problems
of structural transformation of the agricultural sector.

The analysis shows that for Kyrgyzstan, the issue of
agricultural export diversification is closely linked not
only to energy efficiency, but also to a wider range of
issues, including the development of the processing in-
dustry, improving product quality to meet internation-
al standards, and integration into global food supply
chains. This underscores the need to develop a com-
prehensive agricultural export diversification strategy
that considers the specific conditions and constraints
of Kyrgyzstan’s agricultural sector, including its geo-
graphical location, agricultural production structure
and available natural resources. In the context of ana-
lysing regulatory governance in the agricultural sector
through the prism of political economy, the study by
M. Guidi et al. (2020) provides an important theoreti-
cal framework. The authors propose to consider regu-
latory governance not only as a technical but also as a
political process, influenced by various interest groups
and institutional factors. This approach is particularly
relevant for analysing the situation in the agricultural
sector of Kyrgyzstan, where, as this study has shown,
there are significant problems in the implementation
of legislation and coordination between various gov-
ernment agencies responsible for agricultural develop-
ment and food security. The conclusions of M. Guidi et
al. on the importance of taking political factors into ac-
count when developing regulatory policy are confirmed
by the identified institutional problems in Kyrgyzstan.

In particular, the results of the study point to the
need for a deeper analysis of the political economy fac-
tors influencing the formulation and implementation
of agricultural policy in the country. This includes not
only formal institutions and procedures, but also infor-
mal practices, the distribution of power among differ-
ent interest groups in the agricultural sector, and the
historical patterns of interaction between the state and
agricultural producers. Addressing these factors can
help develop more effective and enforceable regulatory
mechanisms that contribute to the development of the
agricultural sector’s productive and resource potential
and improve Kyrgyz food security.

Considering the issues of modern economic reg-
ulation in the agricultural sector and its adaptation to
changing conditions, C. Decker (2023) provides important
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theoretical and practical conclusions. The author em-
phasises the need to adapt regulatory mechanisms to
rapidly changing technological and economic condi-
tions, which is especially relevant in the era of digitali-
sation and globalisation of agricultural production. The
findings of this study, which indicate insufficient devel-
opment of innovation in Kyrgyz agriculture and the na-
tional weak integration into global food supply chains,
suggest that the regulatory system of the agricultural
sector does not fully meet the current challenges. In
contrast to the developed economies considered by
C. Decker, Kyrgyzstan faces more fundamental prob-
lems in creating an effective regulatory environment
in agriculture. This includes not only technical aspects
of regulation but also basic issues of institutional de-
velopment, increasing transparency and accountability
of regulatory bodies in the agricultural sector, as well
as creating a culture of compliance among agricultur-
al producers. In this context, C. Decker’s proposals for
introducing more flexible and adaptive forms of regu-
lation may be particularly valuable for the Kyrgyz agri-
cultural sector. However, their implementation will re-
quire significant efforts to strengthen the institutional
capacity of agricultural regulators, develop feedback
mechanisms for farmers and agricultural enterprises,
and increase the overall level of digitalisation of the
agricultural sector and its management.

Addressing the issue of taking national character-
istics into account in the formulation of agricultural
policy, the study by B. Clift (2021) provides a relevant
perspective within the comparative analysis of polit-
ical economy. The author emphasises the importance
of historical, cultural and institutional characteristics
of countries in the formulation of economic policies.
This observation finds confirmation in the results of
the present study, which indicate the need to adapt the
international experience to the specific conditions of
the agricultural sector in Kyrgyzstan. In particular, the
identified problems in the implementation of agricul-
tural legislation and coordination between government
agencies responsible for agricultural policy indicate the
importance of addressing the institutional characteris-
tics of the country when developing regulatory mech-
anisms. However, the situation in Kyrgyzstan demon-
strates that simply recognising national peculiarities
is not enough. The results of the study show that the
country faces serious challenges in adapting interna-
tional practices of agricultural sector regulation to its
conditions. This is particularly noticeable in the areas
of innovative agricultural development and integra-
tion into global food supply chains, where Kyrgyzstan
lags far behind many countries (Tsapova et al., 2024).
In this context, B. Clift's approach to comparative po-
litical economy analysis can be particularly useful for
identifying successful practices of agricultural sector
regulation in countries with similar characteristics and
adapting them to Kyrgyz conditions.
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Analysing aspects of sustainable agricultural de-
velopment and the role of the state in this process,
G. DAlisa and G. Kallis (2020) offer an alternative view
of economic development through the concept of
“degrowth”. Although the authors focus on developed
economies, their ideas can be partially applied to the
agricultural sector of Kyrgyzstan. The authors consider
the role of the state in the context of the transition
to more sustainable models of economic development,
which are not based solely on the constant growth
of production. Although Kyrgyzstan does not face the
challenges of the developed economies discussed by
the authors, their observations on the need to rethink
the role of economic growth in public policy may be rel-
evant for the Kyrgyz agricultural sector in the long term.
The findings of this study, which point to the uneven
development of different agricultural sub-sectors and
problems with food security, emphasise the importance
of finding more sustainable models for agricultural de-
velopment.

In the context of Kyrgyzstan, this may not denote
abandoning agricultural production growth, but rather
reorienting towards higher quality and more inclusive
growth that considers environmental and social as-
pects. This is particularly relevant considering the iden-
tified problems with agricultural diversification and the
uneven distribution of benefits from agricultural sector
development. For example, this could include support
for organic farming, the development of agroecologi-
cal practices, and the promotion of high-value-added
products rather than simply increasing the production
of raw materials (Trusova et al., 2021). However, the im-
plementation of such ideas in the Kyrgyz agricultural
sector will require significant institutional changes and
a rethinking of the role of the state in agricultural de-
velopment, including a review of the subsidy system,
support for small farmers and rural development.

In general, a comparison of the results of the study
with the works of other authors can be used to con-
clude that Kyrgyzstan faces several unique challenges
in the field of state regulation of economic potential.
While many of the theoretical concepts developed for
developed economies remain relevant, their application
requires significant adaptation to the country’s specific
conditions. Particular attention should be paid to the
diversification of the economy, the development of in-
novation and the improvement of the institutional en-
vironment for more efficient use of national production,
resource and export potential. It is important to con-
sider not only economic but also social, environmental
and political aspects of development, which requires a
comprehensive and interdisciplinary approach to the
development and implementation of regulatory policy.

CONCLUSIONS

An analysis of the current state and dynamics of the
agricultural sector over the period 2014-2024 revealed




an upward trend in the production of major agricultural
products. An increase in the production of grain crops
by 11.6%, potatoes by 12.5%, vegetables by 18.2%, meat
by 24.5% and milk by 17.1% was noted. These figures
indicate a gradual development of agricultural produc-
tion in the country.An analysis of Kyrgyz self-sufficiency
in staple foods has revealed a mixed picture, reflect-
ing both achievements and challenges in the country’s
agricultural sector. Despite the overall growth in agri-
cultural production, there is a significant shortage of
several key food items.

Particularly low self-sufficiency is observed in the
production of fruits and berries, where the level is only
18.2%. This indicates a significant dependence on im-
ports of fruits and berries, which may be due to the
underdevelopment of horticulture and berries growing
in the country. The production of vegetable oil also re-
mains a problematic area with a self-sufficiency level of
44%, which indicates the need to develop oilseeds and
processing capacities. The situation with sugar is some-
what better, but still insufficient, with a self-sufficiency
level of 69%, indicating the need to expand sugar beet
production and modernise sugar factories. On the other
hand, Kyrgyzstan has reached a high level of self-suf-
ficiency in some agricultural products, which creates
potential for exports. For example, the level of self-suf-
ficiency in potatoes reaches 167.4%, which not only ful-
ly meets domestic needs, but also creates significant
export potential. A similar situation is observed in the
production of vegetables, where the level of self-suf-
ficiency is 164.5%, which indicates a well-developed
vegetable production in the country. The dairy indus-
try also shows positive metrics, with a self-sufficiency
level of 116.5%, which allows it not only to supply the
domestic market but also to export dairy products. This
unevenness in the levels of self-sufficiency for different
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types of products indicates the need for a more bal-
anced approach to the development of various sectors
of the Kyrgyz agriculture and food industry.

A study of existing mechanisms of state regulation
revealed the existence of a comprehensive legislative
framework, including the Law “On Food Security” and
the “Food Security and Nutrition Programme for 2019-
2023". Based on the analysis, recommendations for op-
timising the mechanism of state regulation have been
developed. The key areas of improvement are the intro-
duction of a differentiated subsidy system, optimisation
of the structure of export and import of agricultural
products, increasing the efficiency of agricultural pro-
duction, development of agricultural processing and
improvement of the system of food quality control. The
developed recommendations are aimed at overcoming
the identified problems creating more favourable con-
ditions for the development of agriculture and ensur-
ing the food security of the country. The limitations of
this study are related to the use of secondary data and
the lack of field research. Prospects for further research
include a more detailed analysis of the effectiveness
of the proposed measures in practice, exploring the
possibilities of adapting the successful international
experience to the specific conditions of Kyrgyzstan and
studying the impact of climate change on the country’s
food security. Particular attention should be devoted to
the analysis of the potential for the development of or-
ganic agriculture and its role in ensuring food security
in Kyrgyzstan.
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AHoTauia. JocnifkeHHs MpUCBAYEHO aHanizy MexaHi3My [epXXaBHOro perytoBaHHS BUMPOOHUYO-PECYpPCHOro
Ta ekcnoptHoro noteHuiany Kuprusbkoi Pecnybniku. Metoto poboTu 6yno BAOCKOHANEHHS CUCTEMU AEPXKABHOMO
peryntoBaHHS arpapHOro Cektopa Ans NigBMLLEHHS MpoAoBONbYOi Ge3neku KpaiHu. [poBeaeHui aHanis BUSBMB
CTiMKe 3pOCTaHHS BMPOOHMLTBA OCHOBHUX BMIIB CiNbCbKOroCMoAapCbkoi npoaykuii 3a nepiop 2014-2024 pp.:
3epHoBMX KynbTyp Ha 11,6 %, kapTonni Ha 12,5 %, oBouiB Ha 18,2 %, M'aca Ha 24,5 % i monoka Ha 17,1 %. OpHak
[LOCNIIKEHHS TAaKOX 3aCBiUMI0 HEPIBHOMIPHICTb Y PiBHSAX CaM03abe3neyeHoCTi 3a pi3HUMM BUAAMM MPOAYKLi:
BMCOKIi MOKa3HMKM Wwoao kapTtonni (167,4 %), oBouis (164,5 %) Ta Mmonoka (116,5 %) KOHTpacTytoTb i3 HU3bKUM piBHEM
caMo3abesneyeHocTi ppykTamu Ta arogamu (18,2 %), pocnmHHoo onieto (44 %) Ta uykpoM (69 %). AHanis HasBHUX
MeXaHi3MiB LepXKaBHOr0 peryitoBaHHS BUSBMB HasBHICTb KOMMIEKCHOI 3aKOHOAABYOi 6asu, WO BKAOYAE 3aKOH
Kuprusbkoi Pecny6niku N2 320 “Mpo npomosonbyy 6e3neky” Ta “Tporpamy npoaoBosibyoi 6e3nekn Ta xapyyBaHHs
Ha 2019-2023 poku”, npoTe edEeKTUBHICTb iXHbOI peani3auii 0BMeXyeTbCs HemoCTaTHIM (GiHAaHCYBaHHAM Ta
aAMiHicTpaTnBHMMM Bap’epaMu. Ha 0CHOBI MpoBeAeHOro aHanisy byno po3pobneHo pekoMeHAaL,i Woao onTUMisauii
MEXaHi3My AepXKaBHOr0 peryatoBaHHS, WO BKAOYAKOTb BNPOBAIXEHHS AndepPeHLiMOBaHOI CMCTEMU CYyDCUAYBAHHS,
OMNTUMI3aLit0 CTPYKTYpPU eKCropTy Ta iMNOPTY arponpoAaykuii, NiaBULLEHHS edeKTUBHOCTI CiIbCbKOrOCnoAapCbKOro
BMPOOHULITBA, PO3BUTOK NepepobKu CinbrocnnpoayKLii Ta BAOCKOHANIEHHS CUCTEMM KOHTPOJHO SKOCTi NMPOAYKTIB
XapuyBaHHS. 3anpornoHOBaHi 3axo4M BK/IHOYAOTb CTBOPEHHS OpeHay “ExkonoriyHo umcTi npomykt Kupruscrany’,
BNpoBafkeHHa cuctemn ceptudikauii Global G.A.P., cTBOpeHHS Mepexi perioHafbHUX LEeHTPiB arpOKOHCANTUHTY,
pPO3BMTOK arpornpoMMCIOBMX MAPKIB i MOAEpHi3aLito nabopaTtopiit KOHTponto skocTi. Peanisauis umx 3axopnis
CNPsSIMOBaHA Ha NOAONAHHS BUSBNEHUX NPODAeM i CTBOPeHHS BiNibll CNPUATAMBUX YMOB AN PO3BUTKY CiIbCbKOTO
rocnofapcrea Ta 3abesneyeHHs NpofoBobYoi 6e3nekn Kuprusbkoi Pecnybniku
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CcybCuaitoBaHHS; NiNbroBe KpeauTyBaHHS; eKCNOPTHMI NoTeHLian
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