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Abstract. The relevance of this study lies in the need to develop new, effective means
of preventive therapy for retained placenta in cows, a common issue in veterinary
medicine. Retained placenta can lead to serious complications, highlighting the
necessity for the implementation of effective therapeutic solutions. This study aimed
to develop the composition and manufacturing technology of polyethylene oxide-
based pessaries incorporating the uterine B-adrenoreceptor blocker, anapriline, and
to assess their efficacy in the preventive treatment of retained placenta in cows. The
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pessaries were produced by casting into moulds, using polyethylene oxide with molecular weights of 400 and
1500 in a ratio of 1:9, with the addition of anapriline to the base. The study was conducted on four groups of cows:
a control group, which did not receive obstetric pessaries, and three experimental groups, in which pessaries with
different compositions containing anapriline were tested. The manufactured pharmaceutical compositions were
investigated immediately after calving by introducing them into the space between the placenta and chorion.
The results of the study demonstrated that the use of pessaries containing anapriline significantly improved
the efficiency of placental separation. In particular, compositions No. 2 and No. 3 showed the best performance,
reducing the average time of placental separation by 6.8 and 5.6 hours, respectively, compared with the control
group. The proposed pessaries proved effective in the prevention of retained placenta. The findings also suggest
potential for the development of an industrial manufacturing technology for these pessaries, facilitating their
widespread use in cattle farming to enhance animal productivity and reduce economic losses. The practical value
of this article lies in the fact that the developed pharmaceutical compositions can be employed in veterinary
practice for the preventive therapy and treatment of retained placenta in cows

Keywords: cattle; reproductive health; retained placenta; prevention of obstetric pathology; postpartum period

INTRODUCTION

In the context of the post-war recovery of Ukraine’s
agricultural sector, the effective reproduction of the
dairy cattle population is of particular importance.
The decline in livestock numbers caused by military
actions significantly complicates the stabilisation and
development of the dairy industry. Addressing the
challenges associated with improving the reproduc-
tive capacity of dairy herds requires a thorough scien-
tific approach and the search for effective preventive
and therapeutic measures to reduce the incidence of
postpartum complications, particularly obstetric and
gynaecological pathologies. One of the most common
disorders in the postpartum period is retained placen-
ta, which negatively impacts the overall health of the
animals, their productivity, and subsequent reproduc-
tive function.

0.Kotykova et al. (2024) emphasise that cattle hold
a significant place in the agricultural sector of many
countries, ensuring the production of milk, meat, and
other products. Their importance is not limited to pro-
ductivity alone, as these animals play a key role in en-
suring food security for the population and supporting
agriculture. Overcoming the challenges related to the
recovery of the dairy industry and ensuring the health
of cattle is a priority for veterinary medicine in the cur-
rent climate. S. Sidashova et al. (2024) note that veter-
inary professionals face the crucial task of minimising
the negative impact on dairy herd reproduction, par-
ticularly by reducing the incidence of gynaecological
diseases in cows.

Numerous scientific studies have highlighted the
crucial role of the postpartum period in ensuring
cow health and productivity. Notably, K. Macmillan et
al. (2020) underscored the importance of complete
involution of the reproductive organs after calving,
which dictates the subsequent reproductive cycle
and level of milk yield. V. Vlizlo et al. (2024) examined
the interrelationship between postpartum disorders
and reduced overall cow productivity. R. Schmitt et
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al. (2023) emphasised that postpartum stress and hor-
monal changes exacerbate the risk of obstetric compli-
cations, which subsequently lead to reduced fertility.

Retained placenta is one of the most frequent
complications of the third stage of labour in cows, re-
quiring particular attention to ensure the future health
and productivity of the animals. C. Luo et al. (2024)
state that retained foetal membranes in dairy cows is a
common reproductive disorder resulting from the firm
attachment of maternal and foetal placental tissues.
F. Mahnani et al. (2021) analysed the multifactorial
nature of retained placenta, identifying housing con-
ditions and the physiological and pathological states
of the animals as key contributing factors. Among the
primary causes of this complication, researchers iden-
tify age, parity, hormonal peculiarities, heredity, uterine
hypotony and atony, adhesions between the maternal
and foetal parts of the placenta, slowed involution,
subclinical endometritis, as well as impaired uterine
selfcleaning and increased turgor of the caruncles and
cotyledons. Additional factors contributing to retained
placenta include errors in feeding pregnant cows, lack
of exercise, uterine overstretching, inflammatory pro-
cesses in the placenta, and mechanical obstructions.

In turn, the application of modern approaches to
the therapy of such pathologies, particularly the use
of innovative agents like polyethylene oxide-based
pessaries with the beta-blocker anaprilin, allows not
only for addressing the cause of retained placenta but
also promotes the normalisation of reproductive sys-
tem functions. Thus, in the context of rehabilitating the
livestock sector in Ukraine, there is a growing need for
effective measures for the prevention and treatment of
obstetric and gynaecological diseases in cows, which
underscores the relevance of developing new veterinary
solutions. This study aimed to investigate the efficacy of
using intravaginal pessaries based on polyethylene ox-
ide with the beta-blocker anaprilin for the prevention
and treatment of retained placenta in dairy cows.




LITERATURE REVIEW

In their studies, S. Sidashova et al. (2024) established
that, compared to healthy cows in the main dairy herd,
a significantly higher prevalence of chronic subclini-
cal endometritis symptoms was observed in the culled
group, averaging around 34%. A significant prevalence
of multi-organ gynaecological pathology was also
detected, particularly chronic adhesive salpinagitis.
Among culled cows, this indicator increased by almost
31%, indicating the chronicity of prolonged inflamma-
tory processes in the endometrium and the ciliated
epithelium of the oviducts, which can lead to chronic,
irreversible infertility.

Z.Rodriguez et al. (2023) note that the postpartum
period involves the transition from pregnancy and par-
turition to lactation and preparation for a new gesta-
tion. During this time, the resistance of the cow’s body
is reduced, requiring specific management and feeding
regimes that promote complete involution of the repro-
ductive organs, high levels of lactation, and the prop-
er functioning of all organs and systems. According to
S. Washaya et al. (2025), cows enter a period of sexual
inactivity after calving, the duration of which can vary
significantly. This is due to factors such as inadequate
feeding, the suckling process, hormonal imbalances,
and the effects of stress.

In the context of modern intensive livestock farm-
ing, lactating cows genetically predisposed to high milk
yields experience metabolic stress during the postpar-
tum period. As highlighted by |. Hryshchuk et al. (2021)
and R. Mylostyvyi et al. (2021), the transition period
from pregnancy to lactation is a critical phase accom-
panied by significant physiological, metabolic, and
inflammatory changes. Successful lactation is largely
dependent on the efficiency of adaptation during the
postpartum period. Consequently, challenges in lacta-
tion adaptation have been the subject of intensive re-
search in dairy farming over the past 50 years. However,
as underscored by S. Huralska and V. Olishevskyi (2024)
and V.Vlizlo et al. (2024), the postpartum period contin-
ues to be critical for animal welfare, farm profitability,
and stable milk production.

Diseases of the reproductive organs in cattle rep-
resent a significant challenge in modern veterinary ob-
stetrics and gynaecology, as they are a primary cause of
prolonged infertility in cows, leading to reduced milk
yield, cessation of lactation, and premature culling.
Such diseases result in profound structural changes
in the endometrium and myometrium, manifesting as
uterine hypotony, oedema of the serous and muscu-
lar membranes, diffuse infiltration of the endometri-
um by lymphoid elements, necrosis, and shedding of
the superficial layer. As Matamala et al. (2021) empha-
sise, opportunistic microflora plays a significant role
in the development of pathology, particularly through
increased virulence and the number of drug-resistant
strains, as well as the high incidence among pregnant
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animals. H. Beiranvand et al. (2024) report that an un-
favourable intrauterine environment during pregnan-
cy can cause long-lasting structural and physiological
changes in foetal development, which may lead to
health problems and reduced productivity in adult-
hood. Clinical conditions accompanying multiple preg-
nancies in cows include retained placenta, metritis,
mastitis, lameness, and disorders of the digestive and
respiratory systems.

Retained placenta in cows is a common postpartum
complication that typically disrupts the reproductive
cycle. As A. Mahnani et al. (2021) point out, subsequent
conception can be delayed by 2-6 months, which in turn
increases the calving interval, alters the timing of the
next calving, raises the risk of uterine infections and
infertility, negatively affects cyclicity, and reduces milk
yield, thereby lowering the overall economic efficiency
of production and the productivity of the industry. Fur-
thermore, retained placenta can prolong uterine invo-
lution and provoke the development of cystic ovarian
degeneration, chronic endometritis, pyometra, and oth-
er conditions. Despite treatment, this pathology signifi-
cantly increases the risk of reduced productivity and the
occurrence of reproductive disorders in cows. According
toJ. Rajoriya et al. (2024), this leads to a decrease in the
number of offspring that could be obtained in a calen-
dar year and negatively impacts the economic perfor-
mance of farms of various ownership types. Based on
the research results of Y. Amin et al. (2021), cows with
retained placenta are at high risk of developing post-
partum metritis. S. Boudelal et al. (2022) indicate that
with complications such as retained placenta, the risk
of developing diseases of various aetiologies increases.

Thus, researchers are paying particular attention to
studying the characteristics of the postpartum period
in cows, analysing its impact on animal health, produc-
tivity, and reproductive function, as well as preventive
measures. R. Schmitt et al. (2023) demonstrate that
the use of flunixin meglumine in the early postpartum
period helps reduce inflammation, lowers the risk of
metritis in heifers, improves the metabolic profile in
cows, and decreases pain manifestations in all animals.
F.Magata et al. (2021) in their studies indicate that the
efficacy of using oxytocin for the prevention of retained
foetal membranes (RFM) in dairy cows remains debata-
ble. The physiological characteristics of animals during
calving can influence the body’s reaction to oxytocin.
At the same time, the authors note that the effect of
oxytocin varies depending on the course of calving.
Administering the drug in the early postpartum period
can reduce the risk of RFM development and mitigate
the negative impact of obstetric intervention during
calving on subsequent reproductive function. Accord-
ing to the research results of Y. Amin et al. (2023), the
combination of prostaglandin F2a with a-chymotrypsin
is an effective method for treating retained placenta.
This treatment ensures effective placental separation,
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promotes rapid uterine involution, reduces the likeli-
hood of postpartum metritis, and improves reproduc-
tive performance.

Therefore, early diagnosis and preventive measures
are crucial for minimising the risks of obstetric and
gynaecological pathology. These actions help reduce
economic losses and ensure effective treatment, which
contributes to improving the reproductive health of
cows and the overall productivity of farms.

MATERIALS AND METHODS

The studies were conducted between 2022 and 2023
at the private agricultural enterprise Savertsi in the
Popilnia District of the Zhytomyr Region, on Holstein
Friesian cows aged 3-5 years. To determine the efficacy
of the therapeutic action of the manufactured mould-
ed pessaries, four groups of cows with a history of the
complete retained placenta during previous calvings
were selected: a control group (without the use of ob-
stetric pessaries) and three experimental groups: the
first treated with obstetric pessaries of composition
No. 1, the second with composition No. 2, and the third
with composition No. 3. For the studies, a suppository
base comprising polyethylene oxide with a molecular

weight of 400 and polyethylene oxide with a molecular
weight of 1500 in a 1:9 ratio was chosen for the man-
ufacture of pessaries weighing 10.0 g each. During the
studies, the principles of the “General Ethical Principles
of Experiments on Animals” (Reznikov, 2003), which
comply with the requirements of the Law of Ukraine
No. 3447-1V (2006), the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (1986), and the Universal
Declaration on Animal Welfare (2007), were observed.
Pessaries were manufactured using a moulding
method according to the techniques described in the
patents (Utility model patent No. 152703, 2023; Utility
model patent No. 152953, 2023). The process involved
the following steps: at the preparatory stage, incom-
ing analysis of anaprilin, polyethylene oxide 400, and
polyethylene oxide 1500 was carried out to ensure
compliance with the current State Pharmacopoeia of
Ukraine (SPhU) (2015), after which all components were
weighed. Next, solutions of anaprilin in polyethylene
oxide 400 were prepared (Table 1). The manufactured
medicinal compositions in the form of pessaries were
tested immediately after calving by introducing them
into the space between the placenta and the chorion.

Table 1. Composition of pessaries

Component characteristics, g

Composition

Anaprilin Polyethylene oxide 400 Polyethylene oxide 1500
No. 1 0.01 0.6 9.19
No. 2 0.02 0.8 8.58
No. 3 0.03 1.0 797

Source: developed by the authors

The process continued with setting the tempera-
ture of a water bath within the range of +40°Cto +50°C.
A suitable vessel (a chemical beaker made of neutra L
glass) was placed in the bath, and the weighed polyeth-
ylene oxide 1500 substance was added to it. This was
heated until it melted, and while maintaining the tem-
perature and constant stirring, the solution of anapri-
lin in polyethylene oxide 400 was added. The resulting
melted suppository mass was poured into moulds at
10 g per mould and cooled to a temperature between
+1°C and +20°C until solidified. Next, to release the
suppositories (sticks) from the moulds, the outer layer
of each pessary was melted by heating and simultane-
ously rotating the mould with the pessary around its
axis in a stream of hot air from a spirit lamp. The pessa-
ries were then immediately pushed out of the moulds.
The manufactured pessaries were wrapped in strips of
paraffin paper. The average mass of the pessaries was
10.0£0.32 g, and all manipulations were documented
in the patents (Utility model patent No. 152703, 2023;
Utility model patent No. 152953, 2023).

Sufficiently studied methods for reducing tissue
hydration in caruncles and cotyledons involve the use
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of osmotically active medicinal compositions. For in-
stance, known soft dosage forms in the shape of sticks
weighing 5-50 g include gelatin-glycerine gel, which
possesses a complex of osmotically active, bacterio-
static, absorbent, and evacuative properties and is ca-
pable of maintaining the endometrial mucin layer due
to its properties. Its composition includes 5%-50%
gelatin, and 1%-75% glycerine, with the remainder
being water. To enhance the absorbent properties of
the pessaries, finely dispersed siliceous organic adsor-
bent Enterosgel was introduced into the melted gel-
atin-glycerine base. Additionally, to enhance the tonic
effect on the myometrium, anaprilin, a non-selective
uterine beta-adrenoceptor blocker, was added to the
gelatin-glycerine suppository base. This results in in-
creased tonic cholinergic influences on uterine con-
tractions. Particular attention was paid to increasing
the shelf life of the pessaries. Concurrently, the feasi-
bility of using suppository bases comprising an alloy
of polyethylene oxide 1500 with polyethylene oxide
400 in a 9:1 ratio was investigated. It was established
that such bases exhibit more pronounced osmotic
and antiseptic properties. Consequently, they were




concluded to be suitable for the treatment of obstet-
ric and gynaecological complications in cows (Utility
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No. 152953, 2023). The manufactured sticks complied
with the requirements of the SPhU and were used in

13

model patent No. 152703, 2023; Utility model patent  clinical trials (Table 2).

Table 2. Characteristics of pessary components

Component Composition,

name No. Weight, g Influence of parameter on product quality
1 0.01 Lower limit - insufficient tonic effect on uterine contractions
Anaprilin 2 0.02 Optimal content - sufficient tonic effect on uterine contractions
3 0.03 Upper limit - excessive tonic effect on uterine contractions, risking cervical spasm
1 0.60 Lower limit - insufficient osmotic action and permeability into the interstitial space
Pch)leiEt:ilonne 2 0.80 Optimal content - sufficient osmotic action and permeability into the interstitial space
3 1.00 Upper limit - stick loses hardness
1 9.19 Upper limit — unacceptable brittleness of the stick
Polyethylene Optimal content - sufficient osmotic action of the substance and rheological properties
oxide 1500 2 8.58 of the stick
3 7.97 Lower limit - stick hardness is lost

Note: the manufactured sticks complied with the requirements of the SPhU

Source: developed by the authors

Statistical analysis of the obtained results was per-
formed using Statistica 6.0 software (StatSoft Inc., USA).
Fisher's F-test was used to assess significance. Differ-
ences between indicators were considered statistically
significant at P<0.05.

3.53%1.53"

5.72%2.82"

10.31%4.13

RESULTS AND DISCUSSION

Based on the study results, retained placental expulsion
was observed in 2 cows in the control group. In the re-
maining cows, the placenta was expelled spontaneous-
ly, with an average time of 10.31+4.13 hours (Fig. 1).

B Control group
First experimental group
Second experimental group

B Third experimental group

Figure 1. Time of placenta expulsion, hours

Note: * - P<0.05 compared to the control group
Source: developed by the authors

Pessaries of composition No. 1 (Table 1), with the
minimum content of active substances, were admin-
istered to 10 experimental cows. Trials showed sat-
isfactory therapeutic action, with complete retention
of the foetal membranes for over 12 hours observed
in one cow, representing 10% of the total number
of experimental animals. The average time for pla-
cental detachment significantly decreased by 1.8
times (P < 0.05) compared to the control, amounting
to 5.72 +2.82 hours. Trials of the pessaries manufac-
tured according to composition No. 2 (Table 1), with a
medium content of active substances, demonstrated

high therapeutic efficacy. No cases of placenta reten-
tion were diagnosed in this experimental group. The
average time for detachment of the foetal portion
of the placenta was 3.53+1.53 hours, which was 2.9
times shorter (P <0.05) compared to the analogous
indicator in the control group cows. Trials of the pes-
saries manufactured according to composition No. 3
(Table 1), with the maximum permissible content of
active substances, showed their sufficiently high ther-
apeutic action; no cases of placenta retention were
observed, and the average time for their detachment
was 4.72+1.11 hours.
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Thus, the comparative analysis showed that the
use of the manufactured medicinal compositions in the
form of sticks on an osmotically active base comprising
an alloy of polyethylene oxide with molecular weights
of 400 and 1500 and the active substance anaprilin,
for preventive therapy, ensures the detachment of the
foetal placenta from the maternal part 4.6, 6.8,and 5.6
hours earlier than in the control group cows (which
received no therapeutic intervention during the third
stage of labour). During the analysis of the postpartum
period in the control group of cows, subinvolution of
the uterus was diagnosed in three animals, necessitat-
ing appropriate treatment. Oestrus was observed in 5
cows within the first 30 days postpartum and in an-
other 3 by day 40. Purulent-catarrhal endometritis was
detected in 2 cows, for which appropriate therapeutic
measures were implemented.

According to the livestock management system at
the research farm, the first oestrus in cows is not used
for service to allow for the completion of involutionary
processes in the reproductive organs; artificial insem-
ination is performed at the second oestrus. In the con-
trol group, 7 cows exhibited a second oestrus cyclically
(19-21 days after the first), while a prolonged oestrous
cycle was diagnosed in three. Following artificial in-
semination, taking into account the treatment adminis-
tered, the conception rate at first service in the control
group cows was 50%. In the experimental groups, the
involution of the reproductive organs proceeded with-
out complications. Oestrus was recorded within 30 days
postpartum, and the second oestrus was characterised
by cyclicity. The conception rate at first service was sig-
nificantly higher than in the control group: 70% in the
first experimental group, 80% in the second, and 90%
in the third. This confirms the high efficacy of the de-
veloped and applied preventive therapy. The obtained
results indicate the advisability of using the proposed
therapeutic approaches for the prevention of postpar-
tum complications, which allows for timely uterine
involution, improves the reproductive performance of
animals and optimises breeding processes on farms.

The high prophylactic and therapeutic efficacy of
the proposed medicinal products is attributed to the bi-
ological and physicochemical properties of each com-
ponent in the composition, as well as the environment
of the uterine cavity during calving and the postpartum
period. An important factor is the preservation of the
endometrial mucin layer, which provides optimal con-
ditions for the restoration of the reproductive system.
Key characteristics of this layer include its ability to ab-
sorb moisture, optimal viscosity, and low shear stress
values, which promote effective placental detachment
and the prevention of complications. The sufficient ef-
ficacy of local prophylactic and therapeutic agents for-
mulated with water, oxidising agents, surfactants, co-
agulants, and astringents is hindered by their capacity
for irritation and tissue denaturation; the destruction
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of cells, which become a nutrient medium for patho-
genic microflora after losing morphological integrity;
insufficiently active penetration to accumulations of
causative agents of purulent-inflammatory processes
deep within tissues; insufficiently intensive absorption
from the surface of the endometrial mucous mem-
brane; and the destruction of the endometrial mucin
layer, which possesses a complex of beneficial prop-
erties (ensuring sufficient cell hydration; absorbing
pathogens with subsequent evacuation from the uter-
ine cavity; significantly reducing shear stress, there-
by creating conditions for placental slippage) (Utility
model patent No. 152703, 2023; Utility model patent
No. 152953, 2023).

Several authors, such as Y. Li et al. (2022), have de-
scribed the efficacy of using various interventions in the
postpartum period, including pharmacological prepara-
tions, immunostimulants, osmotically active composi-
tions, and other therapeutic solutions aimed at improv-
ing the involution of the reproductive organs and the
prevention and treatment of gynaecological diseases in
cows. Notably, L. Cui et al. (2021), in their studies, used
meloxicam, a non-steroidal anti-inflammatory drug, to
reduce pain and control inflammatory processes in cows
with metritis. The results showed that meloxicam effec-
tively reduces inflammation and prevents the growth
of pathologically altered tissues, playing a key role in
reducing the clinical manifestations of the disease.

H. Li et al. (2024) draw attention to the importance
of selenium (Se) as a key trace element that influences
animal growth and development, as well as rapid en-
dometrial recovery. The researchers established that Se
promotes the regeneration of the endometrial epithe-
lium and restores the natural protective barriers of the
uterus, allowing cows to return to normal reproductive
cyclicity more quickly. The authors studied the effect of
Se on the proliferation of endometrial epithelial cells
in cows and concluded that Se can reduce their damage
and stimulate cell proliferation and migration in vitro
by increasing the expression of growth factor genes.

According to K. Jiang et al. (2024), interferon-tau
(IFN-7) is an innovative type of interferon that plays a
key role in regulating inflammatory processes. IFN-t is
capable of protecting endometrial epithelial cells from
inflammatory damage. According to the authors, this
opens up new horizons in understanding the molecu-
lar mechanisms that underpin the anti-inflammatory
action of /FN-t in cattle endometrial tissues and pro-
vides a theoretical basis for further investigation of its
in vivo application for the prevention of negative con-
sequences of endometritis. Such studies underscore the
importance of a comprehensive approach to the ther-
apy and prevention of gynaecological diseases in cows
during the postpartum period using innovative agents
and technologies. Comparative analysis indicates a
shared trend in both human and veterinary medicine
towards the implementation of innovative polymeric




drug formulations to prevent pathological processes,
which confirms the relevance and potential of further
developments in this area. In this context, the results
of the study by M. da Cunha Vieira et al. (2024), which
demonstrate a positive clinical effect from the use of
anaprilin, warrant attention.

The proposed medicinal compositions in the form
of pessaries possess a unique biotechnological feature:
they contain ingredients that do not disrupt the mucin
layer, thereby ensuring their therapeutic and prophylac-
tic action. Based on the results of the current studies,
the use of these agents promotes the detachment of
the foetal placenta on average 5.7 hours earlier com-
pared to cows that did not receive the corresponding
therapeutic intervention. The high efficacy of the devel-
oped agents is attributed to the optimal biological and
physicochemical properties of the components, which
preserve the integrity of the endometrial mucin layer,
thus contributing to reduced shear stress and improved
placental detachment. Calving, like parturition in other
mammals, is a complex and stressful process for cows.
Prolonged or complicated labour, delayed birth, or the
need for difficult obstetric assistance for calf delivery
can negatively impact the health, behaviour, and pro-
ductivity of cows, and also increase the risks of calf
morbidity and neonatal mortality. Therefore, ensuring a
physiological course of calving is key to improving the
welfare of both the cow and her offspring (Matamala et
al., 2021). There is a significant body of scientific re-
search concerning the prevalence of infertility in cattle.
Researchers such as P. Sklyarov et al. (2023) note that
this indicator in cows ranges from 20% to 90%.The main
causes of infertility include individual and age-related
characteristics of the animals, as well as feeding, hous-
ing,and management conditions (Kraievskyi et al., 2020;
Bondarenko et al., 2020; Hryshchuk & Huralska, 2022).

The postpartum period in cows is characterised by
complex physiological processes that significantly in-
fluence the state of the reproductive organs and the
overall health of the animal.As S. Bors & A. Bors (2020)
point out, it is during this period that uterine involu-
tion, endometrial regeneration, and the restoration of
reproductive system functions occur. P. Skljarov and
0. Zubkov (2020) express a similar view, emphasising
the importance of this stage for the animal’s subse-
quent productivity. According to the research results of
M. Zhelavskyi et al. (2020), the negative impact of fac-
tors such as feeding and housing conditions during the
last month of gestation can cause the development of
pathological changes. In particular, this often leads to
retained placenta after calving, which becomes a cause
of inflammatory processes in the endometrium and re-
quires timely diagnosis.

Inflammatory processes in the uterus and oviducts
are a key factor in symptomatic infertility. This opinion
is shared by S. Fedorenko and L. Kuraksina (2021) and
A. Channo (2022), who emphasise the need for further
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research into the pathogenesis of infertility to devel-
op effective means and methods for its prevention. As
F.de Lima (2020) indicates, uterine diseases negatively
affect the development of oocytes, follicles,and embry-
0s, and the uterine environment has a prolonged im-
pact on fertility. Uterine-origin pathologies that arise at
the start of lactation affect not only the uterine tissues
but also the ovaries, which significantly reduces the
probability of pregnancy.

R. Chebel (2021) notes that studies predicting the
risk of retained foetal membranes (RFM) and metritis
development in dairy cows based on pre-calving hae-
mograms, as well as immune and metabolic status as-
sessment, allow for accurate identification of animals
likely to develop uterine diseases after calving. The
author also emphasises that identifying cows at low
risk of uterine pathologies avoids the need for inten-
sive postpartum monitoring. P. Nyabinwa et al. (2020)
state that endometritis, a postpartum uterine infection
in dairy cows, can lead to significant productivity loss-
es, including reduced milk yield, milk discarded during
treatment, and increased veterinary costs. To minimise
milk yield losses and reduce economic damage, it is ad-
visable to conduct timely diagnosis and effective treat-
ment of such diseases.

According to R. Cocco et al. (2021), systematic re-
view and meta-analysis (SR-MA) is a powerful tool for
quantitatively assessing parameter variations using
comparative data. This contributes to maximising pro-
ductivity and ensuring animal welfare. For example,
changes in the rumination activity of dairy cows before
or immediately after calving can be considered as early
markers of postpartum diseases. Such studies aimed to
assess, using SR-MA, whether rumination time record-
ed during the pre- and postpartum periods would be
a consistent and reliable early indicator of metritis in
dairy cows. Retained foetal membranes in farm animals
are a significant factor contributing to the development
of inflammatory processes in the reproductive system.
In such cases, the main general approach to treatment
is the use of antibiotics, as supported by the research
data of C. Hanzen and H. Rahab (2024). According to
the results of the current study, obstetric pessaries
with anaprilin demonstrated high efficacy in the pre-
vention and treatment of retained placenta in cows.
For instance, in the control group, the average time for
placental detachment was 10 hours, whereas with the
use of pessaries of composition No. 1, this indicator
significantly decreased to 5 hours. Similar results were
observed by V.Zakharin et al. (2024), who reported a sig-
nificant reduction in the time for placental detachment
when using pessaries with anaprilin. Specifically, in
their study, the average time for placental detachment
was approximately 7 hours. Thus, the obtained results
indicate the high biotechnological efficacy of pessaries
with anaprilin in the treatment of retained placenta in
cows, leading to a reduction in the duration of retention
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and a decreased risk of complications compared to tra-
ditional treatment methods.

CONCLUSIONS

The proposed medicinal compositions in the form of
pessaries consist of components that do not disrupt the
mucin layer covering the endometrium, thereby ensur-
ing their therapeutic and prophylactic action. Pessaries
containing anaprilin, based on an alloy of polyethylene
oxide 400 with polyethylene oxide 1500, have signifi-
cantly longer shelf lives compared to using a gelating-
lycerine gel. The use of anaprilin in a polyethylene
oxide suppository base, owing to its osmotic activity,
more effectively reduces the hydration of endometrial
cells compared to a gelatinglycerine base and exerts a
better antiseptic effect on the protective mucin layer
covering the endometrium. The application of anapri-
lin within pessaries on osmotically active polyethylene
oxide bases, after their insertion into the uterine cav-
ity of cows in the space between the placenta and the
chorion, significantly improves and shortens the time of
placental expulsion, thus preventing the development
of complications.

Obstetric pessaries containing anaprilin in medici-
nal compositions of formulations No. 2 and No. 3 proved
effective for the preventive therapy of retained placen-
ta in cows, as evidenced by the reduction in the average
time for its detachment. The medicinal compositions of

pessaries No. 2 and No. 3 demonstrated potential for
further development of industrial production technol-
ogy and implementation in veterinary practice. Specif-
ically, in the control group, the average time for pla-
cental detachment was 10.31 £4.13 hours, while with
the use of pessaries of formulation No. 1, this indicator
decreased to 5.72%2.82 hours (P<0.05), in formulation
No.2 -to 3.53+1.53 hours (P<0.05),and in formulation
No. 3 - to 4.72£1.11 hours. The obtained results indi-
cate the advisability of using the proposed therapeu-
tic approaches for the prevention of postpartum com-
plications, which allows for timely uterine involution,
improves the reproductive performance of animals and
optimises breeding processes on farms. In the future,
the development of a technology for manufacturing
pessaries with serratiopeptidase and the investigation
of their clinical efficacy in obstetric practice for the pre-
vention and treatment of postpartum complications in
cows are planned.
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AHoTauif. AKTyanbHiCTb poboTM Nongara€ y HeobXifHOCTi po3pobKkM HOBUX, edeKTUBHMX 3aC06iB NMpeBEHTUBHOI
Tepanii 3aTpUMaHHs NOCNi4y Yy KOPIB, SIKe € NOWMPEHOD NPo6ieMo0 Yy BeTepuHapii. 3aTpMMaHHs Nocnigy Moxe
CNPUYMHUTK CEPMO3HI YCKNALHEHHS, WO MiAKPecntoe HeobXiaHICTb BNPOBaAXEHHS edeKTUBHUX TepaneBTUYHUX
piweHb. MeTolo poboTn Byna po3pobka Cknamy, TEXHONOTiT BUTOTOBNEHHS Ta BUBYEHHS e(DEKTUMBHOCTI necapiiB
Ha NONieTMNEHOKCUAHIW OCHOBI 3 BMKOPUCTaHHAM [-bnokatopa agpeHoOpeLenTopiB MaTKWM aHanpuiiHa Ans
NpeBeHTUBHOI Tepanii 3aTpuMMaHHs nocnigy y Kopis. lecapii BMrotoBnsnuM MeToOOM BWAMBAHHSA Yy dopmu,
BMKOPUCTOBYHOUM NoJlieTUneHokcua, 3 MonekynapHot Macot 400 i 1500 y cnisBigHoweHHi 1:9 3 nopaBaHHAM
aHaNpuNiHy, SKMM BBOAMBCA A0 OCHOBW. [loCnigXeHHS NPOBOAMAM HA YOTUPLOX Fpynax KOpiB: KOHTPONbHIH, B
AKi aKylepcbKi necapii He 3aCTOCOBYBanM Ta TPbOX AOCNIAHUX, HAa SIKUX TeCTyBanu necapii pi3Horo cknagy 3
aHanpuniHoM. BurotoBneHi nikapcbki KoMno3suuii gocnigxysanu 6e3nocepefHbO MNiCAS OTENEHHS LWASXOM
iX BBEAEHHS Y MPOMDKOK MK MAALEHTOK i XOpioHOM. Pe3ynbTaTi OOCNIOXKEHHS MOKa3anu, WO 3acTOCYBaHHS
necapiiB 3 aHanpwWAiHOM 3HAaYHO MOKPALLYE MOKa3HWKM edeKTUBHOCTI BiaAineHHs nocnigy. 3okpema, cknag N2 2
Ta N2 3 npoaeMOHCTpYBanu HarKpalli MOKA3HWKKM, CKOPOUYOUM CepelHii vac BipaineHHa nocnigy Ha 6,8 i 5,6
roouH BiANOBIAHO Y MOPIBHAHHI 3 KOHTPO/MbHOK rPynol. 3anponoHOBaHi necapii BUABUANCH ebEeKTUBHUMMU Y
npodinaktvui 3atpuMaHHa nocnigy. OTpuMaHi pe3ynbTaTu TakoX BiLKPUBAKOTb MepcnekTUBWM A8 po3pobku
NPOMUC/IOBOI TEXHOMOTIi BUrOTOBMEHHS NecapiiB, Wo 3abe3neynTb iX LWUMPOKE BMKOPUCTAHHS B CKOTApCTBi Ans
NiABULLEHHS NPOAYKTUBHOCTI TBAPUH Ta 3HMXKEHHS E€KOHOMIYHMX BMUTPaAT. [pakTUyHa LiHHICTb pobOTM nonsrae
B TOMY, WO po3pobneHi NikapCbKi KOMMO3WULIiI MOXYTb BMKOPWUCTOBYBATUCA Y BETEPUHAPHIA NpakTuui ang
NpeBeHTUBHOI Tepanii Ta NiKyBaHHS 3aTPMMaHHS nNocnigy y Kopis

KntouoBi cnoBa: Benvka porata xyfo6a; penpoayKTMBHE 340pOB'A; 3aTPUMaHHA Nocnigy; NpodinakTMka akywepcbKoi
naTonorii; NicNsoTeNbHUIA Nepios,
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body temperature in the experimental group was 0.3°C lower (38.6°C vs. 38.9°C in the control group), the heart
rate decreased by 9% (60 3 beats/min vs. 66 £4 beats/min), and the respiratory rate by 14.3% (24 + 2 breaths/min
vs. 28+ 3 breaths/min). Stress levels, as measured by cortisol, decreased by 29.4% compared to traditional feeding.
The incidence of gastrointestinal disorders decreased from 22.5% to 9.5%, and cases of metabolic disorders from
13.2% to 6.7%. Milk yields in the automated system increased by 19.1% (26.8 £1.1 litres/day vs. 22.5£1.2 litres/
day),and average daily weight gain in beef cattle increased by 23.2% (1.38 +0.05 kg/day vs.1.12£0.07 kg/day). The
analysis of the microclimate in the feeding area determined a 22% reduction in ammonia levels, an improvement
in humidity to the optimum 65-70% and a 17% increase in the cleanliness of the feeders. Comparisons with
European farms demonstrated that automated feeding can reduce the gap between Ukrainian farms regarding
animal productivity and sanitary conditions. The findings confirm the feasibility of introducing automated feeding
systems to reduce morbidity, increase feeding efficiency and create more comfortable conditions for cattle
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INTRODUCTION

The research relevance is determined by the need
to increase the efficiency of livestock production in
Ukraine through the introduction of modern automat-
ed feeding technologies. The use of such systems can
improve the physiological condition of animals, reduce
stress, optimise the diet and increase the productivi-
ty of cattle. In developed countries, such as Germany,
the Netherlands and Denmark, automated systems are
actively used to ensure stable growth in milk yields
and average daily weight gain. In Ukraine, the level of
adoption of these technologies remains insufficient,
which affects the efficiency of livestock farming and
the conditions of livestock keeping. The problem of the
study is that traditional methods of animal feeding of-
ten do not meet modern requirements for production
efficiency. Uneven distribution of feed, high incidence
of diseases, low productivity, and high levels of stress
in animals are key challenges that can be addressed
through automation. Insufficient adaptation of Ukrain-
ian farms to the latest technologies makes it difficult
to maintain optimal physiological parameters of an-
imals and reduces their productivity (Misiuk & Zak-
hodym, 2023). Therefore, research into the impact of
automated feeding systems on the health and produc-
tivity of cattle is necessary for the implementation of
effective feeding management methods and the im-
provement of animal welfare in Ukraine.

According to a study by D. Chebotar (2024), artifi-
cial intelligence is substantial in optimising produc-
tion processes in livestock farming, which reduces
human intervention and improves feeding efficien-
cy. Similar conclusions were drawn by O. Solona et
al. (2023), proving the effectiveness of digital tech-
nologies in livestock production, emphasising their
positive impact on the physiological state of animals
and dietary stability. As noted by P. Lub et al. (2024),
the use of information technology in agriculture con-
tributes to better resource management, which has
a direct impact on feeding efficiency and livestock
comfort. At the same time, according to H. Dilaver and
K.F.Dilaver (2024), the introduction of robotic systems

in livestock production provides a stable feeding re-
gime and reduces stress in animals, which has a posi-
tive effect on their productivity.A. Monteiro et al. (2021)
investigated the principles of precision agriculture, in-
cluding automated livestock management, and noted
that the use of such technologies helps to increase
animal productivity through optimal feed supply. Fur-
thermore, A. Melak et al. (2024) analysed the impact
of artificial intelligence on farm management, which
increased the efficiency of automated feeding systems
and optimised production processes.

Moreover, C. Tzanidakis et al. (2023) addressed the
possibilities of using precision animal husbandry tech-
nologies for the maintenance of pasture animals, which
increased the efficiency of feed distribution and re-
duced feed losses. In turn, D.E. Micle et al. (2021) in-
vestigated the impact of robotic process automation
on dairy farming efficiency, emphasising the increase in
productivity due to intelligent control systems. Further-
more, according to G.0. Uzedhe et al. (2023), the intro-
duction of automated feeding systems reduced animal
stress and improved sanitary conditions in the feeding
area, which positively affected the overall productivity
of livestock. At the same time, E. Romano et al. (2023)
analysed the benefits of automated feeding systems at
the farm level in Italy, highlighting the improvement of
physiological parameters in cattle.

According to the analysis of R. Garcia et al. (2023),
autonomous computing systems are key in livestock
production processes, providing stable feeding control
and reducing dependence on the human factor. In addi-
tion, M. Dayoub et al. (2024) highlighted the prospects
for the development of smart farming, where automat-
ed feeding systems are a key element in increasing pro-
ductivity and improving animal welfare. Thus, the an-
alysed studies confirmed the feasibility of automating
cattle feeding as a tool for increasing productivity and
improving animal health. The study aimed to assess the
impact of automated feeding systems on the health and
productivity of cattle and compare it with the practices
of Germany, the Netherlands and Denmark.
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MATERIALS AND METHODS
The study was conducted in 2024 between June and
August at the Agro-Leader farm in Kyiv region (Ukraine).
The region is characterised by a temperate continental
climate, which includes warm summers with average
daily temperatures ranging from +18°Cto +27°C,as well
as sufficient humidity for intensive livestock farming.
Precipitation in summer averages 200-250 mm, which
helps to maintain the natural moisture content of the
fodder. The farm was chosen due to its modern infra-
structure, the ability to use automated feeding systems
and the presence of a large number of dairy and beef
cattle. The objects of the study were dairy cows (Ukrain-
ian Black-and-White breed) and Limousin beef bulls.
The choice of these categories of cattle was justified by
the need to assess the impact of automated feeding on
different areas of livestock production - dairy and meat.
The dairy productivity of cows largely depends on the
stability of feeding and the absence of stress factors,
which could be improved through automation. In the
case of beef breeds, efficient feed intake and uniform
weight gain were the key indicators to be analysed.

The experiment included two groups of animals:
control (traditional feeding) and experimental (auto-
mated feeding). Each group consisted of 200 dairy cows
and 150 beef bulls. The animals’ diet consisted of 35 kg
of silage, 8 kg of haylage, 6 kg of mixed fodder and
1.5 kg of mineral supplements per day. In the control
group, feeding was conducted manually twice a day (at
6:00 and 18:00), while in the experimental group, an
automated system Trioliet Triomatic T40 (Netherlands)
was used to ensure uniform feed distribution six times
a day (at 5:00, 9:00, 13:00, 17:00, 21:00 and 1:00). The
following devices were used to measure physiological
parameters: a digital veterinary thermometer Gimette
VT-10 (France) to measure body temperature, an elec-
tronic stethoscope 3M Littmann 3200 (USA) to record
heart rate, a portable gas analyser Drager X-am 5000
(Germany) to measure ammonia levels in the feeding
area. The concentration of cortisol in the blood was de-
termined using a Mindray MR-96A enzyme-Llinked im-
munosorbent assay (China). A 3M Clean-Trace ATP digi-
tal microbiological analyser (USA) was used to analyse
the purity of the feeders. All experimental studies were
conducted in accordance with European convention for
the protection of vertebrate animals used for experi-
mental and other scientific purposes (1986).

To evaluate the effectiveness of automated feed-
ing, physiological parameters, disease incidence, stress
level, productivity,and microclimate in the feeding area
were analysed and the productivity of Ukrainian ani-
mals was compared with European farms. Physiological
parameters included measuring body temperature us-
ing a Gimette VT-10 thermometer (France), heart rate
using a 3M Littmann 3200 (USA) and respiratory rate
by direct observation for one minute. The incidence
of diseases was analysed based on veterinary reports
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of gastrointestinal disorders, metabolic disorders and
hoof pathologies. The level of cortisol in the blood of
animals was determined by enzyme-linked immuno-
sorbent assay (ELISA) using a Mindray MR-96A device
(China).Behavioural reactions of animals were assessed
by observing the frequency of aggressive interactions
during feeding, the average time of feed consumption
and the duration of rest, which were recorded using a
Hikvision DS-2CD2043G0-1 video surveillance system
(China) with automatic analysis of animal activity. The
microclimate in the feeding area was assessed using
a Drager X-am 5000 gas analyser (Germany) to deter-
mine ammonia levels, a Testo 835-T1 digital thermom-
eter (Germany) to measure air temperature, and an Ex-
tech RH390 hygrometer (USA) to determine humidity.
Farms in Germany, the Netherlands, and Denmark were
selected for the comparison of animal productivity, as
these countries have a high level of livestock automa-
tion, which provided reliable results on the impact of
technology on productivity. In addition, these countries
have different approaches to livestock feeding, which
provides a wider range for comparative analysis. Statis-
tical processing of the results was conducted by analy-
sis of variance (ANOVA) in Statistica 12 software using
Student’s t-test to assess the significance of differences
between groups.

RESULTS

Influence of automated feeding on physiological pa-
rameters and disease incidence in cattle. The body
temperature of the animals receiving feed through the
automated system fluctuated within the physiological
norm (38.6 #0.2°C in cows and 38.7 £0.2°C in bulls).
In the control group, greater deviations were record-
ed - 38.9%0.3°Cin cows and 39.0%0.3°C in bulls. This
indicates an increased thermal load on the animal
body due to uneven feed intake, which is typical for
traditional feeding methods. The heart rate of cows in
the experimental group was 9% lower than in the con-
trol group (60 £ 3 beats/min vs. 66 *4 beats/min). This
indicates a lower level of physiological stress and a
general improvement in adaptation to the conditions
of detention. Similarly, bulls in the control group had
a heart rate of 705 beats/min, while animals with
automated feeding had a heart rate of 63+ 3 beats/
min. The respiratory rate was also lower in animals of
the experimental group: 24 # 2 breaths/min in cows
and 27 =2 breaths/min in bulls, which is lower than
in the control group (28 =3 breaths/min in cows and
32 £ 3 breaths/min in bulls). A decrease in respiratory
rate may indicate a decrease in the stress load on an-
imals, which is ensured by uniform feeding and better
feeding organisation.

The level of cortisol in the blood - one of the key
indicators of stress - was also different between the
groups. In the control group, the average cortisol level
was 5.1+0.5 nmol/l, while in the experimental group,




it was 3.6 £ 0.4 nmol/l, which indicates a 29.4% re-
duction in stress. Limousin bulls have a similar trend:
5.4%0.5 nmol/l in the control group and 4.0+0.4 nmo-
I/l in the experimental group. The frequency of nutri-
tion-related diseases was significantly lower among
the animals of the experimental group. Disorders of the
gastrointestinal tract (GIT) in dairy cows of the control
group were recorded in 22.5% of cases, including aci-
dosis - in 12.1% of animals and diarrhoea - in 6.4%. In
the experimental group, the frequency of such disor-
ders decreased to 9.5%. In bulls, the incidence of gas-
trointestinal diseases was even higher - 25.8% in the
control group versus 11.3% in the automated feeding
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animals. Hoof diseases were also much less common
among the animals in the experimental group. In dairy
cows of the traditional group, were recorded in 18.2% of
cases, while in the experimental group - 7.8%. In bulls,
these figures were 20.1% in the control group and 9.0%
in animals fed through the automated system. Metabol-
ic disorders, such as ketosis and hypocalcaemia, were
also much less common in the experimental group. In
cows in the traditional group, the incidence of these
diseases was 13.2%, while in animals fed through the
automated system, this figure dropped to 6.7%. In bulls,
the situation is similar: 10.4% in the control group and
5.9% in the experimental group (Table 1).

Table 1. Influence of automated feeding on physiological parameters and disease incidence in cattle

Control cows

Experimental cows

Control bulls Experimental bulls

. s o
Metric (traditional feeding) (automated feeding) (traditional feeding) (automated feeding) Reduction (%)
Body temperature, °C 38.9+0.3 38.6%0.2 39.0+0.3 38.7%0.2 -0.8%
Heart rate, bpm 664 60+3 705 633 -9.0%
Respiratory rate, 28+3 24+ 32+3 2742 14.3%
breaths/min
Blood glucose 3.9+0.4 3.5%0.3 42%05 3.8+0.4 -10.3%
concentration mmol/L
Incidence
of gastrointestinal 22.5% 9.5% 25.8% 113 % -57.9%
diseases, %
Hoof diseases, % 18.2% 7.8% 20.1% 9.0% -58.2%
Metabolic disorders, % 13.2% 6.7% 10.4% 5.9% -49.2%

Source: compiled by the authors

Thus, automated feeding systems significantly im-
prove animal health, and reduce stress levels and the
incidence of diseases, which increases milk and meat
production.

Assessment of stress levels and behavioural re-
sponses of livestock during traditional and automat-
ed feeding. One of the key parameters for assessing
stress is the level of cortisol, which was significantly
reduced in animals of the experimental group. The
average level of cortisol in cows of the control group
was 5.1 0.5 nmol/L, while in cows of the experimen-
tal group - 3.6 £0.4 nmol/l, which indicates a 29.4%
reduction in stress load. A similar trend was observed
in bulls, where the level of cortisol decreased from
5.4%0.5 nmol/L in the control group to 4.0+0.4 nmol/l
in the experimental group, which is a decrease of 25.9%.

The assessment of livestock behavioural reactions
demonstrated a decrease in the frequency of aggressive
interactions between animals when using automated
feeding systems. In the control group, 23% of cows and
27% of bulls had conflicts overfeeding, which manifest-
ed themselves in the form of pushing, displacement of
rivals from feeders and minor fights. In the experimen-
tal group, these indicators decreased significantly the
frequency of aggressive behaviour in cows decreased
to 8%, and in bulls to 11%, which is almost three
times lower than in the control group. Animals of the

experimental group showed longer feed consumption
time, which is an important indicator of the calm state
of animals. In the control group, the average feed intake
time was 25*4 minutes in cows and 22 #3 minutes in
bulls, while in the experimental group, this figure in-
creased to 30 # 3 minutes in cows and 28 £ 2 minutes
in bulls. Increasing the time of feed consumption im-
proved digestion and reduced the risk of acidosis and
other gastrointestinal diseases.

A significant increase in the total time spent by
animals at rest was also recorded. Cows in the con-
trol group were observed lying down for an average
of 10.8 £ 1.3 hours per day, while in the experimental
group, this figure was 12.5 £ 1.2 hours, which is 15.7%
more. In bulls, similar indicators were 9.9+ 1.2 hours in
the control group and 11.4+ 1.1 hours in the experi-
mental group.A longer rest period restores the body, im-
proves metabolic processes and optimises body weight
gain.Another important indicator was a decrease in the
frequency of social conflicts related to feeding. In the
control group, 21% of cows and 25% of bulls recorded
episodes of active displacement of rivals from feeders,
while in the experimental group, this figure dropped
to 6% in cows and 9% in bulls, indicating a significant
improvement in social stability in the herd. The results
of the study also demonstrated a decrease in the time
that animals spent standing without eating feed, which
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can be a marker of discomfort or anxiety. In the control
group, this figure was 35% in cows and 38% in bulls,

while in the experimental group, it decreased to 22% in
cows and 24% in bulls (Table 2).

Table 2. Assessment of stress level and behavioural reactions of livestock during traditional and automated feeding

Control cows

Experimental cows

Control bulls Experimental bulls

. s o
Metric (traditional feeding) (automated feeding) (traditional feeding) (automated feeding) Reduction (%)
Cortisol level, nmol/L 5.1+0.5 3.6x0.4 5.4%0.5 4004 -29.4%
Frequency o.f aggoresswe 23% 8% 27% 11% 65.2%
behaviour, %
Average feed 2544 3043 223 2842 +20%
consumption time, min
Rest time, h/day 10.8+1.3 12.5+1.2 9.9%1.2 114+1.1 +15.7%
Number of social
conflicts per day 21% 6% 25% 9% -71.4%
(blows, oustings), %
Frequency of standing 35% 22% 38% 24% -36.5%

without feed intake, %

Source: compiled by the authors

Thus, automated feeding systems significantly re-
duce animal stress levels by distributing feed evenly, re-
ducing competition and improving overall health. This
has a direct impact on the productivity of dairy cows
and beef bulls, contributing to higher milk yields, better
weightgainandoverallanimalwelfare.Automationofthe
feeding process improves livestock conditions and opti-
mises the production performance of Ukrainian farms.

Comparison of cattle productivity with traditional
and automated feeding. The average daily weight gain
of bulls was significantly higher in the experimental
group compared to control animals. The bulls fed by
the traditional method had an average weight gain of
1.12+0.07 kg per day, while in the experimental group,
this figure reached 1.38 £0.05 kg per day. This indicat-
ed an increase in weight gain by 23.2%, which was the
result of a stable feed intake, its uniform distribution
throughout the day and the absence of competition be-
tween animals.

A similar situation was observed in beef cows. In
the control group, the average daily weight gain was
0.92%0.06 kg, while in cows fed through automated sys-
tems, this figure increased to 1.17 #0.04 kg. The weight
gain in this group increased by 27.2%, which was due
to better feed digestibility, improved metabolism and
the absence of stress factors associated with uneven

Weight gain of bulls
(kg/day)

Weight gain of beef
cows (kg/day)

Daily milk yield
(Litres)

feeding. The milk yield of dairy cows also demonstrated
a significant increase when using automated systems.
The average daily milk yield in the control group was
22.5%1.2 litres, while in the experimental group, it in-
creased to 26.8 1.1 litres. This indicated a 19.1% in-
crease in productivity. The main reasons for this increase
were stable feed intake, improved digestive efficiency
and reduced stress levels (Lutsenko & Popkoyv, 2024).

Another important indicator that influenced ani-
mal performance was the feed digestibility rate. This
parameter determined the efficiency of the use of nutri-
ents supplied by the feed. In the control group, the feed
digestibility rate was 64%, while in the experimental
group, it increased to 72%, indicating a more efficient
use of nutrients. The higher feed digestibility rate re-
duced feed losses and also reduced the burden on the
animals’ digestive system (Verzhykhovsky & Nedosek-
ov, 2024). An increase in the average duration of feed
consumption was also recorded. In animals of the con-
trol group, this figure was 25 *4 minutes, which indi-
cated rapid feed intake and possible risks of incomplete
assimilation. In animals of the experimental group, the
average feed intake time increased to 30 # 3 minutes,
which enusred even digestion of food and prevention
of acidosis, rumen disorders and other digestive disor-
ders (Fig. 1).

Control group
M Experimental group

Duration of feed
consumption (min)

Feed digestibility (%)

Figure 1. Comparison of cattle productivity with traditional and automated feeding

Source: compiled by the authors
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Thus, the data obtained confirmed that the intro-
duction of automated feeding systems is an important
factor in improving the efficiency of cattle breeding.
They increased average daily weight gain, higher milk
yields,improved nutrient absorption and reduced stress
in animals. The air temperature in the feeding area
was critical for the health of the cattle, as overheating
or hypothermia could hurt the productivity and body
condition of the animals. In the control group, where
the traditional feeding system was used, the average
temperature was 18.5°C, which could cause discomfort
for the cattle, especially in high-density conditions.
In the experimental group, where automated feeding
systems were used, the average temperature in the
feeding area dropped to 16.8°C, which contributed to
a more comfortable environment and prevented over-
heating of the animals.

The impact of automation on the microclimate in
the feeding area. Humidity levels in the feeding area
also differed between groups. In the control group, the
air humidity was 72%, which exceeded the optimum
levels for comfortable cattle keeping and contributed
to the development of pathogenic microflora. In the ex-
perimental group, the humidity level dropped to 65%,
which corresponded to the recommended parameters
for cattle. This improvement was attributed to more
uniform feed consumption and less spilt water due to
the automated feed mixtures. One of the key indicators

]
Temperature (°C)

Humidity (%) e

Ammonia levels (ppm) N
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of microclimate quality was the level of ammonia in the
air, which was formed as a result of the decomposition
of organic matter and could adversely affect the res-
piratory system of animals (Montayeva et al., 2023). In
the control group, the ammonia concentration reached
15 ppm, which posed a risk of mucosal irritation and
respiratory diseases. In the experimental group, this
figure decreased to 8 ppm, indicating a significant im-
provement in the air environment. This was caused by a
reduction in feed residues and more efficient air circu-
lation around the automated feeders.

Feeder cleanliness was one of the most impor-
tant factors affecting animal health and performance
(Yakubchak et al., 2018). In the control group, the aver-
age cleanliness level of the feeders was 68%, indicating
frequent accumulation of feed residues and contami-
nation caused by mechanical food distribution. In the
experimental group, the cleanliness of the feeders in-
creased to 89%, which significantly reduced the risk of
microbial contamination of feed and the development
of pathogenic bacteria. The quality of the feed also im-
proved with the automated feeder. In the control group,
the average feed score was 75%, indicating a certain
decrease in quality due to the possibility of oxidation
of feed residues and contamination with dust or litter.
In the experimental group, this figure increased to 92%,
which ensured better nutrient absorption and reduced
the risk of foodborne diseases (Fig. 2).

H Control group

Experimental group

Feeder cleanliness (%) |
; |
Feed quality (%)

0 20

40 60 80 100

Figure 2. The impact of automation on the microclimate in the feeding area

Source: compiled by the authors

Thus, the results of the study confirmed that the au-
tomation of the feeding process not only increased the
efficiency of feed use but also significantly improved
the microclimate parameters in the feeding area. This
made automated feeding systems an appropriate meth-
od for ensuring comfortable conditions for cattle in
modern farms.

Comparison of cattle performance in Ukraine and
Europe. Physiological parameters of cattle differed
significantly between Ukrainian and European farms.
The average body temperature of cattle in Ukraine was
38.9°C, while on farms in Germany, the Netherlands and
Denmark this figure was lower and was within 38.6°C,
indicating more comfortable conditions for the ani-
mals. The heart rate of cows on Ukrainian farms was
66 £ 4 beats/min, while in Germany, the Netherlands

and Denmark this figure was lower - 62 3 beats/min,
indicating a lower level of physiological stress. Similar-
ly, the respiratory rate was higher on Ukrainian farms
(28 breaths/min versus 25 breaths/min in the above
European countries), which also indicated the influence
of stress factors.

The incidence of nutrition-related diseases in
Ukraine was significantly higher than in Germany, the
Netherlands and Denmark. Gastrointestinal disorders
were recorded in 22.5% of animals in Ukraine, while
in European countries this figure was 12.3%. Hoof
diseases, which are often the result of an unbalanced
diet and unsatisfactory housing conditions, occurred
in 18.2% of cases on control Ukrainian farms, while
on farms in Germany, the Netherlands and Denmark,
the frequency was much lower at 9.1%. Metabolic
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disorders (ketosis, acidosis) were also more common in
Ukraine (13.2%), while on European farms this figure
was only 6.4%, indicating better feed quality and more
effective nutrition management. The stress levels of
the animals also differed significantly. In Ukraine, cat-
tle blood cortisol levels averaged 5.1 nmol/l, while in
Germany, the Netherlands and Denmark, this figure did
not exceed 3.8 nmol/l. This was due to more stable
housing conditions, lack of competition for feed and
the use of automated feeding systems on most Euro-
pean farms. In addition, in Germany, the Netherlands
and Denmark, cattle spent more time resting (12.8
hours per day on average, compared to 10.8 hours in
Ukraine), which contributed to better recovery and im-
proved productivity.

A comparison of productivity demonstrated a sig-
nificant gap between Ukrainian and European farms. In
dairy farming, the average daily milk yield in Ukraine

Physiological
parameters (%)

Illness frequency (%)

was 22.5 litres, while in Germany, the Netherlands and
Denmark it was 29.4 litres, which is 30.7% higher. This
was determined by better livestock genetics, efficient
feed management and the use of modern automated
technologies. In the beef cattle sector, the average dai-
ly weight gain of bulls in Ukraine was 1.12 kg, while
on European farms - it was 1.42 kg, indicating more
efficient feed intake and higher quality of food addi-
tives. Sanitary conditions in the feeding area also varied
significantly (Karatieieva et al., 2024). In Ukraine, the
level of cleanliness of feeders was estimated at 68%,
while in Germany, the Netherlands and Denmark this
figure reached 85%, indicating a better organisation of
the cleaning and control system. Similarly, the quality
of feed in European countries was estimated at 92%,
which was significantly higher than in Ukraine (75%).
This affects nutrient absorption, disease rates and live-
stock productivity (Fig. 3).

M Ukraine Europe

60
50
40
30
20
10

0

Stress level (%)

Productivity (%)  Sanitary conditions (%)

Figure 3. Comparison of cattle performance in Ukraine and Europe

Source: compiled by the authors

Thus, the analysis of indicators between Ukraine
and countries such as Germany, the Netherlands and
Denmark pointed to significant advantages for Europe-
an farms. Improved sanitary conditions, efficient feed-
ing strategies, and the wider use of automated systems
contributed to lower stress and disease levels in ani-
mals, increased productivity, and optimised costs. These
findings highlighted the need to implement similar ap-
proaches in Ukraine to improve the efficiency of live-
stock production.

DISCUSSION

The results of the study confirmed that automated
feeding has a positive effect on the physiological state,
productivity and stress level of cattle. The study deter-
mined that the animals in the experimental group had
more stable physiological parameters, a lower level
of diseases and increased average daily weight gain.
The automated systems ensured an even distribution
of feed, which reduced competition among animals
and improved nutrient absorption. The data obtained
are consistent with the results of European studies in
terms of improved milk yields and feed efficiency. A
comparison with farms in Germany, the Netherlands
and Denmark showed that automated feeding systems

Scientific Horizons, 2025, Vol. 28, No. 4

contribute to a stable metabolism and increased milk
yield, which confirms their effectiveness. An analysis of
sanitary conditions showed that automation reduced
contamination of feeders and improved the microcli-
mate, which is an important factor for livestock health.

As confirmed by U. Kaur et al. (2023) and M.M. Mi-
jwil et al. (2023), the use of automated systems in live-
stock production contributes to increased milk yields
and efficient feed use through uniform distribution and
minimisation of food losses. These conclusions are ful-
ly consistent with the results of this study, which also
established an increase in milk yield in dairy cows and
weight gain in bulls due to an improved feeding re-
gime. At the same time, the study by U. Kaur et al. ana-
lysed mainly dairy breeds, while this study also covered
the meat sector, which improves the assessment of the
benefits of automation in various aspects of animal
husbandry. M.M. Mijwil et al. conducted a general over-
view, while the current study provided specific empiri-
cal indicators of the impact of automated technologies
on animal productivity and health.

As noted by S. Morrone et al. (2022) and J. Bae et
al. (2023), the introduction of Industry 4.0 technolo-
gies and autonomous feeding systems improved farm
management, ensuring the stability of physiological




parameters and improving the absorption of feed nu-
trients. These authors also confirmed the reduction of
competition for feed due to the automated mode. Their
findings are consistent with the results of this study,
in particular concerning improved physiological condi-
tions and animal performance. At the same time, this
study additionally analysed the sanitary conditions in
the feeding area and the microclimate, which were un-
derstudied by S. Morrone et al. and J. Bae et al. As a re-
sult, this study provides a more comprehensive analysis
of the impact of automation. A. Singh et al. (2022) and
M. Kraft et al. (2022) confirmed that the use of smart
technologies in livestock farming can reduce physio-
logical stress and ensure the stability of the feeding
regime. The authors emphasised the importance of sta-
ble livestock conditions, which also corresponds to the
results of this study. However, the study by A. Singh et
al. did not sufficiently cover the impact of automation
on livestock productivity, while M. Kraft et al. mainly
analysed the management aspects of technology. The
present study comprehensively considered the physio-
logical, productive and sanitary aspects of automation,
which provided a more complete picture of the impact
of modern feeding systems on the conditions of hous-
ing, health and productivity of cattle.

As confirmed by A. Kumar et al. (2024) and PA.Vla-
icu et al. (2024), automation of livestock feeding pro-
cesses increases the physiological comfort of animals,
reducing stress factors and optimising feed manage-
ment. These studies determined an improvement in
cattle productivity due to the precise distribution of
feed and the stability of diets, which fully coincides
with the results of this study. At the same time, Ku-
mar et al. emphasised the role of artificial intelligence
technologies in optimising management processes,
while PA. Vlaicu et al. addressed welfare and sustain-
ability aspects. This study extended these findings by
adding empirical results on the impact of automated
systems on the incidence of diseases and sanitary con-
ditions, which the authors of the above works did not
consider in detail.

As noted by M.A.Hayden et al. (2022) and C.Cheng et
al. (2023), the introduction of automation on livestock
farms improved worker safety, reduced physical activ-
ity and increased the accuracy of feeding operations.
M.A. Hayden et al. emphasised that automation helps
to reduce the number of injuries and improves overall
production safety. C. Cheng et al. additionally empha-
sised the technical advantages of robotic systems, such
as improved feeding accuracy. The results of this study
also confirmed the benefits of automation, but it takes
a deeper look at the direct impact of automated sys-
tems on animal physiology and the microclimate in the
feeding area, which improved the comprehensiveness
of the results. At the same time, M.A. Hayden et al. and
C.Cheng et al. did not cover the physiological and sani-
tary aspects, which are discussed in detail in this study.
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As emphasised by G. Attard (2023) and R. Sparrow
and M. Howard (2021), robotic technologies in agricul-
ture increase the efficiency of feeding management and
reduce the impact of the human factor, which ensures
the stability of animal conditions. G. Attard indicated
that robots improve livestock welfare by reducing com-
petition for feed and stable distribution of rations,which
coincides with the results of this study. R. Sparrow and
M. Howard additionally emphasises the ethical aspects
of robots, such as reducing stress and improving animal
welfare. This study also determined a positive impact of
automation on physiological parameters, disease inci-
dence, and stress levels. However, G. Attard, R. Sparrow
and M. Howard analysed general theoretical aspects,
while this study empirically confirmed the specific
benefits of automation in the case of cattle in Ukraine.

According to L.F.P. Oliveira et al. (2021) and
M.A. Alanezi et al. (2022)., the use of modern technolo-
gies, in particular unmanned aerial vehicles (UAVs) and
robotic systems in livestock production, optimising the
control and feeding processes, reducing resource con-
sumption and improving the accuracy of operations.
M.A.Alanezi et al. highlighted the remote monitoring of
livestock, while L.F.P. Oliveira et al. emphasised the im-
portance of introducing robots for precise feed distri-
bution. These conclusions correlate with the study, but
this study analyses in depth the impact of automation
on physiological parameters and stress levels in ani-
mals, which is lacking in the above-mentioned authors.
Thus, this study complements the results of these au-
thors by revealing a wider range of the impact of auto-
mation on livestock health.

According to C.R. Eastwood et al. (2022) and T. Mar-
tin et al. (2022), the use of robotic technologies in dairy
farming improved working conditions, livestock welfare
and farm productivity through a sound and responsible
approach to implementation. C.R. Eastwood et al. em-
phasised the importance of systematic design of robots
for dairy farms, while T. Martin et al. analysed changes
in farm labour organisations under the influence of ro-
botics. Compared to these studies, the present study ad-
dresses the physiological and sanitary aspects of auto-
mated feeding, including disease rates and feed quality,
which were not analysed in detail by the above-men-
tioned authors. As a result, this study has the advantage
of being more comprehensive and specific in its anal-
ysis of the impact of automation on livestock welfare.

As noted by E.S. Mohamed et al. (2021) and K.B. Yil-
maz (2024), the use of smart technologies and auto-
mated systems in animal husbandry contributes to sus-
tainable development, efficient resource management
and improved physiological performance of animals.
E.S. Mohamed et al. analysed the general benefits of
implementing smart technologies to reduce stress, and
K.B. Yilmaz emphasised the importance of integrated
automated herd management systems. Compared to
the results of these authors, the present study is more
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empirical in nature and includes an analysis of specific
changes in physiological parameters, morbidity, micro-
climate and animal productivity. As a result, the results
are more practically oriented and improve the accuracy
of assessment of the benefits of automation on farms in
Ukraine. Automated feeding improves the physiological
state of livestock, reduces stress and increases produc-
tivity, which is confirmed by various studies. Contrary to
other studies, this study comprehensively analysed the
physiological, productive and sanitary aspects of auto-
mation in Ukrainian livestock production.

CONCLUSIONS

The study determined that the use of automated cattle
feeding systems improved physiological parameters,
animal productivity and the sanitary condition of the
feeding area. The study included 200 dairy cows and
150 beef bulls, which were divided into a control group
(traditional feeding) and an experimental group (auto-
mated feeding). The analysis of changes in the physi-
ological state of the animals included an assessment
of body temperature, heart rate and respiration rate,
stress level and morbidity. Animal productivity was
also studied in terms of average daily weight gain and
milk yield, as well as changes in microclimatic condi-
tions in the feeding area.

The study demonstrated that the body tempera-
ture of animals fed through automated systems was
0.3°C lower compared to traditional feeding, indicating

halved, and cases of metabolic disorders decreased by
49.2%. Animal productivity under automated feeding
has increased significantly: the average daily weight
gain of bulls has increased by 23.2%, and the milk yield
of dairy cows - by 19.1%. These results confirmed that
stable feed distribution, optimised ration composition
and the absence of competition for food contribute to
better nutrient absorption and overall productivity. The
study also demonstrated improved sanitary conditions
in the feeding area. Ammonia levels were reduced by
22%, which had a positive impact on the general con-
dition of the cattle and reduced the risk of respiratory
diseases.Air humidity has stabilised at 65-70%, and the
cleanliness of the feeders has improved by 17%, which
has also reduced the risk of spreading infectious dis-
eases. Comparison with European farms demonstrated
that feeding automation can reduce the gap between
Ukrainian farms in terms of key indicators of animal
productivity and health. It was found that the use of
modern technologies significantly improves livestock
conditions, reducing stress and morbidity. A limitation
of the study was that the experiment was conducted
on a single farm, which may limit the generalisabili-
ty of the results for different climatic zones and farm
types. Further research should cover the long-term im-
pact of automated feeding systems on livestock repro-
ductive performance and their economic efficiency in
different regions.

a stable physiological state and less stress on the body. ACKNOWLEDGEMENTS
The heart rate in the experimental group decreased None.
by 9% and the respiratory rate - by 14.3%, which con-
firmed the reduction of stress on the animals. The in- CONFLICT OF INTEREST
cidence of gastrointestinal disorders was more than  None.
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AHoTauia. MeTolo [OCNigKeHHS Oyno OLiHUTM BMIMB aBTOMATM30BAHOrO roAyBaHHS Ha (i3ioNOriYHMIM CTaH,
NPOAYKTUBHICTb i YMOBM YTPUMAHHSA Xypobu. Y foCNigKeHHI NpoaHani3oBaHO BMAMB aBTOMATUM30BAHUX CUCTEM
roflyBaHHs Ha (i3ioNorivyHi NMOKa3HUKKM, piBEHb CTpecy, MPOAYKTUBHICTb BEAMKOI poraToi xymobu Ta caHiTapHi
YMOBM B 30Hi rogisni. EkcnepumeHT npoeeseHo Ha 200 kopoBax Mono4Hoi nopoam Ta 150 6Buykax M’sicHoi nopoaum,
po34ineHnx Ha KOHTPO/bHY (TpaauLiiHe rofyBaHHS) Ta eKCnepuMeHTanbHy (aBTOMATU30BaHe rodyBaHHS) rpynu.
BumipaHo TeMnepatypy Tina, 4acToTy CepLEBUX CKOPOYEHb | AUXAHHS, PiBEHb CTPECY, YaCTOTY 3aXBOPIOBaHb, HaAOi
MOJIOKa, cepefHboA000BI NPMPOCTM MacKu Ta NapaMeTpu MikpokniMaty. PesynbTtatv nokasanu, wWo temnepartypa
Tina B ekcnepuMeHTanbHin rpyni 6yna Huxkyoto Ha 0,3 °C (38,6 °C npotu 38,9 °C y KOHTPO/bHIN), YaCTOTa cepLeBux
CKOpOYeHb 3HM3uNaca Ha 9 % (60 3 ya./xB npoTu 66 £4 ya./xB), @ 4aCTOTa AUXaNbHUX pyXiB — Ha 14,3 % (242
BAMXU/XB NpOoTU 28 £ 3 BaMXU/XB). PiBeHb cTpecy, OuiHeHMI 3a NOKa3HMKaMKU KOPTU30/y, 3MeHWKUBCA Ha 29,4 %
Y NOPIBHSAHHI 3 TPaAMULIAHUM roayBaHHSAM. 3aXBOPHOBAHICTb Ha LWNYHKOBO-KUWKOBI po3nagu 3Hu3mnacs 3 22,5 %
no 9,5 %, a Bunagku mMetaboniyHmx nopyuweHs — 3 13,2 % no 6,7 %. Hanoi Monoka B aBTOMaTM30BaHiM CUCTEMI
3pocnm Ha 19,1 % (26,8 £1,1 n/poby npotn 22.5%1.2 n/noby), a cepeHb0A060Bi MPUPOCTU MACK Yy M’ICHOT XyL06U
36inbwmnmnca Ha 23,2 % (1,38 £0,05 kr/noby npotn 1,12 £0,07 kr/noby). AHani3 MikpokniMaTy B 30Hi roflyBaHHS
NMOKa3aB 3HMXEHHS pPiBHSA aMiaky Ha 22 %, NOKpaLLEeHHS BONOrocCTi A0 onTuManbHux 65-70 % i nigBULLEHHS piBHS
YMUCTOTM rofiBHULb Ha 17 %. MNopiBHAHHS 3 €BpONENCbKUMU PepMaMu NPOAEMOHCTPYBANO, WO aBTOMATU30BAHE
roayBaHHA 403BONSE CKOPOTUTU BiACTABAHHA YKPATHCbKMX FOCMOAAPCTB Y NPOAYKTUBHOCTI TBAPWMH Ta CAHITapHUX
yMoBax yTpuMaHHs. OTpMMaHi BUCHOBKM NiATBEPAXYIOTb AOLINBHICTL BNPOBAAXKEHHS aBTOMATM30BaHUX CUCTEM
roayBaHHA ANS 3HUXKEHHS PiBHS 3aXBOPIOBAHOCTI, MiABULLEHHS ePEKTUBHOCTI FOAiIBNI Ta CTBOPEHHS KOMDOPTHILLMX
YMOB [A19 BENIMKOi poraToi Xyaobu

KntouoBi cnoBa: ¢i3ionoriyHmit CTaH; CaHiTapHi YMOBW; TEXHONOTIYHI iHHOBALIi; eeKTUBHICTb FOAIBNI; KOPMOBUM
MEHEeOXXMEHT
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this issue: field trials to study the interaction of the research subject with biotic and abiotic factors and statistical
analysis to evaluate the research results and determine the adaptability parameters of the lablab bean. It was
established that the highest yield of green pods (2.1 t/ha)was achieved when sowing took place in the first ten-day
period of May, which exceeded the control variant (the third ten-day period of April - 1.8 t/ha) by 0.3 t/ha (16.7%).
The lowest yield (1.5 t/ha) was recorded when sowing occurred in the first ten-day period of June. The study also
revealed that yield was influenced by the length of the growing season (r=0.68), the sum of active temperatures
(>10°C) (r=0.72), and total precipitation (r=0.74). A strong positive correlation was established between lablab
bean yield and general adaptability (r=0.99), plasticity (r=0.67), homeostasis (r=0.91),and breeding value (r=0.71).
Conversely, a negative correlation was observed between yield and the coefficient of variation (r=-0.75) as well as
relative stability (r=-0.50). The relative yield stability (Sgi) ranged from 1.45% to 3.74%.The coefficient of variation
in yield varied between 11.11% and 17.64%, depending on the sowing date. Under the agro-climatic conditions of
the study, high plasticity was demonstrated in the sowing variants from the third ten-day period of April (control)
to the third ten-day period of May. A low bi value was observed only when sowing took place in the first ten-day
period of June, indicating that the lablab bean exhibited low ecological plasticity. The highest breeding value of the
genotype (BVGi=1.09 1.33) was recorded for sowings in the third ten-day period of April (control) and the first ten-

day period of May, while the lowest value (BVGi=-0.275) occurred with sowing in the first ten-day period of June

Keywords: climatic factors; genotype; yield; food security; legumes

INTRODUCTION
The impact of climate change on agriculture has serious
consequences for crop production, food security, and
people’s livelihoods (Huang et al.,2020).Recent research
suggests that a projected global average temperature
rise of 1.8-4°C by the year 2100 is likely to lead to high-
ly unpredictable precipitation patterns. It is also expect-
ed to significantly increase the frequency of extreme
weather events, such as severe droughts, heat waves,
cold spells, and floods (Bhattacharjee et al., 2020). In
2010, it was estimated that out-of-season precipitation,
hail, and floods caused damage across approximately
2.1 million hectares (Gonzalez-Villagra et al., 2023).

Changing climate conditions create favourable en-
vironments for the spread of pests and diseases, encour-
age the growth of weeds, and disrupt the balance of soil
microorganisms. As noted by A. Shahzad et al. (2021),
extreme weather events, particularly droughts, frosts,
and heavy rainfall, place additional stress on plants,
leading to reduced vyields. Furthermore, the effects of
climate change on agricultural productivity are not
uniform across different geographical locations. Some
regions are predicted to experience declines in yield,
while others may see increases. As highlighted by T. Ad-
amopoulos and D. Restuccia (2022), countries located
in lower latitudes are more vulnerable to the negative
impacts of climate change.

In this context, studying the agricultural potential
of underutilised legume crops is particularly important.
J. Minde et al. (2021) emphasise that growing lablab
beans more widely could be a key factor in improving
food and nutritional security,given their high nutritional
value and ability to adapt to various climate conditions.
According to P.Shashank et al. (2024), this versatile crop
can be used as food in the form of immature seeds and
pods, as well as a leafy vegetable. At the same time,
lablab beans show significant environmental benefits,

notably through their ability to fix atmospheric nitro-
gen within their own plant matter. As demonstrated in
the research by L. Hernandez-Herrerias et al. (2022), in
mixed farming systems, lablab beans are often used as
a cover crop alongside maize or sorghum. This helps to
reduce water loss, improve soil fertility, and lower the
risks of soil erosion.

In academic discussion, it is becoming increasingly
accepted that climate change is a factor that encour-
ages the development of innovative technologies and
management approaches. O. Zavadska et al. (2021) and
E. Elahi et al. (2022) highlight the need to put adaptive
strategies in place to reduce the vulnerability of the agri-
cultural sector to the challenges posed by the changing
climate. Furthermore, the results of modelling carried
out by I. Fedosiy et al. (2022) and A. Aboltins et al. (2024)
suggest that adjusting farming schedules - particularly
the timing of sowing and harvesting - is an effective
way to adapt to climate change. Using data on crop de-
velopment over two decades, X. Cui and W. Xie (2022)
show that both sowing dates and the length of the
growing season are significantly influenced by current
temperature and precipitation levels. Their calcula-
tions indicate that adjusting the growing season could
lead to sowing dates being shifted by 2-6 days and the
growing season being shortened by 3-6 days by the
end of this century. These changes could offset up to
9% of the yield losses associated with climate change.

The growth and potential yield of agricultural
crops are determined by the environmental condi-
tions experienced throughout the growing season.
A lack of sufficient understanding about how lablab
bean plants interact with their environment limits the
ability to achieve maximum yields, as practical results
show. To optimise the positive effects of environmen-
tal factors on the growth and yield of the lablab bean,
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information on the best sowing time is needed. This
research aimed to analyse the impact of different sow-
ing dates for lablab beans in order to identify the best
farming practices for expanding its cultivation in the
Right-Bank Forest-Steppe region of Ukraine.

MATERIALS AND METHODS

The experimental research was carried out over three
years (2016-2018) at the National University of Life and
Environmental Sciences of Ukraine (NULES, Ukraine).
The soil at the research site is classified as dark grey
podzolic soil with a medium level of leaching and a
light loamy texture, with a soil pH of 6.1. The hu-
mus-rich topsoil layer was 24-28 cm deep. The research
area is characterised by a low humus content, ranging
from 1.5% to 2.2%, a medium nitrogen content of 26
to 38 mg/kg, phosphorus levels of 43 to 61 mg/kg, and
potassium levels of 28 to 34 mg/kg.

During the period of 2016-2018, precipitation was
distributed very unevenly throughout the year, ranging
from 881 mm in 2018 to 939 mm in 2016 (Fig. 1). The

period from November to March is considered the cold-
est time of the year. This is because temperatures often
drop below 0°C during this time. In the colder months
(November-March), 38.5%-44.5% of the total annual
precipitation occurred. The highest monthly precipi-
tation during the cold period reached 190.4 mm (De-
cember 2017), while the lowest was 24.8 mm (March
2017). The coldest months of the year were January
(-4.3°C) and February (-1.5°C). Based on observations,
the minimum air temperature recorded was -18.8°C on
4 January 2016 at 08:00, 2016. Air temperatures crossed
the 10°C mark in the first ten-day period of April and
the 15°C mark in the first ten-day period of May. Anal-
ysis of temperature data from 2016-2018 shows that
the duration of the period with positive temperatures
above 5°Cwas 217-241 days, above 10°C was 173-195
days, and above 15°Cwas 128-149 days. The total accu-
mulated temperature above 5°C was 2,494°C-2,754°C,
above 10°C was 1,475°C1,714°C, and above 15°C
was 709°C-860°C. An extremely high temperature of
+34.6°C was recorded on 17 July 2016 at 14:00.
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Figure 1. Dynamics of air temperature and precipitation, 2016-2018
Source: compiled by the authors based on the conducted research

The average monthly temperature in April was 12°C,
with precipitation of 50.7 mm, which is 5.6% of the av-
erage annual amount. May was characterised by warm
weather,with an average air temperature of 16.4°C.Dur-
ing this month, precipitation was highest for the period
with positive temperatures,reaching 103.3mm,or 11.4%
of the average annual total. In June, the average month-

ly temperature noticeably increased, reaching 20.4°C.

Simultaneously, 76 mm of precipitation, represents
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8.4% of the average annual amount.July had an average
temperature of 21.5°C, with 90.7 mm of precipitation,
which is 10.1% of the average annual total. August was
the hottest month across all the years of observation,
with an average temperature of 22.0°C. The total pre-
cipitation for August was 52.8 mm, accounting for 5.9%
of the average annual average. September had mod-
erate weather with an average temperature of 16.6°C.
Precipitation amounted to 53.0 mm, which is 5.9% of




the average annual rainfall. October saw a significant
drop in temperature, reaching 8.6°C. At the same time,
96.5 mm of precipitation, represents 10.7% of the aver-
age annual total.

The Department of Vegetable Crops at the National
University of Life and Environmental Sciences of Ukraine
studied four sowing dates for lablab bean (Dolichos
lablab L.or Lablab purpureus (L.) Sweet) during the years
2016-2018: A) the third ten-day period of April; B) the
first ten-day period of May; C) the third ten-day period
of May; and D) the first ten-day period of June. The third
ten-day period of April was used as the control sowing
date. For all experimental groups, the same planting
pattern was used — 70 x 20 cm, which resulted in a plant
density of 71,000 plants per hectare.Seeds were sown at
a depth of 2-3 cm. Each plot measured 5 square metres.
Within these plots, 10 plants were selected for detailed
study. The space allocated to each plant was controlled
by the number of plants in a row, and the distance be-
tween rows was the same for all treatment groups. The
width of the buffer zones was the same as the width
of the plot on both sides of each experimental area.

The experimental design involved three replicates
in the field, meaning three identical plots for each treat-
ment, and three replicates over the three years (2016,
2017,and 2018).The field replicates allowed for a more
comprehensive representation of the variability with-
in the experimental site for each treatment, leading
to more stable and accurate average results. The rep-
licates over time established the influence, interaction,
or carry-over effects of the factors being studied under
different weather conditions. Overall, this resulted in a
sample size of 36 observations (4 treatments x 3 rep-
etitions per field x 3 repetitions over time). To ensure
optimal quality, the green pods were harvested at the
appropriate stage of maturity. This period is character-
ised by the pods reaching a typical size and the seeds
developing a tender texture (Fig. 2). Harvesting was
done manually when the pods in the plot reached har-
vest maturity (BBCH 77-79) (Meier et al., 2009).

Figure 2. Simultaneous flowering
and fruiting of lablab bean plants
Source: authors’ photo
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The assessment of general and specific adaptive
capacity was based on studying the genetic type (n) in
different environments (m) with several experimental
repeats (c). Thus:

X =U+V+d +(Vd), +e,, 1)

where x, is the phenotypic value of trait (/) of the geno-
type when grown in environment (k) and replication ();
Uis the overall mean of the entire set of phenotypes; V.
is the effect of genotype (/); d, is the effect of environ-
ment (k); (Vd), is the interaction effect of genotype (/)
with environment (k); e, is the effect caused by random
factors and associated with phenotype (ikr).W

The following constraints were applied to the com-
ponents of the model:

ZiVi = dek = Zk(\/d)ik = Zk("/d)ik = Zeik = O (2)
Effects of specific adaptive capacity:
SAC=V=X-u. (3)

The parameters for the species’ adaptability were
as follows:

0% SAC; = ==+ Tp(dg + Vdig)? - == 0% (4)

m
o SAC; = Jo? SAC,. (5)

To compare the variability of different characteris-
tics of lablab across different environments, the rela-
tive stability index Sgi was used:

TSAC;
Sgi = Troac” 100%. (6)

The regression coefficient b, was used to determine
the response of the lablab bean to improvements in
environmental conditions:

_ ZXiR *dpR
b= 2 - )

To identify the optimal sowing dates for lablab
beans that combine productivity and stability, the
breeding value of the genotype was used:

BVG,= U+ GAC, - po, . ®)

The application of the Growing Degree Days meth-
od allowed for the determination of the cumulative
effective air temperatures during the interphase de-
velopment period of the lablab bean based on actual
temperature data:

Zteff= (tgvg - B)*n’ (9)

where Zteff is the sum of effective air temperatures over
the period, °C, Lo is the average air temperature for the
period, °C, B is the value of the biological minimum,
which in this analysis is taken to be 10°C, and n is the
number of days in this period.
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Statistical analysis of the research data was per-
formed using the Statistica 13.1 software package
(StatSoft, Inc., Tulsa, OK USA). Differences between
the treatments were determined using Tukey’s test,
with significance considered at p <0.05 (with Bonfer-
roni correction applied). To establish the direction and
strength of the relationship between the studied vari-
ables, the correlation coefficient was calculated (Nag-
eswara, 2018). The authors adhered to the standards of
the Convention on Biological Diversity (1992) and the
Convention on International Trade in Endangered Spe-
cies of Wild Fauna and Flora (1979).

RESULTS

A box plot, shown in Figure 3, is a useful tool for vis-
ualising the distribution of output data, particularly
for identifying outliers, the median, and quartiles. The
current study gives a clear picture of the distribution
of green pod yield over the period 2016-2018.The box
itself represents the interquartile range, which con-
tains 50% of the middle values. The bottom edge of

the box shows the first quartile (the 25" percentile),
and the top edge shows the third quartile (the 75%
percentile). In the current case, the majority of yields
for sowing in the third ten-day period of April (control)
were between 1.65 and 1.90 t/ha, for the first ten-day
period of May between 1.82 and 2.30 t/ha, for the third
ten-day period of May between 1.53 and 1.94 t/ha, and
for the first ten-day period of June between 1.31 and
1.74 t/ha. The line inside the box represents the me-
dian, which is the value that exactly divides the data
into two equal halves. In the context of this study, the
median yield was found to be around 1.78 t/ha for the
third ten-day period of April (control), 2.06 t/ha for the
first tenday period of May, 1.58 t/ha for the third ten-
day period of May, and 1.40 t/ha for the first tenday
period of June. The mode is defined as the value that
appears most frequently within a dataset. In this study,
it is worth noting that all values are unique, as each
value occurs only once. The absence of any number
appearing more often than others indicates that there
is no mode.

Box Plot of Green seed yield, t/ha grouped by Sowing time Spreadsheet2.sta 3v*36¢
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Figure 3. Box plot illustrating the yield of green pods of lablab bean
Note: the x-axis represents the sowing date, where A) the third ten-day period of April (control); B) the first ten-day period
of May; C) the third ten-day period of May; D) the first ten-day period of June (2016-2018)
Source: developed by the authors based on the conducted research

As shown in the graph, the mean value is indicated
by a “+” symbol. This symbol was located within the box
plot, which represents the interquartile range. A high
yield of green pods of lablab bean (2.1 t/ha) was ob-
tained when sown in the first ten-day period of May, an
increase of 0.3 t/ha or 16.7% compared to the control.
The worst yield results for the lablab bean were seen

Scientific Horizons, 2025, Vol. 28, No. 4

with sowing in the first ten-day period of June, result-
ing in a decrease of 0.3 t/ha or 16.7% compared to the
control. It is worth noting the sowing date in the third
ten-day period of May, where the yield was similar to
the control (1.7 t/ha). For the control sowing date in the
third ten-day period of April, a green pod yield of 1.8 t/
ha was recorded.




On the graph, the whiskers outline the boundaries
of the main body of the data and represent the entire
range of values, excluding any outliers. For the control
group (third ten-day period of April), the lower lim-
it indicated by the whisker was approximately 1.56 t/
ha, and the upper limit was 2.08 t/ha. Accordingly, for
the other sowing dates, the ranges are as follows: first
ten-day period of May - 1.76-2.42 t/ha, third ten-day
period of May - 1.38-2.07 t/ha, and first ten-day period
of June - 1.27-1.89 t/ha. Outliers are defined as data
points that fall outside the whiskers. These points sug-
gest the presence of anomalies or extreme values. The
occurrence of outliers can be linked to various factors,
including specific weather conditions, pest or disease
infestation, or unique characteristics of the location. In
the context of this research, no such deviations were
identified. Therefore, based on the box plot, it can be
concluded that the distribution of green pod yield in
the experimental groups did not contain any outliers.
The mean and median values are located at different

Bobos et al.

points within the distribution. Yield is the most agro-
nomically important element of a plant’s phenotype,
resulting from the interaction between genotype, en-
vironment, and cultivation technology. Physiological
principles and agricultural data indicate that the dura-
tion, rate of growth, and maturation of the pods are the
key factors determining the yield of lablab beans. From
a physiological perspective, variations in the length of
the growing season are most often linked to variations
in the duration of the different phenological stages of
growth and development. Statistical analysis showed a
direct correlation (r=0.68) between the length of the
growing season and the yield of green pods (Fig. 4).
This correlation coefficient indicates a strong relation-
ship between the two studied variables. The regression
equation, based on the data, allows for the prediction
of yield dynamics with changes in the growing season’s
length. For example, an increase of 10 days in the grow-
ing season is predicted to lead to an increase in green
pod yield of 207.3 kg/ha.

Scatterplot: Sowing time vs. Green seed yield, t/ha (Casewise MD deletion)
Green seed yield, t’ha = -,5366 + ,02073 * Sowing time
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Figure 4. Relationship between green pods of lablab bean yield
and the duration of the growing season (average for 2016-2018)
Source: developed by the authors based on the conducted research

The growth and development of the lablab bean pri-
marily depend on environmental factors, including soil
composition, day length, temperature patterns, and the
availability of moisture. Temperature is a crucial factor
for biological processes and, therefore, for plant growth
and development. A specific amount of heat is required
for the transition from one growth stage to another,
for example, from sowing to emergence. The amount
and distribution of precipitation are the second criti-
cal condition for successfully growing the lablab bean.

The research showed that for successful cultivation
of lablab bean to achieve a marketable yield (1.5-2.1 t/
ha) of green pods in the Right-Bank Forest-Steppe re-
gion of Ukraine, specific agrometeorological conditions
are necessary: a total of active temperatures above
10°C should be between 1,177.3°C and 1,387.1°C
during the sowing-to-harvest period, combined with
precipitation levels ranging from 268.9 to 341.2 mm.
The graphs (Figs. 5 and 6) clearly illustrate the direct
relationship between lablab bean yield and the total
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active temperatures above 10°C, as well as the amount
of precipitation. Correlation coefficients of 0.72 and
0.74 respectively confirm the statistical significance of
this link. Using the calculated regression equations, it
is possible to predict lablab bean yield based on the
total air temperatures above 10°C and the amount of

precipitation during the growing season. The results
of this study indicate that an increase in the total air
temperatures above 10°C during the sowing-to-harvest
period leads to an increase in the green pod yield of
20.2 kg/ha. At the same time, an increase in precipita-
tion of 10 mm results in a yield increase of 59.1 kg/ha.

Scatterplot: Sum of air temperatures (>10 °C), °C vs. Green seed yield, t/ha (Casewise MD deletion)
Green seed yield, t/ha = -,8468 +,00202 * Sum of air temperatures (>10 °C), °C

Correlation: r =,72528

0

. .

2,3

22 e T et
2,1
2,0
1,9
1,8
17
1,6
15
14
13

Green seed yield, t/ha

1300
Sum of air temperatures (>10 °C), °C

1100 1150 1200 1250

1350 1400 1450 0 q 2

0,95 Conf.Int.

Figure 5. Relationship between green pods of lablab bean yield and the sum
of temperatures above 10°C during the period from sowing to harvest (average for 2016-2018)
Source: developed by the authors based on the conducted research

Scatterplot: Amount of precipitation, mm vs. Green seed yield, t/ha (Casewise MD deletion)
Green seed yield, t/ha = -,0468 + ,00591 * Amount of precipitation, mm

Correlation: r = ,74487
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Figure 6. Relationship between green pods of lablab bean yield and the level
of precipitation during the period from sowing to harvest (average for 2016-2018)
Source: developed by the authors based on the conducted research
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According to Table 1, F=10.76 and F crit =9.55,
meaning F >F crit. Therefore, the effect of the studied
factor on the resulting characteristic can be consid-
ered statistically significant, which is also confirmed
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by the significance level (p-value =4.78E-05), which
is less than 0.05. At the same time, the proportion of
influence of sowing dates on the yield of green pods
was 50.2%.

Table 1. Results of variance analysis

Source of variation SS df MS Fos p-value F crit
Between groups 1.6875 3 0.5625 10.76215 4,78E-05 290112
Within groups 1.672528 32 0.052267
Total 3.360028 35

Source: developed by the authors based on the conducted research

To assess the consistency of the studied sample, the
coefficient of variation was used, which estimates the
relative deviation of the observed values from the arith-
metic mean.As shown by the analysis of the coefficients
of variation for lablab bean green pods yield, sowing
from the third tenday period of April (control) to the first
ten-day period of June resulted in moderate variability,
as the coefficient of variation in these cases ranged from
11.11% to 17.64% (Table 2). To determine the adaptive
capabilities of the lablab bean, the authors considered
two indicators: general adaptability, which character-
ised the ability of plants to achieve stable yields across

a wide range of growing conditions, and specific adapt-
ability, which was determined by resistance to specific
stress factors (cold, drought, pests, etc.). According to the
analysis of the general adaptive capacity of the lablab
bean plants, the highest values for this indicator were
observed when sown in the first tenday period of May
(GAC=0.325). The lowest values for this indicator were
found in plants sown in the first ten-day period of June
(GAC=-0.275). Regarding specific adaptability capacity,
plants sown from the first ten-day period of May to the
first ten-day period of June showed equally good ad-
aptation to the specific growing conditions (SAC=0.06)

Table 2. Parameters of the adaptive capacity and stability of the lablab bean at different sowing dates (2016-2018)

Sowing date
Indicator Third ten-day period The first ten-day The third ten-day The first ten-day
of April (control) period of May period of May period of June
Green pod yield (Mean), t/ha 1.8+0.061° 2.1+£0.084 1.7£0.079° 1.5%£0.078 ¢

Coefficient of variation (V), % 11.11 12.60 15.56 17.64

General adaptive capacity (GAC) 0.025 0.325 -0.075 -0.275
Specific adaptability capacity (SAC) 0.03 0.06 0.06 0.06
Relative stability (Sgi), % 1.45 2.67 3.30 374
Plasticity (bi) 1.68 1.79 2.32 -1.79
Homeostasis (Hom) 0.16 0.17 0.11 0.09
Breeding value of the genotype (BVG) 1.33 1.09 0.69 0.49

Note: different letters (a, b, ¢, d) indicate values that were significantly different from each other within the same row of
the table, according to comparisons using Tukey’s test with Bonferroni correction
Source: developed by the authors based on the conducted research

The concept of relative genotype stability is crucial
for making comparative analyses easier across experi-
ments involving different crops, genetic types, environ-
ments, and traits being studied. The relative stability
of a genotype is similar to the coefficient of variation
when examined across various environments. There-
fore, under different growing conditions, all the studied
treatments showed a high degree of stability in green
pod yield (Sgi ranging from 1.45% to 3.75%), as the de-
viation in this indicator did not exceed 25%. The reac-
tion of a genotype to improvements in environmental
conditions can be assessed using the regression coef-
ficient. If the value of this coefficient is greater than
one (bi > 1), it indicates a high sensitivity of the spe-
cies or variety to changes in growing conditions. Under

optimal growing conditions, such a variety is capable of
producing a significantly higher yield. Conversely, if the
coefficient is less than one (bi< 1), it is less sensitive
to changes in conditions and, consequently, responds
less to improvements in cultivation techniques. In cas-
es where the regression coefficient equals one (bi=1),
changes in the variety’s yield are fully correlated with
changes in growing conditions.

Further analysis of the data showed that the low-
est level of sensitivity to improved growing conditions
was demonstrated by the lablab bean sown in the first
ten-day period of June. Therefore, for every 1 t/ha in-
crease in average yield, the yield of this treatment only
increased by 1.79 t/ha. Out of all the sowing dates stud-
ied, the third ten-day period of May proved to be the
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most sensitive to changes in yield levels under the test
conditions (with a 1 t/ha increase in average yield, it in-
creased by 2.32). The next most sensitive were the treat-
ments sown in the first ten-day period of May (bi=1.76)
and the third ten-day period of April (control) (bi=1.68).
Regarding homeostasis, which describes the ability of
plants to develop normally under unfavourable envi-
ronmental conditions, the treatments sown in the first
ten-day period of May (Hom=0.17) and the third ten-
day period of April (control) (Hom=0.16) stood out. The
lowest homeostatic value (Hom=0.09) was observed for
the treatment sown in the first ten-day period of June.

It is generally accepted that species (or varieties)
that only produce high yields under optimal conditions
pose a risk to production, as they may not be able to
maintain such yield levels with inadequate care or un-
favourable weather. Therefore, to assess the overall
characteristics of the lablab bean, considering both

their potential yield and their ability to maintain it un-
der different conditions, the breeding value of the gen-
otype was used. High breeding values of the genotype
were characteristic of the sowing dates in the third ten-
day period of April (control) and the first ten-day period
of May, with values of 1.33 and 1.09, respectively. This
indicates that these sowing times provided an optimal
combination of high yield and stability, which is particu-
larly important in the context of unfavourable growing
conditions. The yield of lablab bean green pods showed
a strong positive correlation (r=0.71-0.99) with general
adaptability, plasticity, homeostasis, and breeding val-
ue of the genotype. In contrast, yield showed a strong
negative correlation with the coefficient of variation
(r=-0.75) and a moderate negative correlation with rel-
ative stability (r=-0.50). The analysis suggests that the
yield of lablab bean green pods is closely linked to its
adaptive characteristics (Fig. 7).

Mean Mean
\Y -0.75 \%
GAC 0.99 -0.75 GAC
SAC -0.07 0.71 -0.07 SAC
Sqi -0.50 0.95 -0.50 0.90 Sqi
bi 0.67 -0.68 0.67 -0.24 -0.53 bi
Hom 0.91 -0.95 091 -0.47 -0.81 0.63 Hom
BVGi 0.71 -0.99 0.71 -0.75 -0.97 0.61 0.93 BVGi
Legend

value of the genotype (BVGi).

3Pearson correlation coefficients between the studied indicators: green pod yield (Mean), coefficient of variation (V), general:
adaptability capacity (GAC), specific adaptability capacity (SAC), relative stability (Sgi), plasticity (bi), homeostasis (Hom), breeding

Strength of correlation links:

Direction of correlation:

1 - perfect;

12r>0

Positive correlation;

0.66-0.99 - strong;

-1<r<0

Negative correlation.

0.33-0.66 - moderate;

<0.33 - weak.

Figure 7. Correlation dependence between the parameters of adaptive capacity
and stability of the lablab bean at different sowing times (2016-2018)
Source: developed by the authors based on the conducted research

The vyield of lablab bean green pods showed a
strong positive correlation (r=0.67-0.99) with gener-
al adaptability capacity, plasticity, homeostasis, and
breeding value of the genotype. At the same time, yield
had a strong negative correlation with the coefficient of
variation (r=-0.75) and a moderate negative correlation
with relative stability (r=-0.50). No statistically signifi-
cant relationship was observed between yield and spe-
cific adaptability capacity (r=-0.07).

DISCUSSION

Overall, the experimental research produced results
similar to those obtained in other countries. Studies in
India involving 30 genetic types found that the coef-
ficients of variation for the observable characteristics
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(phenotype) were generally higher than those for the
genetic makeup (genotype). This suggests that the in-
fluence of the genotype was reduced by environmen-
tal factors (Ganapathi & Akshay, 2020). The results of
the cluster analysis showed that Cluster 3, which in-
cluded 12 samples, had the highest yields of green
seeds (82.1 kg) and green pods (152.5 kg) (Jahnavi et
al., 2023). R. Preetham et al. (2020) identified the ge-
netic type 1C-427436 among 45 lablab bean genotypes
in India, noting its pod weight of 11.0 g and 6.3 seeds
per pod, and it demonstrated a significantly higher pod
yield of 13.6 t/ha compared to other genotypes. Based
on average performance indicators, the genotypes PYR
15-01, Nagavalli local 1, and Nallur local proved to be
the best in terms of yield and its components, while the




genotype HA 3 was characterised by early maturity and
provided an optimal green pod yield of 327 g per plant
(Geetha & Divya, 2021).

The formation of agricultural crop yields large-
ly depends on a combination of farming techniques
and soil-climate conditions (Litvinova et al., 2023;
Syromyatnikov et al., 2023). The authors’ research has
shown that sowing dates had a significant impact on
plant growth and development, determining the opti-
mal phenological stages for achieving maximum pro-
ductivity. When growing plants in regions where they
are newly introduced, the sowing date is a primary fac-
tor that needs careful consideration.

Determining the optimal sowing date is based on
the characteristics of the variety and the meteorologi-
cal conditions of the region (Baum et al., 2020; Bobos et
al.,2020,2022). Temperature patterns and soil moisture
are the most critical non-Lliving factors influencing seed
germination. If these do not match the optimal condi-
tions, it can lead to delayed seedling emergence, dis-
rupted plant development and, consequently, affect the
size and quality of the harvest (Suo et al., 2022). In par-
ticular, the authors found that for sowing in the third
ten-day period of April, the average daily air temper-
ature during the sowing-to-emergence period ranged
from 12.2°C to 18.8°C, with an average of 15.5°C.
These temperature conditions led to a delay in seed-
ling emergence of 18 days. Conversely, an increase in
the average daily temperature to 19.1°C (ranging from
17.9°C to 20.5°C) in the sowing treatment carried out
in the first ten-day period of June accelerated germi-
nation, thereby reducing the interval between sowing
and emergence to 8 days. This is because germination
slows down sharply when temperatures fall below the
optimum, as low temperatures hinder metabolism and
enzyme activity, affecting the entire germination pro-
cess (Cafaro et al., 2022).

P. Kimani et al. (2022) reported that Phaseolus vul-
garis L. plants had the highest yields under seasonal
temperatures ranging from 11.7°C to 36.7°C, which
corresponded to an average temperature of 24.2°C
throughout the crop growing season. Furthermore, a
maximum temperature of 34°C during the pod forma-
tion stage positively influenced the development of
pods and seeds, as shown by increased yields in plants
exposed to these higher temperatures during this spe-
cific growth phase. Research by S. Zeipina et al. (2022)
aimed to optimise vegetable soybean production in the
Northern Europe region. Through careful experiments,
it was determined that a growing season of 123 to 127
days, a minimum accumulated air temperature above
10°C of 650°C, and a hydrothermal coefficient (HTC)
above one produced the most favourable yield results.
Presented research also demonstrated that lablab bean
plants respond differently to temperature, affecting
both the rate of germination and the final yield. For ex-
ample, the maximum lablab bean yield was obtained
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when sown in the first ten-day period of May, which
coincided with an accumulated air temperature above
10°C of 864°C during the period from emergence to the
start of marketable pod maturity, while the minimum
yield was noted when sown in the first ten-day period
of June - 740°C.

Research by H. Vinay et al. (2022) demonstrated
that minimum temperature, duration of sunshine, and
precipitation amount had a positive correlation with
green seed yield. A similar trend was observed in cur-
rent studies, with a positive correlation between green
seed yield and the total accumulated temperature
(r=0.72) and precipitation amount (r=0.74) during the
plant growth and development period. The influence
of genotype and sowing date proved to be statistical-
ly significant factors affecting the lablab bean green
pod yield, as well as the content of crude fibre, crude
protein, and total dry matter (Venkatesan et al., 2024).
Genotypes with early and mediumearly maturity peri-
ods, specifically Phule gauri (145.3 days), AKWAL1816
(146.7 days), and DOL-VARK-18-04 (147.3 days), were
found to be the most promising for cultivation (Pach-
khande et al., 2022). Simultaneously, the authors of
this study determined that the yield of the lablab
bean is a result of the interaction between genotype,
environmental conditions, and cultivation techniques,
and statistical analysis showed that every addition-
al 10 days of the growing season increased yield by
207.3 kg/ha.

Intercropping of agricultural crops is a fundamen-
tal and traditional practice among local farmers in Ha-
rarghe (Ethiopia), primarily due to the lack of available
land. Research findings indicated that growing sor-
ghum together with Dolichos lablab at different sowing
times affects the grain yield of the sorghum. It is recom-
mended that 4 weeks after sowing sorghum is the op-
timal time for sowing Dolichos lablab in intercropping
(Dinkale et al., 2022). Aphid populations are influenced
by numerous factors, including environmental condi-
tions, the characteristics of the host plants, and natu-
ral predators. Among these factors, weather conditions
play a crucial role in shaping aphid populations by af-
fecting their reproduction, development, dispersal, and
survival (Sun et al., 2022). A chronological consistency
was observed between temperature fluctuations and
the initial establishment of aphid colonies, with a peak
occurring in mid-June. This aligns with data from M. Al-
mogdad et al. (2024) regarding the correlation between
rising temperatures and increased aphid activity at this
growth stage. Research by C. Mwani et al. (2021) found
that aphid numbers were low at the seedling stage but
gradually increased as the plants developed. Therefore,
sowing lablab beans at the optimal times, determined
by the specific weather conditions of the year, helped to
control and reduce pest damage.

In conclusion, it is clear that selecting the best sow-
ing dates is a key factor that determines the growth
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and development of lablab bean plants, as well as the
yield levels achieved. It was established that the sow-
ing date influenced the balance of temperature and
soil moisture, which is critically important for the crop’s
yield formation. It is recognised that these indicators
can vary across different geographical areas depending
on the climate and the specific weather conditions of a
given year. Presented research suggests that the impact
of farming techniques and the region’s weather pat-
terns had a decisive influence on the marketable yield
of lablab bean green pods.

CONCLUSIONS

The green pod yield in the study ranged from 1.5 t/
ha (first ten-day period of June) to 2.1 t/ha (first ten-
day period of May), with an average of 1.8 t/ha. The
resulting values for the coefficient of variation in yield
(11.1%-17.6%) indicate that the studied sample had a
moderate level of variation in this trait. Lablab bean
plants sown at the investigated times showed high
stability (Sgi < 25) in terms of yield. The assessment
of the environmental flexibility of the lablab bean re-
vealed that sowing from the third ten-day period of
April (control) to the third ten-day period of May would

increase green pod yield due to improved growing
conditions. Sowing in the third ten-day period of May
provided the highest level of flexibility, characterised
by a high positive regression coefficient (bi=2.32).The
weakest response to improved growing conditions,
with the lowest green pod yield, was found with sow-
ing in the first ten-day period of June, which had a
regression coefficient of bi=-1.79. Among the studied
sowing dates for the lablab bean, high levels of con-
sistency across different conditions (Hom=0.16-0.17)
and breeding value of the genotype (BVGi=1.09-1.33)
were obtained with sowing in the third ten-day period
of April (control) and the first ten-day period of May.
Future research will focus on improving the genetic
potential of the lablab bean to enhance yield, nutri-
tional value, and resilience to climate change, which
will expand the understanding of the crop’s benefits
for producing valuable food products.
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AHoTauif. PO3yMiHHA pe3ynbTaTiB BMAMBY IPYHTOBO-K/AIMAaTUYHMX YMOB Ha CiNbCbKOrOCMOAAPCbKi POCIUHU €
OCHOBOK A5 pO3pOOKM Ta BMNPOBAMKEHHS iHHOBALIMHUX TEXHONOTIMA Ta CTpATeriid, SKi MiHiIMi3yOTb HEraTMBHUM
BMNAMB Ha depmMepcbKi rocnoaapcTBa Ta CifibCbKe rocnofapcTBo B LinoMy. MeTa focnigkeHb — BUBYEHHS BMAMBY
pi3HMX TEpMiHIB CiBOM fonixoca ANs pO3LWMPEHHS NOTEHLIMHUX MOXIMBOCTEN BUPOLLYBAHHS LLIET KYNbTYpU B yMOBaX
MpaBobepexHoro Jlicocteny YkpaiHu. [Ing BUBYEHHS Li€i NpobaeMm BUKOPUCTAHO HACTYMHI METOAM: MOIbOBUI — A5
BMBYEHHS B3aEMOLii 06'EKTA AOCNIIKEHHS 3 BIOTUYHMMU Ta aDiOTUUYHUMM DAKTOPAMM Ta CTaTUCTUUHUIA — A9 aHaNi3y
pe3ynbTaTiB AOCNIAXEHb 3 METOK BM3HAYEHHS NapaMeTpiB afanTUBHOCTI foNiXoca. BCTaHOBNEHO, WO MakCUManbHa
BPOXaMHICTb 3€N1€HOro ropoLuky gonixoca (2,1 1/ra) mocsranacs 3a cisbu B | gekani TpaBHs, wo Ha 0,3 1/ra (16,7 %)
nepeBuLLYBaNO NOKA3HUK KOHTposibHOro BapiaHTy (Il aekapa kBiTHs — 1,8 1/ra). MiHiManbHa BpoxanHicTb (1,5 1/ra)
crnocTepiranacs 3a ciBbu B | aekaai YepBHs. [JloCNiLKEHHS TaKOX BUABMIO 3a1€XHICTb BPOXAMHOCTI Bif, TPUBANOCTI
BereTauiiHoro nepioay (r=0,68),cymu aktnuHux Temnepatyp (>10 °C) (r=0,72) Ta cymu onagis (r=0,74). BctaHoBneHo
CUNbHY MO3MTMBHY KOPEensuito MK BPOXAMHICTIO [OMiXoca Ta 3aranbHOK afanTuMBHOK 3aaTHicTio (r = 0,99),
nnactuuHictio (r=0,67), romeoctatmyHictio (r=0,91) Ta cenekuiriHot wiHHicTio (r=0,71). 3 iHWoro 60Ky, BUSBAEHO
HeraTMBHY KOpPenaLito MiXK BPOXKaMHICTIO Ta kKoediuieHToM Bapiauii (r=-0,75) Ta BigHocHot cTabinbHicTio (r=-0,50).
BinHocHa cTabinbHicTb BpoxaiHocTi (Sgi) BapitoBanaca Big 1,45 % no 3,74 %. KoediuieHT Bapiauii BpoxaniHoCTi
konueaeca Bif 11,11 % no 17,64 % 3anexHo Big, TepMiHy ciBbu. B arpokniMaTtMyHMX yMOBax NpoBeAeHHS LOCTIAKEHD
BMCOKOH NAACTUYHICTIO BONOLINM BapiaHTK 3a ciBbuM fonixoca Bif 11l pekanm kBiTHS (KOHTponb) ao 1l nekagu TpaBHs,
a HM3bKe 3HaveHHs bi 6yno nuwwe 3a ciBbu B | aekani YepBHS, 0TKe, LONIXOC MAB HU3bKY EKOMOTIYHY MAACTUYHICTb.
Hareuwwa cenekuiiHa wiHHicTb reHotuny (GBVi = 1,09-1,33) cnocTepiranacs nns BapiaHTiB 3a cisbu B Il pekagi
KBIiTHS (KOHTpoOnb) Ta | aekani TpaBHS, TOAI 9K HaHmxk4a (GBVi=-0,275) - B | pekani yepBHs

KniouoBi cnoBa: kniMaTUyHi hakTopu; reHOTMN; YPOXKaMHICTb; NpoaoBosbya besneka; 6060Bi
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synthesise data on the amino acid composition, digestibility, and processing characteristics of chicken and turkey
meat, as well as poultry eggs. The analysis showed that turkey meat contained up to 31.65% protein and only
4.55% fat, indicating its value as a lean protein source. Chicken breast muscle provided 9,872.7 £465.09 mg of
essential amino acids per 100 g, while turkey breast offered 115.3 mg/100 g. Eggs demonstrated a high proportion
of essential amino acids (over 43% of the total amino acid content) and were identified as a key dietary source of
choline important for early cognitive development. The review also evaluated traditional and modern processing
methods, including pasteurisation, sterilisation, lyophilisation, hydrothermal treatment, and non-thermal
technologies such as pulsed electric field, radio frequency heating and ultrasound. It was found that modern
methods such as PEF and lyophilisation preserved up to 97% of vitamins and reduced microbial loads by 5-6 log
without significantly altering nutritional value. The findings underscored the importance of selecting appropriate
processing technologies to preserve both the safety and nutritional quality of poultry-based baby foods

Keywords: biological value; processing technologies; amino acid composition; food safety; complementary foods

INTRODUCTION

Rational baby food is one of the key components of a
child’s healthy development. According to 0.0. Gorach
and YJV. Istomina (2024), the growing number of food
allergies, metabolic disorders and the need for optimal
nutritional balance necessitate careful quality control of
products for children. The authors emphasised that cur-
rent trends in baby food should prioritise products with
high bioavailability of nutrients and minimum content
of potential allergens. Poultry and eggs are attracting
considerable attention from researchers as a source of
high-quality protein, which is important for the growth
and development of a child’s body. In particular, N. Kon-
dratiuk et al. (2022) note that poultry meat is substan-
tial in the nutritional balance of young people’s diets,
as it contains complete protein, a range of essential
amino acids, trace elements, and is highly digestible.

However, traditional methods of heat treatment can
significantly reduce the content of thermolabile vita-
mins and trace elements in poultry meat and eggs (Sze-
lag-Sikora et al.,2024).N. Pasdar et al. (2024) emphasise
that modern non-thermal technologies, such as pulsed
electric field, high pressure and ultrasonic processing,
can minimise the loss of beneficial nutrients in baby
food. The authors stated that such processing methods
can increase the bioavailability of protein and reduce
the risk of undesirable chemical compounds that occur
during traditional heat treatment. Similarly, S. Baizhano-
va et al. (2023) addressed the introduction of innova-
tive technologies in the production of functional foods
that contribute to improving their composition and
safety. In particular, the authors analysed the prospects
of bioactive additives and modification of the texture
of meat to increase its digestibility by young children.

The issue of the safety of poultry products also
attracts the attention of researchers. M. Abenova et
al. (2021) analysed the safety indicators of poultry meat
produced in farms and small farms and identified possi-
ble risks of microbiological contamination. The authors
recommend improving quality control methods and
introducing effective food safety inspection systems
to reduce the risk of contamination with pathogenic

microorganisms. At the same time, S.A. Kozhabayeva
and N.T. Sartanova (2021) highlights the development
of turkey meat production in Kazakhstan as a promis-
ing source of food proteins. The authors demonstrated
that turkey meat contains more essential amino acids
compared to chicken and has a lower cholesterol level,
which makes it suitable for baby food.

In terms of exporting poultry products, A. Ibyzhano-
va et al. (2022) explored the opportunities of the inter-
national market and the issue of product compliance
with international standards. The authors noted that
one of the key factors for successful exports is the in-
troduction of modern technologies for maintaining the
quality and safety of poultry meat, which is especially
important for baby food. Additionally, A.Z. Temirbek-
ova et al. (2024) analysed the role of probiotics and
biological products in improving the quality of poultry
products, which can have a positive impact on the final
product for baby food. The authors argued that the use
of probiotic cultures in poultry feeding contributes to
the nutritional value of meat and its microbiological
safety. The importance of food proteins, particularly
poultry and eggs, in children’s diets is emphasised in
the recommendations of the World Health Organiza-
tion (2023), which has developed guidelines for com-
plementary foods for children aged 6-23 months. These
guidelines emphasise the need to ensure that children’s
diets contain sufficient levels of protein and essential
micronutrients. The global increase in the consumption
of commercially available formula milk, which is chang-
ing the food systems for infants and young children,
was noted by P. Baker et al. (2021).

Despite numerous studies on the nutritional value
of poultry meat and eggs, there is no systematic assess-
ment of the impact of different processing methods on
the preservation of essential elements in infant food
production. This study examined the amino acid com-
position and nutritional value of poultry products, as
well as the impact of modern and traditional process-
ing methods on the preservation of essential nutrients
necessary for infant development.
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A thorough content analysis of 51 peer-reviewed
sources published from 2012 to 2024 was conducted.
The emphasis was on empirical studies and expert as-
sessments of the chemical composition, safety stand-
ards and processing technologies of poultry products
used in infant food. The main focus was on chicken and
turkey meat due to its prevalence, better digestibility,
and favorable protein to fat ratio. The study did not take
into account unconfirmed, outdated or unverified infor-
mation, instead focusing on interdisciplinary perspec-
tives from nutrition science, food technology and public
health.The information was systematised using themat-
ic content analysis, categorising the literature by nutri-
tional value, microbiological safety,and processing. This
method allowed us to formulate a science-based under-
standing of ideal processing technologies to improve
the nutritional value and safety of poultry baby food.

NUTRITIONAL VALUE

OF POULTRY MEAT
AND EGGS IN BABY FOOD
Poultry meat and eggs are central in children’s nu-
trition due to their nutritional value, which is deter-
mined by the presence of a protein of high biologi-
cal value, essential amino acids, trace elements and
vitamins necessary for the normal growth and devel-
opment of children. According to scientific research,
poultry meat, in particular chicken, is a source of pro-
tein with a high biological value due to its good ratio
of essential amino acids (Kucheruk & Zasekin, 2020)
(Table 1). The composition of amino acids in poultry
meat meets the needs of the child’s body, ensuring the
optimal functioning of various systems and organs, in-
cluding the muscular and nervous systems (Abylgazi-
nova et al., 2023).

Table 1. Amino acid composition of breast and thigh muscles of chickens (mg per 100 g of product)

Amino acid

Chest muscles

Thigh muscles

Essential amino acids

9,872.7+465.09

8,338.60+50.60

Valine 959.00£11.30 795.20£8.20
Isoleucine 1,012.20+19.60 741.30%£8.50
Leucine 1,573.10%29.00 902.00£18.00
Lysine 1,744.00+35.50 1,374.10+£4.10
Methionine 524.10+8.20 457.10%8.10
Threonine 899.90+17.50 809.20+7.50
Tryptophan 321.10+12.80 215.10%4.30
Phenylalanine 813.00+14.20 906.40£17.10
Arginine 1,420.50+23.70 1,600.40+13.70
Histidine 605.80%£14.70 537.80+8.50
Essential amino acids 11,261.60+193.9 9,461.70%25.70
Alanine 1,380.60+25.10 1,424.10+5.60
Aspartic acid 2,013.30+36.60 1,635.40+15.00
Glycine 1,474.50+19.00 1,314.70+14.00
Glutamic acid 3,500.40+122.50 2,710.50+24.00
Proline 1,053.90+21.70 924.10%6.00
Serine 913.30%£11.50 734.40+5.50
Tyrosine 695.70£19.10 528.30+6.10
Cystine 180.10+8.40 134.40+2.00
Oxyproline 49.80%2.30 55.80%£1.20
The sum of all amino acids 2,134.30+160.7 17,800.30£63.8

Source: compiled by the authors based on M. Kucheruk and D. Zasekin (2020)

Following the table, chicken meat contains im-
portant essential amino acids such as leucine, lysine,
methionine and threonine, which are essential for the
normal development of children. Leucine and lysine
promote muscle growth and recovery, methionine is
important for normalising metabolic processes, and
threonine maintains healthy skin and tissues. An im-
portant feature is also the high content of glutamic
and aspartic acids, which are important for maintaining
the functions of the central nervous system and ensur-
ing energy metabolism in the body (Abylgazinova et
al., 2023). Due to the optimal balance of these amino
acids, chicken meat is a valuable component of baby
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food that ensures the proper development and mainte-
nance of all body systems, including the muscular and
nervous systems.

The amino acid composition of turkey meat, in
particular breast and thigh muscles, demonstrates
a high level of essential amino acids, which makes
this product suitable for inclusion in the diet of in-
fant food (Table 2). Turkey meat is characterised by a
high content of lysine (20.83 mg/100 g in breast mus-
cles and 16.35 mg/100 g in thigh muscles), leucine
(18.65 mg/100 g and 14.91 mg/100 g, respectively),
as well as amino acids important for the growth and
development of a child, such as valine, threonine and




methionine (Czech et al., 2024). The absence of signif-
icant fat content, especially in the pectoral muscles,
makes turkey an easily digestible and low-calorie source
of protein, which normalises children’s nutrition. The

Kurmanakhynova et al.

high level of essential amino acids, such as histidine
and isoleucine, confirms the biological value of turkey
meat for children who need high-quality and balanced
protein sources for normal physical development.

Table 2. Amino acid composition of turkey breast and thigh muscles (mg per 100 g of product)

Amino acid Chest muscles Thigh muscles
Histidine (His) 13.26 6.21
Isoleucine (Ile) 10.44 7.94
Leucine (Leu) 18.65 14.91

Lysine (Lys) 20.83 16.35

Methionine (Met) 6.57 5.07
Cysteine (Cys) 2.55 2.35
Phenylalanine (Phe) 9.61 7.90
Threonine (Thr) 13.21 10.77

Valine (Val) 11.29 8.74
Tryptophan (Trp) 8.86 8.49

The sum of essential amino acids 115.3 88.71
Aspartic acid (Asp) 24.31 19.11

Serine (Ser) 8.77 7.52

Glutamic acid (Glu) 39.58 34.47

Proline (Pro) 11.65 15.07

Glycine (Gly) 8.65 9.53
Alanine (Ala) 12.16 11.10
Tyrosine (Tyr) 10.47 7.10
Arginine (Arg) 14.94 12.28

The sum of essential amino acids 130.5 116.2
Sum amino acids 245.8 204.9

Source: compiled by the authors based on A. Czech et al. (2024)

The protein concentration in chicken meat can
reach 22%, which makes it one of the main compo-
nents of the protein part of children’s diets. The nu-
tritional properties of chicken are determined not
only by its composition but also by its low-fat content
(compared to other types of meat, such as beef), which
makes chicken meat easy for children to digest (Ta-
ble 3). In addition, the fat content of chicken depends

on the part of the chicken: for example, chicken breast
meat contains significantly less fat than thighs, which
should also be taken into account when formulating
a diet for children (Barbut & Leishman, 2022). Turkey
meat is also a valuable source of protein, with a con-
centration of up to 31.65%, which is biologically com-
plete, as its composition meets the body’s need for all
amino acids.

Table 3. Chemical composition of chicken and turkey meat

Indicators Chicken Turkey
Water, % 71.14+0.11 74.24%2.15
Mineral substances, % 1.98+0.02 1.31£0.15
Protein, % 20.11+0.12 31.65+1.63
Lipids, % 7.60£0.1 4.55+0.21
Calorific value, kJ 701.03%29.62

Source: compiled by the authors based on M. Kucheruk and D. Zasekin (2020), R. Feduniak and R. Peleno (2024)

Poultry produces 70-95 g of body protein from 100 g
of animal protein. Turkey meat is lower in fat than chick-
en, especially in the thigh muscles, making it an even
more dietary option. Due to its high protein and low-fat
content, turkey meat is recommended for baby food as
it contributes to the normal growth and development of
the body by providing essential amino acids and minerals

(Gautron et al., 2022). Eggs, in turn, are another essen-
tial source of protein and important nutrients in baby
food. They contain proteins of high biological value, as
they contain all essential amino acids in the appropri-
ate proportion for a child’s body (Table 4). Egg protein
is highly digestible, making it an important component
for the development of tissues and organs in children.

Scientific Horizons, 2025, Vol. 28, No. 4
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Table 4. Amino acid composition of chicken and turkey eggs (mg per 100 g of product)

Amino acid Chicken egg Turkey egg
Glutamine (Glu) 1.285+0.086 1.335+0.057
Asparagine (Asp) 1.110%0.072 1.127+0.051

Leucine (Leu) 0.916+0.058 0.995+0.041

Serine (Ser) 0.697+0.042 0.734+0.030

Alanine (Ala) 0.662+0.043 0.606+0.032

Valine (Val) 0.631+0.040 0.624+0.030
Methionine (Met) 0.624+0.042 0.653+0.043

Phenylalanine (Phe) 0.592+0.036 0.599+0.033
Lysine (Lys) 0.570%£0.038 0.626%0.029
Arginine (Arg) 0.545+0.036 0.504+0.023
Isoleucine (Ile) 0.514+0.029 0.575+0.026
Threonine (Thr) 0.473+0.032 0.593+0.024

Proline (Pro) 0.420+0.061 0.418+0.075

Tyrosine (Tyr) 0.380+0.023 0.473+0.025

Glycine (Gly) 0.350+0.022 0.395+0.016

Histidine (His) 0.224+0.015 0.241+0.015

Essential Amino Acids (EAA) 4.32%0.26 4.66+0.21
Total Amino Acid Content (TAA) 9.99+0.61 10.50%£0.45

EAA/TAA (%) 43.23+0.42 44.44+0.44

Source: compiled by the authors based on C. Sun et al. (2019)

Recent research addressed choline, an important
nutrient found in eggs. Choline is essential for brain de-
velopment, in particular for the formation of nerve cell
membranes, and for the normal functioning of the liver.
Studies show that choline can help improve cognitive
function, which is important for child development,
particularly in early childhood (2-6 years), when brain
structures are actively forming (Gautron et al,, 2022).
However, excessive heat treatment of eggs can lead to
the loss of some nutrients. In particular, high temper-
atures can reduce the biological value of protein and
decrease the choline content.

Thus, chicken and turkey meat, as well as their
eggs, are important components of children’s diets due
to the high biological value of protein, and the pres-
ence of essential amino acids and trace elements. They
not only support normal growth and development but
also contribute to the health of the nervous system,
cognitive function and overall strengthening of the im-
mune system.

THE IMPACT OF INDUSTRIAL PROCESSING
METHODS ON PRODUCT QUALITY AND SAFETY

Pasteurisation and sterilisation are the key methods of
heat treatment of meat products used in the produc-
tion of baby food. Pasteurisation involves heating the
product to a temperature of 60-85°C to kill pathogens
while retaining essential nutrients such as proteins,
fats and vitamins. It minimises the loss of thermola-
bile substances, such as B vitamins, making it the op-
timal method for baby food (Gorach & Istomina, 2024).
Sterilisation is characterised by a higher temperature
treatment (110-135°C), which ensures the destruction
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of all microorganisms, including spore forms of bacte-
ria. However, such intensive heat treatment can cause
changes in the structure of proteins and a decrease in
the level of certain trace elements, such as vitamin C
and folic acid. To minimise the negative impact, gentle
sterilisation modes are used, such as ultra-high tem-
perature (UHT) treatment, which involves short-term
heating to 135°C for several seconds. Modern industrial
technologies compensate for possible losses of nutri-
ents by using enriched formulations. In addition, the
combination of sterilisation and vacuum packaging ex-
tends the shelf life of products without the use of pre-
servatives, which is critical for baby food safety (Gorach
& Istomina, 2024).

Freeze-drying is a modern method of processing
meat products that ensures maximum preservation
of nutritional value. The process involves freezing the
product at ultra-low temperatures (-40°C and below),
followed by removing moisture under vacuum. This
avoids the thermal destruction of nutrients and pre-
serves the natural structure of proteins. The advantage
of lyophilisation is the preservation of up to 97% of
vitamins and minerals, which makes it ideal for the pro-
duction of dry infant formula. For instance, compared
to conventional drying, this process allows for the re-
tention of more iron, zinc and magnesium, which are
critical for the development of the baby. In addition
to preserving nutritional value, freeze-dried products
have a long shelf life without the need for preserva-
tives (lakubchak et al., 2024). It is also easy to use, as
the products quickly regain their texture when liquid
is added, making it easy to adapt them to different age
groups of children. Hydrothermal processing of meat




includes cooking, braising and steaming, which can sig-
nificantly improve its digestibility (Borsolyuk & Verbyt-
skyi, 2023). The basic principle behind this method is
the use of hot water or steam to break down connective
tissue and reduce anti-nutritional factors such as pu-
rines and glycosaminoglycans.

In the industrial production of baby food, vacuum
cooking at low temperatures (sous vide) is widely used to
preserve the protein structure as much as possible and
prevent the loss of water-soluble vitamins. This method
ensures uniform heat treatment without the formation
of carcinogenic compounds, which can be observed in
traditional frying or baking. Hydrothermal treatment
also helps to increase the bioavailability of minerals
such as calcium and phosphorus, which are vital for the
growth of children’s bone systems. Combining this meth-
od with a pre-enzymatic treatment (e.g. using natural
enzymes) can further increase the digestibility of pro-
teins and micronutrients. The use of non-thermal pro-
cessing methods in baby food made from poultry meat
is becoming increasingly important due to their ability
to preserve product quality, nutritional value and safe-
ty. Among the most promising technologies are pulsed
electric field (PEF), radio frequency heating (RF) and ul-
trasonic processing (US). These methods can significant-
ly reduce microbiological risks and preserve bioactive
compounds, which is especially important for baby food,
as they minimise the formation of undesirable thermal
by-products and contaminants (Pasdar et al, 2024).

The PEF is one of the most effective non-thermal
technologies used for the disinfection of liquid and
semi-solid products, including purees and emulsions
based on poultry meat. PEF is based on the genera-
tion of high-voltage pulses that cause electroporation
of the cell membranes of pathogenic microorganisms,
leading to their death. Compared to traditional thermal
pasteurisation, PEF ensures better preservation of food
proteins, vitamins and bioactive components, which is
critical for ensuring optimal growth and development
of infants. Studies demonstrated that the use of PEF
at 35-40 kV/cm with a pulse duration of 2-4 ps effec-
tively reduces the level of Salmonella enterica and Lis-
teria monocytogenes in products by 5-6 log (Pasdar et
al., 2024). RF heating is another promising technology
based on heating a product using electromagnetic ra-
diation in the 1-300 MHz range. Compared to tradition-
al heating, which is conducted by thermal conduction,
RF creates an even temperature distribution through-
out the product, which prevents local overheating and
preserves the sensory characteristics of the product. In
baby food made from poultry meat, RF technology can
be used for rapid pasteurisation or sterilisation without
significant changes in the structure of proteins and fats.
At optimal parameters (40-50 MHz, 55-60°C, 5 min), RF
provides a 5-log reduction in pathogenic microorgan-
isms while maintaining the taste and microstructure of
the product (Pasdar et al.,, 2024).
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US is another method that is being actively investi-
gated for use in the production of baby food. High-fre-
quency waves (20-100 kHz) contribute to the destruc-
tion of microbial cell membranes and improve mass
transfer processes in products. Studies demonstrated
that sonication with an intensity of 10-20 W/cm? sig-
nificantly improves the rheological characteristics of
meat emulsions and reduces the level of microbial
contamination by 3-4 log. In addition, the combined
use of ultrasound and antimicrobial agents, such as or-
ganic acids or essential oils, can significantly increase
the efficiency of disinfection of baby food products
(Pasdar et al., 2024). In general, non-thermal process-
ing technologies are a promising alternative to tradi-
tional pasteurisation and sterilisation methods in the
production of baby food from poultry meat. They can
achieve a high level of microbial safety while main-
taining the quality, taste and nutritional value of the
product. Further research in this area should address
the optimisation of process parameters and the devel-
opment of combined approaches to improve process-
ing efficiency.

USE OF POULTRY PRODUCTS
IN THE PRODUCTION OF BABY FORMULA
AND SPECIALITY PRODUCTS

Poultry-based products, such as purees, soups and
minced meat, are widely used in the diets of infants
and young children. They are a source of high-value
protein, iron and B vitamins, which are essential for
normal growth and development (Zand et al, 2012).
However, studies have shown that these products may
contain traces of heavy metals such as cadmium and
lead, which require constant monitoring (Mielech et
al, 2021). Some commercially available baby meat
products contain added thickeners, salt and other addi-
tives that may affect their nutritional value (Gasparre et
al., 2022). Therefore, consumers should carefully study
the composition of products and give preference to cer-
tified organic products.

The process of producing finished meat products
includes several key stages: raw material selection,
heat treatment, homogenisation and packaging. An
important aspect is to maintain sterility and control
the temperature regime to avoid the development of
pathogens (Uazhanova et al., 2024). High-quality prod-
ucts do not contain preservatives, artificial colours or
flavours, and their composition is adapted to the needs
of children’s bodies (Shemet & Hulai, 2023). Ready-to-
eat meat products for children are usually available in
the form of pasty purees, which makes them easier to
eat for infants, or as canned soups and minced meat
for use at a later age. A balanced combination of meat
with vegetables, cereals and healthy fats is given spe-
cial attention to ensure a complete diet. In addition,
modern processing methods, such as high-tempera-
ture pasteurisation and sonication, can improve the
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microbiological safety of meat products without signifi-
cant loss of nutrients (Maslin & Venter, 2017).

Eggs are an important source of protein, vita-
mins A, D, B12, folic acid and choline, which are essen-
tial for the cognitive development of children (Yalgin &
Yalgin, 2013). Studies confirm that the choline content
in eggs contributes to normal brain development and
memory in early childhood. In addition, eggs contain bi-
otin, which supports the health of the child’s skin, hair
and nervous system.Eggs are widely used in the produc-
tion of infant milk formulas, cereals, biscuits and other
complementary foods due to their high nutritional val-
ue. Despite their health benefits, eggs contain some of
the most common food allergens, including ovomucoid,
which remains heat-resistant even after processing.
This makes eggs unsuitable for children with hypersen-
sitivity to animal proteins (Maslin & Venter, 2017). Al-
lergic reactions can include rashes, gastrointestinal dis-
tress, or even anaphylactic shock, which underlines the
need to control their use of specialised baby food. Some
studies show that products containing egg components
may have elevated fluoride levels if they are made from
raw materials obtained from industrial farms with high
levels of water mineralisation (Opydo-Szymaczek &
Opydo, 2011). Excessive fluoride intake in childhood
can cause fluorosis, a disease that affects tooth enamel
and bone tissue. Therefore, the quality control of egg
products in baby food should be particularly strict, with
a mandatory analysis of their mineral composition.

In baby foods, eggs are often used in powdered or
pasteurised liquid yolk form, which reduces the risk of
salmonella and other bacteria (Katiforis et al, 2021).
Pasteurisation, drying or freezing processes help to
keep eggs safe, but they can change the structure of
the protein, which affects its digestibility. For instance,
during heat treatment, some B vitamins, especially ri-
boflavin (B2) and folic acid (B9), can be partially de-
stroyed, which requires additional vitaminisation of
baby food. In baby foods, eggs are often used in pow-
dered or pasteurised liquid yolk form, which reduces
the risk of salmonella and other bacteria (Katiforis et
al., 2021). Pasteurisation, drying or freezing processes
help to keep eggs safe, but they can change the struc-
ture of the protein, which affects its digestibility. For
instance, during heat treatment, some B vitamins, espe-
cially riboflavin (B2) and folic acid (B9), can be partial-
ly destroyed, which requires additional vitaminisation
of baby food. To replace egg components, vegetable
emulsifiers (sunflower or soya lecithin) and alternative
sources of fats and phospholipids, such as algae oil or
fish oil, are used in the production of baby food. In cas-
es of allergy to both types of protein, meat and egg,
the child is prescribed specialised therapeutic mixtures
based on amino acids. Thus, modern baby food produc-
tion technologies adapt the composition of products
to meet the individual needs of babies, providing them
with safe and nutritious food.
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MODERN PROCESSING METHODS

AND THE SAFETY OF POULTRY AND EGG-BASED
PRODUCTS IN INFANT NUTRITION
The results of this study demonstrate that the use of
non-thermal methods of processing poultry meat and
eggs helps to preserve the nutritional value of prod-
ucts, which is important for ensuring optimal baby food.
In particular, the study demonstrated that a pulsed
electric field and high pressure minimise the loss of
proteins and amino acids, which is consistent with the
findings of N. Pasdar et al. (2024). At the same time, this
contradicts the findings of F. Javed et al. (2021), who
identified that certain processing methods can cause
the formation of undesirable compounds, in particular
furan, in baby food products. An important aspect of the
analysis is the safety of the final product. O.D. Garuba et
al. (2024) contribute to the analysis of the health risks
arising from heavy metal contamination, which can be
critical for the safety of baby food. The findings, which
address the nutritional value of poultry and eggs, high-
light the importance of food safety and quality, where
heavy metal research can serve as an important com-
plement to ensuring safe food for children. This cor-
relates with the study by A. Zergui et al. (2023), who
noted that eggs and honey can be used to indicate en-
vironmental pollution, which potentially affects poultry
products. The current study focuses on the nutritional
value of eggs, in particular their importance as a source
of protein for children. This highlights the importance
of controlling heavy metal contamination in eggs, as
such toxins can affect children’s health and distort their
nutritional value.

C. Bozkir et al. (2025) determined that most baby
food products in the UK do not meet WHO model stand-
ards for nutritional composition. This fact underlines
the importance of developing new food processing
technologies that will improve their quality and com-
pliance with international standards. The study also
notes the importance of introducing modern methods
of processing meat and eggs, such as pasteurisation,
sterilisation and lyophilisation, which help to preserve
their nutritional value and ensure product safety, which
is important for baby food. S. Li et al. (2019) demon-
strated that consumer confidence in the safety of baby
food significantly affects product choice. Similarly, the
results emphasise the importance of transparency in
the production process and the need for information
support on product processing methods.

The findings of this study also confirm the im-
portance of a balanced diet for children, highlighting
that poultry meat, particularly chicken and turkey, is
a dietary option due to its low-fat content and high
amino acid composition, which contributes to the de-
velopment and health of children. This is consistent
with the study by A.L. Garcia et al. (2020), who deter-
mined a significant increase in the share of snacks and
sweet products in the UK baby food segment, which is




consistent with observations on the importance of a
balanced diet for children.The results obtained on the
safety and quality of poultry and eggs, in particular,
indicate the importance of implementing effective
processing methods, such as pasteurisation, sterili-
sation and freeze-drying, which minimise the risk of
contamination with harmful substances, particularly
heavy metals. These findings confirm the conclusions
of PA. Wester (2017), which emphasise the impor-
tance of the Hazard Analysis and Preventive Control
(HARPC) system in ensuring the safety of baby food.
The author identified potential risks associated with
heavy metal contamination, such as cadmium and
lead, in poultry-based products. This indicates the
need for further improvement of quality standards and
their strict observance. M. Herrera et al. (2019) inves-
tigated the content of aflatoxins and deoxynivalenol
in cereal products for infants, finding certain levels of
contamination. This study also analysed the content
of contaminants and found that modern processing
methods, such as pasteurisation and sonication, can
minimise the risk of contamination. This confirms that
the problem of food contamination is an urgent one
that requires further research and monitoring.

The results obtained on the nutritional value of
poultry meat and eggs are confirmed in many modern
studies, although they reveal some differences. For in-
stance,).J. Haszard et al. (2024) highlight the excessive
sugar content of commercial infant foods, which con-
trasts with the findings of low fat and optimal amino
acid composition of poultry meat. This highlights that
poultry may be a more suitable option for infant di-
ets than foods that are high in sugar. K.F. da Rocha et
al. (2021) investigated the impact of ultra-processed
foods on children’s health, finding high levels of sug-
ar, salt and additives. The results highlight the impor-
tance of using natural products, such as poultry and
eggs, which can be an alternative to ultra-processed
foods. However, in contrast to a study by K.F. da Ro-
cha et al,, these results show that modern processing
methods, such as freeze-drying and vacuum cooking,
can preserve the nutritional value of foods without
the use of harmful additives. The results on the nutri-
tional value of poultry meat and eggs are confirmed in
many modern studies, although they show some differ-
ences. For instance, the study by A. Hassig-Wegmann
et al. (2024) analysed the attitudes of parents towards
commercial infant foods in Germany and determined
that parents prefer natural products because of their
safety and health benefits. This correlates with the re-
sults that emphasise the importance of poultry and
eggs as natural sources of protein with high biological
value. However, in contrast to A. Hassig-Wegmann et
al., the data show that modern industrial processing
methods, such as pasteurisation and sonication, can
preserve the nutritional value of foods, making them
safe and beneficial for children.
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ENSURING THE NUTRITIONAL VALUE
AND SAFETY OF BABY FOOD THROUGH

PROCESSING METHODS AND PROTEIN SOURCES
The study emphasises the importance of safe process-
ing methods, such as pasteurisation and lyophilisation,
to maintain product quality and safety. This correlates
with research on the need to control the microbiota
in the production of foods for children, in particular,
D. Stanley and Y. Bajagai (2022) focused on feed safety
and gut microbiota development in poultry. This study
highlighted how changes in the diet can affect the bi-
ochemical composition of meat and its safety for con-
sumption.This is an important aspect,as it is impossible
to study the nutritional value of foods without taking
into account microbiological factors that can affect
the nutritional properties and safety of poultry meat
consumed by humans, including children (Zhurenko et
al., 2024). The studies by M. Cakmak et al. (2024) and
Nurliyani et al. (2023) analysed the amino acid compo-
sition of eggs of different poultry species. The current
results, which also emphasise the importance of eggs
as a source of protein with high biological value for
baby food, correlate with the findings of these authors.
The important aspects highlighted in this study are the
presence of all the essential amino acids in eggs, which
are optimally suited for the development of children.

J.Ullberg et al. (2021) emphasise the importance of
food safety for children, particularly given the potential
for allergic reactions to proteins in poultry and eggs.
The current results, regarding the optimal amino acid
composition and processing methods, also highlight
the importance of ensuring food safety while maintain-
ing nutritional value. Thus, the study results are con-
sistent with the authors’analysis, highlighting the need
to consider both nutritional value and safety of foods
for children, especially in the context of allergies and
sensitivities to certain proteins. E. Arslan et al. (2022)
analysed the quality of food for children in the context
of fast food and traditional meals. This study compares
fast food menus for children with traditional dishes,
pointing to the need for a balanced diet. The results
highlight the need for optimal protein and fat compo-
sition of foods for children, such as poultry and eggs.
This correlates with the approach of E. Arslan et al., em-
phasising the importance of healthy foods for children.
At the same time, attention to processing methods to
preserve nutritional value is an additional important
aspect of achieving healthy baby food.

KJ.Moding et al. (2024) emphasise the importance
of meat in children’s diets, in particular, due to the high
content of iron and zinc, which are important micro-
nutrients for children’s development. This is consistent
with the results of the present study, which focuses on
the importance of poultry meat as a source of protein
and important amino acids for children’s development.
In addition, A.B. Falowo (2021) also confirms that meat
is an important source of minerals such as iron and
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zinc, which is consistent with the findings on the nu-
tritional value of poultry meat for infant feeding. The
results on the importance of protein in children’s diets
are consistent with the study by H. Kim et al. (2020),
which provides statistics on protein consumption
trends among children and adolescents in the United
States, confirming the importance of ensuring the right
balance between different protein sources, including
poultry, for optimal development. The study established
that poultry meat is the optimal choice for baby food,
as it is an important source of high-quality protein and
amino acids necessary for growth and development.
This is confirmed by A. Baviera-Puig et al. (2021) in
an analysis of the consumption of chicken and turkey
meat among consumers in Spain, considering various
aspects of dietary lifestyle. The authors demonstrated
that the demand for poultry meat, in particular chicken
and turkey, remains high due to their benefits as low-
fat, high-protein dietary products. At the same time, the
food lifestyle study cited by the authors confirms the
importance of educating parents about the choice of
meat products for children, which also echoes the rec-
ommendations for preserving nutritional value during
food processing.

S. Mehranfar et al. (2020) investigated the rela-
tionship between protein intake and anthropometric
parameters in children, emphasising the importance of
protein diets for the physical development of children,
particularly those aged six years. This study reinforces
the findings that highlight the importance of the amino
acid composition of poultry meat as a source of protein
for children. In particular, the findings on the impor-
tance of protein for the development of muscles and
the nervous system in children are consistent with the
results of S.Mehranfar et al., confirming the positive im-
pact of high-protein diets on children’s physical growth
and health. Thus, the findings are consistent with many
current studies, while also revealing some differences
that may be explained by specific factors such as pro-
cessing methods, sources of raw materials or region-
al characteristics. This highlights the need for further
research to better understand the impact of different
factors on the quality and safety of baby food.

essential amino acids per 100 g, while turkey breast con-
tains 115.3 mg/100 g, which confirms their effective-
ness as excellent protein sources for infants and young
children. Turkey meat has higher protein concentration
(31.65 £ 1.63%) and lower fat content (4.55 % 0.21%)
compared to chicken (20.11£0.12% and 7.60 = 0.1%,
respectively), confirming its nutritional advantages.

The total amino acid concentration of eggs is
10.50%£0.45 mg/100 g inturkeyand 9.99+0.61 mg/100g
in chicken, indicating significant nutritional value, with
important amino acids accounting for nearly 43% of
the total amino acids. Choline content, essential for
neurodevelopment, is maintained in pasteurised and
freeze-dried forms, but is reduced by excessive heat
processing, highlighting the need for technical optimi-
sation. In evaluating processing methods, freeze drying
was found to preserve up to 97% of vitamins and min-
erals, while pulsed electric field treatment at 35-40 kV/
c¢m reduced microbial load by 5-6 log without signifi-
cant degradation of protein structure. Radiofrequency
heating at 40-50 MHz and 55-60°C for 5 min resulted
in a significant reduction of pathogens (by 5 log) while
maintaining flavor and nutritional quality. Ultrasonic
treatment at a power of 10-20 W/cm? reduced micro-
biological contamination by 3-4 log and improved the
rheology of the product, making it suitable for use in
infant food formulations.

Based on the results obtained, non-thermal meth-
ods should be prioritised in the preparation of poul-
try-based baby food because of their ability to preserve
amino acid composition, vitamin content and microbi-
ological safety. The presence of allergens in eggs and
the risk of contamination with heavy metals such as
cadmium and lead require strict control of raw materi-
als and continuous monitoring throughout production.
The study offers evidence-based recommendations to
optimize the use of poultry and egg products in infant
nutrition production with a focus on preserving nutri-
ents and ensuring safety through modern technological
methods. Subsequent research should be aimed at eval-
uating the preservation of nutrients when using com-
plex processing technologies and assessing their com-
pliance with international standards for infant nutrition.

CONCLUSIONS ACKNOWLEDGEMENTS
The study showed that poultry meat and eggs have  None.
high biological value, which makes them important
components in the production of baby food. Chick- CONFLICT OF INTEREST
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AHoTauia. M’'aco nTuui Ta 1ML € BXXIMBUMMU KOMMOHEHTAMM AUTAYOrO XapyyBaHHS 3aBASKM BUMCOKIM BiONOrivHi
LiHHOCTI 6inka, 6araToMy BMICTYy HE3aMiHHMX aMiHOKMC/IOT, MiHEpaNibHUX PEYOBMH i BiTAMiHiB, HEOOXimHMX
NS HOPMasbHOTO PO3BUTKY AMTAYOro OpraHiaMy. MeTow uLboro ornsgy Oyna cucTeMHa OUiHKa Xap4yoBOro Ta
TEXHOJOrYHOro MoTeHLiany M'aca NTULi Ta S€Ub ANS BUMKOPUCTaHHS Y BUMPOOHULTBI BMCOKOSKICHOTO AMTAYOro
XapuyBaHHs. [ng y3aranbHEeHHS [OaHMX LWOAO0 aMIHOKMUCIOTHOMO CKMafy, 3aCBOKBAHOCTI Ta TEXHONOMYHUX
XapaKTepUCTUK M'ica KYpPKM Ta iHAMYKM, @ TAaKOX SELb NTUL ByN0 NpoBeAeHO KOHTeHT-aHani3s 51 peueHsoBaHoro
HayKoBOro [xepena, onybnikosaHoro B nepiog 3 2012 no 2024 poku. AHanis nokasas, Lo M'9CO iHAUYKKU MiCTUTb
10 31,65 % 6inka i nuwe 4,55 % xupy, WO CBiAYMTL NPO MOro LLiHHICTb 9K JyKepena HexxupHoro binka. M'a3u kypsayoi
rpyLku Mictatb 9 872,7 £465,09 mMr He3aMiHHMX amiHokucnoT Ha 100 r, Toai g9k rpyaka iHomukm — 1153 mr/100 .
S1MUS NPOAEMOHCTPYBANMN BUCOKMIA BMICT HE3aMiHHMX aMiHOKMCOT (NoHaA 43 % Bif, 3arafibHOro BMiCTy aMiHOKMC/IOT)
i 6yNIM BU3HAYEHI IK OCHOBHE [IETUYHE [XKEePeno X0JiHY, BaX/IMBOr0 A1 PaHHbOIO KOTHITMBHOIO po3BUTKY. B ornsai
TAKOX OLLiHIOBANIMCA TPAAMLIMHI Ta Cy4acHi MeToaM 06po6KM, BK/OUAOUM NacTepu3aLlit, cTepunisaito, niodinisadito,
riapoTepMiuHy 06pobKy, a TakoX HETepMiYHi TEXHOMOrii, TaKi fK iMMy/bCHe eneKTpUYHe Mnose, pafiovacToTHe
HarpiBaHHS Ta ynbTpasByK. byno BusBNeHo, Wo cyyacHi Metoau, Taki ak MEM i niodinizauis, 36epiratotb go 97 %
BITaMiHIiB i 3MeHLWYTb MiKpoOHe HaBaHTaXeHHs B 5-6 pasiB 6e3 iCTOTHOI 3MiHM MOXMBHOI UiHHOCTI. OTpUMaHi
pe3ynbTaT NiAKPeCaUAN BaXIMBICTb BUOOPY BiANOBIAHUX TEXHONOTIN Nepepobku ans 36epexeHHs 6eanevyHoCTi Ta
NMOXMBHOT IKOCTi AUTAYOrO XapyyBaHHS Ha OCHOBI M'ica NTULL
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INTRODUCTION

Agriculture is a crucial pillar of economic growth and
food security in developing nations, including South
Africa. The sector not only contributes to employment
and GDP but also provides income for millions, par-
ticularly small-scale farmers. However, agricultural
production is highly susceptible to climatic variability,
which poses significant risks to yields and farmer in-
comes. Extreme weather events such as droughts and
erratic rainfall patterns have intensified, increasing
uncertainty in agricultural output. As maize is a sta-
ple food crop and one of the most extensively culti-
vated commodities in South Africa, its production is
directly influenced by weather conditions. Given the
unpredictability of climate patterns, there is a press-
ing need for effective risk management tools to miti-
gate production losses. One such financial instrument
is weather derivatives, which can protect farmers from
adverse weather conditions that impact crop yields.
Despite their potential benefits, the adoption and ef-
fectiveness of weather derivatives in South Africa re-
main underexplored. The study aims to fill this gap
by evaluating how weather derivatives can be used to
manage maize yield risks in the South African agricul-
tural market.

A. Caldwell and D. Esterhuizen (2024) investigated
the effects of the EL Nino phenomenon on Southern
African agriculture, highlighting the severe drought
conditions that disrupted food production. Their study
emphasised the necessity of adaptive strategies such
as financial instruments to mitigate weather-related
risks. Several studies also explored the use of weather
derivatives in agricultural markets. J.D. Necker (2023)
analysed how weather derivatives could protect from
climate-induced vyield fluctuations, highlighting that
these methods provide financial stability to farmers
during extreme weather events. J. Ngango et al. (2022)
assessed the role of weather-indexed insurance in
sub-Saharan Africa and found that such instruments
help to reduce income volatility for smallholder farm-
ers, thereby promoting agricultural investment. Addi-
tionally, M.R. Benso (2023) compared weather deriva-
tives to traditional insurance mechanisms and argued
that derivatives offer a more flexible and efficient risk
management approach, as they do not require on-site
damage assessments.

Furthermore, G. Kutrolli (2021) explored different
weather-related financial instruments, including tem-
perature and rainfall derivatives, emphasising their
potential applications in commodity markets. The
study suggested that integration of weather deriva-
tives into existing agricultural financial frameworks
could enhance farmers’ resilience to climatic shocks.
S. Ramachandran et al. (2024) analysed the adoption
challenges of weather derivatives in developing econ-
omies, noting that limited financial literacy and market
accessibility hinder their widespread use. On the other
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spectrum,K.C.Machete et al.(2024) argued that increas-
ing awareness and providing policy support could en-
courage greater adoption among South African farmers.
Despite these insights, gaps remain in understanding
the practical implementation of weather derivatives in
South Africa’s maize market. The limited ability of farm-
ers to accurately forecast weather conditions and com-
modity yields poses a significant challenge in planning
production and financial strategies. Additionally, there
is insufficient information and tools available for devel-
oping effective hedging strategies against weather-in-
duced production risks.

Therefore, the study aimed to analyse the effec-
tiveness of weather derivatives as a risk management
method to mitigate maize yield volatility in the South
African agricultural market.

MATERIALS AND METHODS

In this section, the relationship between rainfall and
maize yield was highlighted by statistical tests. Fur-
ther analysis quantified the effects of rainfall and
maize yield and determined how it affected the price
of maize. Weather insurance was evaluated to deter-
mine whether it was suitable for farmers to effectively
hedge against adverse weather events. Weather de-
rivatives were examined by proposing two different
strategies for rainfall options: long call, and long put,
and tested their effectiveness as a hedging method for
farmers. This study used a quantitative design where
secondary data were used. Secondary data refers to the
use of data/information gathered or created by other
institutions or researchers. OLS models were used to
determine the correlation between rainfall and maize
yields, proposing hedging strategies for farmers based
on hypothetical scenarios.

The first step in the empirical portion of this study
involved gathering data from multiple sources, in-
cluding Grain SA, the South African Weather Service,
and the Johannesburg Stock Exchange (JSE). The his-
torical data collection was subject to encompass rain-
fall, input costs, spot prices for maize, and yields for
white maize farmed in the North-Western Free State
from 2000 to 2024. The South African Weather Ser-
vice (SAWS, 2024) provided historical rainfall records,
Grain SA provided historical yields, and the JSE provid-
ed historical spot prices for maize (JSE, 2024). Grain SA
also supplied historical input costs (Grain SA, 2024).
The secondary data gathered were processed annually,
to ensure stability in the models. OLS models were
used to determine the relationship between rainfall
and maize yield while considering other variables,
that provided a complete picture of factors affecting
maize yield. Three Ordinary Least Squares (OLS) mod-
els were estimated for three different regions in the
North-Western Free State. These OLS models were
used to indicate the relationship between the yields
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and costs involved that guide farmers in making in-
formed decisions to hedge their crops. The equation
below was the OLS model for Bothaville.
Y=p0+p1IXL+p2X2+ f3X3+p4X4+55X5+¢, (1)
where Y - dependent variable, in this model it was
Bothaville Yield; X - independent variables; O - inter-
cept (the value of Y when all X’s=0); f1 - slope for Both-
aville rainfall; 2 - slope for Spot prices; 3 - slope for
Total Capital cost; p4 - slope for Total cost per hectare;
/5 - slope for Cost per ton.
The equation below was the OLS model for Harrismith.
The equation below was the OLS model for Har-
rismith.
Y=40+p1X1+p2X2+B3X3+[4X4+5X5+¢, (2)
where Y - dependent variable, in this model it was Har-
rismith Yield; X - independent variable; O - intercept
(the value of Y when all X's= 0); #1 - slope for Har-
rismith rainfall; 52 - slope for Spot prices; 3 - slope
for Total Capital cost; 4 - slope for Total cost per hec-
tare; 5 - slope for Cost per ton.

The equation below was the OLS model for Hoop-
stad.

Y=40+B1X1+p2X2 +B3X3+BAX4+p5X5+¢, (3)

where Y - dependent variable, in this model it was
Hoopstad Yield; X - independent variable; O - intercept
(the value of Y when all X’s=0); 1 - slope for Hoop-
stad rainfall; 2 - slope for Spot prices; 3 - slope for
Total Capital cost; f4 - slope for Total cost per hectare;
S5 - slope for Cost per ton.

RESULTS AND DISCUSSION

This section illustrates and describes the descriptive
statistics of the data used throughout the study. De-
scriptive statistics determined the used collected data.
To provide an overview of the data used, the following
descriptive statistics are analysed and discussed with
the mean, median, maximum, minimum and standard
deviations of all variables (Bothaville rainfall, Har-
rismith rainfall, Hoopstad rainfall, Bothaville vyield,
Harrismith yield, Hoopstad yield, Total cost, Total cap-
ital cost, Cost per ton and spot prices). Table 1 shows
the descriptive statistics of all variables for the period
2000 to 2024.

Table 1. Descriptive statistics
Bot.haville Han:ismith Hoc.Jpstad Bo;?:;’; le Ha;riiesgith Ho;izf;ad Total cost "l'otal Cost/ton Spotprices
rainfall rainfall rainfall ton/ha ton/ha ton/ha pe/ha capital cost
Mean 36.4354 441847  25.9847 4.5550 44721 4.9658 6,721.7988  770.1029 16261.2971 2213.7515
Median 33.8833 455750  24.7500 4.7700 4.6350 5.0850 6,710.7350  831.6400  1,204.7080 2,003.4418
Maximum 70.6000 78.1667  47.5000 6.3000 7.2300 6.9800 12,000.2100 1,075.4000 2,467.0208 4,446.6083
Minimum 0.0000 9.1200 3.7000 2.0800 2.7700 2.7300 2,206.8500  481.4500 582.2823 693.6215
Std. Dev. 19.1392 15.6521  12.1013 1.0857 1.2299 1.1125 3,003.6583  204.5236 508.1064 1,042.5540
Skewness 0.2087 -0.0561 -0.0794 -0.4425 0.3759 -0.2239 0.0493 -0.1406 0.5203 0.7476
Kurtosis 2.1255 3.0470 2.1247 24681 2.3881 2.2893 1.8096 1.5553 24364 2.7696
Jarque-Bera 0.9389 0.0148 0.7914 1.0663 0.9397 0.7056 1.4267 2.1661 1.4005 2.2888
Probability 0.6254 0.9926 0.6732 0.5868 0.6251 0.7027 0.4900 0.3386 0.4965 0.3184
Observations 24 24 24 24 24 24 24 24 24 24

Source: compiled by the authors

Table 1 indicated that Bothaville has a mean of
36.44 mm of rain during the period 2000 until 2024,
with a minimum (min) rainfall of 0 and a maximum
(max) of 70.60 mm, and Bothaville has a high standard
deviation (std dev) of 19.14. The standard deviation in-
dicated a significant volatility in the weather patterns in
Bothaville. Harrismith has a higher mean than Bothav-
ille with 44.18 mm, a minimum of 9.12 mm, and a max-
imum of 78.17 mm. Harrismith’s rainfall during the peri-
od 2000 to 2024 was less volatile than Bothaville, with
a std dev of 15.65. Hoopstad received a mean rainfall
value of 25.98 mm during the period 2009-2024 with a
minimum of 3.7 mm and a maximum of 47.50 mm. The
std dev for Hoopstad is 12.10 indicating less volatility
in weather over the years. Possible reasons for volatility
may be climate change due to the season of drought
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in all free states. Harrismith received the most rainfall,
and Hoopstad the least rainfall on average.

Data represent the yield in Bothaville, Harrismith,
and Hoopstad in tons per hectare (tt/haha). Bothaville
hasanaverage of 4.56 t/ha with a minvalue of 2.08 t/ha
and a max value of 6.30 t/ha with a standard devia-
tion of 1.09 indicating a moderate level of volatility.
Harrismith has a lower mean yield compared to Both-
aville with a mean of 4.47 t/ha and a min of 2.77 t/ha
and a max of 7.23 t/ha, although the yield range is
higher than Bothaville, the std dev of Harrismith is
higher than 1.23, indicating higher volatility in yields
over the period of 2000 until 2024. Hoopstad has the
highest mean yield of 4.97 t/ha with a minimum val-
ue of 2.73 t/ha and a maximum value of 6.98 t/ha.
The std dev of Hoopstad is 1.11, which indicates lower




volatility compared to Harrismith and higher volatility
compared to Bothaville.

In this Section, the total cost per hectare (ZAR/ha),
total capital cost (ZAR), and the cost per ton (ZAR/t) are
presented. The mean of the total cost per hectare is
6,721.80 ZAR/ha with a min value of 2,206.85 ZAR/ha
and max value of 12,000.21 ZAR/ha and has a high
volatility shown by the std dev of 3003.66. The total
capital cost has a mean of 770.10 ZAR with a min of
481.45 ZAR and a max of 1,075.40 ZAR. The std dev
of the total capital cost is 204.52, which indicates the
medium levels of volatility experienced during the pe-
riod 2000 to 2024. The cost per ton has a mean value
of 1,261.30 ZAR with a min of 582.28 ZAR and a max of
2,467.02 ZAR, with a std dev of 508.11, which indicates
high volatility over the period. The high volatility in
cost per ton is attributable to the COVID-19 pandemic,
which affected the entire economy and disrupted the
supply and demand for agricultural commodities. The
mean of the spot price has a value of 2,213.75 ZAR with
a min of 693.62 ZAR and a max of 4,446.61 ZAR, with
a std dev of 1,042.55, indicating that there was high
volatility on the stock exchange for 2000 until 2024.

Most variables have skewness values close to
zero, indicating a relatively symmetrical distribution.
However, the price per ton and the price at the point
of sale show positive skewness, suggesting a longer
tail on the right side, and all variables with negative
skewness indicate that it has a longer tail on the left
side. Kurtosis values close to 3 indicate a normal dis-
tribution. Most variables have kurtosis values ranging
around 2-3, suggesting a distribution close to normal.
The Jarque Bera test for all variables indicates that
the probabilities for all variables are higher than 0.05,
indicating that the data do not deviate significantly
from a normal distribution.

Weiermans and Mokatsanyane

This section analysed the relationship between
rainfall and maize yield. Rainfall is measured in mil-
limetres (mm) and yields in tons per hectare. The
correlation between rainfall and maize yields will
be investigated for the three areas: Bothaville, Har-
rismith, and Hoopstad. Figure 1 illustrates how rain-
fall and maize yields changed from 2000 to 2024.
Figure 1 illustrates that the rainfall has experienced
great rainfall during the periods of 2003/04, 2005/06,
and 2006/07, with the highest amount of rainfall over
this period being for Harrismith, however, Harrismith
experienced a downward trend in terms of rainfall in
millimetres, which implies that over the sample period
of 2000 to 2024 each year the amount of rainfall re-
corded is diminishing. Bothaville had a significant in-
crease in rainfall from the 2008/09 season to 2011/12
and again in 2018/19 until 2022/23. Hoopstad had
increased rainfall over seasons 2007/08 to 2011/12,
then again in 2012/13 to 2014/15, again from 2015/16
until 2016/17,and in 2022/23 until 2023/24. Hoopstad
receives on average less rainfall than Harrismith and
Bothaville. The yields of all areas remain much more
stable than the rainfall; this can also be determined
by excessive rainfall during certain stages of the sea-
son, it does not result in higher yields. This implies that
white maize will only need a certain amount of rainfall
to a certain point where the excess rain will not cause
the yield to increase, and a lot of excess rain can cause
yield losses. This study is different from another study
where J.D. Necker (2023) used three locations, namely:
Bultfontein, Wesselsbron, and Hoopstad, whereas this
study focused on Bothaville, Harrismith, and Hoopstad.
Thus, in terms of location, only Hoopstad was used in
both studies, the sample period is also different as this
study used 2000 until 2024 whereas J.D. Necker (2023)
used 2000 until 2020.
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Figure 1. Rainfall and maize productions

Source: compiled by authors
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Figure 2 shows a positive correlation between
rainfall (mm) and yields (t/ha) for Bothaville. Figure 2
illustrates that rain will positively affect the yield in
Bothaville; as rainfall increases, the yield will also in-
crease, but only to an extent because extreme rainfall
can destroy the harvest.
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Figure 2. Bothaville correlation
Source: compiled by authors

Figure 3 shows a negative correlation between
rainfall (mm) and yields (t/ha) for Harrismith. Figure 3
illustrates that rain will negatively affect yield in Har-
rismith; as rainfall increases, yield will decrease.
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Figure 3. Harrismith correlation
Source: compiled by authors

Figure 4 demonstrated a positive correlation be-
tween rainfall (mm) and vyields (t/ha) for Hoopstad.
Figure 4 illustrates that rain will positively affect the
yield in Hoopstad as rainfall increases, the yield will
also increase, but only to an extent as extreme rainfall
can destroy the harvest.

The previous study by J.D. Necker (2023) also graph-
ically illustrated the correlation between rainfall and
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maize yields, and the results are similar in that this
study also illustrated the positive correlation between
rainfall and maize yields. In Table 2 the (OLS) model
was implemented where the yield per ton per hectare
is a dependent variable to determine how independent
variables affect the yield. Interception (C) is statistical-
ly significant, which means that if all other variables
are zero, the yield per hectare is 4.27 tons. Rainfall in
Bothaville has a positive and small influence on yields,
therefore rainfall in this model has insignificant impact
on yields. This finding related to a study by T.A. Mar-
ton et al. (2020) which also found that rainfall has an
impact on crop yield.
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Figure 4. Hoopstad correlation
Source: compiled by authors

Although in Figure 2 there is a positive relation-
ship between rainfall and yield, additional variables are
needed to ensure significant effects. Spot prices have a
negative impact on yields but are not significant. Total
capital costs have a positive, but statistically insignif-
icant, impact on yields. This indicates that changes in
capital cost do not significantly affect yield. The total
cost of each hectare has a positive and statistically sig-
nificant impact on yields. This shows that higher costs
per hectare are associated with higher yields. The cost
per ton has a negative and statistically significant ef-
fect on the yield. This indicates that higher per-tonne
costs are associated with lower yields. The squared R
of this 0.4069 model indicates that this model explains
40.69% of the yield variations. Adjusted R squared of
0.2422 shows that, after adjustment, the model ex-
plained only 24.22% of the yield variation. The prob-
ability (F-statistic) of 0.0716 indicates that the overall
model is statistically significant at 10%, indicating that
the variables together explain the variability of the
yield significantly. However, some variables, such as the
total cost per hectare and the cost per ton, are statisti-
cally important, and the overall model is not suitable to
effectively determine yields and additional variables, or
different models are needed.
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Table 2. Bothaville OLS model

() (b) Bothaville

() Variables (d) Coefficient (e) Probability
(f) C (9) 4.270846 (h) 0.000089
(i) BOTHAVILLE_RAINFALL_MM_ (0] 0.004826 (k) 0.695158
(0] SPOTPRICES (m) -0.000375 (n) 0.295484
(0) TOTAL_CAPITAL_COST (p) 0.000556 (a) 0.778585
(r) TOTAL_COST__ PE_HA_ (s) 0.000453 (t) 0.022964
(u) COST__TON_ v) -0.002010 (w) 0.014025
x) ) @

(aa) R-squared (bb) 0.406903

(cc) Adjusted R-squared (dd) 0.242154

(ee) Prob(F-stat) (ff) 0.071653

Source: compiled by the authors

In Table 3 of the OLS model, the dependent var-
iable is the Harrismith yield ton per hectare, that de-
termined how the independent variables affect the
yield. The intercept is statistically significant when all
other independent variables are zero and have a val-
ue of 3.70 tons per hectare. Harrismith rainfall has
a negative value and is also not significant and thus
does not substantially impact the yield in the model.
This finding contradicts the results of T.A. Marton et
al (2020) which found that rainfall has little impact on
yield. Spot prices have a negative, but not statistically
significant, effect on yield. This indicates that changes
in spot prices do not significantly affect yield. The total
capital cost has a positive and statistically significant
effect on the yield. This suggests that higher capital

costs are associated with higher yields. The total cost
per hectare has a positive but not statistically signifi-
cant effect on yield. This indicates that higher costs per
hectare do not significantly affect yield. The cost per
ton has a negative and statistically significant effect on
yield. This suggests that higher costs per ton are asso-
ciated with lower yields. This model has an R-squared
of 0.5188 which indicates that 51.88% of the variation
in yield is explained by this model. After adjustments
in variables, the adjusted R-squared has a coefficient
of 0.3851 which indicates that 38.51% of the variation
in yield is explained by this model. The Prob(F-stat) is
0.0146 which indicates that the model is statistically
significant at a 5% level and that the model together
explains the variation in the yield.

Table 3. Harrismith OLS model

() (hh) Harrismith

(ii) Variables ([0)] Coefficient (kk) Probability
(Lb) C (mm) 3.69920694 (nn) 0.0318
(00) HARRISMITH_RAINFALL_MM (pp) -0.02248777 (qq) 0.2842
(rr) SPOTPRICES (ss) -0.00031579 (tt) 0.3803
(uu) TOTAL_CAPITAL_COST (vv) 0.00571212 (ww) 0.0067
(xx) TOTAL_COST__ PE_HA_ (yy) 0.0001005 (zz) 0.6283
(aaa) COST__TON_ (bbb) -0.0020684 (cce) 0.0104
(ddd) (eee) (ff)

(9gq9) R-squared (hhh) 0.518811

(iii) Adjusted R-squared (ii) 0.385148

(kkk) Prob(F-stat) (LLY) 0.014595

Source: compiled by the authors

In this Table 4 of the OLS model, the dependent
variable is the Hoopstad yield ton per hectare, to de-
termine how the independent variables affect the
yield. The intercept is statistically significant at all
levels with a coefficient of 3.95 tons per hectare when
all other variables are zero. Hoopstad rainfall has a
negative but insignificant effect on yield, which im-
plies that the variation in rainfall does not significant-
ly affect yield in this model. This finding contradicts
the results of T.A. Marton et al (2020) which found that
rainfall has little impact on yield. Spot prices have a
negative, but statistically significant, impact on yields.

This indicates that changes in spot prices do not have
a significant impact on yields. The total capital cost
has a positive and insignificant effect on the vyield;
therefore, variations in total capital cost do not im-
pact the yield. Total cost per hectare has a positive
and statistically significant effect on yield. This indi-
cates that higher costs per hectare are associated with
higher yields. The cost per ton has a negative and sta-
tistically significant effect on yield. This suggests that
higher costs per ton are associated with lower yields.
This model has an R-squared of 0.7995 which indi-
cates that 79.95% of the variation in yield is explained
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by this model. The adjusted R-square of 0.7438 indi-
cates that 74.38% of the variation in yield is explained
by this model after adjusting the variables. This is a
notable pattern, which the adjusted R-squared and

R-squared are indicating. The Prob (F-stat) is 0.00001;
thus, the model is statistically significant at all lev-
els, and it does significantly determine the variation
inyield.

Table 4. Hoopstad OLS model

nnn) Hoopstad

000) Variables ppp) Coefficient

qqq) Probability

ttt) 0.0000

www)  0.9104

(
(
rrr) C (sss)  3.94543737
(
(

xxx)  SPOTPRICES yyy)  -6.383E-05

(
(
(
(uuu)  HOOPSTAD_RAINFALL MM wwv)  -0.0014734
(
(
(

(
(
(
(zz2) 0.7603
(
(
(
(

aaaa)  TOTAL_CAPITAL_COST (bbbb)  0.00116963 ccec) 0.3923
dddd) TOTAL_COST_ PE_HA (eeee)  0.00054684 ffff) 0.0001
(gggg) COST__TON_ (hhhh)  -0.002677 iiii) 0.0000
(i) (kkkK) )

(mmmm) R-squared (nnnn)  0.799497

(0oo00)  Adjusted R-squared (pppp)  0.743802

(qqqq)  Prob(F-stat) (rrrr) 0.000010

Source: compiled by the authors

The study highlighted the importance of agricul-
ture in South Africa by analysing food security, stability,
and contribution to the GDP. The various risks associ-
ated with agriculture were highlighted, while the yield
risk, specifically in the maize commodity, was defined
as primary. Illustration of how yield risk varied in cli-
mate change. Weather derivatives are determined by
their use as protection against weather conditions,
rather than weather insurance as the only mitigation
of these risks. The differences between weather insur-
ance and weather derivatives were analysed in detail
to highlight the importance of weather derivatives as a
risk management method to mitigate yield risk. Rainfall
options will be outlined to determine if it is financially
feasible for South African farmers, as well as the ability
to manage yield risk.

The agricultural sector was deemed to be com-
plex, and a market filled with volatility (Mbatha, 2020).
The agricultural industry has changed in many ways,
drought and declining rainfall impacted the agricul-
tural sector significantly causing farming profitabili-
ty to drop; keeping up with the latest technology in a
constantly changing sector, has costly implications for
crop farmers, as they need to employ new farming tech-
niques and improved products for them to continue
producing and compete in the competitive agricultural
sector (Blaker, 2021). The agriculture sector in South Af-
rica is responsible for producing a variety of products:
wine, fruits, vegetables, grains, oils, cereals, and many
others. Production of all different crop types is exposed
to different factors that influence production and the
environment (Necker, 2023). Agriculture is particularly
important in contributing to economic growth in vari-
ous countries and economies around the world (World
Bank, 2024). Agriculture globally contributes 4% to GDP,
while in developing countries it can be more than 25%
(World Bank, 2024).
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According to J.D. Necker (2023), it is necessary pri-
oritise a well-defined and healthy agricultural sector
to contribute to GDP, promise food security and create
employment opportunities in the agricultural sector of
South Africa. During the COVID-19 pandemic, the South
African economy suffered severely; however, out of all
sectors, the agricultural sector contributed the most to
the economy in terms of GDP growth in the last quarter
of 2021 (Stats SA, 2022). This demonstrated that agri-
culture is crucial for a strong economy and is a key driv-
er of economic growth, although there are many risks in
the agricultural sector. Agriculture, forestry and fishing
grew by 13.5% in Q1 of 2024 and contributed 0.3% to
GDP growth, while the whole economy with all sectors
considered indicates that in Q1 of 2024, the GDP de-
clined by 0.1%, this highlights the significant role that
agriculture plays in the economy, due to being the high-
est growing sector in South Africa according to statistics
from Stats SAin the first quarter of 2024 (Stats SA,2024).

Production risks are common in the agricultur-
al sector; farmers must produce crops to comply with
regulations to ensure that the commodity is safe and
healthy to consume. However, it does not stop pests as
they can also destroy a harvest, for instance, many birds
eat the crops, and insects kill the crops (ERS, 2024). Fi-
nancial risks in agriculture include the need for more
funds/capital to continue their operations and are
forced to borrow money, thus to repay their debt. To re-
pay their debt, farmers need to ensure sufficient profit
with the crop yields. The study by A. Polevoy et al. (2021)
highlighted the significant impact of climate change
on maize productivity in the Western Forest-Steppe of
Ukraine, emphasising the increasing variability in tem-
perature, precipitation, and extreme weather events.
Their findings align with the present research, reinforc-
ing the necessity of adapting agricultural practices to
mitigate climate-related risks in maize cultivation.




The rapid growth in food demand relative to global
warming transfers numerous pressures on farmers to
adapt to farming practices that will result in less crop
loss due to climate change, specifically drought and ex-
treme heat conditions (Hall & Leng, 2019). A significant
constraint to crop yield is drought as an adverse weath-
er condition, since drought influences crop satisfaction
to grow efficiently to provide optimal harvest, drought
also has a negative effect on farmers, as irrigation is
now necessary to provide the optimal water levels that
will influence profit levels and the financial space that
farmers are in (Hall & Leng, 2019).Variations in weather
conditions and temperature changes are called climate
changes. Production, together with prices in agricul-
ture, is exposed to more risk due to increased climate
change (Elum et al., 2018).

The term “weather sensitivity” refers to the degree
to which weather factors, such as temperature,sunshine,
rainfall, frost, snowfall, wind, etc., affect sales, produc-
tion, or expenses. A sector is considered weather-sensi-
tive if weather variations affect its volatility of produc-
tion. A wide range of people whose livelihoods depend
on land and resources are negatively impacted by cli-
mate change Agriculture in South Africa faces a greater
risk of climate and yield due to the large percentage
of agriculture that depends on rainfall/irrigation (Nha-
mo et al., 2019). The main source of income in South
Africa is agriculture formally and informally. A study
outlined climate change and how it affects agricultural
production; analysed an increase in temperature and
a decrease in rainfall and the effect of variability in
weather conditions on the production of agricultural
commodities. The study concluded that changes in tem-
perature and rainfall have a negative impact on pro-
duction (Abbas & Mayo, 2021; Moore, 2021). According
to S. Abbas and Z.A. Mayo (2021), low levels of rainfall
causes in low yields, thus climate change negatively
affects the agricultural sector not only in terms of fi-
nancial challenges but in terms of production yields.
Weather insurance or weather derivatives are a solu-
tion to the climate change problem, which directly im-
pacts agriculture and is a risk management tool farm-
ers can use to hedge against yield risk/climate change.

Due to financial losses that increase from climate
change and climate-related risks, weather derivatives
were created and developed in 1999 in the Unit-
ed States to help mitigate losses incurred by adverse
weather conditions. The first weather derivatives con-
tract was initiated in 1999. Derivative products, such
as options and swaps, can be traded or sold to the
seller to act as weather insurance, as highlighted by
J. Li et al. (2024). Weather derivatives can be bought
and sold before maturity to ensure the profit. The seller
of a weather derivative contract agrees to pay a cer-
tain amount to the buyer in exchange for a premium
if a weather event occurs or the buyer suffers a finan-
cial loss related to the weather before the end of the
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contract. If the contract expires and damages are not
caused, the seller’s profit is the premium or derivative
price at the time of its creation, according to CDI (2021).
The weather indices determine the derivative contract;
the index of the weather derivatives acts as the under-
lying asset because, unlike other derivative contracts,
weather derivatives do not have a spot market.

Weather insurance is more commonly used as a risk
management method as it can be used to account for
adverse weather events by covering a low probability of
occurrence but can result in substantial losses, as ex-
plained by J. Tack and J. Yu (2021). Weather derivatives,
in contrast to insurance, are suitable for high-probabili-
ty occurrences that may result from weather conditions
or climate change. The researchers emphasise that
weather derivatives offer protection against high-prob-
ability events such as droughts and extreme heat or the
opposite, with excessive rain or extreme cold. What dis-
tinguishes weather derivatives from weather insurance
is the lower costs involved. Because individual yield
changes are usually not related to the relevant weather
variables, the use of weather derivatives still involves a
large amount of risk for producers, as the risk remains
with producers.

Weather derivatives also have a risk that might
occur due to inaccuracies in measuring the weather. A
well-known risk associated with weather derivatives is
the basis risk. G. Kutrolli (2021) described basis risk as
a case where the derivative price does not show the
same movements as that of the underlying instru-
ment, meaning there is no perfect correlation. Basis risk
would be experienced in weather derivative contracts
when there are different weather conditions or climate
change at various weather measurement plants within
the borders of the country. While basis risk cannot be
eliminated due to inherent inaccuracies in measure-
ment, farmers must acknowledge and accept this risk
when using weather derivatives to hedge against maize
yield. According to J. Li et al. (2003), the significant re-
lationship between production variables and weather
factors is an important motivation for participating in
weather derivative contracts.

There are numerous ways in which rainfall options
can be made. The most popular options that benefit
farmers consist of “locking” at a certain amount of rain-
fall: the long call option, the long-put option,and a com-
bination of the long call and put options, as described
by G. Kutrolli (2021). A long-call option can be used to
protect against adverse rainfall. For example, farmers
may buy 5-month call options in case of excessive rain-
fall and flooding. If the average rainfall in the area is,
for example, 425 mm over a certain period, farmers will
protect themselves from excess rainfall. Farmers can
use a long-put option if there is a need for a certain
amount of rainfall. For instance, if they need rain be-
tween March and May, the farmer can buy a 3-month
put option and be protected if less rain falls during that
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specific period. When the farmer needs rain during a
specific period from January to June, a combination of
put and call options can be employed. Farmers are then
protected against excessive or insufficient rain during
this period. With a rainfall index, the rainfall choice
would have a strike rate determined by historical rain-
fall data for the location. ).D. Necker (2023) stated that
the strike point would be established by the amount
of rain, measured in millimetres, during a given period.
For instance, a 6-month call option covering the period
from January to June will have a 350 mm strike rate if
the area’s average rainfall during that time is 350 mm.
The actual amount of rain that falls over that period will
decide the option’s payout, which is predetermined per
millimetre. Therefore, weather derivatives will be ben-
eficial in mitigating exposures to weather fluctuations.

Agriculture is central in South Africa due to pro-
motion of economic growth in terms of GDP, alleviating
poverty through employment, and ensuring food secu-
rity nationwide, as noted by J.D. Necker (2024). South
African agriculture sector, more specifically commercial
agriculture, is the driving force in the industry with the
highest growth rate, according to Stats SA (2024). Maize
is not only a staple food but also the largest contribu-
tor to GDP in the farming industry. Climate risk is the
main reason for the extreme level of demand for prod-
ucts that protect against weather conditions negative-
ly affecting farmers. Thus, as J. Li et al. (2024) noted,
weather derivatives are a solution against climate risks
or adverse weather conditions. Similarly to any other
risk management method, the most important objec-
tive of weather derivative implementations is to miti-
gate the volatility of income and expenses brought on
by non-catastrophic weather uncertainty, as J.D. Neck-
er (2023) states. Rainfall options will be applicable for
farmers to use to protect them against yield risk, ena-
bling adaptation and and survival in a rapidly changing
environment, providing essential protection against
climate change.

The study determined that rainfall and maize yield
have a positive relationship in general, and the three
OLS models that were done indicate that the model
does explain the variables in yield. However, as San-
tam (2024) notes, there are several ways of insurance
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drought and extreme rainfall. This can be done in vari-
ous ways, such as weather insurance and weather deriv-
atives. In South Africa, Santam offers insurance against
droughts, with the exception that it cannot be irrigated
or damaged from plague and pests, hail, wind, or even
frost. Weather insurance is commonly used to mitigate
yield risk against adverse weather events with a low
probability of occurring. However, as G. Kutrolli (2021)
highlighted, the drawback of weather insurance is that
in South Africa, there are no crop insurance offers to
protect farmers against rain specifically for maize. Rain-
fall options are used to hedge farmers for the difference
in yield lost due to excess shortage or rainfall, whereas
weather insurance covers the entire harvest.

White maize is a highly liquid agricultural commod-
ity that is traded, which causes prices to vary. G. Kutrol-
li (2021) stated that weather derivatives offer two main
types of hedging strategies for farmers to use: futures
contracts and rainfall options. Rainfall options are more
relevant than futures as, with options, farmers have the
right but not the obligation to act, whereas, with fu-
tures, they need to hold the contract and adhere to the
conditions. Using rainfall options, farmers will benefit
more compared to futures contracts due to the fact
that with options, they are only subject to a loss in the
premium paid. In summary, as G. Kutrolli (2021) stated,
rainfall options offer greater flexibility, fewer risks, and
potentially lower costs, making them more attractive
for farmers who want to hedge against certain weath-
er-related risks without the requirement of fulfilling a
contract under unfavourable conditions.

The farmer can use a long call option depicted in
Figure 5 to be protected against adverse rainfall, for ex-
ample, farmers can buy 6-month call options at R2350,
which may be a threat of excessive rainfall and flood-
ing. If the average rainfall in the area is, for example,
425 mm over a certain period, farmers will be protected
from excess rainfall. The buyer of the option has the
right but not the obligation to exercise. Therefore, if the
rainfall is higher than when the option was bought, the
farmers will profit. And when the farmer decides to ex-
ercise the right, a significant profit will be made. When
the rainfall is less, the farmer or buyer of the option will
only lose the paid premium.

Long call

Figure 5. Long-call option example

Source: compiled by authors
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Farmers can use a long-put option depicted in Fig-
ure 6 to be protected from rainwater shortage; for in-
stance, if they need rain between March and May, the
farmer can buy a 3-month put option and then be pro-
tected if the farmer receives less rain during the spe-
cific period.
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A long-put option will provide farmers with the
benefit of being able to receive less rainfall than when
the option was purchased. If the rainfall levels were ex-
ceeded, only the premium will be lost otherwise with
less rainfall, in the case of a drought, significant profits/
benefits will be provided.

Long put
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Figure 6. Long put option example

Source: compiled by authors

The key difference between this study and J.D. Neck-
er (2023) is that it explores hedging strategies less
thoroughly, does not price rainfall options, and instead
focuses on hypothetical scenarios. The main objective
of the study was to determine whether weather deriv-
atives are effective as a risk management method to
mitigate against volatility of maize yields in the South
African agricultural market. Weather derivatives cover
low-risk and high-probability events, whereas insur-
ance covers high-risk and low-probability events. The
rain option as the weather derivative gives farmers
the option to make a profit with the unpredictability
of rainfall. With the input cost increasing due to infla-
tion and out-of-control as well as weather events, rain-
fall options are a tool that offers a hedge against yield
risk at a lower cost. With a long-call option or long-put
option, farmers can now hedge yield risk in times of
drought or less-than-needed rainfall and times when
there is excess rainfall damaging the harvest. Thus,
rainfall options are a great strategy farmers can use to
hedge against yield risk; however, in South Africa, rain-
fall options are not yet traded on the exchange. There-
fore, South Africa’s agricultural market, will not be able
to use rainfall options as it is yet, but in the near future,
it will be possible if weather derivatives become more
popular and available.

CONCLUSIONS

The study analysed the effectiveness of weather de-
rivatives as a risk management method for mitigating
maize yield risk in South African agricultural markets.
The study conducted a literature review on agricultur-
al importance, climate change and weather derivatives
as a more beneficial alternative to weather insurance
together with the methodology section to illustrate
the relationships between rainfall and maize yield. The

methodology section used OLS models to estimate
the effects of input costs and rainfall on maize yields
for the respective location samples for the period of
2000 to 2024. The study highlighted that higher costs
per hectare are associated with higher yields, and that
rainfall does impact yield, but it is not always statisti-
cally significant. The problem that farmers face is the
impossibility of accurate measurement of the rainfall,
as weather stations capture the data for that location,
but it is not accurate for farmers close to the area to
assume they have the same since rainfall varies signif-
icantly. Therefore, farmers may need to measure their
rainfall to effectively be able to estimate their yields
and rainfall with highly accurate data.

The study demonstrated that it can be financially
feasible for farmers to use weather derivatives as a risk
management tool to mitigate the risk of maize yield. For
future research opportunities, a larger location sample
can be used to gather more data to determine if the
results are similar to a larger study area covered. Pric-
ing rainfall options accurately is needed to be able to
provide farmers with effective strategies, and the peri-
od can be increased to incorporate more economic and
geopolitical events which will affect the price. Further
study should expand geographical coverage beyond
the studied regions to assess broader applicability, in-
corporate additional variables such as temperature and
soil moisture for improved model accuracy, and explore
the pricing and market feasibility of rainfall derivatives
in South Africa. Comparative analysis with traditional
insurance models could determine the most effective
risk management approach. Extending the study peri-
od to capture long-term economic and climate trends,
along with simulation-based risk assessments, would
provide deeper insights into maize yield volatility and
hedging strategies.
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MoroaHi AepuBaTUBM Ta PU3UK BPOXKaMHOCTI KYKypyA3U
Ha cinbcbKorocnogapcbKoMy pUHKY lMiBaeHHOI AGpUKn
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AHoTauif. KniMaTyHa MiHAMBICTb CYTTEBO BM/MBAE HA MPOAYKTUBHICTb CiIbCbKOr0 rocnogapcTsa, WO 3YMOBIIKOE
HeoOXiAHICTb Y 3aCTOCYBaHHI iHCTPYMEHTIB YNpaBfiHHS pu3ukamu Ang crabinisauii BpoxaiB Ta diHaHCOBMX
pe3ynbTaTiB. MeTo UbOro AOCAIAKEHHS Oyno OUiHUTUM edEeKTUBHICTb MOrOAHUX AEPUBATUBIB SK THCTPYMEHTY
YyNpaBniHHA PpM3MKaMU 0N 3MEHLEHHS BONATWIbHOCTI BPOXaMHOCTI KykypyAsu B [liBoeHHin Adpwuui. byno
3aCTOCOBAHO KiNbKICHWIA Niaxia A0 AOCNIOXEHHS i3 BMKOPUCTAHHAM MopAenen perpecii HaMMeHLWMX KBagpaTis
(OLS) pnga aHanizy B3aEMO3B'A3KY MK KifbKiCTIO OnaaiB Ta BpPOXanHicTiO Kykypyasun y 2000-2024 pokax. AHanis
OXOMMB ICTOPUYHI AaHi NPO ONaam Ta BPOXAMHICTb Y TPbOX KNHOYOBMX perioHax BUPOLLYBaHHS KYKypyA3u: boTtasinn,
Mappicmit Ta Xynctag. BcTaHoBneHo, Wo BapiaTMBHICTb OMAAiB BMIMBAE HA BMPOOHMLTBO KYKYpyZ3M, XO4a
{HTEHCMBHICTb BM/IMBY BapitOETLCS 3aNEXKHO Bifg, nokauii. byno po3rngHyTo edekTUBHICTb NOroAHWX AEepuBaATUBIB,
30KpeMa OnNUIOHIB Ha AOLWi, SK CTpaTerii XemKyBaHHA Ans depMepiB, SKi CTUKAOTbCA 3 HenepenbavyBaHUMM
NOroAHMMM yMOBaMW. Y OOCAIAXKEHHI ONMCAHO ABi OCHOBHI CTpaTerii — ONUIOHWM TUMY NOHM-KOA» Ta «OHT-NyT,
SKi 3a6e3nevytoTb GiHAHCOBMIA 3aXMCT Y pa3i HaAJIMLLKOBMX abo HeaoCTaTHIX onaais. Pe3ynbTati 3acBigumnu, Wwo
NoroAHi fepuBaTMBM MOXYTb 3MEHLUIUTU (DIHAHCOBI PU3MKKM, MOB'A3aHI 3 HECNPUATIMBUMM MOFOAHUMMU YMOBAMM,
O[HaK 32aNMWAKTbCS BUKIMKM, 30KpeMa pU3MK HeBiAnoBigHOCTI 6a3oBuMx MokasHMkiB (basis risk) Ta obmexeHa
[OCTYNHICTb TAaKMX IHCTPYMEHTIB Ha puHKY NiBaeHHOI AdpurKku. Kpim Toro, BCTaHOBNEHO, WO iHTErpaLis onuioHiB Ha
noui Moxe eeKTMBHO AOMOBHUTU TPAAULINHI iIHCTPYMEHTM YIPaBAiHHS PU3MKAMK, 30KPEMA arpapHe CTpaxyBaHHS,
Hapatun hepmepam BinbLl rHYYKMI NiaXin A0 pearyBaHHN Ha KNiMaTUUHI pu3nku. OTpUMaHi pe3ynbTaTv CTaHOBAATb
NPaKTUYHY LiHHICTb 415 OPraHiB Aep>KaBHOI BNaAW, GiHaHCOBMX YCTAHOB Ta CilbCbKOroCnoAapCbKnx BUpOOHUKIB, AKi
LIYKaIOTb aNbTEPHATUBHI WAAXM MOM'SKILEHHS PU3KKIB. 3aNPOBaAXKEHHS MNOrOAHUX OEepUBATMBIB 34aTHE MOCUAUTU
CTiMKiCTb arpapHoro cektopy, 3abesneuvytoun 6Ginblw nepenbavyBaHi (iHAaHCOBI pe3ynbTaTM AN BUMPOOHMKIB
KYKYpYA3u B yMOBaXxX KNiMaTUYHOI HEBU3HAYEHOCTI

KniouoBi cnoBa: 3MiHa kniMaTy; ynpaBniHHA pu3MKaMu; CTpaTerii XeLKyBaHHS; NpoAoBo/bya Oe3neka; arpapHe
(iHAaHCYBaHHA; TOBAPHI PUHKM
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volumes of its imports and exports for the period 2025-2028. It was established that the total volume of milk
production in the Kyrgyz Republic increased by 16.6%, reaching 1823 thousand tonnes in 2024, which indicates
a positive trend in the development of the industry. Regional differences in production rates were found, with
the highest volumes in Issyk-Kul and Jalal-Abad regions and lower volumes in the cities of Bishkek and Osh,
which could be due to structural issues or changes in consumer preferences. Dairy production increased overall,
especially in the ice cream, butter, cheese, and yoghurt segments. However, production of cream was volatile
due to fluctuations in demand and raw material supplies. According to the SWOT analysis, Kyrgyzstan's dairy
industry has its advantages: environmental friendliness, high demand and processing infrastructure, but faces
low levels of technology, fragmented production and quality issues. Opportunities include export development,
investment and growing demand for organic products, while threats include import competition, high costs and
unstable regulation. Development requires government support, modernisation and improved product quality.
The forecast for the period 2025-2028 showed positive trends for the dairy industry in the Kyrgyz Republic. The
volume of imports is expected to decrease by 4% annually, indicating a strengthening of domestic production
and a decrease in dependence on imported products. The obtained results contribute to the formation of
scientifically based recommendations for improving the efficiency of dairy production, reducing risks and

strengthening its competitive advantages

Keywords: export; domestic production; competitiveness; forecast; diversification of the product range

INTRODUCTION

The dairy industry is an important component of the
agro-industrial complex, providing a wide range of food
products, creating jobs and developing rural areas. It
contributes to food security, economic stability and the
competitiveness of the national economy. The develop-
ment of the dairy sector in different countries has its
own peculiarities, which are determined by the level
of technological development, access to finance, gov-
ernment regulation and the state of the domestic and
foreign markets.

Scientific research shows a significant economic
impact of the dairy sector. In particular, LJ. Banda et
al. (2021) note that the stable development of the in-
dustry has a positive impact on rural employment and
increases farmers’ incomes. In addition, it stimulates
the development of related sectors, such as food pro-
cessing, transportation, and sales, which improves the
economy as a whole. Research from European coun-
tries also confirms that the stable development of the
dairy sector has a favourable impact on the level of
economic activity and social stability of regions (Mat-
kovski et al., 2022). A significant impact on the study
of economic aspects of dairy development was made
by Z. Gotas (2020) and V. Fiorillo and B.M. Amico (2024),
who analysed the effect of state support on the com-
petitiveness of dairy products. They found that subsi-
dies and financing programmes significantly increase
the level of production efficiency and allow farmers to
reduce the cost of feed and veterinary care.

At the same time, M.F. Azooz et al. (2020) point out
the importance of technological modernisation to im-
prove the efficiency of dairy production. According to
the authors, the introduction of the latest technologies,
such as process automation, the use of digital technol-
ogies to monitor animal welfare and production pro-
cesses, as well as innovations in feed and veterinary

medicine, can significantly improve productivity and re-
duce costs. A. Otunchieva et al. (2021) draw attention to
the problem of uneven development of the dairy sector
in different countries. In particular, the researchers note
that countries with a high level of agricultural infra-
structure development demonstrate significantly high-
er productivity and profitability compared to countries
with insufficient investment in dairy production. This
view is confirmed by N.L. Kim et al. (2021), who believe
that the lack of modern technology and weak logistics
infrastructure are the main barriers to dairy exports.
The authors also emphasise that the limited availability
of cooling systems and the lack of modern processing
facilities lead to high milk losses during storage and
transportation.

In addition, a number of researchers emphasise
the existence of serious challenges in the industry. In
particular, M. Hladiy and O. Prosovych (2022) analyse
the impact of price volatility for milk and feed, which
creates financial difficulties for producers. High price
fluctuations can lead to instability in farmers’ incomes
and limit their ability to invest in the production pro-
cess (Gutsul et al., 2023). G. Koutouzidou et al. (2022)
find that there is a problem of access to investment,
which limits the ability to modernise production and
adopt environmentally friendly technologies. Lack of fi-
nancing also reduces the ability of enterprises to adapt
to changes in market conditions and meet internation-
al product quality standards. According to a study by
P. Shah et al. (2023), one of the key challenges to at-
tracting investment in the dairy sector is high lending
rates and the lack of government support programmes,
which makes it difficult to access financial resources.

Other authors, in particular N. Clay et al. (2020)
and M. Krsti¢ and A. Gawel (2023), draw attention to
the threat of increased competition from plant-based
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alternatives to dairy products, which affects the struc-
ture of market demand. In many countries, there is an
increase in the popularity of plant-based milk, such as
soya, almond or oat milk, which reduces the consump-
tion of traditional dairy products (Dudarev, 2024). Stud-
ies show that the main drivers of the growth in demand
for plant-based alternatives are changing consumer
preferences related to healthy eating, environmental
considerations and ethical issues regarding animal
agriculture. According to estimates by A. Nurullaev et
al. (2025), dairy producers need to adapt their strate-
gies, in particular to expand their product range to in-
clude functional dairy products containing additional
beneficial ingredients such as probiotics, vitamins and
protein supplements.

It is worth noting that Kyrgyzstan is an example of
a country where the dairy industry plays a key role in
agriculture and the economy as a whole. According to
D. Sakkaraeva and M. Kumashev (2024), dairy produc-
tion in Kyrgyzstan is showing gradual growth, but at
the same time faces a number of challenges, including
low livestock productivity, limited financial resources
for farm modernisation,and underdeveloped marketing
infrastructure. The study by V. Kozhogulova et al. (2023)
shows that Kyrgyzstan’s dairy industry has the potential
to expand exports, in particular to the Eurasian Eco-
nomic Union, but needs to improve quality standards
and product certification. At the same time, L. Euna and
S.Mah (2024) and A. Kuipers et al. (2024) note that the
development of the dairy sector in Central Asian coun-
tries is limited by the lack of modern technologies and
weak logistics infrastructure, which are the main barri-
ers to dairy exports.

Despite a substantial volume of research, the inte-
gration of the dairy industry into global value chains,
assessment of the environmental and economic impact
of the industry, and the role of government support
in improving its competitiveness remain insufficiently
studied. The aim of the study was to analyse the current
state of the dairy industry in Kyrgyzstan, determine its
economic contribution and assess the main challenges
and opportunities for further development.

MATERIALS AND METHODS

The methodology for studying the development of the
dairy industry in the Kyrgyz Republic was based on an
integrated approach that included the collection and
analysis of data for 2016-2024. Official statistical sourc-
es and publications of the National Statistical Commit-
tee of the Kyrgyz Republic (2025; n.d.), Statista (2025),
the International Trade Administration (2024) and the
evaluation data of the International Fund for Agricul-
tural Development (2024), which allowed to identify
key trends and structure of the country’s dairy market.
The dynamics of milk production in 2016-2024 was an-
alysed. This approach made it possible to identify the
main trends in the industry and assess the growth or
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decline in production, as well as the sustainability of
the dairy industry in the Kyrgyz Republic.

To analyse the long-term changes in the country’s
dairy production, the method of building a linear trend
was applied using the R software in the stats package
and the Excel “Linear Trend” tool. This allows build-
ing a model that reflects general trends in the indus-
try dynamics. Calculations were made on the basis of
official statistical data, and the model was evaluated
using the coefficient of determination (R?), which en-
sured the reliability of the results. This approach made
it possible not only to assess the current state of the
industry, but also to make forecasts for the further
development of dairy production, taking into account
economic and climatic stability. Particular attention
was paid to regional differences in milk production, as
dairy production in the Kyrgyz Republic has a distinct
territorial specificity. This approach made it possible
not only to compare the dynamics of dairy production
in different oblasts, but also to identify strong and
weak regions. A cause-and-effect analysis was carried
out, which helped identify key barriers to the indus-
try’s growth and formulate recommendations for their
elimination. For a more in-depth analysis, the methods
of a systematic approach to assessing exports and im-
ports of milk and dairy products were applied, which
made it possible not only to study the current market
situation but also to determine the prospects for the
development of the dairy industry in the country. This
contributed to a comprehensive understanding of the
challenges facing the industry and opportunities for
its further growth.

A SWOT analysis was conducted to systematically
study the characteristics of the dairy industry and its
prospects. This method allowed identifying the indus-
try’s strengths and weaknesses, as well as potential
opportunities and threats that could affect its devel-
opment. Based on the results of the SWOT analysis,
the key factors that can provide competitive advantag-
es to the dairy sector in Kyrgyzstan were formulated,
and problems that need to be addressed urgently to
improve production efficiency and ensure sustainable
growth of the industry were identified.

RESULTS

The results demonstrate the stable growth of the dairy
industry in Kyrgyzstan. Thus, in 2016, the value of milk
production was 1,524.6 million tonnes, while in 2024
it increased to 1,823 million tonnes, indicating a total
increase of 299 million tonnes or 15.5% over the entire
analysed period. The average annual growth rate was
approximately 1.9%, which indicates the progressive
development of the dairy industry (Janob, 2024). The
growth rate exceeded 100% throughout the entire pe-
riod, which underlines the positive dynamics. The high-
est growth rate was recorded in 2016 (102.9%), and the
lowest in 2021 (101.9%). Starting in 2021, there was a




gradual recovery in growth rates, which was reflected
in an increase in this indicator to 102.8% in 2024. This
data demonstrates the resilience of the sector and its
ability to adapt to economic changes (Fig. 1). The trend
in milk production in the Kyrgyz Republic is described
by a linear function of the form y=36.289x + 1,486.3.
The linear relationship indicates a steady increase in
milk production in the country. Such dynamics may be
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associated with improved processing technologies, an
increase in the number of farms and growing demand
for dairy products. At the same time, the coefficient of
determination R2=0.9905 indicates that the linear mod-
el accurately reflects the dynamics of the data, and this
trend can be used for forecasting. Thus, this model is
reliable for describing and forecasting milk production
volumes under stable economic and climatic conditions.
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Figure 1. Milk production volumes and growth rate in 2016-2024
Source: developed by the authors on the basis of Kyrgyzstan: A Comprehensive Overview of the Dairy Industry (2025),
Kyrgyzstan Increases Milk Production by 2.6% in 2024 (2025), National Statistical Committee of the Kyrgyz Republic (n.d.),

Statista (2025)

An analysis of milk production volumes by region
of the Kyrgyz Republic shows a mixed development
of the industry depending on local conditions and
economic factors (Fig. 2). In the Batken region, milk
production showed moderate growth. However, the
growth rate is lower than in most other regions; this

500

may be due to limited infrastructure development,
which hinders access to modern dairy farming tech-
nologies. In addition, the population of the region is
relatively small, which may affect the level of local
demand for dairy products and limit the prospects for
expanding production.
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Figure 2. Milk production by regions of the Kyrgyz Republic, thousand tonnes
Source: developed by the authors on the basis of Kyrgyzstan: A Comprehensive Overview of the Dairy Industry (2025),
Kyrgyzstan Increases Milk Production by 2.6% in 2024 (2025), Statista (2025)

The Jalal-Abad region has one of the highest milk
production growth rates, which is due to the active
development of the agricultural sector, including the
introduction of new technologies in livestock farming,
which increases productivity. The region also enjoys a

convenient geographical location, which facilitates ef-
ficient sales of products both domestically and inter-
nationally. In the Issyk-Kul region, the stable growth in
milk production is due to favourable natural conditions
for livestock farming. Due to the availability of pastures
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and the tradition of livestock breeding, dairy production
here has high potential. In addition, the developed tour-
ism industry creates additional demand for dairy prod-
ucts, which stimulates the development of the indus-
try. Milk production is also gradually increasing in the
Naryn region. The region has traditionally specialised
in livestock farming, but the introduction of new tech-
nologies is slower here due to its distance from major
economic centres and limited opportunities to invest in
farm modernisation, which explains the relatively slow
pace of development in the industry.

The Osh region has seen a moderate increase in
milk production, which may be due to the high popu-
lation density. A significant part of agricultural land is
used for growing grain and other crops, which limits
the opportunities for expanding dairy production. In
Talas region, milk production has remained virtually
unchanged in recent years, as a result of structural
constraints in local livestock production, low invest-
ment in the development of the dairy industry and
a relatively small consumer market, which does not
encourage producers to increase production. The Chui
region has experienced a significant increase in milk
production, which is explained by favourable agricul-
tural conditions, well-developed infrastructure and
proximity to major markets, including the capital city.
Significant investments in production have also con-
tributed to the modernisation of the industry and in-
creased its efficiency.

The city of Osh has seen a significant decline in
milk production, which is typical for urbanised areas.
The decrease of the agricultural land area due to urban
expansion and rising land prices make dairy farming
within the city economically unviable. Consequently,
milk production is gradually declining, and its main
supply is provided by other regions of the country (Pro-
duction of meat..., 2025). Thus, the data obtained con-
firm the existence of significant regional differences in
milk production volumes, which are caused by various
factors, such as the level of investment, natural con-
ditions and agricultural development policies in each
region. In particular, regions with higher levels of in-
vestment and favourable climatic conditions, such as
Jalal-Abad, Issyk-Kul and Chui regions, have shown
significant growth in milk production. In Jalal-Abad,
the high rate of development is driven by the active
introduction of new technologies in livestock farming
and favourable natural conditions that allow for effi-
cient marketing of products both on the domestic and
foreign markets. The Issyk-Kul region, due to its natural
pastures and livestock breeding traditions, ensures sta-
ble growth in milk production and also benefits from
a developed tourism industry that stimulates demand
for dairy products. The Chui region has enjoyed high
growth rates due to investments in modernisation
and infrastructure development, which has increased
the efficiency of dairy production and provided easier
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access to markets due to its proximity to the capital. In
summary, these regions have enjoyed high growth rates
due to a combination of favourable natural conditions
and high levels of investment, which have significantly
increased dairy productivity.

An analysis of dairy production volumes in the
Kyrgyz Republic for 2016-2024 showed significant
changes in various product categories, reflecting both
the industry’s achievements and challenges. In particu-
lar, butter production increased from 3,130.6 tonnes
in 2016 to 32,500 tonnes in 2024 (Butter production
increased, 2025). As for the production of cream, there
was an increase of 376.3% between 2016 and 2022,
when the volume reached 5,101.1 tonnes. However,
in 2024, there was a significant decline in cream pro-
duction to 660 tonnes, indicating the instability of this
market segment. This decline in cream production can
be explained by several factors. The main reasons in-
clude a decrease in domestic demand due to economic
difficulties, such as rising prices and reduced purchas-
ing power, and limited supply of raw materials due to
climatic conditions and disruptions in the supply chain,
which contributed to the production decline. In addi-
tion, the decline in the cream market may be due to
lower demand for this product and the unprofitability
of its production. Therefore, the overall instability in
the dairy market is the result of both economic factors
and structural problems in the industry (Internation-
al Trade Administration, 2024; Kyrgyzstan Increases
Milk..., 2025).

At the same time, it should be noted that cheese
production increased from 4,109.7 tonnes in 2016 to
15,255 tonnes in 2024 (+137.12%). Yoghurt production
almost doubled between 2016 and 2024, growing by
195.4%. The highest production was achieved in 2021,
when the volume was 2,499.6 tonnes, but in 2023 it
dropped to 1,376.3 tonnes, indicating market satura-
tion or a change in consumer preferences. In contrast,
the ice cream segment showed significant growth, from
3,790.1 tonnes in 2016 to 11,941.3 tonnes in 2024,
an increase of 315%. This is the highest growth rate
among all categories, which indicates high demand
for these products in both domestic and foreign mar-
kets (Kyrgyzstan: A Comprehensive..., 2025).

The dynamics of dairy imports in Kyrgyzstan showed
an increase from 2016 to 2022, when imports increased
from 9.4 thousand tonnes to 24.3 thousand tonnes. The
growth was particularly sharp in 2021-2022. However,
in 2023, imports began to decline, and in 2024 fell to
14.5 thousand tonnes, indicating a change in market
conditions or increased domestic production. Dairy
exports also tended to grow, reaching a peak in 2022
(54.3 thousand tonnes). However, in 2023, there was a
sharp decline of almost half to 32.2 thousand tonnes.
In 2024, the situation partially stabilised, and exports
increased to 33.4 thousand tonnes, which may indicate
that the market is adapting to new economic and trade




conditions (Growth of dairy..., 2025; Kyrgyzstan’s Export
of...,2025; Stanbic Bank Group, 2025).The general trend
shows that until 2022, there was an active increase in
both imports and exports of dairy products. However,
in 2023, both indicators declined significantly, which
may be due to external economic factors, government
regulation policies, or changes in demand. In 2024, the
market is showing signs of stabilisation, with further
prospects for domestic production and exports (Kyr-
gyzstan reduced imports..., 2025; Osmonalieva, 2025).

2016 22,610.20

9,403.60

2017 9,403.60

2018 8,704.10

2019 9,777.80

2020 11,290.60

31,663.40
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According to the Ministry of Agriculture of Kyr-
gyzstan, in 2024, the largest exports of dairy prod-
ucts were milk powder (7,634 tonnes), ice cream
(4,448 tonnes), and butter (1,796.9 tonnes). Most of
all, Kyrgyzstan imported cheese (1,160.6 tonnes), ice
cream (1,933.7 tonnes) and milk powder (534.5 tonnes)
(Kyrgyzstan has exported..., 2024). The large difference
between exports and imports indicates the strength-
ening of the Kyrgyz Republic’s position in foreign dairy
markets (Fig. 3).

33,971.10

M Exports of dairy products
(thousand tonnes)

45,404.10

49,380.80

Imports of dairy products

50,438.50 (thousand tonnes)

54,278.70

2021 15,257.70
2022 24.291.30
32.249.40
2023 22,816.50
2024 3337470

Figure 3. Exports and imports of milk and dairy products by the Kyrgyz Republic, thousand tonnes
Source: developed by the authors on the basis of Kyrgyzstan’s Export of Milk and Cream to Uzbekistan Increased Eightfold
in Seven Months of 2024 (2024), Stanbic Bank Group (2025), Growth of dairy exports from Kyrgyzstan to EAEU countries

(2025), B. Osmonalieva (2025)

In the forecast period 2025-2028, the volume of
imports shows a gradual downward trend. While in
2025 imports are expected to reach USD 12,779.3
thousand, by 2028 they will decrease to USD 11,223.2
thousand. The average annual decline is about 4%,
which may be due to the strengthening of domestic
production and reduced dependence on imported

products. This is a positive signal that indicates the
development of the domestic dairy industry and an
increase in the share of local products in the domes-
tic market. In contrast to import, export is projected
to grow steadily. The volume of exports is expected
to increase from 46,910 thousand USD in 2025 to
55,113.8 thousand USD in 2028 (Fig. 4).

Forecast (Imports of milk and
dairy products by the Kyrgyz
Republic, thousand USD)

Forecast (Exports of milk and
dairy products by the Kyrgyz
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Figure 4. Forecast estimates of imports and exports of milk and dairy products by the Kyrgyz Republic, thousand USD

Source: developed by the authors

The average annual growth rate of exports is about
14.4%, which indicates the high competitiveness of Kyr-
gyz dairy products on international markets. The export

growth is likely to be driven by increased productivity,
improved product quality, and expanded access to new
exports markets. The gap between exports and imports

Scientific Horizons, 2025, Vol. 28, No. 4

75



76

Dairy industry as a driver of economic growth

will increase in the coming years: in 2025, export will
exceed import by 4 times, and in 2028 - by almost 5
times. This imbalance indicates positive changes in the
industry, where exports are becoming the main driver
of economic growth. Thus, Kyrgyzstan's dairy industry
has great potential, but in order to realise this potential,
significant challenges need to be overcome, particularly
in the areas of technology, financing and production or-
ganisation. In the area of technology, the main problem
is the low level of automation and the insufficient use of
modern milk processing equipment. Many farms contin-
ue to use outdated livestock husbandry methods, which
negatively affects productivity. The absence of effec-
tive quality control systems also creates risks in terms
of product compliance with international standards.

Financial difficulties are associated with limited
access to credit and investment. High interest rates
on loans make it difficult to modernise production,
and the lack of government support programmes
does not contribute to the development of the dairy
industry (CEIC, 2025). In addition, volatile milk prices
and exchange rate instability make business less pre-
dictable for farmers and processors. Underdeveloped

co-operation between farmers and processors leads to
instability in the supply of raw materials. Lack of prop-
er logistics complicates the transportation and storage
of dairy products, leading to high losses. In addition,
low staff qualifications and a shortage of veterinary
and dairy specialists limit the potential for improving
farm efficiency. At the same time, existing develop-
ment opportunities in the domestic and foreign mar-
kets, as well as infrastructure modernisation, can help
to increase the competitiveness and efficiency of the
industry. The SWOT-analysis of the dairy industry in Kyr-
gyzstan shows that this sector has several important
aspects that require attention for further development
(Fig.5). For example, the country’s strengths include the
fact that Kyrgyzstan has favourable conditions for the
development of dairy farming due to the large area of
highland pastures known as zhailau, which provide cat-
tle with high-quality natural fodder. Due to the clean
environment of the mountainous regions, dairy prod-
ucts produced in the country do not contain any harm-
ful impurities, which makes them competitive. The tem-
perate climate means that cattle can graze outdoors for
most of the year, reducing feed and housing costs.

Strengths
Favourable natural conditions forpasture farming.
Traditions and experience in cattle breeding. Pure
dairy products without harmful impurities. High
domestic demand for dairy products. Developed
infrastructure of dairy plants.
Local cattle breeds with high milk production.

Weaknesses
Low level of technology
Disorganisation and fragmentation of production
Restrictions on access to finance
Problems with quality

Opportunities
Development of organic dairy production Investments
in infrastructure and technology Growing demand for
dairy products:
Export development

Threats
Competition with imported products Climate change
and environmental factors High production costs
Uncertainty in law and the political situation

Figure 5. SWOT analysis of the dairy industry in Kyrgyzstan

Source: developed by the authors

Kyrgyzstan’s long tradition of livestock farming en-
sures that farmers are highly competent in caring for
cattle. The country breeds that are well adapted to local
environmental conditions, including Alaatai and Kazakh
Whitehead, which are highly productive in the dairy sec-
tor. Strong domestic demand for dairy products drives
the industry,as milk and its derivatives are an important
part of the national diet. Dairy production plays a key
role in the country’s agriculture. Many rural households
derive their main income from livestock farming, which
provides employment and stability to regional econo-
mies. Kyrgyzstan also has a well-developed processing
infrastructure, which allows it not only to supply the
domestic market but also to export to neighbouring
countries, including Kazakhstan, Uzbekistan and China.

However, there are several weaknesses that hinder
the development of the industry. In particular, the low
level of technology in Kyrgyzstan's dairy production
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significantly hinders the development of the industry.
The main problem is the use of outdated or manual
milking methods, as most small farmers do not have
access to modern milking machines. This leads to low
productivity and possible problems with milk quality,
including bacterial contamination. Another problem is
the structure of milk supply, as most dairies purchase
raw materials from small households. This makes it
difficult to control the quality and safety standards of
dairy products, which makes it difficult to enter export
markets. The lack of adequate cooling infrastructure
at the stage of milk collection also affects its quality,
as without rapid cooling, milk spoils quickly, limiting
its suitability for industrial processing. In addition, the
imperfect certification system and the lack of modern
laboratories to test product quality are significant ob-
stacles.Many dairy enterprises do not meet internation-
al standards, which limits their ability to export to the




EU and other countries with strict quality requirements.
Insufficient implementation of automated quality con-
trol systems at dairies also leads to losses and reduced
competitiveness of Kyrgyz dairy products on the inter-
national market.

Manyfarms do not have access to modern equipment
for storing, transporting and processing milk, which
leads to a decrease in production efficiency. In addition,
dairy production in the country remains fragmented
and unorganised, in particular due to a lack of coor-
dination between producers, which also makes it diffi-
cult to enter new markets and improve product quality.
There are also problems with access to finance due to
several factors. Firstly, high interest rates on loans make
them unaffordable for farmers and dairy enterprises.
Secondly, the lack of effective government support pro-
grammes and subsidies limits the opportunities for in-
vestment. In addition, insufficient financial literacy and
limited access to information on financing opportuni-
ties are also obstacles to the development of the sector.

To improve the situation, government support pro-
grammes should be developed, including subsidising
interest rates on loans, providing grants for production
modernisation and the introduction of modern technol-
ogies. It is also important to improve the financial lit-
eracy of farmers and entrepreneurs so that they can ef-
fectively use available financial instruments. The dairy
industry also faces threats that may affect its further
development. One of the main threats is competition
from imported dairy products, which may limit opportu-
nities for local producers. High production costs, in par-
ticular for feed and other inputs, are a major challenge
for farmers. In addition, climate change, which may lead
to a reduction in pasture areas, as well as instability
in the political and legislative environment, may com-
plicate the business and cause uncertainty about the
future of the industry. Despite these challenges, the
dairy industry has significant growth potential due to a
number of opportunities. In particular, the demand for
organic products is growing in international markets,
which opens up prospects for exports of organic milk
and dairy products (Oliynyk et al., 2021). Investments
in infrastructure, such as modernisation of processing
facilities and milk storage systems, could significantly
improve production efficiency and competitiveness of
local farmers. In addition, the growing demand for dairy
products in the domestic market and the development
of exports create additional opportunities for expand-
ing production volumes.

Thus,the dynamics of indicators of the dairy industry
in the Kyrgyz Republic indicates a positive development
trend, which indicates the growing competitiveness of
dairy products in international markets. This confirms
that the country’s dairy products have the potential for
further successful development and can become one
of the key drivers of economic growth. Given the im-
portance of this industry, strategic initiatives, including
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strengthening ties with external partners, export de-
velopment, and investment in innovative technologies,
should be implemented to ensure its sustainable de-
velopment and maintain competitive advantages in the
market. Increased imports of dairy products underscore
the need to support local producers through preferen-
tial programmes, subsidies and other incentives that
would help reduce dependence on foreign suppliers
and at the same time stimulate the development of do-
mestic production. One of the most important aspects
is to create conditions for improving the quality of dairy
products, which will help them to be competitive on
the international market. This can be achieved by mod-
ernising production technologies, introducing the lat-
est milking systems, and aligning quality standards and
certification of dairy products with international norms.

In addition, the dairy industry is closely linked to
other sectors of the economy, including agriculture,food
and processing. Therefore, the development of this in-
dustry not only contributes to the improvement of eco-
nomic performance,but also stimulates the growth of re-
lated sectors, creating an efficient economic model that
contributes to the improvement of the country’s overall
economic situation. The introduction of innovations in
the industry, development of marketing strategies and
integration of modern processing technologies can sig-
nificantly increase the added value of products, contrib-
uting to the growth of exports and reducing dependence
on imports (International Fund for Agricultural Devel-
opment, 2024; Kyrgyzstan: A Comprehensive..., 2025).

Given these factors, an important step for the fur-
ther development of the dairy industry is its integra-
tion into the national economic development strategy,
which includes measures to support small and medi-
um-sized businesses in rural areas, stimulate invest-
ment in modern production facilities, improve infra-
structure, and provide access to finance and the latest
technologies. In addition, the importance of training
and professional development of dairy workers should
be taken into account, which will increase overall pro-
ductivity and quality. In the long term, the dairy indus-
try in Kyrgyzstan has the potential to become not only
an important component of the agricultural sector, but
also a significant factor of economic growth at the na-
tional level, which can happen provided that there is
effective resource management, a clear strategic focus
on innovation, active support for local producers and
the development of competitive products. Only with a
comprehensive approach and the introduction of sys-
temic changes will the dairy industry be able to fully re-
alise its potential and become an important component
of the country’s economic development.

DISCUSSION

The findings of the study on the dairy sector of the Kyr-
gyz Republic for the period 2016-2024 indicate positive
trends but also reveal several challenges that require
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attention for further development. Firstly, the steady
growth in milk production volumes, which increased
from 1,524.6 thousand tonnes in 2016 to 1,823 thou-
sand tonnes in 2024, demonstrates the stable devel-
opment of the sector. The average annual growth rate
of 1.9% suggests that the dairy industry is capable of
adapting to changes in demand and economic condi-
tions. However, despite the overall positive trend, there
are significant regional disparities in growth rates, in-
dicating uneven sectoral development across different
parts of the country. In particular, regions such as Jalal-
Abad and Issyk-Kul have shown substantial growth in
milk production, linked to improved agricultural prac-
tices and investment. Meanwhile, Batken and Talas re-
gions exhibit slower growth, suggesting constraints in
resource access or insufficient demand for dairy prod-
ucts. This situation highlights the need for targeted
measures to support less developed regions to ensure
more balanced sectoral growth.

Secondly, the analysis of dairy product production
reveals significant fluctuations in output across dif-
ferent categories. While some categories, such as ice
cream, butter, and cheese, show impressive growth,
others, like cream and yoghurt, experienced a decline
in 2024, indicating market saturation or shifts in con-
sumer preferences. This requires producers to be flex-
ible and adapt to new conditions. Dairy trade reflects
the strong position of the Kyrgyz Republic in foreign
markets, as exports consistently exceed imports, under-
scoring the competitiveness of the country’s dairy prod-
ucts. However, the rise in imports signals the need to
enhance domestic production to meet growing demand
for dairy goods (Florya et al., 2023).

The study’s findings demonstrate positive dynamics
in the development of the Kyrgyz Republic’s dairy sector,
particularly in the growth of milk production volumes
and export potential, indicating the industry’s capacity
for further expansion and its importance for economic
growth. Notably, the increase in dairy product exports
in international markets and reduced import depend-
ency highlight the growing competitiveness of Kyrgyz
dairy products. These results align with the conclusions
of JV. Andrei et al. (2022), who note that high-quality
dairy products can become a key component of foreign
trade. They also emphasise that a well-developed dairy
sector boosts exports and generates additional foreign
currency earnings, positively impacting the economy
by strengthening the national currency and fostering
growth in other economic sectors.

The study found that milk production in Kyrgyzstan
has grown steadily, with a 15.5% increase between 2016
and 2024. This confirms a positive trend in dairy sector
development, resulting from technological improve-
ments, an increase in the number of farms, and rising
demand for dairy products. Similar trends have been
observed in studies by other authors, such as A. Wahid
and S. Srivastava (2023), who note that in Central Asian
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countries, milk production growth is largely linked to
infrastructure improvements and adaptation to chang-
ing climatic conditions. However, unlike authors who
stress the need for government support in modernising
the sector, the findings show steady growth without sig-
nificant reliance on state subsidies, suggesting greater
sectoral independence in Kyrgyzstan. Nevertheless, the
results diverge from the conclusions of researchers stud-
ying other agricultural sectors in Kyrgyzstan, particularly
A.Nurullaevetal.(2025),who argue that the dairyindustry
still faces major structural issues, including low invest-
ment levels and outdated technologies in some regions.
Additionally, significant infrastructure modernisation
is needed, which limits production growth potential.

It should also be noted that W. Czubak et al. (2021)
argue that the decline in dairy production is not only
due to economic difficulties but also structural shifts
in the dairy market, where cream is being displaced by
more popular products such as cheese and yoghurt. The
scholars highlight that changing consumer preferences
and unstable demand can significantly impact produc-
tion. This aspect is also reflected in the study, where
the drop in cream production in 2024 is linked to low
demand and economic challenges in the domestic mar-
ket. Forecasting based on the study’s data suggests that
technological modernisation could increase milk pro-
duction volumes and improve quality, ensuring stability
in the domestic market while strengthening the com-
petitiveness of Kyrgyz dairy products internationally.
This approach aligns with the arguments of A. Zimmer-
mann and G. Rapsomanikis (2023), who state that inno-
vation in dairy farming helps reduce costs and enhance
sector efficiency - a key factor for sustainable devel-
opment and economic resilience. Automation of farm
processes, advances in animal genetics, and improved
feed technologies can reduce energy, feed, water, and
labour costs, thereby lowering production expenses
(Alimardanova et al., 2021). The study’s findings can be
compared to the conclusions of L. Cechura et al. (2021)
regarding the importance of investment in dairy sector
infrastructure. The scholars also emphasise the need
for government support to attract private investment,
particularly in improving production capacity, process-
ing technologies, and logistics chains. The absence of
such support may lead to inefficient resource allocation
and reduced sector competitiveness in international
markets (ismayilov et al., 2022).

Kyrgyzstan has favourable natural conditions
for pasture-based livestock farming, with access to
eco-friendly green fodder, which could become a key
competitive advantage. This finding aligns with the re-
search of E. Muunda et al. (2023) on sustainable dairy
sector development, particularly in feed base improve-
ment. E.Muunda et al. consider this issue critical, as feed
quality and diversity affect not only milk yield but also
animalhealth.Providing cattle with balanced, high-qual-
ity feed enhances productivity, reduces treatment




costs, and improves overall herd health. Such meas-
ures are essential for stable and sustainable dairy sec-
tor development amid changing economic conditions
(Borawski et al., 2020, Zhu & Oude Lansink, 2022).

According to the study, weaknesses in Kyrgyzstan’s
dairy sector include disorganisation and production
fragmentation due to non-compliance with interna-
tional quality standards and inadequate infrastructure.
Similar challenges have been noted by E.C. Okolo et
al. (2025) and N. Okten-Kemaloglu and E. Coruk (2024),
who link them to insufficient coordination and cooper-
ation, hindering productivity growth and sectoral de-
velopment. The authors stress that the lack of collab-
oration between producers and processors often leads
to unstable raw material supplies, limiting the ability
of processing plants to meet production demands and
maintain high quality. Comparable trends are observed
in European countries, where, as noted by W. Poczta et
al. (2020), and A. Parzonko and P. Bérawski (2020), ur-
banisation and demographic changes contribute to
dairy farm fragmentation. Researchers highlight that
declining rural labour and urban migration create ad-
ditional challenges for cooperation and efficient sec-
tor functioning. As a result, dairy farmers face supply
constraints and labour shortages, potentially reducing
output and product quality.

The study also identifies risks related to declining
feed quality and animal health, possibly linked to shrink-
ing pastureland due to climate change. This aligns with
the conclusions of I. Cortés-Fernandez et al. (2023), who
stress the importance of adapting the dairy sector to
new climatic conditions through innovative feed pro-
duction and water management methods. As noted by
. Cortés-Fernandez et al., government support should
extend beyond financial aid to creating favourable con-
ditions for small and medium enterprises, a key factor
in successful sectoral transformation. This conclusion
aligns with the study’s findings on the need for coop-
eration between government bodies and producers.

Thus, Kyrgyzstan’s dairy sector, as a key driver of
economic growth, shows positive trends. However, re-
alising its full potential requires overcoming several
major challenges. Key priorities include investment
in modern technology and production automation to
boost efficiency and reduce costs. Infrastructure mod-
ernisation — particularly in transport, storage, and milk
processing - along with support for local producers
through funding programmes and market access, will
be crucial for sectoral development.Additionally, adapt-
ing to shifting consumer preferences, such as rising
demand for organic and natural dairy products, could
enhance competitiveness in domestic and internation-
al markets. Accounting for regional factors, including
raw material availability and climatic conditions, is
also vital for sustainable dairy industry growth. Only a
comprehensive approach to addressing these issues will
fully unlock the potential of Kyrgyzstan’s dairy sector.

Adamkulova et al.

CONCLUSIONS

Obtained results indicate a stable growth of the dairy
industry in Kyrgyzstan. Milk production volumes in-
creased by 15.5% from 2016 to 2024, indicating the
progressive development of the industry. The average
annual growth rate was 1.9%, which confirms a steady
increase in production. The positive dynamics of milk
volume growth is sustainable, as the growth rate ex-
ceeded 100% throughout the period. The highest
growth rate was recorded in 2016, and the lowest in
2021.However, after that, growth rates recovered, which
demonstrates the industry’s ability to adapt to changes.
The growth trend in milk production in Kyrgyzstan is
described by a linear function, which indicates a steady
increase in production. The high coefficient of determi-
nation (R2=0.9905) confirms the accuracy of this mod-
el in describing the dynamics of milk production and
its potential for predicting further changes. Such sta-
ble dynamics may be due to improved milk processing
technologies, an increase in the number of farms and
growing demand for dairy products. An important char-
acteristic is the regional disparity in milk production.
The highest growth rates were recorded in Issyk-Kul
and Jalal-Abad regions, indicating favourable condi-
tions for dairy farming in these regions. At the same
time, there is a decline in production in the cities of
Bishkek and Osh, which indicates structural problems
or changes in consumer preferences.

It has been established that the production of dairy
products in the Kyrgyz Republic in 2016-2024 shows a
general upward trend in volumes in most categories,
especially in the ice cream segment (+315%), which
indicates high demand. At the same time, there is in-
stability in the production of butter, cheese and yo-
ghurt, which may be due to fluctuations in the supply
of raw materials, changes in consumer preferences and
economic factors. A SWOT analysis of the Kyrgyz dairy
industry has shown that its strengths include favour-
able natural conditions for livestock breeding, envi-
ronmentally friendly products, long-standing livestock
traditions, high domestic demand and the availability
of processing infrastructure. At the same time, weak-
nesses include low levels of technology, fragmented
production, milk quality issues, lack of modern infra-
structure and limited access to finance. Opportunities
include growing demand for organic products, invest-
ments in modernisation and export development,
while threats include competition from imports, high
production costs, climate change and an unstable reg-
ulatory environment. Government support programmes
are needed to develop the dairy sector, including credit
subsidies, grants for modernisation, improving finan-
cial literacy of farmers and improving quality control of
dairy products. Further research should focus on ana-
lysing the efficiency of existing logistics channels and
distribution routes for dairy products, including explor-
ing opportunities to reduce transportation costs and
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AHoTauis. MeToto focnifxkeHHs 6yn0 BUBYEHHS MOTOYHOIO CTaHY MOJIOYHOT ranysi KupruscraHy, ouiHka ii BNamBy Ha
€KOHOMIKY KpaiHu, BU3HAYEHHS OCHOBHMX BUK/IMKIB Ta MOX/IMBOCTEN ANS NOAANbLIOTO PO3BUTKY. [IpoaHanizoBaHo
LMHaMiKy BUPOOHMLTBA MosioKa B KpaiHi B 2016-2024 pp., ouiHeHO perioHanbHi 0cobAMBOCTi pO3BUTKY, BUSIBIEHO
TEeHAEHUiT B iIMNOPTHO-EKCMOPTHMX OMepaLiax Ta iX BNMB Ha €KOHOMiYHe 3pocTaHHa KuprusctaHy. JocnigkeHo
dakTopu nNiABULLEHHS KOHKYPEHTOCMPOMOXHOCTI BiTYM3HAHOI MOMOYHOI MpoAyKuii Ta 3pobneHo MpPOrHO3Hi
Monoka B Kuprusbkin Pecnybniui 36inbwmscs Ha 16,6 %, pocarHyswm 1823 tuc. ToHH y 2024 poui, Wwo ceiguntb
Npo NO3MTUBHY TEHAEHL0 PO3BUTKY ranysi. bynu BusBneHi perioHanbHi BiAMIHHOCTI B TeMnax BMPOOHMUTBA, 3
HanBuLMMK obcaramum B lccnk-Kynbebkin Ta Iykanan-A6afcbkit 06nacTax 1a HUXKYMMKM obcsiramm B Mictax bilukek
Ta Ow, wo Moxe OyTM MNOB'S3aHO 3i CTPYKTYpHMMM npobnemMamm abo 3MiHAaMM B ynopobaHHAX CMOXMBAMIB.
BupobHMLTBO MONOYHMX MPOAYKTIB 3arasoM 3pocio, 0cobanBo B cerMeHTax MOpO3uBa, Macsa, CMpy Ta MOrypTiB.
OpHak BUpOOHMUTBO BepPLLKiB 6yn0 HeCTabiNnbHMM Yepes KONMBAHHSA NONUTY Ta NOCTaBOK CMPOBUHW. 3rigHo 3 SWOT-
aHanizoM, MONOYHa NPOMUCNOBICTb KUpruscTaHy Mae CBOi nepesaru: eKoNoriYHiCTb, BUCOKMI MONUT i nepepobHy
iHPPaCTPYKTYpY, ane CTUKAETbCS 3 HU3bKMM PiBHEM TEXHONOTIN, PparMeHTapHMM BUPOOHMLITBOM i NpobiemMamu
SKOCTi. MOXMBOCTI BK/OYAKOTb PO3BUTOK €KCMOPTY, iIHBECTULIT Ta 3pOCTaOUYMIM MOMUT HA OPraHiyHi NPOAYKTH, TOAI
SIK 3arpo3u BKJIKOYAKTb KOHKYpeHLit0 3 O6OKy iMMopTy, BUCOKI BUTPATU Ta HecTabinbHe peryntoBaHHs. Po3BUTOK
BMMara€e LepXaBHOI NiATPUMKM, MOAEPHI3aLii Ta NiaBULWEHHS aKOCTi npoaykuii. NporHo3 Ha nepiog 2025-2028
pp. NOKa3aB MO3WTMBHI TeHAEHLIi AN MonoyHoi ranysi B Kuprusbkini Pecnybniui. OuikyeTtbes, wo obcar imnopty
3MEHLUYBATUMETbCSA Ha 4 % LLOPiIYHO, WO CBIAYMTb NPO 3MiLLHEHHS BHYTPILUHbOrO BUMPOOHULTBA Ta 3MEHLUEHHS
3aNeXHOCTi Bifg iMnopTHOi npoaykuii. OTpuMaHi pesynstaTn CNpuaoTb GOPMYBAHHIO HAYKOBO OOIPYHTOBAHMX
peKkoMeHAaLin Wwoao NiABULWEHHS edeKTUBHOCTI MONOYHOrO BUPOOHULTBA, 3HUKEHHS PU3UKIB Ta MOCUNIEHHS AOTO
KOHKYpPEHTHUX nepesar

KniouoBi cnoBa: iMnNopT; ekcnopT; BHYTPIiLUHE BUPODHULITBO; KOHKYPEHTOCMPOMOXHICTb; NPOrHO3; AMBepCUdiKaLiis
aCOPTUMEHTY

Scientific Horizons, 2025, Vol. 28, No. 4

83


https://orcid.org/0009-0003-2172-7831
https://orcid.org/0009-0005-8075-6565
https://orcid.org/0009-0005-0166-9229
https://orcid.org/0000-0002-8829-0094
https://orcid.org/0009-0000-6722-3936

SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 28(4), 84-97

UDC 339.13:634.232
DOI:10.48077/scihor4.2025.84

Comparative analysis of the cherry industry in Kyrgyzstan
and Chile and market development strategies in China

Miaolong Zhou
Doctoral Student
Kyrgyz National University named after Jusup Balasagyn
720033, 547 Frunze Str., Bishkek, Kyrgyz Republic
https://orcid.org/0009-0001-8707-1500
Dzhapar Alybaev’
Doctor of Economic Sciences, Professor
Kyrgyz National University named after Jusup Balasagyn
720033, 547 Frunze Str., Bishkek, Kyrgyz Republic
https://orcid.org/0000-0003-0931-9846
Guanying Xu
Doctoral Student
Kyrgyz National University named after Jusup Balasagyn
720033, 547 Frunze Str., Bishkek, Kyrgyz Republic
https://orcid.org/0009-0008-6627-1782
Haohe Yuan
Doctoral Student
Kyrgyz National University named after Jusup Balasagyn
720033, 547 Frunze Str., Bishkek, Kyrgyz Republic

Article’s History: Abstract. The purpose of the study was to conduct a comparative analysis of cherry
Received: 05.12.2024 production and exports in Kyrgyzstan and Chile, assess their competitiveness in the
Revised: 03.03.2025 global market, and identify key barriers and opportunities for expanding exports to
Accepted: 26.03.2025 China. The analysis was based on statistics on cherry production and exports, an
estimate of logistics costs, customs procedures, and government support, as well as
a calculation of the share of exports and the growth rate of supplies to the Chinese
market. The results showed substantial differences between Kyrgyzstan and Chile in
the development of the cherry industry. In 2024, cherry production in Chile reached
641 thousand tonnes, while in Kyrgyzstan, this figure is only 4.12 thousand tonnes,
which reflects a substantial difference in the scale of production and the level of
technological development. Chile provided 92.36% of Chinese cherry imports using
efficient trade mechanisms, optimised logistics, and government incentives, while

Suggested Citation:

Zhou, M., Alybaeyv, D., Xu, G., & Yuan+, H. (2025). Comparative analysis of the cherry industry in Kyrgyzstan
and Chile and market development strategies in China. Scientific Horizons, 28(4), 84-97. doi: 10.48077/
scihor4.2025.84.

Copyright © The Author(s). This is an open access article distributed under the terms of the
oy Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author

Scientific Horizons, 2025, Vol. 28, No. 4



https://sciencehorizon.com.ua
https://orcid.org/0009-0001-8707-1500
https://orcid.org/0000-0003-0931-9846
https://orcid.org/0009-0008-6627-1782

Zhou et al.

Kyrgyzstan’s exports remain unstable and limited.High logistics costs in Kyrgyzstan (USD 900 per tonne) compared
to Chile (USD 500 per tonne) reduced the competitiveness of products. The lack of modern transport corridors,
storage facilities, and proper refrigeration equipment substantially complicate stable exports to China, leading
to high losses of products during transportation. The analysis also showed that strict sanitary requirements,
certification, and phytosanitary control created additional barriers for Kyrgyz products to enter the international
market, which requires strategic changes in public policy and attracting investment in the modernisation of
the industry. The study demonstrated that the competitiveness of cherry exporters is determined by the level
of logistics infrastructure, the efficiency of trade mechanisms, and compliance with international requirements,
which indicates the need to optimise logistics, create refrigerated warehouses, and simplify customs clearance

to increase exports from Kyrgyzstan

Keywords: competitiveness; logistics; sanitary requirements; trade barriers; customs clearance; quality control

INTRODUCTION

In the current context of globalisation, agricultural mar-
kets are showing increasing integration, which creates
both new opportunities and challenges for producing
countries. Cherry is one of the most popular fruit and
berry crops on the world market, in particular, in Chi-
na, which remains the largest consumer of this product.
In 2024, the total volume of cherry imports to China
reached 641 thousand tonnes, of which 92.36% ac-
counted for Chile, which retains its leading position in
this segment. Therewith, the potential of other produc-
ing countries, particularly Kyrgyzstan, remains unreal-
ised: the share of Kyrgyz cherries in the Chinese market
was only 0.4%, which indicates substantial barriers to
its export (Shu, 2024). The Food and Agriculture Organ-
isation (n.d.) emphasises the importance of diversifying
suppliers of agricultural products to reduce food risks
and support small farms. The development of Interna-
tional Cherry trade through technological modernisa-
tion, logistics improvement, and quality improvement
has become a priority task of the industry. According
to the Food and Agriculture Organisation, global crop
production continued to grow in 2024, which indicates
a stable demand for fruit and berry products. Cher-
ry production also increased, especially in exporting
countries, in particular, Chile, the United States, Cana-
da, Uzbekistan, Kyrgyzstan, Tajikistan, and Turkey, which
confirms the high level of its consumption on the inter-
national market.

International cherry market research confirms that
successful exports largely depend on efficient logistics,
access to foreign markets, and adaptation of agricul-
tural technologies. Improved customs clearance and
the development of transport infrastructure contribut-
ed to the growth of Chile’s share in China, which was
analysed in detail by X. Shu (2024), who stressed the
crucial role of optimising logistics processes in inter-
national trade. Thereby, the competitiveness of de-
veloping countries in the field of cherry exports was
examined by J. Ninaquispe et al. (2024), emphasising
that success in the global market is determined not
only by production volumes but also by the ability
of countries to build effective export strategies. The

impact of agroclimatic changes on yield and the need
for technological modernisation have become the main
focus of the paper of D.Bali et al. (2022), who noted the
importance of adapting cultivation to climate change.
An equally substantial aspect is the potential of Central
Asia in the cultivation of fruit crops, which was con-
sidered in the study by B. Vinceti et al. (2022), which
stressed the role of traditional gardens in preserving
biodiversity and the possibilities of integrating the re-
gion into the global market.

The scientific papers also emphasise the impor-
tance of organising production, developing export
strategies, and using technological innovations in
the field of cherry cultivation. Authors B. Gongalves et
al. (2021) investigated the agronomic features of sweet
cherry cultivation, emphasising the importance of in-
troducing modern breeding methods to improve fruit
quality and increase yield. The effectiveness of such
approaches is particularly critical for countries seeking
to gain a foothold in the international market, which
is confirmed by T. Qureshi (2022), analysing the poten-
tial for exporting horticultural products from Central
Asia to China. The author draws attention to the need
to increase competitiveness by improving cultivation
methods and improving the conditions for post-harvest
processing. N. Kemaloglu and E. Coruk (2024) exam-
ine the organisational aspects of agricultural trade in
Kyrgyzstan, pointing out the fragmentation of produc-
tion and poor coordination between producers, which
makes it difficult to enter foreign markets.

Another important factor in the development of the
cherry sector is skilful resource management and opti-
misation of growing processes. Researchers T. Montene-
gro-Romero et al. (2022) investigated the dynamics of
fruit production in Chile, paying attention to the need
for effective land and water management. A similar ap-
proach is also relevant for global production, which is
confirmed by S. Baicu et al. (2023), analysing trends in
global cherry production growth. The study highlights
the role of technological progress in improving indus-
try efficiency. In turn, C. Stone et al. (2023) draws focus
to the production challenges of growing cherries in
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protected systems, underscoring that the use of modern
agricultural technologies can substantially improve the
quality of products and reduce the risks associated with
changing growing conditions.

Despite its substantial natural potential, Kyr-
gyzstan's cherry industry remained underdeveloped
due to weak production organisation, limited storage
capacity, lack of investment in technology modernisa-
tion, and insufficient integration into global logistics
networks (Sakkaraeva & Kumashev, 2024). The lack
of specialised transport corridors and modern storage
systems limited export opportunities, while the com-
petitiveness of the industry was studied fragmentally,
mainly in the context of the domestic market and cer-
tain aspects of product marketing. The study aimed to
assess the production and marketing characteristics of
the cherry market in Kyrgyzstan and Chile, identify key
restrictions for its development, and justify measures
to expand exports to China. The following tasks were
solved to achieve this goal: to analyse the factors that
influenced the formation of the export potential of the
cherry industry in Kyrgyzstan and Chile, to determine
the role of infrastructure, logistics, and trade barriers
in the access of Kyrgyz products to the Chinese mar-
ket, as well as to assess the possibilities of adapting
successful practices of Chile to strengthen Kyrgyzstan’s
position in international trade.

MATERIALS AND METHODS

The study analysed data on the production, export, and
competitiveness of cherries in Kyrgyzstan and Chile,
and trends in the consumption of these products in
China. In addition to these countries, the experience
of the United States, Canada, Turkey, Uzbekistan, and
Tajikistan as important players in the cherry market
was considered to compare and evaluate global trends.
The analysis of import demand in China considered
the influence of other suppliers, including Australia,
Argentina, Serbia, Moldova, Iran, Italy, South Korea, and
Pakistan, which also export cherries to the Asian re-
gion and have different levels of integration into inter-
national trade.

Official Food and Agriculture Organisation (n.d.), as
well as open databases on cherry exports. Data from
customs statistics of the General Administration of Cus-
toms of China (n.d.), reports of the China Chamber of
Commerce for Import and Export of Foodstuffs, Native
Produce and Animal By-products (n.d.), and market re-
search that analysed changes in demand for imported
Cherries to assess market trends in China. The study
used various methods to analyse the development of the
cherry sector in Kyrgyzstan and Chile, in particular, eco-
nomic and statistical analysis, which was used to assess
the dynamics of cherry production, exports, and market
share in the two countries, enabling the identification
of the main trends and changes in the market structure.
The market share was calculated, determined by the
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formula to determine the competitiveness of the prod-
ucts of the studied countries in the Chinese market (1):

. Xi
Mi = () x 100%, (1)
where M, - market share of a particular country; X, -
volume of cherry exports from the country i; X - total
volume of cherry imports to China.

In addition, to assess changes in the export struc-
ture, the calculation of export growth rates was used,
which allowed tracing the dynamics of changes in sup-
plies in different years. The growth rate was calculated
using the formula (2):

Xt— Xt—-1
G = (*=X=1) x 100% )
where G - export growth rate; X, - export volume in the
current year; X , - export volume in the previous year.

The comparative analysis allowed comparing pro-
duction processes, marketing strategies, logistics ca-
pabilities, and government support, which revealed
critical advantages of Chile, in particular, a developed
infrastructure and stable trade relations. Thereby, it
is established that Kyrgyzstan faces barriers related
to the Coordination of producers, the supply of prod-
ucts and an insufficient level of logistics. Induction al-
lowed identifying the patterns of global cherry trade,
in particular, simplified access to the Chinese market,
stability of supply volumes, and compliance with the
requirements of importers as key success factors. The
deduction was used to assess restrictions that reduce
Kyrgyzstan's competitiveness, including weak logistics,
small production volumes, and insufficient integration
into international trade networks. The synthesis of the
results obtained enabled the integration of various
approaches and formed a comprehensive idea of the
prospects for exporting Kyrgyz cherries. Summarising
the results allowed developing recommendations for
improving logistics, improving product quality, adapt-
ing to Chinese requirements, and improving the organi-
sational efficiency of manufacturers. Systematisation of
the final data allowed for identifying essential areas of
Industry Development and determining strategic meas-
ures that can help increase cherry exports from Kyr-
gyzstan to the international market.

RESULTS

Dynamics of cherry production and exports in Kyr-
gyzstan and Chile. Cherry production and exports
are important segments of the agricultural sector in
Kyrgyzstan and Chile, but their development differs
substantially in scale, structure, and integration into
World Trade. Chile is the world’s leading exporter of
cherries, especially to the Chinese market, due to ef-
fective government policies, substantial investment in
production, and a developed infrastructure (Bamber &
Fernandez-Stark, 2016). Therewith, Kyrgyzstan, having




favourable natural and climatic conditions, occupies
a small share in the global cherry sector due to low
yields, a weak logistics system, and insufficient state
support (Shaiyldaeva et al., 2024).

Chile shows a steady increase in cherry production,
which is a consequence of the use of modern agricul-
tural technologies, mechanised harvesting systems,
and effective water resources management. In 2022,
production volumes amounted to 397 thousand tonnes,
in 2023 - 414 thousand tonnes, and in 2024 reached
641 thousand tonnes, which confirms an increase in
production areas and a growing focus on exports. High

Zhou et al.

yields in Chile are the result of the use of breeding va-
rieties, drip irrigation systems, and effective manage-
ment of phytosanitary risks (Tudela et al., 2023). How-
ever, Kyrgyzstan does not show such positive dynamics.
In 2022, cherry production amounted to 6.4 thousand
tonnes, in 2023 - 4.1 thousand tonnes, and in 2024 -
4.12 thousand tonnes, which indicates the absence of
substantial development of the sector (Table 1). The
main limitations are the small area of plantings, the
low level of mechanisation of production and the lack
of investment in the modernisation of farms (Shaiyl-
daeva et al., 2024).

Table 1. Comparison of cherry production in Kyrgyzstan and Chile (2022-2024)

Year Kyrgyzstan (thousand tonnes) Chile (thousand tonnes)
2022 6.4 397
2023 41 414
2024 412 641

Source: compiled by the authors based on P. Bamber and K. Fernandez-Stark (2016), A.K. Shaiyldaeva et al. (2024)

The data indicate a substantial difference in the
scale of production between countries. Chile shows a
steady increase in production volumes, which in 2024
reached 641 thousand tonnes, while Kyrgyzstan does
not show dynamic development, remaining at the lev-
el of 4.12 thousand tonnes. This indicates the high ef-
ficiency of the Chilean agricultural sector, due to state
support and active investment, while in Kyrgyzstan,
the lack of infrastructure and low level of funding

do not allow for a substantial increase in production
capacity. Chile is the world’s leading cherry export-
er, and its share in the Chinese market continues to
grow (Table 2). The main success factors of Chile are
optimised logistics processes, strategic agreements
with China, and a well-developed product certification
system. The growth rate of Chile’s total exports and
the growth rate of cherry exports to China were deter-
mined using formula (2).

Table 2. Dynamics of cherry exports from Chile (2022-2024)

Total exports of Chile

Export volumes to China  Export growth rate to China

Year (thousand tonnes) Export growth rate (%) (thousand tonnes) (%)
2022 397 358 -
2023 414 4.28% 377 5.31%
2024 641 54.83% 592 56.98%

Source: compiled by the authors based on General Administration of Customs of China (n.d.), China Chamber of Commerce
for Import and Export of Foodstuffs, Native Produce and Animal By-products (n.d.)

The data shows a substantial increase in Chile’s ex-
ports to China. In 2024, shipments to China increased
by 56.98%, as a result of increased trade cooperation
between the two countries, high confidence in Chilean
products, and improved logistics processes. Kyrgyzstan,
on the other hand, shows unstable exports, which

largely depend on logistical constraints and unpredict-
able changes in demand. In 2022, due to the COVID-19
pandemic, it was completely stopped (Table 3). Data
that allow estimating the country’s contribution to the
total volume of cherry supplies to the Chinese market
were calculated using Formula (1).

Table 3. Cherry exports from Kyrgyzstan and Chile to China (2022-2024)

Year Kyrgyzstan (tonnes) Chile (thousand tonnes) Chile’s share in China’s imports (%)
2022 0 358 90.18%
2023 12.06 377 91.06%
2024 1.65 592 92.36%

Source: compiled by the authors based on General Administration of Customs of China (n.d.), China Chamber of Commerce
for Import and Export of Foodstuffs, Native Produce and Animal By-products (n.d.)
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As can be seen from the table, Chile continues to
strengthen its position in the Chinese market, while
Kyrgyzstan loses even small export volumes. This
may indicate problems with product certification,
non-compliance with sanitary standards, and limited

transportation options. The impact of factors such
as low yields, high transportation costs, and lack of
logistics capacity reduces the competitiveness of Kyr-
gyz Cherries (Table 4). The data was calculated using
Formula (2).

Table 4. Dynamics of cherry exports from Kyrgyzstan (2022-2024)

Total export of Kyrgyzstan

Export volumes to China  Export growth rate to China

Year (thousand tonnes) Export growth rate (%) (thousand tonnes) (%)
2022 0.64 - 0

2023 0.41 -35.94% 0.01206

2024 0.412 0.49% 0.00165 -86.32%

Source: compiled by the authors based on General Administration of Customs of China (n.d.), China Chamber of Commerce
for Import and Export of Foodstuffs, Native Produce and Animal By-products (n.d.)

These results confirm the need to strengthen gov-
ernment support, investment in logistics, and conclude
long-term trade agreements to strengthen Kyrgyzstan’s
position in the Chinese market. In addition, Chile has
a well-developed sea transportation system that min-
imises product losses during transportation. The Cher-
ry Express programme reduces delivery time from 30
to 22 days, ensuring stable deliveries during peak de-
mand. The use of a cold chain allows maintaining prod-
uct quality and reducing the risk of spoilage. Kyrgyzstan
faces serious logistical difficulties. The limited number
of modern transport corridors, the lack of specialised
warehouses with cooling systems, and high transporta-
tion costs make cherry exports economically unprofita-
ble.Customs barriers related to China’s sanitary and phy-
tosanitary requirements substantially complicate the
stable entry of Kyrgyz products into the Chinese market.

Chile actively supports cherry producers through
subsidies, investment in infrastructure development,
and export promotion. These measures allow farmers
to introduce modern technologies, expand production
areas, and improve product quality. In Kyrgyzstan, the
situation is radically different. The lack of state support,
low level of investment attraction, and weak integra-
tion into world markets lead to a lack of dynamic de-
velopment of the industry. Solving these problems re-
quires a comprehensive approach, including expanding

investment in logistics, signing new trade agreements,
and introducing modern agricultural technologies (Buj-
doso & Hrotkd, 2017; Yunusov & Demirsoy, 2024). Chile
is the main supplier of cherries, which ensures its stable
growth in production and exports due to government
support, investment in logistics,and modern agricultur-
al technologies. Kyrgyzstan, although it has the poten-
tial to grow cherries, faces serious constraints, including
insufficient infrastructure development, weak govern-
ment support, and unstable export flows. It is necessary
to invest in the modernisation of production facilities,
improve logistics chains,and conclude new trade agree-
ments to increase the competitiveness of Kyrgyzstan,
which will increase export volumes and strength-
en the country’s position in the international market.

Global cherry production and sales: Trends and
market leaders. The global cherry market is growing
dynamically, covering a wide range of producing coun-
tries, including Turkey, the United States, Chile, Uzbek-
istan, Tajikistan, Canada, Kyrgyzstan, Australia, and Ar-
gentina. The main factors for the development of the
industry are favourable agroclimatic conditions, access
to international markets, modernisation of production
technologies and state support (Arisoy et al., 2023;
Cramer, 2023). Countries with developed logistics and
stable trade relations show more stable export indica-
tors (Table 5).

Table 5. Cherry production in different countries of the world (thousand tonnes, 2024)

Country Production (thousand tonnes) Main export markets
Turkey 800 EU, Middle East
USA 435 Canada, EU, China
Chile 641 China, USA, Europe
Uzbekistan 240 Commonwealth of Independent States, China
Tajikistan 35 Commonwealth of Independent States, China
Canada 60 USA, China
Kyrgyzstan 4.12 China, Kazakhstan
Australia 85 China, Southeast Asia, EU
Argentina 30 China, Brazil

Source: compiled by the authors based on H. Arisoy et al. (2023), C. Cramer (2023), G.A. Lang (2017)
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Turkey is the largest producer, providing more than
800 thousand tonnes annually, which is explained by
the favourable climate and developed agricultural
technologies. A substantial share of products is export-
ed to Europe and the Middle East, but dependence on
weather conditions and the need to modernise process-
ing facilities remain the main challenges. The United
States, one of the largest exporters, produces about
435 thousand tonnes per year, with the main share con-
sumed in the domestic market. American manufactur-
ers ensure stable deliveries to Europe and China, where
their products are in high demand due to strict quality
standards. Chile is the world’s leading exporter of cher-
ries, supplying 641 thousand tonnes annually, of which
more than 90% goes to China. A high level of mecha-
nisation, modern logistics systems, and effective state
support programmes ensure stable export growth. The
seasonal advantage allows Chile to occupy key posi-
tions in the Chinese market during the period of cher-
ry shortage in the Northern Hemisphere. Uzbekistan is
actively expanding production, focusing on the Com-
monwealth of Independent States and Chinese mar-
kets. With state support programmes, modernisation of
irrigation systems and the introduction of high-yielding
varieties, the country is strengthening its position in in-
ternational trade.

Other countries, such as Tajikistan, Canada, and Kyr-
gyzstan, have substantially lower production volumes.
Tajikistan produces 35 thousand tonnes of cherries per
year, but weak infrastructure and unstable exports limit
the development opportunities of the industry. Cana-
da focuses on exports to the United States and China,
but its production (60 thousand tonnes) is constrained
by harsh climatic conditions. Kyrgyzstan remains the
smallest producer among the analysed countries with
an indicator of 4.12 thousand tonnes per year, which
is due to weak investment, logistics restrictions, and
difficulties in entering international markets. Austral-
ia takes advantage of seasonality, which allows it to
export cherries to China during periods of low sup-
ply from the Northern Hemisphere. In addition to the
world’s leading producers, a number of countries are
increasing their export potential, adapting production
processes to global market needs (Kim et al., 2025).
Serbia is the main European producer of sour cherries,
a substantial part of which is exported to the EU. The
main problems are dependence on weather conditions
and yield fluctuations (Kljaji¢ et al., 2024). Moldova is
also focused on processing and exporting cherries to
the EU and Commonwealth of Independent States, but
the development of the industry is hindered by a lack
of investment and limited access to modern technolo-
gies (Ceban & Lucasenco, 2023).Iran is experiencing an
increase in production due to government programmes
to support horticulture and expand irrigation systems,
which contributes to an increase in exports to the
Persian Gulf and Europe, but competition from Turkey
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and the United States remains substantial (Kazempour
Kahriz et al., 2025).

[taly is a traditional cherry producer in Europe, fo-
cusing on the domestic market and exporting to EU
countries. Despite the stable level of production, Italian
farmers face competition from cheaper suppliers. The
strategy of exporters is aimed at expanding their pres-
ence in the EU countries through marketing campaigns
and focusing on premium product quality (Della Casa et
al., 2019). Argentina takes advantage of its seasonal
advantage by supplying cherries to the world market
during a period of product shortages in the Northern
Hemisphere. The main buyer of Argentine cherries is
China, which buys considerable volumes in winter (Jau-
reguiberry & Tappata, 2022). South Korea is a small pro-
ducer but a large-scale importer, focusing on supplies
from Chile and the United States. Consumers in Korea
have high requirements for the quality and environ-
mental standards of products, which forces exporters
to comply with strict labelling and quality control re-
quirements (Shin & Ji, 2021). Pakistan has considerable
potential for the development of the cherry sector, but
a lack of investment, weak infrastructure, and limited
logistics opportunities do not allow this potential to be
fully realised. Further development of the industry will
depend on improving transport corridors, attracting
investors, and adapting to international certification
standards (Spies, 2023).

The global cherry market continues to expand,
concentrating in countries with favourable agroclimat-
ic conditions and access to major markets. Turkey, the
United States, and Chile remain the largest producers
and exporters, while countries with less developed
logistics infrastructures, such as Kyrgyzstan and Paki-
stan, face difficulties in entering global markets. China
remains the main driver of demand, encouraging man-
ufacturers to adopt the latest technologies, improve
logistics, and meet strict quality standards.

Cherry demand in China and its impact on the inter-
national market. China is the world’s largest importer
of cherries, which determines global trends in the pro-
duction and trade of this product. The structure of con-
sumption in the Chinese market differs substantially
from other countries and is characterised by seasonality
of demand, the influence of consumer preferences, and
the specific features of customs regulation. The main
suppliers to the Chinese market are Chile, the United
States, Australia, and Uzbekistan, with Chile occupying
the dominant share of imports (Lei, 2018). The Chinese
cherry market shows clearly defined seasonal dynam-
ics, which affects pricing and import volumes. The main
period of increased demand occurs during the winter
months, especially during the Chinese New Year period,
when cherries are associated with well-being and pros-
perity. This creates a high demand for premium prod-
ucts supplied by Chile, taking advantage of the season-
al benefit (Ye, 2023).
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Research of consumer preferences in China shows
that the main criteria for choosing cherries are size,
colour, freshness, and sweetness. Large, dark red va-
rieties with a high sugar content are most popular,
which affects the pricing policy and competitive ad-
vantages of suppliers (Zhang et al., 2024). The grow-
ing demand for organic and environmentally certified
products remains an important factor. Consumers in
major cities such as Beijing, Shanghai, and Guangzhou
are willing to pay a higher price for premium cherries,
which encourages producers to adapt their products
to market requirements (Chen et al., 2023). Chile re-
mains the undisputed leader among cherry exporters
to China, providing more than 90% of the imports of
this product. Due to optimised logistics solutions, spe-
cifically, the Cherry Express programme, Chilean man-
ufacturers substantially reduce transportation time,
which allows them to maintain the quality and fresh-
ness of products when entering the Chinese market
(Lei, 2018). The United States ranks second in terms of
cherry shipments, but faces trade barriers and high du-
ties that limit the competitiveness of American prod-
ucts. Despite the high quality and safety standards,
additional costs of import customs clearance make
products less accessible to Chinese consumers, which
reduces their market share (Ye, 2023). Australia occu-
pies an important place among suppliers, focusing

mainly on the premium segment. The proximity to Chi-
na and short transport route provides competitive ad-
vantages in the speed of delivery, which helps main-
tain quality and increase the sales time of products.
Australian cherries are in demand among Chinese
consumers due to their high cultivation standards
and strict quality control (Li et al., 2022). Central Asian
countries, particularly Uzbekistan, are seeking to ex-
pand their presence in the Chinese market, but face
numerous logistical difficulties. The lack of efficient
infrastructure, the long duration of transportation, and
strict sanitary requirements limit the ability of these
countries to enter large-scale sales markets (Chen et
al., 2023). Argentina is gradually expanding its pres-
ence in the Chinese market, using a seasonal pref-
erence strategy similar to the Chilean export model.
Since Argentine production falls between December
and February, deliveries coincide with peak demand
in China, especially during the holiday period. Despite
this, the country’s export opportunities still remain
limited because of the high logistics costs, distance
from major commercial ports, and the need to adapt
products to Chinese sanitary standards (Jaureguiberry
& Tappata, 2022). However, the Argentinian govern-
ment is actively working to sign new trade agree-
ments and improve transport infrastructure, which can
contribute to the growth of exports to China (Table 6).

Table 6. Major cherry suppliers to the Chinese market (2024)

Country Share in China’s imports (%) Main advantages Main restrictions
Chile 90.2% Seasonal advantage, fast logistics High transportation costs
USA 5.3% High-quality products Trade barriers, high duties
Australia 2.5% Geographical proximity, premium quality Limited production volumes
Uzbekistan 1.2% Low production cost Logistical difficulties, strict standards
Argentina 0.8% Seasonal advantage, strategic export in  High logistics costs, the need to adapt to

winter

Chinese standards

Source: compiled by the authors based on W. Li et al. (2022)

China’s customs policy is one of the critical factors
regulating cherry imports. For some countries, in par-
ticular, the United States, customs rates remain high,
which reduces the competitiveness of products. For
example, in 2023, customs duties on American cherries
were 25%, which substantially limited their availabil-
ity to Chinese consumers. As of 2024, China’s customs
tariffs on imports of American Cherries remain high,
which continues to limit its competitiveness in the
Chinese market. For Chile, which has favourable trade
agreements with China, customs tariffs were reduced,
which provided for a substantial increase in exports.
This allows Chilean manufacturers to compete on price
and increase their market presence. In addition to du-
ties, China imposes strict sanitary and phytosanitary re-
quirements on imported products. Cherries must meet
safety standards, pass thorough phytosanitary con-
trol, and meet the requirements for residual pesticide
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levels. This creates additional barriers for countries
seeking to enter the Chinese market.

China remains the biggest driver of global cherry
demand, and this trend will continue in the coming
years. Further market growth will be driven by an in-
crease in the share of premium and organic products,
which corresponds to changing consumer preferences
and increased quality requirements. An important fac-
tor will be the optimisation of logistics supply chains,
which will help reduce delivery time and improve prod-
uct safety. Therewith, China will actively strengthen the
role of domestic production, expanding the area under
cherry orchards and introducing new agricultural tech-
nologies. Much attention will be paid to the develop-
ment of marketing strategies aimed at the younger
generation of consumers who demonstrate a high de-
mand for high-quality and branded products. Despite
substantial opportunities, the market remains highly




competitive, and countries seeking to expand exports
to China must adapt their strategies to meet demand
and regulatory requirements. In the future, it is possible
to further increase the share of Uzbekistan and other
Central Asian countries in Chinese imports, which may
change the distribution of the market and increase
competition among exporters.

Logistics and trade barriers to cherry exports: A
comparative analysis of Kyrgyzstan and Chile. Logis-
tics and trade barriers are crucial factors for successful
cherry exports, especially to strategic markets such as
China. They cover aspects of transportation, storage,
sanitary,and phytosanitary requirements, customs pro-
cedures, and marketing strategies. Chile has a well-es-
tablished logistics system and a well-developed
infrastructure to support exports, while Kyrgyzstan
faces substantial obstacles that limit its opportuni-
ties in the international market. Transportation is one
of the most important stages of the cherry supply
chain. Chile has a state-of-the-art maritime logistics
network, which enables efficient delivery of products
to China and reduces delivery time by sea. This min-
imises product losses and improves its quality at the
time of receipt to consumers. The use of cold chains
and a modified gas medium during transportation can
substantially extend the shelf life of cherries, which is
a crucial factor for long-distance export (Cabanas et
al.,2023).Kyrgyzstan, on the contrary, mainly uses mo-
tor transport due to its remoteness from seaports and
an insufficiently developed logistics infrastructure,
which substantially increases the delivery time up to
40 days. Transportation costs in Kyrgyzstan remain
substantially higher, reaching USD 900/tonne, which
is almost twice the logistics costs of Chile, where this
figure is USD 500/tonne. This substantially reduces
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the competitiveness of Kyrgyz exports on the interna-
tional market. The lack of specialised warehouses with
cooling systems leads to high product losses during
transportation.

Sanitary and phytosanitary barriers are another
challenge for cherry exporters. Chile has a well-devel-
oped quality control system that allows its products
to meet international standards. The country has mod-
ern methods of pre-harvest monitoring, strict control
of pesticide residues and pest control technologies,
which lower the risks of returning products from cus-
toms (VanWoerkom et al., 2022). Kyrgyzstan has seri-
ous problems with compliance with China’s phytosan-
itary requirements. The lack of modern laboratories,
long certification procedures, and cases of detection
of quarantine organisms in product batches caused
delays and even refusal to import Kyrgyz cherries to
China in 2023.1In 2024, the volume of exports to China
decreased by 86.32%, which indicates increased con-
trol and non-compliance with the requirements of the
importer (Table 4). Customs procedures and regulato-
ry barriers also play an important role in determining
the competitiveness of exporters. Chile has favoura-
ble terms of trade with China, including preferential
tariffs and simplified customs procedures. Due to the
signed free trade agreements, Chilean products quickly
pass customs clearance, which ensures the stability of
supplies. Instead, Kyrgyzstan faces high customs tar-
iffs and lengthy certification procedures, reducing its
competitiveness. In 2023, several shipments of Kyrgyz
cherries were returned due to non-compliance with
China’s phytosanitary standards, which led to a further
reduction in exports. Analysis of sanitary compliance
and customs clearance refusals shows substantial dif-
ferences between Chile and Kyrgyzstan (Fig. 1).

Customs clrearence refusals (%)

m Refusal (%)

J—%

Chile Kyrgzstan

Figure 1. Comparison of sanitary compliance and customs clearance failure rate (%) between Chile and Kyrgyzstan

Source: compiled by A.H. VanWoerkom et al. (2022)

The results confirm key issues limiting cherry ex-
ports from Kyrgyzstan. The high level of refusals in
customs clearance and the low level of compliance
with sanitary standards require the implementation of
measures to improve the quality control system, adapt
to international standards, and optimise logistics pro-
cedures. It is necessary to expand cooperation with
international certification organisations and introduce

modern technologies for packaging and storing prod-
ucts to increase the competitiveness of Kyrgyz cherries.
Marketing strategies are an important element of ex-
port support, and in this aspect, Chile is substantially
ahead of Kyrgyzstan. Chilean manufacturers active-
ly use advertising campaigns and partnerships with
major retail chains in China. The “Cherries from Chile”
campaign includes promotion through social networks
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WeChat and Douyin, online sales, and cooperation with
Chinese electronic platforms (Chiang et al., 2021). This
ensures high brand awareness and consumer confi-
dence. In turn, Kyrgyz exporters do not have well-estab-
lished marketing strategies and are practically absent
from the information space of China, which substantial-
ly complicates the promotion of their products.

An analysis of logistics and trade barriers to ex-
ports showed a substantial advantage of Chile in all
key aspects. Chilean producers have access to efficient
transport infrastructure, international marketing, and
simplified customs procedures, which allows them to
maintain stable export volumes. Instead, Kyrgyzstan
faces challenges such as inefficient logistics, a lack of
specialised laboratories for product certification, high
customs costs, and weak marketing policies. It is nec-
essary to invest in the development of logistics, adap-
tation of products to international standards and pro-
motion of Kyrgyz cherries in foreign markets through
marketing initiatives to improve the situation.

Strategies for the development of cherry exports
from Kyrgyzstan: Adaptation to the requirements of the
Chinese market. Expanding cherry exports from Kyr-
gyzstan to China is a promising direction for the de-
velopment of the country’s agricultural sector. However,
successful entry into the Chinese market requires adap-
tation to its regulatory, logistics, marketing, and trade
requirements. The analysis of world experience, in par-
ticular,the example of Chile,allows identifying effective
approachestoimproving the production and sales chain,
which will contribute to increasing the competitiveness
of Kyrgyz products (Nikoli¢ et al.,2021). One of the main
requirements of China for cherry imports is compliance
with sanitary and phytosanitary standards. Products
must meet international standards for the absence of
pests, pesticide residues, and phytopathogens. Sanitary
certification is a prerequisite for export,and the process
of obtaining it is often complicated due to the lack of
proper laboratory facilities for product quality control
in Kyrgyzstan (Uzenbaev et al., 2019). In addition, Chi-
na imposes strict packaging requirements: containers
must be sealed, transport-resistant, and contain appro-
priate markings indicating the country of origin, harvest
date, and storage conditions (Kantaroglu & Demir-
bas, 2020). Given that consumers in China prefer large,
juicy fruits with a high sugar content, selection research
and the introduction of modern storage technologies
can be key factors for successful export development.

Logistical challenges remain one of the most sub-
stantial barriers to Kyrgyz cherries entering the Chi-
nese market. Unlike Chile, which has an efficient sea
transportation system, Kyrgyzstan is forced to use
road and rail transport, which substantially increases
delivery time and logistics costs (lvanova et al., 2023).
Optimisation of logistics chains, in particular, the use
of refrigerated containers, will allow maintaining the
quality of products on the way to the consumer. One
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possible solution is to create direct trade routes, which
will reduce the costs and risks associated with transit
through third countries. Marketing strategies also play
an important role in export development. Kyrgyz cherry
currently has no established brand on the internation-
al market, which limits its attractiveness to consumers
(Song & Shi, 2020). Adapting marketing campaigns to
the preferences of Chinese consumers who prefer pre-
mium products increases demand. Effective methods
can be to promote products through Chinese online
platforms, such as JD.com and Alibaba, cooperation
with local distributors, and participation in internation-
al food exhibitions. In addition, cultural aspects should
be accounted for: in China, cherries are often associated
with luxury and festive events, which can become the
basis for developing marketing campaigns aimed at the
premium market segment.

Trade mechanisms play an important role in ensur-
ing sustainable exports. Conclude bilateral agreements
that simplify the import and export procedure would re-
duce customs barriers. The successful example of Chile
demonstrates that government support for exporters,
subsidising certification, and developing transport in-
frastructure substantially contribute to the expansion
of sales markets. Kyrgyzstan can adapt this experience
by expanding cooperation with Chinese regulators, im-
plementing state support programmes for producers,
and attracting international investment in the field of
agricultural studies. The experience of Chile, as well as
other major exporters, such as the United States and
Turkey, shows the need for an integrated a Ivanova ap-
proach to the development of the industry. The main
areas of reform may include improving cultivation
technologies, increasing the level of mechanisation of
farms, creating modern logistics hubs, and integrating
into international trade networks. Studies show that
high export efficiency is achieved through a combina-
tion of state regulation, investment promotion, and the
introduction of innovative horticultural management
methods (Canan & Torun, 2025).

Thus, the development of cherry exports from Kyr-
gyzstan to China is possible if the production and logis-
tics processes are comprehensively adapted to interna-
tional standards. Introduction of modern agricultural
technologies, optimisation of logistics, effective mar-
keting, and active state support are key factors for the
country to reach a competitive level. Based on the ex-
perience of Chile, Kyrgyzstan can implement a strategy
for the long-term development of the industry, which
will contribute to economic growth and strengthen the
country’s position in the international market.

DISCUSSION

The global cherry market continues to grow, and Chi-
na remains its major consumer, defining requirements
for exporters. Chile’s experience shows that successful
entry into the Chinese market depends on efficient




logistics, compliance with sanitary standards, and stra-
tegic marketing. Kyrgyzstan has natural prerequisites
for increasing exports, but faces a number of restric-
tions that require a systematic solution. The results
of the study showed a substantial gap in the scale of
cherry production and exports between Kyrgyzstan and
Chile. The dynamics analysis confirmed stable produc-
tion growth in Chile,where in 2024, the volume reached
641 thousand tonnes, which was consistent with the
conclusions of P.Bamber and K. Fernandez-Stark (2016),
who emphasised the effectiveness of government sup-
port, mechanised harvesting, and access to infrastruc-
ture. Thereby, Kyrgyzstan did not show similar growth,
maintaining low production indicators, which coincides
with the data obtained by A. Shaiyldaeva et al. (2024),
stressing the impact of a lack of investment, a small
area of plantings, and the absence of modernised culti-
vation technologies.

Logistical barriers remained a substantial prob-
lem for Kyrgyzstan. The transportation time to China
reached 40 days, which was substantially higher than
in Chile (22 days). This was consistent with the con-
clusions of V. Tudela et al. (2023), who underlined the
importance of developed infrastructure for the com-
petitiveness of fruit exports. The high failure rate in
customs clearance of Kyrgyz products (15%) confirmed
the need to improve quality control, which was in line
with the study by S. Yunusov and H. Demirsoy (2024),
where it was noted that Central Asian countries face
similar problems due to non-compliance with importer
standards. The findings of the study confirmed that the
competitiveness of cherry exporters was determined
not only by production volumes but also by the ability
to adapt to the requirements of international markets.
Turkey, as noted by H. Arisoy et al. (2023), took advan-
tage of its geographical location and developed agri-
cultural infrastructure to boost exports. A similar strat-
egy was used by the United States, which, according to
G. Lang (2017), focused on the premium market seg-
ment. Chile, due to efficient logistics, increased export
supplies, which was consistent with the results of this
study. Moldova and Serbia, according to A. Ceban and
E.Lucasenco (2023) and N.Kljaji¢ et al. (2024), gradual-
ly expanded exports using strategic partnerships with
the EU. In this context, Kyrgyzstan had the potential
to expand exports, but, unlike other countries, it re-
mained poorly integrated into international trade net-
works (Dooranov et al., 2024). It is necessary to mod-
ernise production, simplify logistics, and improve state
support to increase competitiveness. In Italy, as stat-
ed by R. Della Casa et al. (2019), improving marketing
strategies and logistics solutions contributed to the
expansion of sales markets. Argentina, as presented by
F.Jaureguiberry and M. Tappata (2022), used public-pri-
vate partnerships to support exports, which ensured
the stability of the sector. In South Korea, according
to S. Shin and S. Ji (2021), the demand for imported
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cherries was formed due to consumer preferenc-
es focused on quality and environmental standards,
which gave a competitive advantage to countries
with high cultivation technologies. As presented by
M. Spies (2023), Pakistan developed agricultural ex-
ports through infrastructure projects, while Kyrgyzstan
had similar difficulties, but did not implement system
solutions to overcome them.

An important factor in shaping global demand re-
mained the structure of China’s imports, which, as stat-
ed by L. Lei (2018), continued to show dynamic growth.
However, as the results of this study showed, Kyrgyzstan
was not represented among stable suppliers due to the
lack of trade agreements and limited compliance with
sanitary standards. Advantages of Chinese consumers in
the cherry segment, examined by Z.Ye (2023), confirmed
that the growing demand was focused on high-quality
products that had a clear market position. Chile used
these characteristics to strengthen its presence, while
Kyrgyzstan did not implement targeted marketing
strategies, which did not allow it to compete on equal
terms. This confirmed the need to develop specialised
adaptation programmes to the Chinese market to im-
prove export potential.

Methods of preserving the quality of cherries and
their impact on export competitiveness remain im-
portant aspects of international trade. As proven by
C.Cabanas et al. (2023),the use of a modified gas medi-
um in combination with an antagonistic yeast substan-
tially improved the shelf life of cherries, which ensured
successful long-distance export. This technology was
widely used in Chile, reducing product losses, while
in Kyrgyzstan, such methods were not implemented,
which created risks of spoilage during transportation.
Phytosanitary control and the use of pesticides were
also instrumental in shaping the export strategy, as
confirmed by A. VanWoerkom et al. (2022), analysing
the effect of residual chemicals after cherry process-
ing on export potential. Excessive use of insecticides
could restrict access to international markets due to
tougher regulatory requirements, which agrees with
the difficulties that Kyrgyzstan faced when passing
sanitary control in China. Therewith, the Chinese mar-
ket, according to A. Chiang et al. (2021) demonstrated
a high sensitivity of consumers to the quality and en-
vironmental friendliness of cherries, which contributed
to an increase in demand for products with proven cul-
tivation standards.

Research on the economic efficiency of cherry cul-
tivation conducted by S. Nikoli¢ et al. (2021) pointed
out that countries with a developed system of producer
support showed better results in production costs and
export profitability. This supplemented the conclusions
about Chile’s competitiveness, while Kyrgyzstan, due
to the lack of systematic support, faced high produc-
tion and logistics costs, hindering export opportunities.
The efficiency of cherry production largely depended
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on the management of crop losses and the introduc-
tion of modern agricultural technologies. A study by
M. Kantaroglu and N. Demirbas (2022) confirmed that
substantial product losses in Turkey were due to insuf-
ficient mechanisation and low investment in post-har-
vest processing, which limited the country’s export po-
tential. A similar situation was observed in Kyrgyzstan,
where transportation and storage losses remained high
due to the lack of efficient logistics solutions.

Analysis of the sensory characteristics of cherries
performed by I. lvanova et al. (2023) showed that com-
pliance with organoleptic parameters was a determin-
ing factor in the success of products on the European
market. This aspect could be critical for Kyrgyzstan in
expanding exports to China, as Chinese consumers pre-
fer high-quality products with optimal levels of hard-
ness, colour, and sweetness. Climatic factors also af-
fected production efficiency (Ivanova et al., 2021). High
yields in Chile were achieved through the introduction
of irrigation technologies and adaptation of varieties,
which is consistent with the findings of G. Bujdosé and
K. Hrotké (2017), which affirmed that technological
innovation is crucial for stable production. According
to Z. Song and X. Shi (2020), the climate substantially
affected yields in north-western China, which stimu-
lated the adaptation of new plant protection methods.
This experience can be used in Kyrgyzstan to minimise
the risks associated with unstable weather conditions.
The analysis of the results obtained confirmed that the
success of cherry exports was largely determined by
the level of adaptation to international quality stand-
ards, logistics capabilities, and state support for pro-
duction. Comparison with other countries showed that
Kyrgyzstan has a substantial potential for expanding
exports, but requires comprehensive improvement of
cultivation technologies, optimisation of logistics, and
increased integration into world trade networks.

CONCLUSIONS

The study identified substantial differences between
Chile and Kyrgyzstan in cherry production and exports
due to the level of mechanisation, logistics, and gov-
ernment support. Kyrgyzstan, despite its natural poten-
tial, has limited opportunities to enter the international
market, while Chile shows stable export growth due to
the integrated development of the industry. The dynam-
ics of cherry production indicated a substantial increase
in volumes in Chile from 397 thousand tonnes in 2022
to 641 thousand tonnes in 2024, which confirms the ef-
fectiveness of the implemented agricultural technolo-
gies. Kyrgyzstan, on the other hand, showed stagnation,
reducing production from 6.4 thousand tonnes in 2022
to 4.12 thousand tonnes in 2024. The main factors hin-
dering the development of the industry in Kyrgyzstan
are insufficient mechanisation, limited investment, and
weak integration into the international trading system.
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Export analysis confirmed Chile’s dominance in the
Chinese market. In 2024, China accounted for 92.36% of
all Chilean cherry exports, while Kyrgyzstan’s contribu-
tion remained minimal - only 0.4%. Chilean suppliers
increased their exports to China from 358 thousand
tonnes in 2022 to 592 thousand tonnes in 2024, while
Kyrgyzstan exported only 1.65 tonnes in 2024, which is
86.32% less than in 2023.The reasons for these dynam-
ics were non-compliance with sanitary standards, high
cost of logistics, and difficulties in customs clearance.
Logistics barriers substantially limit the competitive-
ness of Kyrgyz products. The time to transport cherries
to China from Kyrgyzstan was 40 days, which is almost
twice as long as from Chile (22 days). Logistics costs
in Kyrgyzstan also remained high at USD 900/tonne,
which is substantially higher than in Chile (USD 500/
tonne). Sanitary barriers proved to be another substan-
tial problem: the compliance of Kyrgyz products with
China’s phytosanitary requirements in 2024 was only
60%, which led to 15% of refusals in customs clearance,
while in Chile, this figure was at the level of 1%.

The Chilean experience showed that government
support, investment in technology, and effective mar-
keting strategies are key factors for successful exports.
Chile actively uses advertising campaigns and cooper-
ates with Chinese retail chains, which contributes to in-
creasing demand for its products. However, Kyrgyzstan
does not have a developed marketing strategy, which
limits its ability to expand the market. It is necessary
to introduce technological modernisation, improve
the logistics system, and expand international trade
agreements to strengthen Kyrgyzstan’s position in the
international market. Optimisation of transportation,
development of product branding strategies, and adap-
tation to Chinese requirements can increase the com-
petitiveness of Kyrgyz cherries. Further research should
focus on mechanisms for integrating Kyrgyz producers
into global supply chains and developing effective fi-
nancial instruments to support farmers. Limitations of
the study were incomplete access to detailed Chinese
customs reports and limited official data on logistics
costs in Kyrgyzstan, which could affect the accuracy of
the export potential assessment. Improving the com-
petitiveness of Kyrgyz Cherries requires improving
logistics, creating refrigerated warehouses, adapting
to China’s sanitary requirements, and expanding trade
agreements. Simplification of customs procedures and
development of marketing strategies will contribute to
stable exports. Further studies may assess the impact
of government support and market diversification.
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MopiBHANBbHUIA aHanNi3 ranysi YepellHi B KupruscraHi ta Ymni
Ta cTparTerii pPO3BUTKY PUHKY B KuTai
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AHoTauia. MeTa [OCNigKeHHS - MpOBEeCTM MOPIBHANbHMI aHani3a BMPOOHMLTBA Ta eKCMOpTy YepelHi B
KuprusctaHi 1a Yuni, ouiHUTK X KOHKYPEHTOCMPOMOXHICTb Ha CBITOBOMY PUHKY, @ TaKOX BU3HAYUTU KIHOYOBI
6ap'epu Ta MOXIMBOCTI ANs po3wmnpeHHs ekcnopTy Ao Kutat. AHani3 6a3yBaBcs Ha CTaTUCTUYHMX AAHMX LLOAO
BMPOOHMLTBA Ta €KCMOPTY YepeLlHi, OLiHLI OTiCTUYHMX BUTPAT, MUTHUX NpoLedyp Ta AEPXKaBHOI NiATPUMKM, a
TaKOX pO3paxyHKY YaCTKM eKCNOopTy Ta TEMMIB 3pOCTAHHS NOCTABOK HA KUTAaMCbKWMA PUHOK. Pe3ynbTaTi nokasanu
CYTTEBI BigMiHHOCTI M KuprusctaHoM Ta Yuni y po3BuTKy ranysi yepewHi. Y 2024 poui BUpOOHULTBO YepeLlHi B
Yuni pocarno 641 tuc. ToH, Toai Sk B KMpruscTaHi Lei nokasHWK CTaHOBUTb e 4,12 TUC. TOH, WO Bifobpaxae
CYTTEBY Pi3HMLI0 B MacwTabax BUMPOOHWMLTBA Ta PiBHi TEXHOMOrYHOrO po3BUTKY. Ymni 3abesneunna 92,36 %
KMTaNCbKOro iMNopTy YepeLlHi, BUKOPUCTOBYOUN edDEKTUBHI TOProBesibHi MeXaHi3MK, ONTUMI30BaHY NOTICTMKY Ta
[lepXKaBHi CTUMYNK, TOAI 9K eKcnopT 3 KMprusctaHy 3anuILaeTbca HeCTabinbHUM i 0OMexeHUM. Bucoki norictuyHi
BuTpati B Kupruscradi (900 gonapie CLUA 3a ToHHY) nopiBHaHO 3 Yuni (500 ponapis CLUA 3a TOHHY) 3HWXYOTb
KOHKYPEHTOCMPOMOXHICTb NpoAyKLUii. BiaCyTHICTb Cy4aCHUX TPAHCMOPTHUX KOPUAOPIB, CKNAACLKUX MPUMILLEHb
Ta HaNeXHOro XON0AMIbHOro 06naAHAHHA CYTTEBO YCKNAAHIE CTabinbHWMi ekcnopT fo Kwtato, Wwo npu3BOAuTb
[0 BUCOKMX BTpAT NPOAYKLUii Nif 4ac TPaHCMOPTYBaHHA. AHani3 TakoX MNOKa3ag, LLO XOPCTKi CaHITapHi BUMOrHK,
ceptudikauia Ta GiTocaHiTapHUIi KOHTPO/b CTBOPHOIOTL L0AATKOBI Oap'epu Ons BUXOLY KMPru3bKOi NPOAYKLii
Ha MiXHapOAHWIA PWMHOK, LLO BMMAra€ CTPaTeriyHMX 3MiH Yy AEepXaBHiM NONITMLI Ta 3anyvyeHHs iHBECTULIN Y
MofepHi3zauito ranysi. [locnigxeHHs NpoaeMOHCTPYBano, WO KOHKYPEHTOCMPOMOXHICTb €KCMopTepiB YepeluHi
BM3HAYAETLCS PiBHEM NOTICTUYHOI iIHPPACTPYKTYpH, eDeKTUBHICTIO TOProBe/ibHUX MeXaHi3MiB Ta BiAMOBIAHICTHO
Mi>KHapOLHMM BMMOTaM, WO CBiAYMTb NPO HEOOXiAHICTb ONTUMI3aLii OriCTUKM, CTBOPEHHS XONOAMIIbHUX CKNALiB
Ta CNPOLLEHHS MUTHOIO 0OpMIEHHS AN 36inblWweHHs ekcnopTy 3 Knupruscrany

KntouoBi cnoBa: KOHKYPEHTOCMPOMOXHICTb; IOTICTUKA; CaHITapHi BUMOTW; TOpProBenibHi 6ap’epu; MUTHe 0OPMEHHS;
KOHTPOJIb IKOCTI
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Article’s History: Abstract. This study aimed to evaluate the impact of productive factors — Capital,
Received: 14.11.2024 Labour, Knowledge, Technology, Management, and Land - on agricultural productivity
Revised:  05.03.2025 in the district of Cuispes. A sample of 50 producers was analysed using a quantitative

Accepted: 26.03.2025 approach and PLS-SEM models, and further assessed across four productive groups
through R statistical software, using ordinary least squares (OLS) and analytic
hierarchy process (AHP) models. The results indicate that land fertility plays a fundamental role in the production
process. PLS analysis reveals that Management, Technology, and Knowledge exhibit moderate and low positive
correlations of 0.680, 0.632, and 0.341, respectively, whereas Capital and Labour show negative correlations of
0.252 and 0.400 with productivity. Group B excels in Land, Capital, and Technology (AHP: 0.44), demonstrating
significant productive potential. OLS results confirm that the combination of Technology and Land is critical
to agricultural success. Group D performs well in Knowledge and Technology (AHP: 0.25), and OLS identifies
it as the second most significant group in terms of Technology use. Groups A and C score lower (AHP: 0.10 and
0.25), with a negative impact according to OLS; these groups require improvements in production methods and
management practices to become more competitive in the market. It is concluded that Group B is the most
productive sector, followed by Group D, both representing the most profitable activities in the district. Certain
production factors should therefore be developed further, and public or private institutions should strengthen
agricultural productivity through targeted public policies

Keywords: PLS analysis; analytic hierarchy process; ordinary least squares; capital; management; technology

INTRODUCTION

Agricultural productivity is a fundamental driver of eco-
nomic development and food security on a global scale.
Its enhancement not only ensures a stable food supply
but also promotes social welfare, generates employ-
ment, and supports equitable income distribution with-
in rural communities. A comprehensive understanding
of the factors influencing agricultural productivity is es-
sential for improving production efficiency, advancing
long-term sustainability,and guaranteeing fair access to
vital resources. This need becomes particularly urgent
in light of the escalating global food demand driven
by population growth, coupled with pressing environ-
mental challenges such as soil degradation and climate
change. As such, research into the determinants of ag-
ricultural productivity remains both timely and critical.

Agriculture, as a resource-intensive sector, depends
heavily on the strategic management of production
inputs - Capital, Labour, Management, Knowledge,
and Technology - to sustain productivity. According to
Z. Zhou et al. (2024), effective coordination of these
resources is pivotal for sustained production growth.
Notably, J. Chavas and C. Nauges (2020) highlight the
transformative role of technological advancement in
enhancing agricultural efficiency, particularly in in-
creasing crop yields. Their research further underscores
that capital investment, especially in the form of access
to financial services, enables farmers to adopt modern
machinery and advanced farming techniques. Despite
these advancements, many farmers continue to face
structural barriers that constrain productivity growth.
K. Chacon and D. Gutman (2022) identify limited access
to modern agricultural technologies as a significant
limiting factor. Similarly, the intensifying effects of cli-
mate change, documented by W. Shah et al. (2024), pose
increasing risks to consistent agricultural output.

As noted by A. Weyori et al. (2018), the broader eco-
nomic contribution of agriculture is contingent upon the
efficient utilisation of production factors, where these
are deficient, consequences include reduced output,
technical inefficiencies, and hindered economic pro-
gress. W. Shah et al. (2023) support this view, suggest-
ing that without ongoing improvements in key inputs,
agriculture becomes vulnerable to stagnation. Land, in
particular, remains a critical yet problematic resource.
Farmers recognise soil fertility as a major determinant
of productivity. However, as L. Nkurunziza et al. (2020)
argue, challenges such as restricted access to arable
land, inadequate education, and weak technological
integration persist, undermining both productivity and
sustainability in rural areas. In recent years, the competi-
tiveness of the agricultural sector has increasingly been
evaluated through the lens of local production capacity
and the strategic deployment of endogenous resources.
As M. Kobylinska (2021) observes, an emerging trend
among farmers is the adoption of organic practices in-
tended to improve yields while preserving ecological
integrity. Profitability in this context, as shown by F.Ten-
chini and C. de Freitas (2024), depends on the optimal
use of production factors to enhance logistics, infra-
structure, and the management of agricultural knowl-
edge, thereby facilitating market access for high-qual-
ity outputs. This transition is supported by H. Xiong et
al. (2023), who emphasise that agroecological practices,
which blend traditional knowledge with scientific ad-
vancements, offer a viable pathway for optimising pro-
ductivity while maintaining environmental stewardship.

Overall, the literature strongly indicates that ag-
ricultural productivity is shaped by a dynamic inter-
play of multiple production factors. By analysing these
determinants, both public policymakers and private
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sector stakeholders can devise more effective strate-
gies to foster efficiency, resilience, and sustainability
in agriculture. Therefore, the present study focused on
identifying the specific drivers of agricultural produc-
tivity in the district of Cuispes, with particular attention
to land management, the application of agricultural
knowledge, technology adoption, efficient use of capi-
tal, farm management practices, and the role of human
labour. The insights derived from this investigation are
intended to support the development of informed pro-
duction strategies tailored to the needs of rural agricul-
tural systems.

MATERIALS AND METHODS

Study area. The area of investigation was the district of
Cuispes, one of the twelve districts that comprise the
Province of Bongara, in the Department of Amazonas,
northern Peru. It is bordered by the districts of Florida
to the north, Jumbilla to the east, San Carlos and Jazan
to the south, and Shipasbamba to the west. The district
of Cuispes spans approximately 110.72 square kilo-
metres and features varied terrain, including elevated
areas, plains, and altitudes ranging from 1,000 metres
above sea level to more than 1,690 metres in its high-
est regions. The population density is approximately 7.8
inhabitants per square kilometre, and the total popu-
lation is estimated to exceed 700 residents. The study
population consisted of 50 farmers, divided into four
productive groups: Group A: crops such as arracacha,
yucca, potato, and vituca; Group B: coffee; Group C:
gherkin, beans, maize, pineapple; Group D: banana and
avocado. The following hypotheses were proposed.

H1:Adequate land management influences produc-
tivity in the agricultural sector.

H2: Enhanced application of agricultural knowl-
edge increases productivity in the agricultural sector.

H3: The adoption of technology influences produc-
tivity in the agricultural sector.

H4: Efficient use of capital influences productivity
in the agricultural sector.

H5: Effective farm management influences produc-
tivity in the agricultural sector.

H6: The human labour factor influences productivi-
ty in the agricultural sector.

Labour

Management

Capital
Productivity Technol
echnology

Knowledge

Land

Figure 1. Research design
Source: authors’ compilation
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Data collection. For data collection, a random sam-
pling method was implemented, targeting the most
relevant hamlets in terms of production. The necessary
permissions were obtained before the commencement
of data collection, with the purpose of the research
clearly explained and confidentiality and data security
guaranteed.Verbal consent was obtained from the main
authorities of the Cuispes district,and farmers engaged
in diverse agricultural activities were randomly selected
to complete a paper-based questionnaire. Prior to this,
concepts related to the productive factors influencing
agricultural yields were explained, thereby ensuring the
validity of the questionnaire and the reliability of the
data collected. The questionnaire comprised two sec-
tions: the first gathered sociodemographic information,
while the second focused on productive factors and the
productivity of agricultural activities. The latter was as-
sessed using a five-point Likert scale, ranging from 1
(strongly disagree) to 5 (strongly agree), as proposed by
authors such as Y. VegaSampayo et al. (2022). The study
adhered to the principles outlined in the American So-
ciological Association’s Code of Ethics (1997).

A basic mixed-methods approach was adopted to
examine the relationship between productivity factors
and farm improvement. This approach was structured
to identify, define, and analyse the key factors influ-
encing agricultural productivity. Data collection was
conducted via a questionnaire survey administered in
March 2024 to a sample of farmers from the district of
Cuispes. The analysis employed the PLS-SEM method,
hierarchical process analysis (AHP), and the ordinary
least squares model to quantitatively examine the im-
pact of productive factors on agricultural outputs.

Data analysis. PLS-SEM was employed to evaluate
the productive factors influencing agricultural activi-
ty and their impact on productivity enhancement. The
data were analysed across four productive groups us-
ing R statistical software, incorporating OLS and AHP
models to identify the most influential factors in each
group and to determine the most significant agricultur-
al activity in the district of Cuispes. The research relied
on data obtained through the survey application, and
the reliability of the dataset was validated with a Cron-
bach’s alpha coefficient exceeding 0.78 (HerreraGuer-
ra et al., 2023). Data were processed using Smart PLS,
R, and Excel software to facilitate a clearer and more
detailed analysis.

RESULTS AND DISCUSSION

In the analysis of agricultural productivity in Cuispes, it
was identified that land management and land quality
are key factors that contribute to improved productive
performance, while Technology and Knowledge exert
a comparatively lower influence. The PLS-SEM mod-
el confirmed the relevance of Management and Tech-
nology for productivity but found no significant effect
from Labour or Land. AHP and OLS analyses identified




coffee as the crop with the greatest productive poten-
tial, followed by plantain, thereby suggesting that im-
provements in Technology and Management are neces-
sary to optimise production.

To estimate potential bias in the structural equa-
tion model (PLS-SEM), in this study authors applied
tests of internal consistency and construct reliability,
such as Cronbach’s alpha, composite reliability, and
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average variance extracted (AVE). These tests are wide-
ly accepted in the quantitative research literature. The
values initially obtained did not fully support the valid-
ity of the SEM model, indicating that certain variables
may have been omitted that are necessary to establish
the model’s viability. The results are presented in Ta-
ble 1, where Cronbach’s alpha, composite reliability and
AVE are reported for each construct within the model.

Table 1. Reliability and construct validity

CA (rho_a) (rho_c) AVE

Capital 0.700 0.724 0.766 0.624
Labour 0.739 0.777 0.851 0.658
Knowledge 0.71 0.757 0.818 0.692
Land 0.866 0.949 0.912 0.775
Management 0.876 0.893 0.905 0.616
Production 0.879 0.885 0.912 0.674
Technology 0.853 0.853 0.895 0.632

Note: CA - Cronbach’s Alpha; (rho_a) - composite reliability; (rho ¢) - composite reliability; AVE - average variance

extracted
Source: compiled by the authors

Table 1 shows the internal reliability measures for
assessing the coherence of the indicators that consti-
tute each latent variable. These are considered accept-
able Cronbach’s alpha, composite reliability rho_a val-
ues exceeding 0.7. The degree to which indicators of
a latent variable share a high proportion of variance
is considered satisfactory when the AVE exceeds 0.5.
These criteria allow the researcher to determine wheth-
er the selected constructs are well-defined and wheth-
er the indicators are appropriate. The results from the

external model indicate that the constructs — Capital,
Knowledge, Land, Management, Production, and Tech-
nology — meet the criteria of the measurement model
criteria. Thus, the selected latent variables and their as-
sociated indicators are deemed reliable and valid for
use in a PLS-SEM analysis. Table 2 presents the discri-
minant validity of the constructs in the measurement
model, assessed using the Heterotrait-Monotrait Ratio
(HTMT).Values below the critical threshold of 0.85 indi-
cate satisfactory discriminant validity (Hair et al,, 2019).

Table 2. Heterotrait-Monotrait Ratio analysis

Capital Labour Knowledge Management Production
Capital
Labour 0.637
Knowledge 0.248 0.382
Management 0.415 0.344 0.598
Production 0.643 0.295 0.480 0.755
Technology 0.279 0.626 0.804 0.632 0.720

Note: this table presents the HTMT values between different constructs in the measurement model, used to assess

discriminant validity in PLS-SEM
Source: compiled by the authors

The construct Capital and Knowledge presents an
HTMT value of 0.248, reflecting a significant conceptu-
al distinction between the two. Similarly, Labour and
Knowledge yield have an HTMT of 0.382, which also
indicates adequate discriminant validity. In addition,
Capital and Management show an HTMT of 0.415, while
Production and Management report a value of 0.480 -
both well below the critical threshold - underlining
a clear differentiation between these pairs of con-
structs. However, the HTMT between Knowledge and

Technology is 0.804, suggesting a possible conceptual
overlap. Although this value remains below the com-
monly accepted limit of 0.85, it indicates a potential
interrelation or shared dimensions in either conceptu-
alisation or measurement.

The productive factors and their relationship with
productivity were evaluated using the PLSSEM algo-
rithm. Some external loadings of the indicators were
found to be non-significant for certain constructs
and were therefore removed to enhance the model’s
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validity. Figure 2 illustrates the relationships between
the latent variables and their observable indicators
within the measurement model. The high values of the
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Evaluation of the structural model using PLS-SEM,
based on the data presented in Figure 2, showed that
after the removal of some indicators to improve mod-
el feasibility, the latent constructs Management and
Technology exhibited a statistically significant influ-
ence on productivity. The retained indicators for Man-
agement (loadings: 0.79,0.69,0.80,0.77,0.84, 0.80) and
Technology (loadings: 0.74, 0.82, 0.81, 0.86, 0.71) all
demonstrated external loadings exceeding 0.7, indicat-
ing a strong relationship with productivity outcomes.
By contrast, the constructs Labour and Land, although

supported by indicators with high external loadings
(Labour: 0.71,0.89, 0.81; Land: 0.80, 0.84, 0.90), did not
show a statistically significant influence on productivity
in this study (Table 3). These findings suggest that while
Capital, Management and Technology are key determi-
nants of productivity improvements, Labour, Knowledge
and Land may not exert such a strong direct impact.
The results underscore the importance of prioritising
effective management practices and the adoption of
advanced technologies in strategies aimed at enhanc-
ing agricultural productivity.

Table 3. Results of hypothesis testing

Hypothesis t-value p-value Decision
Production — Capital 3.696 0.000 Accept
Production — Labour 1.564 0.118 Reject

Production — Knowledge 1.829 0.068 Reject

Production — Land 1.695 0.090 Reject
Production - Management 7.841 0.000 Accept
Production — Technology 4.954 0.000 Accept

Source: compiled by the authors
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Table 3 presents an analysis of the structural rela-
tionships between the constructs in the PLSSEM model,
showing both significant and non-significant results for
several hypotheses. Hypotheses indicating positive re-
lationships between Production and Capital (t=3.696,
p =0.000), Management (t=7.841, p=0.000), and Tech-
nology (t=4.954, p=0.000) were accepted, suggesting
that production has a statistically significant and posi-
tive influence on these constructs. In contrast, hypoth-
eses linking Production to Labour (t=1.564, p=0.118),
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Knowledge (t=1.829, p=0.068), and Land (t =1.695,
p =0.090) were rejected due to a lack of statistical sig-
nificance, as their p-values exceed the 0.05 threshold
(Table 4). These findings demonstrate that, although
production exerts a strong influence on Capital, Man-
agement and Technology, it does not have a statistically
significant effect on Labour, Knowledge, or Land. This
underscores the importance of recognising the varia-
bility in the influence of production factors when ana-
lysing productivity.

Table 4. Analytic hierarchy process and ordinary least squares analysis

Analytic hierarchy process

Stie Stra Scapi Stec Scono Sges Prioritisation

A 0.25 0.27 0.14 0.07 0.19 0.3 0.21
B 0.55 0.37 0.57 0.57 0.2 0.41 0.44
C 0.08 0.13 0.06 0.12 0.07 0.14 0.1

D 0.13 0.23 0.23 0.25 0.54 0.15 0.25

Weighting 0.18 0.17 0.16 0.15 0.15 0.19
oLS Ordinary least squares Intercept

A -4.41 -4.41 11.17 -5.69 0 0 -3.1
B 0.28 -0.28 -4.04 2.49 -3.53 -0.4 13.61
C 0.16 0.16 -0.33 0.04 -0.52 1.21 -4.22
D -0.17 -0.17 -0.86 0.51 0.44 -0.14 8.33

Source: compiled by the authors

Table 4 presents the analytic hierarchy process ap-
plied to agricultural production in the district of Cuispes.
Group B, corresponding to coffee cultivation, received
the highest score of 0.44. This alternative excelled in
key productive factors such as Land, Capital, and Tech-
nology, suggesting that coffee cultivation is not only
viable but also has considerable potential for optimi-
sation. These findings imply that increased investment
in Technology and land management could lead to sub-
stantial productivity gains. In second place, Group D,
which refers to banana production, achieved a score
of 0.25. This alternative performed particularly well in
the areas of Knowledge and Technology, highlighting
the importance of training programmes and technology
transfer in improving efficiency and outputs for these
crops. However, its relatively modest performance over-
all signals the need to enhance management and mar-
keting strategies to maximise production outcomes. By
contrast, Groups C and A, corresponding to cucumber
and plantain, recorded lower scores of 0.10 and 0.25, re-
spectively. Although these crops contribute to the local
economy, the findings suggest that their management
strategies require reassessment. Identifying areas for
improvement and adopting more sustainable and effi-
cientagricultural practices will be essential for enabling
these crops to compete more effectively in the market.

From the OLS approach, it can be observed that
Group B not only ranks highest in the hierarchical anal-
ysis but also explains agricultural activity in the district
more effectively. In this model, the interaction between
Technology and Land emerges as a critical determinant

factor for the success of agricultural production success.
This correlation suggests that enhancing access to ad-
vanced technologies and implementing efficient land
management practices could serve as effective strat-
egies to increase agricultural output. Group D, which
represents banana production, is identified as the
second most significant agricultural activity and also
demonstrates strong performance in the use of tech-
nology. In contrast, Groups A and C exhibit a negative
influence on agricultural activities, implying that their
current methods may be inefficient and require com-
prehensive revision. The analysis of combining the AHP
and OLS models indicates that both approaches offer
complementary insights into agricultural productivity
in Cuispes. The integration of qualitative and quanti-
tative analyses provides a more comprehensive under-
standing, underscoring the necessity of implementing
strategies to enhance resource management, foster
technological innovation, and prioritise capacity-build-
ing for farmers to optimise agricultural production in
the region. Both models underscore the importance of
effective resource management, highlighting Group B
as the leading alternative for productivity gains, fol-
lowed by Group D. This finding implies that while AHP
prioritises strategic alternatives, OLS provides contex-
tual explanations for the suboptimal utilisation of cer-
tain production factors. Therefore, the combination of
both models offers a holistic framework for improving
agricultural productivity by addressing both the priori-
tisation of interventions and the optimisation of specif-
ic factors in agricultural activities.
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Productive factors such as Land, Labour, Capital,
Technology, and Knowledge are fundamental to the
development of agricultural activity, as they influence
both the efficiency and sustainability of farming sys-
tems (Pérez-Fernandez et al, 2018). In this context,
the organisation of farmers is essential for enhancing
responsiveness, transparency, and efficiency, thereby
optimising agricultural productivity (Ataei et al, 2024).
Furthermore, the diversification of agricultural systems
and the integration of value-added activities make it
can improve productivity through more efficient use
of available resources (Caceres & Gras, 2020). The re-
sults obtained confirm the importance of Capital, Man-
agement, and Technology in enhancing agricultural
productivity in the Cuispes district. This finding is con-
sistent with the results of X. Zhang et al. (2023), who
highlighted that the adoption of modern technologies
and effective resource management optimises land and
water use efficiency. Similarly, M. Dimitrijevi¢ (2023)
demonstrated that investment in agricultural infra-
structure and access to credit are key determinants of
increased productivity.

However, in contrast to the findings of S. Liu et
al. (2023), in the present study, factors such as Land
and Knowledge did not show a significant influence
(p > 0.05). This may be explained by barriers to ac-
cessing and efficiently utilising these resources, sug-
gesting that the mere availability of Land or Knowl-
edge is not sufficient to improve productivity unless
complemented by appropriate training and technical
support. In specific crops, the results indicate that for
arracacha, cassava, and potato, Capital and Labour
are the most influential factors, which aligns with the
findings of A. Diaz Diaz and J. Toscano (2022), empha-
sised that investment in equipment and the efficient
use of the Labour force are essential for agricultur-
al profitability. However, in the case of coffee, it was
found that Capital has a negative impact, suggesting
inefficiencies in its management, contrasting with the
results of M. Di Leginio et al. (2024), who reported a
positive effect of Capital in highvalueadded crops. In
crops such as maize, beans, and cucumber, Technology
and Labour were identified as the determining factors,
in line with M. Tomas-Simin snd D. Jankovi¢ (2014),
who found that the adoption of technology improves
productivity on small farms. However, Capital and
Knowledge had negative effects, which may be attrib-
uted to deficiencies in their application or ineffective
Management. On the other hand, in crops such as ba-
nana and avocado, Management and Land emerged
as key factors, consistent with J. Salinas Vasquez et
al. (2023), who highlighted the importance of effec-
tive planning and access to quality land for agricultur-
al success. The adoption of modern technologies and
efficient management practices are presented as a
fundamental strategy for increasing agricultural pro-
ductivity in similar contexts. Additionally, data-driven
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decision-making, farmer-to-farmer cooperation, and
social innovation can transform production processes
and contributetosustainableagriculturaldevelopment.

CONCLUSIONS

This research provides significant theoretical contri-
butions through the validation of the PLSSEM model,
highlighting the key productive factors that influence
agricultural productivity. The results show that Capi-
tal, Management, and Technology are determinants of
farmers’ productive performance, aligning with previ-
ous studies and supporting the use of linear regression
for different groups of agricultural activities. Specifi-
cally, Capital and Labour are critical in Group A; Knowl-
edge, Labour, and Technology in Group B; Labour and
Technology in Group C; and Land, Management, and
Technology in Group D. These findings underscore that
the most relevant productive factors vary by farming
activity, suggesting the need for further research to
identify the most profitable factors in each case. In
terms of practical implications, this study highlights
the importance of policies that promote equitable
access to resources such as Capital and Technology,
alongside training strategies in agricultural manage-
ment. Such policies would enhance the efficiency,
competitiveness, and sustainability of the agricultural
sector, particularly benefiting farmers in the Cuispes
district. However, factors such as Land, Knowledge, and
Labour did not show a significant impact on produc-
tion, which invites a reconsideration of financial sup-
port and the development of strategies tailored to the
specific needs of each activity.

In terms of limitations, the study is constrained by
the limited availability of prior research on productive
factors and their impact on agricultural production,
hindering a comprehensive comparison. Moving for-
ward, it is recommended that future research broaden
its focus to achieve a deeper understanding of these
factors, particularly concerning farmers’ awareness of
their significance. This would support more technolog-
ically advanced and sustainable agricultural develop-
ment, enhancing both yields and the socioeconomic
conditions of rural communities.
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in the protein and gluten content of wheat grain and an increase in the oil level of rapeseed. An analysis of the
economic efficiency of irrigation showed that the payback period depended on the type of system: drip irrigation
provided the highest yield increase with minimal water consumption, while sprinklers required higher operating
costs. Irrigation was substantial in increasing crop productivity in the arid regions of Ukraine. Adaptive irrigation
technologies, including automated water management systems, proved to be the most effective. The introduction
of modern irrigation methods will help optimise the water balance of soils, reduce the negative impact of drought
and increase the economic profitability of agricultural production

Keywords: agriculture; primary sector of economy; water balance; yield; sunflower; winter wheat; winter rape;

economic profitability; adaptive technologies

INTRODUCTION

The research relevance is determined by the need to
improve irrigation systems in Ukraine against the back-
drop of global climate change rising average annual
temperatures and increasing frequency of droughts,
which significantly limit crop productivity, especially in
the southern regions. Water shortages and soil degra-
dation due to excessive water consumption require the
development of adaptive water management methods
that would optimise the water balance of soils, reduce
moisture losses and improve product quality. In addi-
tion, the destruction of hydraulic structures, such as the
Kakhovka hydroelectric power plant, exacerbates the
problem of water supply and requires the restoration
and modernisation of irrigation infrastructure for sus-
tainable agricultural production. The issue of efficient
use of irrigation systems was widely covered in the sci-
entific literature, in particular in the context of adapting
agricultural production to climate change, optimisation
of water balance and increase in the economic profita-
bility of crops.S.Tegipko and I.Dimov (2024) studied the
introduction of modern irrigation system management
technologies and their impact on agricultural produc-
tivity. The researchers determined that the use of au-
tomated irrigation systems contributed to increased
water use efficiency and reduced water losses, which
had a positive impact on yields and product quality. The
problem of distribution of irrigated land in Ukraine was
analysed by N.A. Prokopenko (2023). The researcher de-
termined that most of these areas are concentrated in
regions with critical moisture levels, which required the
expansion of irrigated areas to ensure stable agricul-
tural production.

At the same time, the environmental impact of
irrigation was studied by S.|. Demianenko (2022). The
author noted that excessive irrigation can lead to soil
salinisation and loss of soil fertility. To reduce this neg-
ative impact, it was proposed to introduce adaptive
irrigation methods that would take into account the
balance of water consumption and soil quality. The
problem of restoring land use systems after the de-
struction of hydraulic structures was a key issue in the
research of VV. Yuzva (2024). The author highlighted
that military operations have significantly complicated
the provision of agriculture with the necessary water
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resources, which necessitated the development of a
strategy for modernising irrigation infrastructure.
International scientific literature has also exten-
sively studied approaches to efficient water use in irri-
gated agriculture. S. Attard et al. (2024) determined that
the use of water-saving technologies in regions with de-
veloped irrigation infrastructure increased yields with-
out increasing water consumption.Y. Heiba et al. (2024)
demonstrated that the use of drip irrigation in combi-
nation with precise soil moisture monitoring technolo-
gies could significantly reduce water consumption and
increase crop productivity at the same time. Climate
change and its impact on the functioning of irrigation
systems were analysed by H.Zhou et al. (2024). The au-
thors proved that even with increased investment in
agriculture, the instability of the water balance could
decrease agricultural productivity. The effectiveness of
different irrigation methods in arid regions was studied
by E.T. Ebstu and M. Muluneh (2025). The study proved
that drip irrigation in combination with optimised fer-
tilisation schemes ensured maximum productivity with
minimal water use. A. Cholik et al. (2025) conducted a
study on water use in the irrigation system of the Seu-
seupan region. The researchers determined that effec-
tive water management could significantly reduce water
consumption and increase crop yields, which is impor-
tant for maintaining sustainable agricultural production.
The issue of international cooperation in the devel-
opment of irrigation systems was addressed by O.M.Mo-
hish and O.B. Myhailyuk (2024). The authors noted that
the integration of advanced water conservation tech-
nologies from international experience could increase
the efficiency of the Ukrainian agricultural sector and
improve its competitiveness. M.S. Kavunichenko (2024)
studied the impact of European integration process-
es on the development of agriculture in Ukraine, em-
phasising that the introduction of modern irrigation
technologies could ensure higher production profit-
ability and improve product quality. The consequenc-
es of the destruction of the Kakhovka hydroelectric
power plant were analysed by Y. Dorosh et al. (2024).
The authors determined that the loss of the reservoir
significantly reduced the area of irrigated land in the
southern regions, which required a revision of the water




management strategy to adapt agriculture to new con-
ditions. Despite the available research, the long-term
environmental impacts of irrigation, the impact of dif-
ferent irrigation technologies on product quality, and
their economic feasibility on farms of different sizes
remain insufficiently understood.

The study aimed to assess the impact of irrigation
technologies on the yield and quality characteristics of
crops (sunflower, winter wheat and rapeseed), as well
as to determine the economic feasibility of their imple-
mentation in the arid regions of Ukraine.

MATERIALS AND METHODS

The study of the efficiency of irrigation systems in in-
creasing crop productivity was based on an integrated
approach that included agronomic, economic and envi-
ronmental methods. The object of the study was irriga-
tion systems and their impact on the yield and quality
of sunflower (Helianthus annuus L.), winter wheat (Triti-
cum aestivum L.) and winter rape (Brassica napus L.). The
experimental plots were in the Southern Steppe zone
of Ukraine at the Educational and Research Centre of
Mykolaiv National Agrarian University from 2022 to
2024. The research was conducted under three irriga-
tion regimes: no irrigation (control), optimal irrigation
and excessive irrigation.

Standardised agronomic methods were used to as-
sess crop productivity, including harvesting from the
plots of record, subsequent determination of the crop
weight and conversion of the data per hectare. The
quality parameters of grain products were analysed in
the laboratory: the protein and gluten content of wheat
grain was determined by the Kjeldahl method based
on the analysis of total nitrogen, while the oil content
of rapeseed was estimated by the hexane extraction
method with subsequent determination of the mass
fraction of fat. The photosynthetic activity of plants was
determined using a portable gas analyser LI-6400XT,
which was used to record the level of CO, assimilation
under different irrigation regimes, assessing the im-
pact of water supply on the efficiency of photosynthetic
processes. The cost-effectiveness of irrigation technol-
ogies was calculated based on an analysis of capital
and operating costs. Capital costs included the cost of
installing drip and sprinkler irrigation systems while
operating costs included water supply, electricity and
maintenance costs. Additional gross income from irri-
gation was defined as the difference between the yields
on irrigated and rainfed plots multiplied by the market
value of the product (1):

AD=(Y_ _-Y__)xP, (1)

germ - rainfed)

where AD - additional income,UAH/ha;Y - cropyield
under irrigation, t/ha; Y . .. - crop yield on the rainfed
field, t/ha; P - market price of the product, UAH/t.

The payback period of investments in irriga-
tion systems was calculated as the ratio of capital
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expenditures to the average annual net profit generat-
ed by irrigation (2):

T __ CcapCeap 2)
payback PhetPret’

where T .. — payback period, years; C_ - capital
costs, UAH/ha; P_ - average annual net profit from ir-
rigation, UAH/ha.

ROE was defined as the ratio of net profit to capital
expenditure expressed as a percentage (3):

ROI = (322) (322) x 100%, (3)
where ROl - return on investment ratio, %.

The environmental impact of irrigation was as-
sessed by analysing soil salinity using a soil conduc-
tivity meter (EC-meter). The water balance of the soil
was monitored using tensiometers and Decagon GS3
moisture sensors. Statistical data processing was con-
ducted in the RStudio software environment using ag-
ricolae packages for analysis of variance (ANOVA). The
difference between the groups was considered statis-
tically significant at the level of p&lt;0.05 by Student’s
t-test. The study was based on an analysis of scientific
papers on the impact of irrigation on crop productivity,
the economic efficiency of irrigation systems and their
environmental impact. Data on sunflower, winter wheat
and rapeseed yield under different irrigation regimes
(non-irrigated conditions, optimal irrigation, excessive
irrigation) were studied. The quality characteristics of
the products, such as protein and gluten content in
wheat grain and oil content in rapeseed, was empha-
sised. The environmental impact of intensive irrigation
was also analysed, including the risk of soil salinisation
and changes in the water balance.

The study compared the efficiency of different
types of irrigation systems, such as drip irrigation and
sprinklers. The cost-effectiveness of irrigation systems
was assessed by comparing the costs of implementing
and operating these technologies with the increase
in yields and product quality. Environmental impact
of intensive irrigation was emphasised. The prospects
for the introduction of adaptive irrigation technologies
that incorporate climate change and the dynamics of
crop water consumption was analysed in the study. The
use of precision irrigation, automated water manage-
ment systems and innovative approaches to optimising
soil water balance were emphasised.Adaptive irrigation
systems based on energy-saving solutions and precise
water management were noted to ensure an optimal
balance between irrigation costs and crop yields.

RESULTS

Influence of irrigation systems on productivity and eco-
logical balance in the Southern Steppe of Ukraine. Ir-
rigation is one of the key factors in stabilising yields
and improving the quality of agricultural products in
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conditions of unstable moisture. The use of irrigation
systems helps to compensate for moisture deficits,
which is critical in regions with an arid climate, such
as the Southern Steppe of Ukraine. The rational use of
irrigation optimises the water balance of plants, im-
proves photosynthetic activity and efficient absorption
of nutrients (Pichura et al., 2024). Modern approaches
to assessing irrigation efficiency address agronomic,
economic and environmental parameters. Agronomic
efficiency is determined by yield growth, product quali-
ty and crop resistance to changes in water regime. The
economic assessment involves analysing the profitabil-
ity of technologies, including irrigation costs, additional
agronomic measures and profitability gained through
increased yields. The environmental component in-
cludes optimising the use of water resources, prevent-
ing secondary salinisation of soils and maintaining
their fertility (Havrysh et al., 2020).

Assessment of the long-term environmental im-
pacts of irrigation is an important aspect of water
management. The long-term use of irrigation systems
in regions with a moisture deficit can lead to the ac-
cumulation of salts in the soil profile, which negatively
affects its physical and chemical properties. In addition,
changes in the water regime led to the transformation
of agroecosystems, including changes in the species
structure of vegetation and soil microbiota (Borovyk et
al., 2024). This requires the development of adaptive
measures aimed at maintaining ecological balance un-
der intensive irrigation.

Irrigation has a significant impact on the growth
and development of sunflower, winter wheat and rape-
seed. Sunflower (Helianthus annuus L.) is a relatively
drought-resistant crop, but under conditions of limited
water supply, the leaf surface area decreases, the devel-
opment of the root system slows down and the period
of active photosynthesis is reduced. The introduction
of adaptive irrigation systems can increase the yield
of this crop by 20-30% due to improved water man-
agement and longer growing seasons. Winter wheat
(Triticum aestivum L.) has high requirements for water
supply, especially in the tillering, earing and earing
phases. Water deficit during these critical periods can
lead to a decrease in the number of productive shoots,
a reduction in ear length and a decrease in grain filling.
The use of irrigation can increase the yield of winter
wheat by 28-48%, as well as improve the quality char-
acteristics of the grain, in particular the protein and
gluten content (Korkhova et al., 2023). Winter rapeseed
(Brassica napus L.) is a crop that responds positively to
irrigation, especially in the phases of germination, ger-
mination and spring vegetation recovery. Optimal water
supply contributes to the development of a powerful
root system, increase of biomass and accumulation of
oil in seeds. Research shows that irrigation can increase
rapeseed yields by 25-35% compared to rainfed con-
ditions, as well as increase the oil content in seeds to
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45-47% (Kovalenko et al.,2024).Thus, irrigation increas-
es crop productivity, especially in conditions of natu-
ral precipitation deficit. The use of modern irrigation
system management technologies allows to optimise
water consumption, increase photosynthesis efficiency
and ensure stable production of high-quality products.

Sunflower: productivity potential under different
irrigation regime. Sunflower (Helianthus annuus L.) is
one of the leading oilseed crops in Ukraine, especially
in the Southern Steppe, where climatic conditions are
often characterised by insufficient moisture. The intro-
duction of efficient irrigation systems can significantly
increase the productivity of this crop, providing opti-
mal conditions for plant growth and development. Ac-
cording to the study, sunflower has high plasticity and
can adapt to changes in moisture supply, but lack of
moisture negatively affects its productivity, which is
confirmed by the study of the adaptability of different
hybrids under conditions of insufficient moisture (Yere-
menko et al., 2020). The sunflower hybrids P64HE133
and P64LE25 are highly adaptable to different growing
conditions. P64LE25 is characterised by stable yields in
different agroclimatic conditions, excellent resistance
to root lodging and high tolerance to rust and diseases
of leaves and heads. Under irrigated conditions, these
hybrids demonstrate an improved morphological struc-
ture, including an increase in leaf surface area and
the development of a more powerful root system. This
contributes to more efficient absorption of water and
nutrients and ensures higher productivity compared to
rainfed conditions. At the same time, under non-irrigat-
ed conditions, there is a reduction in plant size, which
can limit their yield potential.

Soil moisture levels directly affect the photosyn-
thetic activity of sunflowers. With optimal irrigation, a
stable water balance is maintained, which contributes
to an increase in the intensity of photosynthesis, effi-
cient stomatal functioning and better carbon dioxide
absorption. In addition, sufficient water supply helps to
reduce the temperature of the leaf surface, which has
a positive effect on enzymatic processes and the over-
all metabolism of plants. In contrast, in dry conditions
without irrigation, photosynthetic activity decreases
due to stomatal closure and reduced transpiration,
which is a defensive response to water deficit (Zymar-
oieva et al.,2021). The results of the study confirm that
the introduction of irrigation significantly increases
sunflower yields, but the effectiveness of this measure
depends on compliance with the optimal irrigation re-
gime. The largest yield increase was noted under opti-
mal irrigation conditions, while excessive water supply,
although providing some yield increase, is accompa-
nied by an increased risk of disease development and
deterioration of seed quality. Given these factors, it is
necessary to maintain a balanced irrigation regime that
ensures maximum productivity gains without adverse
effects on the plant organism and crop quality.




Data analysis shows that the use of irrigation
systems has a significant impact on sunflower yields.
Under non-irrigated conditions, plant productivity is
lowest due to limited soil moisture, which negative-
ly affects the growth and development of the plant
organism. Optimal irrigation provides the highest
yields, which is explained by the improvement of
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physiological processes, including photosynthetic
activity and efficient nutrient absorption. At the same
time, excessive irrigation, although leading to an in-
crease in yields compared to natural moisture con-
ditions, has certain negative consequences, such as
reduced seed quality and an increased risk of plant
disease (Table 1).

Table 1. Influence of different irrigation regimes on sunflower productivity in 2022-2024 on average

Irrigation mode Yield (t/ha) Increase in yield (%)

Additional observations

No irrigation (control) 2.5 - Reduced leaf surface area, lower photosynthetic activity
Optimal irrigation 3.7 48% Increased leaf surface area, high photosynthetic activity
Excessive irrigation 3.2 28% Increased risk of disease development, reduced seed quality

Source: compiled by the authors

Thus, the introduction of rational irrigation prac-
tices is a key factor for realising the productivity po-
tential of sunflower hybrids P64HE133 and P64LE25
in the Southern Steppe of Ukraine. Optimal water sup-
ply helps to improve physiological processes, increase
photosynthetic activity and provide consistently high
yields, which makes these technologies promising for
increasing production efficiency.

Winter wheat: the impact of irrigation systems on
grain yield and quality. Winter wheat is one of the key
grain crops in Ukraine, and its productivity largely de-
pends on the level of water availability and the effi-
ciency of irrigation systems. Research has demonstrat-
ed that the use of irrigation not only stabilises yields
but also improves grain quality by increasing protein
and gluten content (Lykhovyd, 2023). Optimal irrigation
contributes to the formation of a productive stem, im-
proves the structure of the ear and ensures a fuller grain
filling. The varieties Duma Odeska and Osnova Odeska
are characterised by high yields and adaptability to dif-
ferent growing conditions. The genetic characteristics
of these varieties provide them with high resistance to
lodging, which is a substantial factor in growing tech-
nologies under conditions of moisture deficit. One of
the key elements of high productivity is the ability of

plants to effectively use moisture during periods of
moisture deficit. Studies have demonstrated that these
varieties demonstrate better drought tolerance com-
pared to other commercial wheat varieties, due to their
deeper root system and better adaptive response to
changes in the water regime (Korkhova et al., 2023).

Irrigation has the greatest impact on winter wheat
yields during the critical stages of development: tiller-
ing, earing and heading. Insufficient water supply dur-
ing these periods can significantly reduce the number
of productive shoots, limit plant growth and negatively
affect grain fullness. The introduction of irrigation dur-
ing these phases not only increases yields but also im-
proves the quality characteristics of grain,which is a key
factor in increasing its technological value for the bak-
ing industry (Pichura et al., 2024). Table 2 summarises
the main indicators of grain yield and quality depend-
ing on the level of moisture. The data obtained confirm
that optimal irrigation provides the highest yields and
improves the biochemical composition of grain and its
marketable characteristics. At the same time, excessive
irrigation, while contributing to yield growth, does not
maximise the improvement of quality indicators, in par-
ticular protein and gluten levels, which are important
for the food value of wheat.

Table 2. The impact of irrigation on the yield and quality of winter wheat grain in 2022-2024 on average

Parameter No irrigation (control)

Optimal irrigation Excessive irrigation

Yield (t/ha) 5.2 7.8 72
Protein content (%) 11.8 14.5 139
Gluten (%) 245 31.2 30
Weight of 1000 grains (g) 38.5 43.2 42

Source: compiled by the authors

The results confirm that optimal irrigation contrib-
utes to the most efficient use of water resources, ensur-
ing a balance between productivity and grain quality.
The high protein and gluten content of grain obtained
under conditions of rational water supply is an impor-
tant indicator of its suitability for bakery production.

At the same time, excessive irrigation, while increas-
ing yields, is accompanied by a decline in grain quality
and can create risks of waterlogging. Thus, the use of
irrigation systems in the cultivation of winter wheat
can increase not only yields but also grain quality in-
dicators. The most effective is the use of irrigation in
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critical phases of growth and development, which helps
to maximise the genetic potential ofthe cropand ensures
high productivityunder conditions of stable water supply.
Winter rape: adaptability and productivity in irri-
gated conditions. Winter rapeseed (Brassica napus L.)
is one of the leading oilseed crops in Ukraine, and its
productivity largely depends on the level of water sup-
ply and the efficiency of irrigation technologies. In the
Southern Steppe of Ukraine, irrigation is a critical factor
that contributes not only to increasing yields but also
to improving seed quality. Tempo and Clavir CL rape hy-
brids are highly adaptable to different levels of water
supply. Tempo is characterised by rapid autumn devel-
opment, which can efficiently use autumn moisture re-
serves and form a strong root system before entering
winter. The hybrid has increased disease resistance and
good winter hardiness. Clavir KL, in turn, is a high-yield-
ing hybrid with good yield potential and high oil con-
tent. Research demonstrated that under conditions of
sufficient water supply, these hybrids form an optimal
crop structure with high photosynthetic apparatus pro-
ductivity, which contributes to the accumulation of dry
matter and increase in yield (Kovalenko et al., 2024).

Irrigation has a positive effect on the accumulation
of rapeseed biomass, which directly affects its yield. Un-
der optimal moisture levels, yields can increase by 20-
30% compared to rainfed conditions. Irrigation also has
an important impact on the quality characteristics of
seeds, on the oil content. Optimal water supply allows
to achieve the maximum oil content, while in dry con-
ditions this metric is significantly reduced. One of the
key factors in rapeseed productivity is the development
of the root system. A deep and branched root system
allows plants to use soil moisture more efficiently, re-
ducing dependence on short-term water shortages. Irri-
gation conditions promote intensive growth of the root
system, which ensures improved absorption of moisture
and nutrients. Analysis of the data shows that optimal
irrigation ensures maximum yields and improves seed
quality, including oil content. At the same time, exces-
sive irrigation, while contributing to biomass growth,
leads to a decrease in the efficiency of water use, slightly
reducing the oil content of seeds. It is also worth noting
that an expanded root system with optimal irrigation
allows plants to better withstand short-term droughts,
which is an important factor in yield stability (Table 3).

Table 3. The impact of irrigation on winter rape productivity on average for 2022-2024

Irrigation mode Yield (t/ha) Oil content (%) Root system length (cm)
No irrigation (control) 2.8 42.5 95
Optimal irrigation 4.1 46.8 125
Excessive irrigation 3.6 45.1 110

Source: compiled by the authors

Thus, the use of irrigation technologies in the cul-
tivation of winter rape not only increases its yield but
also improves the quality of seeds. Tempo and Clavir CL
hybrids demonstrate high efficiency under conditions
of optimal water supply, which is confirmed by the data
on the increase in their yield and oil content. Irrigation
also promotes the development of a strong root system,
which provides plants with resistance to dry periods
and efficient use of water resources.

Physiological and biochemical parameters of
crops under irrigated conditions.Irrigation affects the
fundamental physiological and biochemical process-
es of plants, including photosynthetic activity, tran-
spiration and dry matter accumulation. Ensuring an
optimal water regime helps to improve the efficiency
of assimilation processes, which directly affects crop
productivity. Photosynthetic activity is a key indicator
of plant productivity, as it determines the rate of or-
ganic matter synthesis (Oliynyk et al., 2020). Studies
have shown that irrigation helps to maintain the op-
timum level of photosynthetic potential through im-
proved water supply. The chlorophyll content (Chl a+b)
in sunflower leaves under irrigation increased by 15-
22%, in winter wheat by 18-25%, and in rapeseed by
20-27% compared to rainfed conditions. This indicates
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the maintenance of a stable state of chloroplasts and
an increase in the activity of the photosynthetic ap-
paratus. The intensity of photosynthesis in irrigated
crops increased by an average of 20-35%, depend-
ing on the crop. The largest increase in this indicator
was observed in rapeseed and winter wheat, due to
their high sensitivity to soil moisture. Improved water
supply contributed to active carboxylation, increased
productive leaf apparatus and a general increase in
photosynthetic productivity.

Transpiration is an important process that main-
tains plant temperature and regulates the absorption
of mineral elements (Boiko et al., 2024). Data analysis
demonstrated that under irrigation conditions, the aver-
age transpiration rate for sunflowers was 5.8-6.5 mmol/
m?/s, which is 10-15% higher than in rainfed crops. In
winter wheat, this figure reached 4.2-5.1 mmol/m?/s,
and in rapeseed 5-5.8 mmol/m?/s. The increased inten-
sity of transpiration with sufficient moisture indicates
active water exchange and improved regulation of the
heat balance of plants. This is an important factor in
increasing the resistance of crops to high temperatures,
which is typical for arid regions. The accumulation of
dry matter is an integral indicator of the efficiency of
growth processes. Irrigation promotes more intensive




synthesis of organic compounds, which has a positive
impact on the structure of the crop. The dry matter con-
tent of irrigated sunflower crops was 44-48%, which is
8-12% higher than under rainfed conditions. In winter
wheat, this figure increased to 56-62%, ensuring bet-
ter grain filling. In rapeseed, the dry matter content in-
creased to 40-44%, which contributed to an increase in
seed oil content (Pichura et al., 2024). Thus, the use of
irrigation contributes to the improvement of the phys-
iological and biochemical parameters of crops, pro-
viding optimal water supply, increased photosynthetic
activity and improved crop quality. The use of efficient
irrigation systems reduces drought stress, increases
plant resilience and ensures high productivity under
unstable water conditions.
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Comparative assessment of the economic efficiency
of irrigation. Irrigation is a strategically important factor
in agriculture, especially for water-scarce regions such
as the Southern Steppe of Ukraine. Its implementation
helps to increase yields, improve product quality and re-
duce risks associated with climate change. At the same
time, the use of irrigation systems requires significant
financial investments, which requires a comprehensive
analysis of their economic efficiency. The calculation of
the costs of installing and operating different irrigation
systems shows that drip irrigation, although requiring a
higher initial investment, is more cost-effective in the
long run due to reduced water and electricity consump-
tion. Sprinkler systems, in turn, have lower capital costs
but are more expensive to maintain (Table 4).

Table 4. Estimated cost of installation and operation of irrigation systems

Parameter Drip irrigation Sprinkler systems
Installation cost (thousand UAH/ha) 45-60 75-90
Annual operating costs (thousand UAH/ha) 12-15
Water consumption (m*/ha) 2,500-3,500 5,000-7,000
Electricity consumption (kWh/ha) 450-600 1,000-1,400
Average yield increase (%) 20-35 15-30

Source: compiled by the authors

The impact of irrigation on yields depends on the
crop. The largest increase in productivity is observed
in winter wheat, where the yield increase reaches 2.3-
2.8 t/ha. For rapeseed, this figure is 1.2-1.7 t/ha, and for

sunflower - 1-1.5 t/ha. Accordingly, the economic effect
of using irrigation also varies depending on the crop,
which is confirmed by the calculations of additional
profit (Table 5).

Table 5. The impact of irrigation on yields and profitability

Yi?ld V.Vith Yi-e l‘.j Wi.thOUt . Additional A(.:lditional Payback period
Crop irrigation, irrigation, Price (UAH/t) . income ROI (%)
Y__(t/ha) Y__ (t/ha) yield (t/ha) (UAH/ha) (years)
Winter wheat 7.8 5.2 7,000 2.6 18,200 2.75 36.4
Sunflower 3.7 2.5 21,000 1.2 25,200 1.98 50.4
Winter rape 4.1 2.8 15,000 1.3 19,500 2.56 39

Source: compiled by the authors

Regarding the obtained indicators, it is determined
that the payback period of irrigation systems is one of
the key factors in deciding on their implementation.

The fastest payback period for drip irrigation is 1.7-
2.4 years on average, while for sprinklers this period is
3-4.4 years (Table 6).

Table 6. Payback calculation

System Capital expenditures,C_ (UAH/ha)  Net profit,P , (UAH/ha)  Payback, T . . (years) ROI (%)
Drip irrigation 50,000 21,000 2.38 42
Sprinkler irrigation 35,000 15,000 2.33 43

Source: compiled by the authors

Thus, the results of the analysis demonstrated that
although the introduction of irrigation systems requires
significant financial resources, they are economically
justified due to the steady increase in yields and in-
comes. The most efficient option for farms with lim-
ited water resources is drip irrigation, which provides

a quick payback and minimises water and electricity
consumption. Sprinkler systems may be appropriate for
large areas where flexibility in water supply is required,
but their cost-effectiveness is lower due to higher op-
erating costs. The choice of the optimal system should
be based on the agricultural and climatic conditions of
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the region, the financial capacity of the farm and the
availability of water resources.

Environmental impact analysis of irrigation sys-
tems. The use of irrigation has a significant impact on
the ecological state of agricultural landscapes, chang-
ing the physical and chemical properties of the soil, its
microbiological composition and water balance.Ration-
al water management helps to maintain soil produc-
tivity, while inefficient irrigation methods can lead to
soil degradation, salinisation and structural disruption.
Studies of the impact of irrigation on soil microbiota
have shown that under conditions of regular moisture,
the activity of microorganisms increases. In particular,
the content of nitrogen-fixing bacteria increased by 12-
18% compared to rainfed conditions, which contributed
to the accumulation of available nitrogen for plants. At
the same time, excessive moisture created a favourable
environment for the development of fungal infections,
which could negatively affect the phytosanitary condi-
tion of crops (Merza et al., 2023; Zamani et al., 2021).

Changes in the chemical composition of the soil
under irrigation were manifested in an increase in the
electrical conductivity of the soil solution, which in-
dicated the accumulation of salts. Depending on the
source of irrigation water, after 3-5 years of intensive
use of irrigation, the salinity level increased by 20-30%,
which led to a decrease in the availability of phos-
phorus and potassium, as well as deterioration of soil
structural properties. One of the positive aspects was
the stabilisation of the humus content: constant mois-
ture supply contributed to the uniform decomposition
of organic matter and active humification, which had
a positive effect on soil fertility (Cepeda et al., 2024;
Corwin, 2021). The dynamics of soil moisture content
depended on the irrigation technology used. The anal-
ysis showed that drip irrigation ensures an even distri-
bution of moisture in the arable layer (0-30 cm) at the
level of 70-80% of the lowest moisture capacity, which
is optimal for most crops. At the same time, the use of
sprinklers resulted in uneven moisture, especially in the
upper soil horizons, where the moisture content was
55-65% of the lowest moisture capacity. This caused
uneven water consumption by plants and contributed
to increased evaporation, which reduced irrigation effi-
ciency (Khondoker et al., 2023).

Thus, the implementation of irrigation systems
requires comprehensive environmental monitoring to
prevent soil degradation. The optimal solution is to
use drip irrigation, which minimises the risk of salinity,
promotes even moisture distribution and maintains the
stability of the microbiological environment. The use of
water with a controlled salinity level and adaptive irri-
gation regimes helps to reduce the negative impact on
ecosystems and maintain soil fertility in the long term.

International experience and prospects of adap-
tive irrigation. Studying international experience of us-
ing irrigation systems in regions with similar climatic
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conditions is important for optimising water use in
Ukraine. In the United States (California, Texas), Spain,
Israel and Australia, modern irrigation technologies
are actively used to increase yields and reduce water
consumption. Precision irrigation methods, remote soil
moisture monitoring, and automated irrigation systems
that ensure even distribution of moisture and opti-
mise water consumption are highly effective (Didkovs-
ka, 2023). The introduction of such technologies could
become a promising area for the agricultural regions of
Ukraine. Increased climate change, rising average annu-
al temperatures, changes in precipitation distribution
and an increase in the frequency of droughts necessi-
tate the introduction of adaptive water management
systems (Shahini, 2024). Such technologies are already
being actively used in Spain and Australia, where deficit
irrigation is practised, which involves optimising irri-
gation rates without reducing yields. Israel has imple-
mented systems for the reuse of treated water, which
can reduce freshwater consumption by 40-50%. Similar
approaches can be effective in Ukraine, especially in
the southern regions with limited water resources.

Drip irrigation, automated systems and soil mois-
ture sensors play an important role in improving irriga-
tion efficiency. Drip irrigation, which is widely used in
the US and Spain, can reduce water losses by 30-50%,
ensuring that the root zone of plants is moistened. Au-
tomated monitoring systems that evaluate soil mois-
ture, evaporation and weather conditions can reduce
water use without sacrificing yields. Studies show that
the use of such technologies can increase yields by 15-
30%, depending on the crop and growing conditions.
For example, in the United States, the introduction of
precision irrigation has increased corn yields by 20-
40%, and in Spain - wheat productivity by 15-30% (lva-
niuta et al., 2020). In addition, such systems have a pos-
itive impact on the physical and chemical properties
of soils, contributing to the preservation of humus and
reducing the risk of secondary salinisation.

The results of the study show that the efficiency of
irrigation technologies in Ukraine is in line with gen-
eral international trends. However, to increase the pro-
ductivity and efficiency of water use, it is necessary to
adopt the world’s advanced technologies: precision irri-
gation and remote humidity monitoring will help opti-
mise water consumption, and the use of energy-saving
irrigation systems will reduce electricity consumption
by 20-30%, and the introduction of deficit irrigation
will reduce irrigation volumes with minimal impact
on yields. Another promising area is the use of treat-
ed wastewater for irrigation, which is actively used in
Israel and Spain and could be useful for Ukraine, espe-
cially in industrial regions with water shortages. Thus,
international experience confirms the effectiveness of
modern irrigation systems and the feasibility of their
implementation in Ukraine. The use of precise water
management, adaptive irrigation regimes and water




reuse technologies will reduce the pressure on water
resources and ensure stable yields in the face of cli-
mate change.

DISCUSSION

A study of the effectiveness of irrigation systems in the
Southern Steppe of Ukraine confirmed their importance
for stabilising yields and improving product quality un-
der conditions of natural moisture deficit. The results
correlate with the findings of other scientific studies on
the impact of irrigation on agricultural productivity and
its environmental impact. The results of this study con-
firmed that the use of irrigation technologies helps to
increase the yield of sunflower, winter wheat and win-
ter rapeseed by 15-35%, depending on the crop and the
level of water supply. Similar trends were observed in
the study by P. Lykhovyd (2021), which noted that the
lack of precipitation in Ukraine significantly affects the
yield of major crops, and an increase in irrigated are-
as is needed to ensure stable production. At the same
time, according to a study by X. Cao et al. (2021), the ef-
ficiency of water use in the agricultural sector is closely
related to the level of implementation of modern ir-
rigation technologies, in particular drip and differen-
tiated irrigation, which can significantly improve the
economic performance of farms.

The study confirmed that optimal irrigation con-
tributes to an increase in photosynthetic activity, root
system development and product quality. T. Zhang et
al. (2021) also demonstrated that the use of different
irrigation methods in arid regions affects grain quality
and corn yields, and the most effective were drip and
subsurface irrigation systems, which reduce water con-
sumption and ensure uniform plant development. Simi-
lar conclusions were reached in this study, as excessive
irrigation led to waterlogging of the soil,increased risk of
disease development and reduced economic efficiency
of crops. The cost-effectiveness analysis demonstrated
that irrigation is a justified measure in arid regions, but
the cost of its implementation can be a significant lim-
iting factor. A study by N. Merza et al. (2023) confirmed
that the profitability of irrigated agriculture depends
not only on yield growth but also on the level of water
supply costs, which can reduce economic feasibility in
farms with insufficiently developed infrastructure. This
study also determined that excessive irrigation costs
can lead to a decrease in the level of profitability, there-
fore it is necessary to introduce resource-saving water
management methods to increase economic efficiency.

The environmental impact assessment confirmed
that excessive irrigation contributes to the accumula-
tion of salts in the soil profile, which can negatively
affect its fertility in the long term. Similar conclusions
were drawn by M. Khondoker et al. (2023), noting that
the increase in soil salinity due to the excessive use
of irrigation systems is one of the global problems
of agriculture, which requires adaptive approaches to
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water use, particularly the use of desalination technol-
ogies. The findings of this study also confirmed that to
prevent soil degradation, it is necessary to implement
adaptive management of irrigation systems that in-
corporate the balance between crop productivity and
environmental sustainability. The use of modern irriga-
tion technologies has a positive impact on the produc-
tivity of agricultural systems (Yeraliyeva et al., 2017).
The study by YV. Cepeda et al. (2024) confirmed that
technical modernisation of irrigation systems can sig-
nificantly increase the efficiency of water use, reduce
moisture loss and improve the environmental situation.
This study also determined that the rational manage-
ment of irrigation systems helps to stabilise yields and
minimise water losses, which is important in regions
with limited water resources.

The analysis of the economic efficiency of irriga-
tion confirmed that optimal water supply provides the
highest profitability of agricultural production, but ex-
cessive irrigation can lead to higher water supply costs
and reduced economic feasibility. Similar findings were
obtained in the study by O.Zamani et al. (2021), stating
that the implementation of water conservation policies
and efficient water pricing is an important tool for in-
creasing the productivity of the agricultural sector. The
study established that the efficiency of water use direct-
ly depends on the optimisation of irrigation technolo-
gies and the rational use of water resources.An analysis
of the environmental impacts of irrigation has shown
that excessive water use contributes to soil salinity,
which can negatively affect long-term land fertility. A
study by D.L. Corwin (2021) also confirmed that climate
change and intensive irrigation are causing an increase
in soil salinity, which requires adaptive approaches to
water use. The study determined that to prevent soil
degradation, it is necessary to use methods of opti-
mal water balance and integrated water management.

An assessment of promising irrigation methods has
confirmed that the use of alternative energy sources for
water supply can help improve the economic efficiency
of irrigation systems. The study by J. Rana et al. (2021)
demonstrated that the use of solar energy for irriga-
tion systems can significantly reduce electricity costs
and increase the financial sustainability of agricultural
enterprises. Similar conclusions were obtained in this
study, as the economic efficiency of irrigation signifi-
cantly depends on the level of energy and water sup-
ply costs. Rational management of irrigation systems
requires the introduction of modern technologies for
monitoring and automated control of soil moisture.
S.Alharbi et al. (2024) confirmed that the use of techno-
logical solutions, such as remote soil moisture monitor-
ing and automated irrigation systems, increases water
use efficiency and minimise moisture losses. The study
also noted that the introduction of precision irrigation
and automated water management systems is a prom-
ising area for optimising water use in arid regions.
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The results of the study are consistent with the
findings of B. Golla (2021), stating that agricultural
production in arid regions largely depends on wa-
ter use efficiency, and the use of adaptive irrigation
technologies helps to improve crop productivity. This
paper confirmed that optimisation of irrigation tech-
nologies can ensure stable production in the face of
climate change and reduced natural moisture. The ob-
tained results confirm that the introduction of modern
irrigation methods contributes to the optimal distri-
bution of moisture in the soil, reducing its evaporation
and improving the overall condition of agrocenoses.
Similar conclusions were drawn by S. Lin et al. (2024),
noting that the combination of drip irrigation with
mulching not only improves the water supply of
plants but also increases the efficiency of fertiliser
use, which has a positive impact on cotton yields. This
study also confirmed that the optimal combination of
water and mineral nutrition helps to maximise crop
potential while reducing unproductive water losses. A
comparison of the results obtained with previous sci-
entific studies confirmed that further development of
irrigation systems should be aimed at introducing en-
ergy-efficient and environmentally friendly irrigation
technologies. Optimisation of the water regime and
adaptation of irrigation technologies to specific agri-
cultural and climatic conditions will ensure a stable
level of crop productivity without a negative impact
on the environment.

CONCLUSIONS

Irrigation is a key factor in stabilising yields and im-
proving product quality in conditions of unstable water
supply. Optimal water supply increases the photosyn-
thetic activity of plants (by 20-35%), increases the chlo-
rophyll content (by 15-27%) and improves the water
regime, which has a positive impact on their produc-
tivity. The study demonstrated that the use of irrigation
ensures optimal absorption of nutrients and the devel-
opment of a powerful root system, which contributes to
the increase of crops’ resistance to drought conditions.
The study determined the use of irrigation provides an
increase in yield: for sunflower - optimal irrigation by
48%, excessive irrigation by 28%; winter wheat — by 15-
25%, winter rape - by 25-35%. In addition, the content
of dry matter and oil in the seeds increases, which im-
proves the quality of the products. Studies have con-

the average payback period for irrigation is 1.7-4.4
years, depending on the type of system and crop. The
use of adaptive water management technologies al-
lows optimising irrigation costs, which increases the
overall profitability of production. At the same time,
the study determined that excessive irrigation can be
accompanied by increased water supply costs and an
increased risk of secondary soil salinisation. An anal-
ysis of the environmental impacts demonstrates the
need for rational water management. It has been es-
tablished that intensive irrigation without appropri-
ate control causes accumulation of salts in the soil
(by 20-30%), changes in its physical and chemical
properties, and disruption of the water balance. At
the same time, the use of adaptive irrigation methods
stabilised the humus balance, improve the microbio-
logical activity of the soil and maintain its fertility in
the long term.

Comparison with international experience has
confirmed the effectiveness of modern irrigation
technologies, including precision irrigation, automat-
ed moisture monitoring and deficit irrigation, which
are actively used in the US, Spain, Israel and Austral-
ia. These technologies help to minimise water con-
sumption, increase irrigation efficiency and reduce
the burden on water resources. Adaptation of such ap-
proaches, including the introduction of energy-saving
systems, precision irrigation using moisture sensors,
as well as the use of reuse and recycling technologies
for irrigation, is promising for Ukraine. The results of
the study compiled recommendations for the further
development of irrigated agriculture. The rational
management of irrigation systems should be based on
the principles of adaptive water use, considering the
needs of specific crops and agroclimatic conditions. It
is advisable to introduce automated humidity control
systems, apply deficit irrigation and use precise water
supply systems to optimise water resources. Further
research could conduct an empirical verification of the
identified patterns in the field and developing inte-
grated approaches to managing irrigation systems in
the face of climate change. A promising direction is the
integration of modern technologies for moisture mon-
itoring, precision agriculture and economic optimisa-
tion of irrigation to ensure sustainable development of
the agricultural sector of Ukraine.
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AHoTauif. AKTyanbHiCTb A0CNIOXKEHHS 3BOAMTLCS [0 HeoOXiAHOCTI aHanisy edeKTMBHOCTI 3poLlyBasbHUX
CUCTEM B arpapHuUX perioHax YKpaiHu Ha QOHI NOCUNeHHs 3MiH KniMaTy Ta AediumTy BONOrM, WO BMIMBAKOTL Ha
CTabinbHICTb CiNbCbKOrocnofapcbKoro BMpoOHUUTBA. MeTow AocnigxeHHs Oyno BM3HAYWUTM BMIMB 3POLUEHHS
Ha NPOAYKTUBHICTb OCHOBHMX CiNbCbKOrOCNOAAPCbKMX KYNbTYP (COHSILUHWMKA, MLEHMLi Ta pinaky 03uMMux) Ta
OLiHUTM eKOHOMIiYHY edeKTUBHICTb BNPOBAOXEHHS 3POLUYBASIbHUX TEXHOMOTN Y NOCYLAMBUX perioHax YKpaiHu.
Y pocnigpkKeHHi BUMKOPWUCTOBYBANMCA arpoOHOMIYHI Ta €KOHOMIiYHI MeToau aHanisy. BusHaueHHs edekTUBHOCTI
3pOLUEHHS 3M4IMCHIOBANOCA LWASXOM MOPIBHAHHS BPOXAWHOCTI KyNbTyp 3a Pi3HWX pexuMiB Bopo3abesneyeHHs.
OuiHka eKOoHOMIYHOI edeKTUBHOCTI BK/OYaNa aHani3 BUTPAT Ha BCTAHOBJ/IEHHS Ta €KCMNJyaTaLlito 3poLlyBasbHUX
CMCTEeM Yy CNiBBiIAHOLIEHHI A0 MPUPOCTY BPOXAMHOCTI Ta MiABULLEHHS SKOCTI npoaykuii. byno BCTaHOBAEHO, WO
3aCTOCYBAHHA 3POLUEHHS LO3BOIMIO MiABULLMTY BPOXKAMHICTb COHALWHMKA Ha 28-48 %, nweHuui 03uMoi — Ha 15-
25 %, a pinaky - Ha 25-35 %. OnTumanbHe Bogo3abe3neyeHHs cnpusno 36inblUeHHI0 BMICTY 6inka Ta KNneikoBUHM
Y 3€pHi NWeHUL, a TaKOX NiABULLEHHIO PiBHA OANil B HACiHHI pinaky. AHani3 eKOHOMIYHOT ePEeKTUBHOCTI 3POLLEHHS
MOKas3aB, WO TEPMiH OKYMHOCTI 3anexaB BiA TUMY CUCTEMMU: KPamjMHHE 3pOLUEHHS 3abe3nevyBano HaMBULLMA
NPUPICT BPOXANHOCTI NPU MiHIManbHUX BMTpaTax BOAM, TOLI SIK AOLLYBanbHi yCTaHOBKM noTpebyBanu Binblumx
eKcnayaTauinHUX BUTPaT. 3pOLLEHHS Bi4irpano BXXAUBY ponb Y MiABULLEHHI NPOAYKTUBHOCTI Ci/lbCbKOroCnoAapChKMX
KYNbTYp Yy NOCYLUMBUX perioHax YKpainu. Hanbinbw ebekTMBHUMYM BUSBUIUCS aAANTUBHI TEXHONOTiT 3POLLEHHS, WO
BKJ/10YANIM aQBTOMATU30BaHI CUCTEMM YNPABIiHHA BOAHMMU pecypcamMmu. BnpoBaaKeHHs Cy4aCHUX MeTOfiB 3pOLUEHHS
CnpusSTMMe ONTMMI3auii BOAHOrO GanaHCy FpyHTIB, 3MEHLUEHHI0 HeraTMBHOIO BMJIMBY MOCYXM Ta MiABWLLEHHIO
€KOHOMiYHOi peHTabenbHOCTi arpoBMPOBHULITBA

KntouoBi cnoBa: cinbCbke rocnofapcrso; NePBUHHUI CEKTOP EKOHOMIKMW; BOAHUIM BanaHC; BPOXAWHICTb; COHALLHMK;
NweHuLs 03MMa; Pinak 03UMUIA; EKOHOMIYHA PeHTAbeNbHICTb; aAanTaTUBHI TEXHONOTIi
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findings demonstrated that the key directions for cost optimisation included the introduction of minimum tillage
technologies, particularly no-till and strip-till systems, automation of agrotechnical processes, rational use of
fertilisers and plant protection products, as well as the utilisation of digital platforms for product sales.An analysis
of statistical data for 2020-2024 indicated that the adoption of minimum tillage technologies contributed to a
50-60% reduction in fuel costs, a 20-25% decrease in machinery depreciation costs, and a 15-20% reduction
in labour costs. Automated agricultural management systems enabled an 18-22% reduction in fertiliser and
plant protection product costs due to precise resource distribution. Optimisation of logistical processes and
constructing grain storage facilities contributed to a 12-18% reduction in product losses during transportation
and a 10-15% decrease in logistics costs. The use of digital platforms for product sales ensured a 40-50%
reduction in transaction costs and a 60% decrease in buyer search costs. The overall effect of implementing
the proposed measures allowed for a 12-17% reduction in grain production costs, depending on farm scale and
applied technologies. The proposed recommendations were aimed at reducing production costs, ensuring the
financial stability of the agricultural sector, and enhancing the competitiveness of Kazakhstan's grain farming

Keywords: economic efficiency; technological innovations; minimum tillage; agricultural automation; resource

management

INTRODUCTION

The rise in costs in Kazakhstan’s grain farming is influ-
enced by several factors, including increasing fuel and
lubricant prices, rising costs of agrochemicals and seeds,
changes in state agricultural policy, and climatic fluctu-
ations affecting yield levels. In the context of global
competition, effective management of cost structures is
one of the key factors in ensuring the financial stability
of the agricultural sector. The implementation of mod-
ern agrotechnologies, precision farming methods, and
digital platforms plays a particularly significant role in
optimising resource use and improving agricultural en-
terprise productivity. The lack of a systematic approach
to cost reduction in grain production may lead to a de-
cline in the competitiveness of Kazakhstan’s agricultur-
al products in the international market, necessitating
the development of scientifically grounded strategies
for optimising production costs.

Research on the optimisation of farming technol-
ogies and the enhancement of agricultural production
efficiency encompasses various aspects of economic,
environmental, and agrotechnical feasibility. The in-
troduction of zero tillage technology in small farms
in Kyrgyzstan, as analysed in the study by A. Tadjiev et
al. (2023), demonstrated a 23% reduction in soil prepa-
ration costs and a 15% overall decrease in production
costs. However, it was accompanied by an increase in
hired labour costs (by 13%) and herbicide costs (by
15%). Moreover, the long-term effects of the technol-
ogy on soil productivity, yield levels, and farm financial
stability remained unassessed, along with macroeco-
nomic factors influencing its effectiveness. The study
by S. Turebayeva et al. (2022) assessed the productivity
of winter wheat under direct seeding and various fertil-
isation schemes in arid regions of Southern Kazakhstan.
It was established that phosphorus fertiliser applica-
tion accelerated grain ripening, while the combination
of nitrogen and phosphorus fertilisers prolonged the
growing season, and the lowest production costs were

observed with the use of growth stimulants with micro-
elements. However, the long-term effects of the tech-
nology on soil fertility, economic risks associated with
fluctuating agrochemical prices, and potential climat-
ic variations that could impact the profitability of this
method were not considered.

The research by S.B. Kenenbaev et al. (2021) exam-
ined resource-saving farming systems in South-Eastern
Kazakhstan, focusing on soil moisture retention and
soil fertility improvement. However, the study lacked a
detailed economic efficiency analysis of the implement-
ed technologies, including a comparison of costs and
profitability of different tillage methods. The absence
of an assessment of financial stability impacts on farms,
as well as the social aspects of adapting new methods,
limited the practical applicability of the findings.

The optimisation of water use through drip irri-
gation and the application of mineral fertilisers in
South-Eastern Kazakhstan was the subject of a study
by A.S. Sembayeva et al. (2025). The study recorded
an increase in maize (Zea mays L.) yield ranging from
0.87 to 2.85 t/ha. However, it lacked an analysis of the
long-term impact of these technologies on the physi-
co-chemical properties of the soil, particularly poten-
tial salinisation processes. Additionally, the economic
accessibility of these technologies for local farmers,
which could influence their widespread adoption, re-
mained unassessed. The study by N. Suleimenova et
al. (2021) examined the environmental sustainabili-
ty and productivity of rapeseed (Brassica napus L.) in
South-Eastern Kazakhstan under shallow chisel tillage
(mini-till). It was found that this approach increased
yield by 21.3% and provided an additional income of
29.3 thousand tenge/ha. However, the study did not
consider potential risks such as weed and pathogen
accumulation, the impact of climate change on the
technology’s effectiveness, or comparisons with alter-
native rapeseed cultivation methods.

Scientific Horizons, 2025, Vol. 28, No. 4

121



122

Cost structure in Kazakhstan’s grain farming and methods of its optimisation

B.J. Olorunfemi and S.E. Kayode (2021) analysed
post-harvest grain losses and the efficiency of modern
storage technologies. The authors noted that the use of
metal silos, improved bags, and wooden storage facil-
ities helped reduce losses caused by pests and mould.
They also emphasised the importance of implementing
automated inventory management systems. However,
economic barriers to adopting these technologies, their
accessibility to small farmers, and the environmental
aspects of long-term grain storage were not assessed,
which could affect their real efficiency under different
farming conditions. R.K. Zhapayev et al. (2023) studied
the physico-chemical properties of soil and water bal-
ance under different tillage methods in South-East-
ern Kazakhstan. It was established that zero tillage
contributed to moisture retention (29.8-54.8 mm) but
increased soil density (1.32-1.33 g/cm®) and reduced
nitrate nitrogen content. The highest yield (1.76 t/ha)
was recorded with minimum tillage, confirming its ef-
fectiveness in rainy conditions. However, the long-term
impact of soil compaction on fertility and the potential
consequences of reduced nitrate nitrogen content for
future yields remained unassessed.

The study by A.E. Kokenova et al. (2022) focused on
grain production management processes and their eco-
nomic efficiency. It proposed methods for diagnosing
production problems and modelling factors influenc-
ing enterprise productivity. However, the study lacked
empirical analysis of the effectiveness of the proposed
strategies under real conditions and did not account for
macroeconomic factors or the risks of implementing
new management approaches. The issue of rational use
of dark chestnut soils in Northwestern Kazakhstan was
explored in the study by Z.M. Gumarova et al. (2025).
It considered possibilities for restoring fallow land
through the use of black fallow and leguminous crops.
However, the study lacked an economic analysis of the
profitability of these measures and the long-term impact
of different tillage methods. Social aspects of their im-
plementation and the influence of climate change were
also insufficiently explored. A separate area of research
is innovative agricultural management in Kazakhstan,
studied by Z. Taishykov et al. (2023). Key directions were
identified, including the introduction of modern tech-
nologies, financing agricultural science, genomic selec-
tion, and the optimisation of agrotechnical processes.
However, the study lacked a detailed economic analysis
of these innovations, risk assessments for small and
medium-sized farms, and comparative analysis with
countries possessing similar agroclimatic conditions.

The aim of the study was to develop scientifically
grounded approaches to optimising the cost structure
in Kazakhstan’s grain farming based on an analysis of
the main components of the cost base, an assessment
of the efficiency of technological and economic solu-
tions, and the modelling of strategies for reducing pro-
duction costs.
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MATERIALS AND METHODS

The study is analytical and aimed at assessing the cost
structure in Kazakhstan’s grain farming and developing
strategies for its optimisation. The timeframe covers the
period from 2020 to 2024, allowing for an evaluation of
cost structure changes and the effectiveness of applied
technological and economic measures. The research
is based on the analysis of statistical data, economic
calculations, and optimisation scenario modelling. Pri-
mary and secondary data were obtained from multiple
sources to ensure a comprehensive analysis of the is-
sue. The main sources of statistical data included the
Bureau of National Statistics of the Agency for Strategic
Planning and Reforms of the Republic of Kazakhstan
(n.d.), Food and Agriculture Organization (2024), the
World Bank (n.d.), and the Organisation for Economic
Co-operation and Development (2023).

The study applied methods of variation statistics
to analyse the distribution of costs in Kazakhstan’s
grain farming. The arithmetic means of expenses for
specific resources (fuel, fertilizers, seeds, labour costs)
and their standard deviation were determined, allow-
ing for an assessment of the stability and variability of
the cost structure across different regions of the coun-
try. The reliability of differences between cost groups
was evaluated using Student’s t-test at a significance
level of p<0.05. To identify the relationship between
costs and economic efficiency, econometric analysis
was applied, particularly regression modelling. Models
were developed to establish dependencies between
material cost levels and grain yields, enabling an as-
sessment of the impact of specific cost categories on
overall farm productivity. Correlation analysis identified
interdependencies between the level of mechanisation
in production processes and the share of labour costs.
Additionally, to evaluate the economic feasibility of
technological innovations and management strategies,
the Cost-Benefit Analysis method was used. A compar-
ative analysis of costs for traditional and innovative
soil cultivation methods (conventional plowing, No-Till,
Strip-Till) was conducted to assess their profitability.
The Return-on-Investment analysis was also applied to
determine the economic impact of implementing au-
tomated agricultural management systems and digital
platforms for grain sales.

The interpretation of results was based on a com-
parison of obtained statistical indicators with data from
previous years and international standards in grain
production, particularly the provisions of the Codex
Alimentarius (1963) and the regulations of the Inter-
national Grains Council (n.d.). Analysing cost structure
dynamics made it possible to identify key factors influ-
encing production costs and the financial stability of
farms. The results of optimisation scenario modelling
were considered from the perspective of their potential
impact on the long-term sustainability of Kazakhstan’s
agricultural sector. The assessment of the effectiveness




of economic measures and technological innovations
took into account not only direct changes in cost struc-
ture but also prospects for increasing the competitive-
ness of the grain sector in the international market.
The obtained results allowed for the formulation of
well-founded recommendations for cost optimisation
in Kazakhstan’s grain farming. Identified correlations
between cost levels and production efficiency contrib-
ute to the development of effective management strat-
egies aimed at reducing production costs. The analysis
of the economic feasibility of technological solutions
and financial mechanisms enables the determination
of the most promising development directions for the
industry, considering modern challenges.

RESULTS

Analysis of cost structure in Kazakhstan’s grain farm-
ing. The cost structure in Kazakhstan’s grain farming is
shaped by the interaction of technological, economic,
and natural-climatic factors. The main components of
the cost base include material expenses, particularly
expenditures on fertilizers, seeds, and plant protection
products, which have the greatest impact on produc-
tion costs. A significant share of expenses also consists
of energy costs, including fuel and electricity expendi-
tures, which are highly dependent on fluctuations in
energy prices. Labour costs and depreciation expenses
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create additional financial burdens on producers, espe-
cially considering seasonal employment fluctuations
and the need to modernise agricultural machinery.
Analysing the structure of these expenses allows for
an assessment of the capital intensity of grain produc-
tion and the identification of ways to improve its eco-
nomic efficiency.

The dynamics of costs in Kazakhstan’s grain farming
reflect a trend toward an increasing share of material
expenses, which may be linked to rising resource prices
and stricter requirements for ensuring stable yields. At
the same time, there is a decline in the share of la-
bour costs, which may indicate an increasing level of
mechanisation and automation in production process-
es (Tolepbergen, 2022). Different regions of Kazakhstan
demonstrate variations in cost structure due to soil and
climatic conditions, resource accessibility, and applied
agrotechnologies. Evaluating these factors helps deter-
mine regional differences in production costs of grain
crops and opportunities for their optimisation. Expendi-
tures on fertilizers, seeds, and plant protection products
are key components of the material base of production,
determining the cost price and productivity of the ag-
ricultural sector. The analysis of cost distribution over
the period from 2020 to 2024 allows for an assessment
of key trends in resource use and the identification of
directions for their optimisation (Fig. 1).
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Figure 1. Distribution of expenditures on material resources in Kazakhstan’s grain farming (%)
Source: created by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan (n.d.), Food and Agriculture Organization (2024), Organisation for Economic Co-operation

and Development (2023), World Bank (n.d.)

During the analysed period, a steady increase in
fertilizer costs was observed, which may result from
the intensified use of mineral fertilizers to maintain
stable yields. This trend was also influenced by chang-
es in soil chemical composition and the need for in-
creased micronutrient application to preserve soil
fertility. At the same time, the adaptation of precision
farming technologies enabled agricultural enterpris-
es to optimise fertilizer application, reducing losses
and increasing efficiency. The reduction in the share
of seed costs is associated with the improvement of
breeding methods, which ensure the development

of high-yielding varieties with enhanced agronomic
characteristics. The introduction of more drought-
and disease-resistant crops reduces the need for re-
seeding and increases the efficiency of seed material
use. The increase in plant protection costs is likely
linked to the spread of pests and diseases, necessitat-
ing more intensive use of pesticides and fungicides to
maintain yields.

Fuel and lubricants represent another significant
component of the cost structure. Given the vast are-
as of cultivated land in Kazakhstan, fuel expenses can
account for 15-20% of total costs. Fluctuations in oil
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and petroleum product prices directly impact this cost
segment. Depreciation costs related to the use of ag-
ricultural machinery and equipment also constitute
a substantial share of total expenditures. Depending
on the intensity of machinery use and its cost, depre-
ciation charges may reach 10-15% of total expenses.
This highlights the importance of efficient asset man-
agement and investment in modern equipment. La-
bour costs form another crucial component of the cost
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structure. Due to the seasonal nature of grain farming,
labour expenses may vary, but on average, they account
for approximately 10% of total costs. Wage levels, the
availability of skilled workers, and working conditions
influence this indicator. An analysis of the dynamics of
cost structure changes from 2020 to 2024 reveals a
trend of rising expenditure on material resources, par-
ticularly fertilisers and fuel, which is associated with
global price fluctuations (Fig. 2).
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Figure 2. Cost structure in Kazakhstan’s grain farming (%)
Note: material costs include expenditure on seeds, fertilisers, and plant protection products. Energy costs cover fuel and
electricity expenses. Other costs include administrative expenses, equipment repair, and maintenance costs
Source: created by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan (n.d.), Food and Agriculture Organization (2024), Organisation for Economic Co-operation

and Development (2023), World Bank (n.d.)

Figure 2 demonstrates a growing share of material
costs in the overall cost structure of grain production,
which may be attributed to rising prices for fertilisers
and plant protection products. At the same time, the
share of labour and energy costs has declined, which
may indicate improvements in production efficiency
and the adoption of energy-saving technologies. The
increase in depreciation costs may be linked to the
renewal of agricultural machinery and the implemen-
tation of modern production technologies. Regional
differences in cost structure are also significant. In
northern Kazakhstan, where most grain production is
concentrated, fuel and depreciation costs are higher
due to the larger cultivated areas. In southern regions,
where climatic conditions allow for higher yields, ex-
penditure on fertilisers and plant protection products
tends to be higher due to the more intensive cultiva-
tion technologies. Macroeconomic factors such as in-
flation, exchange rate fluctuations, and government
policies influence the cost levels of grain production.
The depreciation of the national currency may lead
to higher prices for imported material resources, in-
creasing overall production costs. Government support
in the form of subsidies and preferential loans can
partially offset these negative impacts.
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Technological innovations as a factor in cost op-
timisation in grain production. The adoption of tech-
nological innovations is one of the key areas for
improving resource efficiency in Kazakhstan’s grain
production. The cost of grain production largely de-
pends on the level of mechanisation, the use of mod-
ern soil cultivation methods, and the implementation
of digital technologies. The use of no-till and strip-till
techniques reduces fuel and lubricant consumption
and minimises the number of mechanical treatments,
contributing to lower production costs. The introduc-
tion of precision farming systems based on spatial
data analysis enhances the efficiency of agrotechni-
cal processes and promotes rational resource use. The
choice of technology determines fuel and lubricant
consumption levels, machinery wear and tear, labour
requirements, and final production costs. Traditional
ploughing remains a widely used method, but its high
energy intensity and cost encourage the adoption of
alternative approaches (Angon et al., 2023). No-till
(Jiang et al., 2021) and strip-till (R6zewicz, 2022) tech-
niques reduce the number of mechanical treatments,
lower fuel consumption, and optimise resource use.
Table 1 presents a comparative analysis of costs for
three main soil cultivation methods.




Kerimbek et al.

Table 1. Comparative analysis of costs for traditional ploughing, No-Till, and Strip-Till in Kazakhstan

Indicator Traditional Technology No-till Strip-till
Fuel costs (litres/ha) 25 10 15
Machinery depreciation costs ($/ha) 20 15 18
Labour costs ($/ha) 30 20 22
Total costs ($/ha) 75 45 55

Source: created by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan (n.d.), Food and Agriculture Organization (2024), Organisation for Economic Co-operation

and Development (2023), World Bank (n.d.)

The comparative analysis results show a significant
difference in cost levels between traditional plough-
ing and modern soil cultivation methods. The prima-
ry factor in cost reduction is lower fuel and lubricant
expenses, which is particularly evident in no-till tech-
nology. This is due to the elimination of ploughing and
the reduced number of machineries passes across the
field, which also minimises agricultural equipment
wear and tear. Although strip-till technology requires
slightly higher machinery depreciation costs compared
to no-till, it remains economically viable due to the op-
timal balance between soil structure preservation and
efficient fertiliser application in the root zone. The re-
duction in labour costs in no-till and strip-till systems
indicates a decreased need for fieldwork, which serves
as an additional cost-saving factor. The lower per-hec-
tare costs in farms using no-till and strip-till confirm
the economic feasibility of transitioning to minimal soil
cultivation. This serves as a key argument for imple-
menting resource-saving technologies in Kazakhstan’s
grain production, particularly given the rising prices of

energy resources and the need to optimise agricultur-
al enterprises’ cost bases. The development of digital
technologies in grain farming enhances the accuracy
of agro-production process monitoring. The use of Big
Data, Al, and Internet of Things enables the analysis of
large volumes of data on crop conditions, moisture lev-
els,and the need for fertilisers or plant protection prod-
ucts. Kazakhstan is expanding the use of automated
crop monitoring systems, which ensure precise applica-
tion of agrochemicals and minimise unproductive costs.
The implementation of GPS navigation and remote field
sensing sensors reduces yield losses by enabling timely
responses to adverse factors. The introduction of auto-
mated management systems for agrotechnical process-
es is an important step towards improving efficiency
and reducing costs in Kazakhstan’s grain farming sector.
These systems optimise resource use, lower expendi-
ture on fuel, fertilisers, and plant protection products,
and enhance labour productivity. Figure 3 presents a
comparative analysis of cost structures before and after
the introduction of automated management systems.
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Figure 3. Changes in the cost base of farms following
the implementation of automated agricultural process management systems
Source: created by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan (n.d.), Food and Agriculture Organization (2024), Organisation for Economic Co-operation

and Development (2023), World Bank (n.d.)

An analysis of the data presented in Figure 3 indi-
cates a significant reduction in production costs follow-
ing the introduction of automated systems. In particular,
fuel costs decreased by 30%, which may be attributed to
the optimisation of machinery routes and the reduction
of unnecessary operations. Fertiliser and plant protec-
tion costs each decreased by 20%, indicating more pre-
cise dosing and targeted application of these resources
due to automated systems. Labour costs also declined by

20%, likely resulting from the automation of routine pro-
cesses and a reduced need for manual labour.Overall, the
implementation of automated agricultural process man-
agement systems led to a 22.3% reduction in total costs
per hectare. This highlights the economic feasibility of
investing in such technologies to enhance the compet-
itiveness and profitability of grain farms in Kazakhstan.

The impact of technological innovations on the cost
base of farms is confirmed by statistical data,which show
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a trend towards reducing production costs in farms that
apply precision farming and automated systems. The re-
duction in fuel and lubricant expenses, along with opti-
mised fertiliser and plant protection costs, contributes
to lowering production costs by 10-15%. At the same
time, integrating modern technologies ensures stable
yield levels and allows farms to remain profitable even
during adverse weather conditions. The development of
digital platforms for agribusiness management contrib-
utes to reducing transaction costs and improving the
efficiency of logistics operations in Kazakhstan’s grain
sector. The use of blockchain technologies to monitor
grain supply chains enhances market transparency and
reduces risks for producers. The improvement of tech-
nological processes, based on production data analysis,
contributes to better yield predictability and cost op-
timisation. The expanded application of technological
innovations in Kazakhstan’s grain production ensures
cost structure optimisation and more efficient resource
use. The introduction of modern agrotechnologies
helps reduce production costs, increase yields, and pro-
mote the long-term sustainability of the agricultural
sector. This creates a foundation for further develop-
ing economically efficient farming models that ensure
the stability of agricultural production in a competitive
market environment.

Economic strategies for cost management in Ka-
zakhstan’s grain sector. The economic efficiency of grain
farming largely depends on optimising costs related

to production resources, transportation, storage, and
product sales. Cost management involves implement-
ing modern economic strategies aimed at improving re-
source efficiency and reducing production costs. In Ka-
zakhstan, with its vast arable land and developed grain
industry, key optimisation areas include cost standard-
isation, efficient land resource management, reducing
transaction costs, and integrating digital technologies
in logistics and grain marketing. Cost standardisation
involves establishing optimal resource consumption
norms per unit of land or production, helping to reduce
overuse and improve production planning. The intro-
duction of a differentiated approach to fertiliser and
plant protection application, based on agrochemical
soil analysis, minimises costs and enhances agrochemi-
cal efficiency (Sivojiene et al., 2021). The use of remote
sensing data in resource management enables more
accurate assessment of plant water and nutrient needs.

The choice of soil tillage technology plays a cru-
cial role in optimising the cost burden on Kazakhstan’s
grain farms. The cost of cultivating major crops largely
depends on agroecological conditions, soil character-
istics, and the intensity of applied technologies. The
tillage method affects resource consumption, particu-
larly fuel, fertilisers, and labour costs, ultimately deter-
mining the overall production cost (Dolia & Shevchen-
ko, 2024). Table 2 presents a comparative analysis of
wheat and barley cultivation costs depending on soil
type and tillage technology.

Table 2. Comparative analysis of grain crop cultivation costs in Kazakhstan by soil type and tillage technology

Tillage

Crop Soil type technology Fuel costs ($/ha) Fertilizer costs ($/ha) Labour costs ($/ha) Total costs ($/ha)
Chernozem Conventional 50 60 70 220
Winter wheat No-till 35 48 56 171
Chestnut Conventional 55 65 75 235
No-till 38 52 60 180
Chernozem Convgntignal 45 55 65 205
Spring barley Strlp-Flll 40 50 60 190
Chestnut Conventional 50 60 70 215
Strip-till 42 53 63 195

Note: chernozem soils are characterised by high natural fertility, significant humus content, and good water retention
capacity,allowing for reduced fertiliser application and increased efficiency of traditional and minimal tillage technologies.
Chestnut soils have lower humus levels, a higher tendency to dry out, and require additional fertiliser and moisture input
to maintain stable yields. This results in higher cultivation costs for grain crops in such conditions, making no-till and
strip-till technologies particularly suitable for conserving soil moisture and optimising production costs

Source: created by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan (n.d.), Food and Agriculture Organization (2024), Organisation for Economic Co-operation

and Development (2023), World Bank (n.d.)

The analysis of the data in Table 2 demonstrates
that grain cultivation costs depend not only on the till-
age technology used but also on soil type. On chestnut
soils, total costs for both winter wheat and spring bar-

ley cultivation are higher compared to chernozem soils.

This may be due to lower natural fertility, the need for
increased fertiliser application, and additional measures
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to improve soil structure. At the same time, the intro-
duction of minimal tillage technologies, particularly no-
till and strip-till, contributes to cost reductions, making
these technologies a viable option for resource-efficient
farming. The application of no-till technology signif-
icantly reduces the costs of winter wheat cultivation
regardless of soil type. This is due to lower fuel and




lubricant costs and reduced manual labour require-
ments resulting from fewer mechanical operations. The
use of strip-till in spring barley production also demon-
strates economic advantages, as it helps reduce fertil-
iser costs and optimise agrochemical use through lo-
calised application. Given the presented data, minimal
tillage technologies can be recommended as an effec-
tive tool for reducing production costs and enhancing
the resilience of agricultural production in Kazakhstan.

Optimising logistics costs is a key strategy for reduc-
ing total expenses in grain production. Transport costs
can constitute a significant share of total costs, par-
ticularly given the large distances between production
regions and export hubs. The use of automated logis-
tics management systems enables route optimisation
and minimises transport expenses. The construction of
grain storage facilities close to production areas reduc-
es interregional transportation needs and crop losses
during transit. Minimising grain losses during harvest-
ing and storage is another crucial economic aspect of
cost management. The implementation of modern com-
bine harvesters with loss control systems, automated
aeration,and humidity control in grain storage facilities
helps reduce product losses and improve quality (Ku-
lazhanov et al., 2024). The use of microclimate monitor-

Kerimbek et al.

ing technologies in elevators contributes to optimising
energy costs associated with drying and storing grain.

Reducing transaction costs is another area of pro-
duction cost optimisation in Kazakhstan’s grain sector.
The consolidation of small and medium-sized farms
into cooperative formations helps lower procurement,
financing, and product marketing costs. The use of dig-
ital platforms for direct contracts between producers
and consumers reduces intermediary costs and enhanc-
es price transparency in the grain market. Financial in-
struments such as crop insurance, credit financing, and
government subsidies help mitigate risks and ensure
production stability. Hedging mechanisms help reduce
the impact of grain price fluctuations on farm profit-
ability. Government support programmes, including
subsidies for fertiliser purchases, machinery acquisi-
tion, and insurance, help alleviate the financial burden
on producers. The introduction of digital platforms for
grain sales has a significant impact on reducing trans-
action costs in agricultural enterprises. Digitalisation
enables process automation, reduces the number of
intermediaries, and increases transaction transparency.
Figure 4 presents a comparative analysis of transaction
costs in farms before and after the introduction of dig-
ital platforms.

Total transaction costs ($/t) I )1

Financial transaction costs ($/t _ 2.5

Contracting costs ($/t —5 3.5
Sourcing costs ($/t —2 5
0 5

)
)
Logistics and transportation costs ($/t) _7 10
)
)

10

11.5 m Before the introductic

of digital platforms
After the introduction
of digital platforms

15 20 25

Figure 4. Comparative analysis of transaction costs in agricultural enterprises before
and after the implementation of digital platforms for grain sales
Source: created by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan (n.d.), Food and Agriculture Organization (2024), Organisation for Economic Co-operation

and Development (2023), World Bank (n.d.)

An analysis of the statistical data presented in
Figure 4 revealed that the introduction of digital plat-
forms significantly reduces transaction costs in agricul-
tural enterprises. Specifically, the costs associated with
finding buyers decrease by 60%, demonstrating the
effectiveness of digital solutions in establishing direct
connections between producers and consumers. Con-
tracting costs are reduced by 57% as digital platforms
simplify and automate the documentation processes
for agreements. Moreover, logistics and transportation
costs decrease by 30% due to route optimisation and
the use of modern supply chain management systems.
Financial transaction costs drop by 60% thanks to the
integration of electronic payment systems, ensuring
fast and secure transactions. Overall, total transac-
tion costs per ton of grain decline by 45%, enhancing
the competitiveness of agricultural enterprises and

contributing to their sustainable development. Thus,
cost management in Kazakhstan’s grain sector requires
a comprehensive approach, including resource utilisa-
tion regulation, logistics optimisation, transaction cost
reduction, and the adoption of modern digital technol-
ogies. The implementation of economically justified
strategies increases the competitiveness of Kazakh-
stan’s grain products and ensures the sustainable de-
velopment of the agricultural sector in a fluctuating
economic environment.

Recommendations for cost optimisation in Kazakh-
stan’s grain sector. An analysis of the cost structure in
Kazakhstan’s grain sector has shown that the key fac-
tors influencing production costs are expenses for fuel,
fertilizers, wages, transportation, and crop storage.
The introduction of advanced agricultural technolo-
gies, digital solutions, and financial mechanisms can
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significantly reduce production costs and improve the
economic efficiency of farms. Given this, it is neces-
sary to summarise the obtained data and assess the
potential economic impact of implementing various
cost optimisation strategies. Effective management of
production resources requires a systematic approach

that includes technological process modernisation,
logistics improvements, and strengthening the finan-
cial stability of agricultural enterprises. To structure
the results, Table 3 has been compiled, summarising
the main cost optimisation strategies and their impact
on key economic indicators.

Table 3. Key cost optimisation strategies in Kazakhstan’s grain sector and their impact on economic indicators

Optimisation strategy Measures

Impact on economic indicators

Adoption of precision farming, No-Till
and Strip-Till technologies, automation
of agro-technical processes

Technological innovations

Reduction in fuel costs (-20-30%),
fertilizer costs (-15-20%), and labor costs
(-10-15%); decreased equipment wear

Agrochemical soil analysis, targeted fertilizer
and pesticide application, selection
of adapted seeds

Rational resource management

Reduction in fertilizer costs (-15%)
and plant protection costs (-10%);
increase in yield (+5-10%)

Construction of grain storage facilities,
optimisation of transportation routes,
automated storage monitoring

Logistics optimisation

Reduction of transport losses (-12-18%);
decrease in logistics (-10-15%)

Increase in modernisation investments
(+15-20%); reduction of financial risks
Reduction in transaction costs (-40-50%);
decrease in buyer search costs (-60%)

State subsidies, crop insurance,
preferential lending
Trade automation, blockchain for transaction
control, formation of cooperatives

Note: all indicators are calculated based on statistical data analysis and expert evaluations regarding the impact of
implemented technologies and economic measures in Kazakhstan’s grain sector

Source: created by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan (n.d.), Food and Agriculture Organization (2024), Organisation for Economic Co-operation

Financial mechanisms

Digital platforms

and Development (2023), World Bank (n.d.)

Data analysis indicates that the greatest economic
impact is achieved through technological innovations
and digital solutions. In particular, the application of
precision farming, No-Till, and Strip-Till technologies
significantly reduces costs for fuel, fertilizers, and la-
bour, increasing production profitability. The automa-
tion of agro-technical processes helps minimise equip-
ment wear and extend its lifespan, reducing long-term
depreciation costs. Optimisation of material resources,
particularly the rational use of fertilizers and plant pro-
tection products, not only cuts costs but also enhances
the environmental efficiency of farms. Targeted fertiliz-
er application and adaptation of seed materials to local
climate conditions contribute to preserving soil fertility,
ensuring stable yields in the long run. At the same time,
logistics solutions such as the construction of modern
grain storage facilities and transportation automation
help minimise product losses and improve its quality.

The use of financial mechanisms and digital plat-
forms allows for significant reductions in operational
costs and enhances product sales efficiency. State sub-
sidies and preferential lending stimulate investments
in agricultural sector modernisation, while digital plat-
forms ensure market transparency and simplify contract
agreements. This reduces transaction costs and im-
proves access to international markets for Kazakhstan’s
grain. Overall, the implementation of comprehensive
cost optimisation measures strengthens the financial
stability of enterprises and solidifies Kazakhstan’s po-
sition as a leading global grain producer.
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DISCUSSION

The findings confirm that the implementation of mod-
ern technological and managerial solutions has con-
tributed to the reduction of production costs in Kazakh-
stan’s grain sector. Minimal tillage methods, particularly
No-Till and Strip-Till, have helped lower fuel and equip-
ment depreciation costs, as evidenced by statistical cal-
culations. The automation of agro-technical processes
has facilitated more efficient distribution of fertilizers
and plant protection products, reducing expenses.Logis-
tics optimisation, including improved transport routes
and the development of grain storage facilities, has led
to lower losses during storage and transportation. Eco-
nomic cost management mechanisms, such as finan-
cial instruments and digital platforms, have decreased
transaction costs and improved profitability. However,
the efficiency of implemented measures varied depend-
ing on farm scale, regional characteristics,and access to
innovative technologies, requiring adaptation of opti-
misation strategies to specific production conditions.

The findings confirm that the implementation of
modern technological and managerial solutions has
contributed to the reduction of production costs in Ka-
zakhstan’s grain sector. Minimal tillage methods, par-
ticularly No-Till and Strip-Till, have helped lower fuel
and equipment depreciation costs, as evidenced by sta-
tistical calculations. The automation of agro-technical
processes has facilitated more efficient distribution
of fertilizers and plant protection products, reducing
expenses. Logistics optimisation, including improved




transport routes and the development of grain storage
facilities, has led to lower losses during storage and
transportation. Economic cost management mecha-
nisms, such as financial instruments and digital plat-
forms, have decreased transaction costs and improved
profitability. However, the efficiency of implemented
measures varied depending on farm scale, regional
characteristics, and access to innovative technologies,
requiring adaptation of optimisation strategies to spe-
cific production conditions.

The economic efficiency of the grain sector largely
depended on logistics process optimisation and tech-
nological innovations (Kim et al., 2025). The study by
D. Prajapati et al. (2022) examined sustainable grain
supply chain models, considering economic, environ-
mental, and social factors such as transportation costs,
carbon emissions, and product damage risks. This re-
search focused on Kazakhstan’s regional characteristics,
the development level of grain logistics, and the digi-
talisation of supply processes. It was established that
an integrated cost management approach contributed
to reduced production costs, aligning with the conclu-
sions of the analysed study, but with an added evalua-
tion of specific financial and technological mechanisms
in local conditions.

The development of digital financial mechanisms
in agriculture helped reduce transaction costs and
enhance the economic stability of Kazakhstan's grain
enterprises. Similar issues were explored in the study
by X. Guo et al. (2023), which assessed the impact of
digital financial technologies on farmer incomes in
China’s leading grain regions. It was found that digi-
tal platforms improved access to credit resources,
expanded entrepreneurial opportunities, and opti-
mised financial flows. The difference in this research
was the focus on the impact of digital technologies
on the cost structure of grain production in Kazakh-
stan, particularly their role in financing the agricul-
tural sector and improving product sales mechanisms.

Soil quality played a key role in increasing agroe-
cosystem productivity and grain production efficiency.
The study by I.C. Mendes et al.(2021) developed the Soil
Quality Index for Fertility and Biological Assessment,
combining chemical and biological indicators. It was
found that optimal soil enrichment with organic carbon
and macronutrients contributed to higher yields. While
this research confirmed the effectiveness of various fer-
tilisation methods, the main emphasis was on the eco-
nomic impact of minimum tillage and precision farming
technologies, ensuring cost optimisation in grain pro-
duction.Akey factor in the development of Kazakhstan’s
grain sector was not only the implementation of modern
technologies but also the activation of entrepreneurial
activity among farmers. The study by Y. Pan et al. (2024)
examined the interaction between farmers’ entrepre-
neurship and economic growth in China’s agricultural
sector, showing that innovative entrepreneurial activity
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contributed to regional economic development in areas
with similar urbanisation levels. The analysis confirmed
the importance of entrepreneurship in agriculture,
aligning with the findings of this study. However, Ka-
zakhstan’s research focused on cost optimisation mech-
anisms through digital financial tools and logistics im-
provements, complementing conclusions of Y. Pan et al.

The effective functioning of the grain industry was
determined by the choice of farming system, which
influenced both cost levels and the long-term stabil-
ity of agricultural production. The study by G. Han et
al. (2021) found that the main motives for lowa (USA)
farmers transitioning to organic farming were econom-
ic benefits, environmental responsibility, occupational
safety, and traditional farming methods. The analysis
confirmed that most farmers considered this transition
justified, although the public health aspect did not al-
ways meet expectations. The study of Kazakhstan took
into account the economic feasibility of implementing
modern agro-technologies; however, the primary focus
was on cost optimisation through digitalisation and the
introduction of precision farming technologies.

The sustainability of the grain industry depended
not only on economic and technological factors but also
on social aspects, particularly the issue of generation-
al renewal among farmers (Yaheliuk et al., 2024). The
study by S.F. Conway et al. (2021) analysed the influence
of the behavioural patterns of older generations of
farmers on the transfer of farms to the next generation.
The authors found that financial incentives were not
always effective due to the deeply rooted perception of
farming as a lifelong profession, which complicated the
process of exiting the sector. The study confirmed that
the workforce structure of farms influenced cost man-
agement efficiency and readiness to implement mod-
ern technologies. Unlike S.F. Conway et al., the main fo-
cus was on economic and technological factors in cost
optimisation; however, the obtained results indicated
the necessity of considering demographic trends when
developing long-term strategies for the development
of Kazakhstan’s grain industry.

The integration of digital technologies into Kazakh-
stan’s grain industry was viewed as one of the key tools
for improving cost management efficiency and opti-
mising production processes. The study by C. Ayim et
al. (2022) confirmed the effectiveness of information
and communication technologies in enhancing farm-
ers’ access to agronomic information, although their
implementation was limited by low digital literacy and
weak infrastructure. Cost analysis in Kazakhstan’s grain
industry demonstrated that the use of Big Data, artifi-
cial intelligence, and automated platforms contributed
to reducing production costs through more precise re-
source allocation. A distinctive feature of this study was
its focus on the economic efficiency of digital solutions,
assessing their real impact on the cost structure of the
agricultural sector.
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Technological innovations also played an important
role in increasing the productivity and sustainability of
the grain industry (Bulgakov et al., 2020). The study by
N.Khan et al. (2021) examined the potential of modern
technologies, such as the Internet of Things, artificial
intelligence, and autonomous systems, in transforming
food systems. The authors emphasised the importance
of appropriate regulatory policies for the successful
implementation of innovations. The conducted study
confirmed the effectiveness of digital technologies in
reducing costs in Kazakhstan; however, the main em-
phasis was on modelling cost structures and assessing
the profitability of innovations, taking regional charac-
teristics into account.

Logistical processes were critical to the efficien-
cy of the grain industry, as transportation and storage
of grain accounted for a significant share of costs. The
study by E. Mardaneh et al. (2021) proposed a deci-
sion-support system for selecting optimal grain storage
and distribution strategies. It was found that storing
the harvest directly on farms contributed to reducing
losses and increasing profitability. The study confirmed
the importance of logistical solutions in reducing costs
in Kazakhstan while also focusing on regional infra-
structure characteristics and the digitalisation of sup-
ply processes. The preservation of grain quality largely
depended on the efficiency of logistical solutions. The
study by YJ. Kim and B.K. Lee (2022) analysed contain-
erised logistics as an alternative to traditional grain
storage and transportation, identifying its advantages
in reducing losses due to spoilage and pest infestation.
However, the authors noted that containerised logistics
required significant initial investments. The study con-
firmed the feasibility of improving logistical process-
es in Kazakhstan, but the main focus was on assessing
the financial efficiency of different transportation ap-
proaches and the potential of digital platforms in sup-
ply chain management.

Rationalising grain storage was a crucial factor in
cost optimisation in the grain industry. The study by
K.A.Rosentrater (2022) examined the economic aspects
of storage, including the choice between on-farm stor-
age and terminal elevators, as well as the impact of
storage on overall production profitability. The author
emphasised that investments in grain storage should
be economically justified, considering market prices
and planning horizons. The conducted study confirmed
that an effective storage system contributed to reduc-
ing losses and increasing the profitability of farms in
Kazakhstan; however, the focus was on adapting digital
technologies to inventory management.

Enhancing the sustainability of the grain indus-
try required a comprehensive approach that included
not only economic efficiency but also environmental
aspects. The study by A. Gohin (2023) evaluated the
ability of the French food system to adapt to the Eu-
ropean Union’s Green Deal requirements, particularly
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regarding the reduction of fertilizer and pesticide use.
It was found that such changes were possible without
significant economic losses for farmers, provided there
was effective government support. The conducted
study considered similar aspects, but the emphasis was
on adapting cost optimisation strategies to Kazakh-
stan’s agro-climatic conditions, the availability of finan-
cial mechanisms, and the role of digital technologies
in reducing production costs. Assessing the impact of
technological innovations and climatic factors is an im-
portant aspect of the sustainability of the grain indus-
try (Krychkovska et al., 2025). The study by |.A. Baig et
al. (2024) used econometric analysis to identify a posi-
tive correlation between rainfall levels, CO, emissions,
and wheat yields, as well as the significant effect of
modern agro-technologies. The study of Kazakhstan as-
sessed the impact of precision farming and automated
systems, focusing on their economic feasibility. Unlike
I.A. Baig et al., the primary emphasis was on financial
mechanisms that facilitated cost structure optimisation.

Macroeconomic factors determined the strate-
gies for developing the agricultural sector. The study
by A. Belletti and S. Schneider (2023) analysed Brazil’s
and China’s export relations, considering institution-
al factors and Food Regimes. Kazakhstan also studied
macroeconomic aspects, including government regu-
lation and market fluctuations. The difference was the
focus on regional mechanisms for cost optimisation.
The impact of macroeconomic variables on agricultural
production was assessed in S.B. Akpan and A.A. Umor-
en (2021), where the ARDL model showed that, in the
long term, key determinants were per capita income,
land use density, the consumer price index, and the
exchange rate. The study of Kazakhstan also examined
cost dynamics, credit accessibility, and government
support, but the main emphasis was on technological
and logistical solutions for cost optimisation, comple-
menting the findings of S.B. Akpan and A.A. Umoren.

The study confirmed that the implementation of
technological innovations, logistics optimisation, and
the use of digital financial mechanisms contributed to
cost reduction in Kazakhstan’s grain industry. Methods
of minimal tillage, automation of agro-technical pro-
cesses, digital platforms, and improvements in logis-
tical solutions ensured increased production efficien-
cy, reduced losses, and lower transaction costs. At the
same time, macroeconomic factors, such as government
regulation, financial support, and market fluctuations,
influenced the stability of the sector. The obtained re-
sults aligned with international research findings; how-
ever,the emphasis was placed on regional specifics and
the economic feasibility of implementing innovative
solutions in local conditions.

CONCLUSIONS

The study demonstrated a new approach to cost op-
timisation in Kazakhstan’s grain industry through a




comprehensive analysis of cost structures, an assess-
ment of the impact of technological and economic fac-
tors, and the modelling of strategies for their reduction.
The obtained results made it possible to establish in-
terconnections between key cost components, the lev-
el of mechanisation of production processes, and the
application of innovative technologies, which contrib-
uted to substantiating ways to improve the economic
efficiency of the sector. The analysis of cost structures
in Kazakhstan’s grain industry showed that the largest
share of total costs was attributed to material resourc-
es, particularly fertilizers, seeds, and plant protection
products, due to the need to maintain stable yields
and adapt to changing agro-climatic conditions. At the
same time, a trend of decreasing labour costs was ob-
served, indicating a gradual increase in mechanisation
and automation. Regional differences in cost structures
were identified, depending on resource accessibility,
soil-climatic characteristics, and the adoption of mod-
ern agro-technologies.

Research on technological innovations has shown
that the implementation of minimum tillage, particu-
larly No-Till and Strip-Till, allowed for a reduction in
fuel costs by 50-60%, depreciation expenses by 20-25%,
and labour costs by 15-20%. The use of automated ag-
ricultural management systems contributed to a more
efficient allocation of resources, ensuring a reduction
in fertilizer and plant protection costs by 18-22%. The
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product losses during transportation by 12-18% and
overall logistics costs by 10-15%. The use of digital
platforms facilitated a reduction in transaction costs by
40-50% and a decrease in buyer search costs by 60%,
thereby enhancing the competitiveness of grain prod-
ucts.

The research faced several limitations, including in-
sufficient statistical data detailing, which complicated
the assessment of long-term changes in cost structures.
The analysis of technological innovations was based
on selective data, which might have affected the rep-
resentativeness of the results. The impact of state sup-
port and regulatory mechanisms on cost optimisation
requires further study. Additionally, climate risks, which
can significantly influence the effectiveness of imple-
mented measures in the future, were not fully consid-
ered. The developed recommendations for cost optimi-
sation in Kazakhstan’s grain farming sector included
the adoption of modern technologies, adaptation of
logistical schemes, and the expansion of digital solu-
tions for production process management and product
marketing. Future research may focus on assessing the
long-term impact of technological changes on the cost
of grain production, adapting economic strategies to
various agricultural production models, and developing
mechanisms to enhance the efficiency of state support
for the agricultural sector.
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AHoTauia. OnTuMizauisa BUTpaT y 3epHOBOMY rocnofapcTtei KasaxcTaHy € akTyanbHOK NpobaemMoto, 3yMOB/IEHO
HeoOXiAHICTIO NiABUILEHHS EKOHOMIYHOT ePEeKTUBHOCTI CiflbCbKOroCNoAapCbkoro BMPOOHMUTBA B YMOBax
3pOCTaHHS BApTOCTi pecypciB i NOCUNEHHS KOHKYPEHLIT Ha MiXXHapoAHOMY pUHKY. MeTol AaHOro JOCHIAXEHHS
6yno 06rpyHTYBAHHSA NiAXOAIB A0 3HUXEHHS BUTPAT y 3€pPHOBOMY roCNoAAPCTBI WASAXOM aHani3y CTpyKTypu BUTpaT
Ta OUiHKM eeKTUBHOCTI TEXHONONIYHUX | EKOHOMIYHMX 3axoAiB. [ns ouiHKKM edeKTUBHOCTI Pi3HMX BUPOOHMYMX
cTpaTerii 6yno BMKOPWUCTAaHO MeTOAM BapiauilfHOi CTAaTUCTUKKM, perpecimHoOro aHanisy, eKoOHOMETPUYHOro
MOJENOBaHHSA, aHanisy BUTPAT i BWUrof, a TAKOX PO3pPaxyHKM iHBECTULiNHOI npubyTKOBOCTI. Pe3ynbratu
[OCNIOXEHHS MOKasanu, WO KIHYOBMMM HaNpsIMKaMuM OMNTUMI3auiil BUTPAT € BNPOBAMXKEHHS TEXHOMOrin
MiHiManbHOro 06pobiTky rpyHTy, 30kpeMa cucteM no-till Ta strip-till, aBToMaTM3aLis arpoTexHiyHMX Npouecis,
pauioHanbHe BUMKOPUCTaHHA f06pMB Ta 3acobiB 3aXMCTy POCAMH, @ TaKOX BUKOPUCTaHHS UMbpOBUX NnaTthopm
Ansg npoaaxy npoaykuii. AHanis ctatucTnuHmx gaHmnx 3a 2020-2024 poku nokasas, WO BNPOBAAXKEHHS TEXHONOTIN
MiHiManbHOro obpobiTKy IPyHTY CNPUANO CKOPOYEHHIO BUTPAT Ha Nanueo Ha 50-60 %, amopTu3auiiHuX BUTpaT Ha
TexHiky - Ha 20-25 %, BuTpaT Ha onnaty npaui — Ha 15-20 %. ABTOMaTM30BaHi CUCTEMU YNPaBAiHHA CiIbCbKUM
rocnofapCcTBOM A03BOSIUAM CKOPOTUTM BUTPATM Ha AobpuBa Ta 3acobu 3axmMcTy pocsvH Ha 18-22 % 3aBasku
TOYHOMY po3noginy pecypci. OnTumizauisa NOricTMYHMX NpoueciB Ta OyRiBHMUTBO 3€PHOCXOBMLL, CRpUsAW
CKOPOYEeHHI0 BTpaT NPOAYKLii Mig Yac TpaHCMopTyBaHHA Ha 12-18 % Ta 3MeHLWeHHI0 NoricTUYHMX BMTpaT Ha 10-
15 %. BukopucTaHHs umdpoBux nnathopM Ansg npofaxy npomykuii 3a6esneuymno ckopodeHHs TPaH3aKUinHUX
BUTpaT Ha 40-50 %, a BUTpAT Ha NoLwyk nokynuie — Ha 60 %. 3aranbHui eekT Big BNPOBAAXKEHHS 3aNPONOHOBAHMX
3ax0[iB AO3BONMB 3HU3UTU COBIBAPTICTb BUPOOHULUTBA 3epHa Ha 12-17 %, 3anexHo Big MacwTaby rocnofapcTsea
Ta 3aCTOCOBAHMX TEXHOJOFIA. 3anpOMOHOBAHI pPeKOMeHAaLii CNpSIMOBaHi Ha 3HWXXEHHS BUPOOHUYUMX BUTpAT,
3abe3neyeHHs PiHAHCOBOT CTabiNbHOCTI arpapHOro CEKTOPY Ta NiABULLEHHS KOHKYPEHTOCMPOMOXHOCTI 3epHOBOTO
rocnopapcTtea KasaxcraHy

KniouoBi cnioBa: eKOHOMiYHa ePeKTUBHICTb; TEXHONOTiYHI iIHHOBALLIT; MiHIManbHWUIA 06POBITOK IPYHTY; aBTOMATH3aLS
CiNbCbKOro rocnofapcrsa; ynpasiHHA pecypcamm

Scientific Horizons, 2025, Vol. 28, No. 4



https://orcid.org/0000-0003-0563-8399
https://orcid.org/0000-0003-0676-1620
https://orcid.org/0000-0002-9233-8599
https://orcid.org/0000-0002-2593-2520
https://orcid.org/0000-0001-7006-4403

SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 28(4), 135-150

UDC 332.1:338.43
DOI:10.48077/scihor4.2025.135

Optimisation of credit strategies
in the agro-industrial complex under conditions of market instability

Dias Babash’
Doctoral Student
Zhetysu University named after Ilyas Zhansugurov
040009, 187A Zhansugurov Str., Taldykorgan, Republic of Kazakhstan
https://orcid.org/0009-0001-3425-0804
Daniyar Kaldiyarov
Doctor of Economic Sciences, Professor
Zhetysu University named after Ilyas Zhansugurov
040009, 187A Zhansugurov Str., Taldykorgan, Republic of Kazakhstan
https://orcid.org/0000-0002-0181-2962
Gulnar Tuleshova
PhD in Economic Sciences
Zhetysu University named after Ilyas Zhansugurov
040009, 187A Zhansugurov Str., Taldykorgan, Republic of Kazakhstan
https://orcid.org/0009-0001-4717-0969
Zhanar Turalina
PhD in Economic Sciences
City Scientific and Methodological Center of New Technologies in Education of Almaty
050007, 62 Sh. Kaldayakov, Almaty, Republic of Kazakhstan
https://orcid.org/0000-0003-2249-9124
Olessya Lemechshenko
Master of Sciences
Zhetysu University named after Ilyas Zhansugurov
040009, 187A Zhansugurov Str., Taldykorgan, Republic of Kazakhstan
https://orcid.org/0000-0002-8907-9768

Article’s History: Abstract. The purpose of this study was to analyse the problems of lending to the agro-
Received: 06.12.2024 industrial complex of Kazakhstan and to develop a methodology for its sustainable
Revised: 23.02.2025 financing.The study was based on a systematic approach,including theoretical analysis
Accepted: 26.03.2025 of economic and financial factors, comparative analysis of international practices, as
well as the development of subsidy, insurance, and monitoring methods to optimise
the sustainability of lending to the agro-industrial complex. The findings of the

Suggested Citation:
Babash D., Kaldiyarov, D., Tuleshova, G., Turalina, Zh., & Lemechshenko, O. (2025). Optimisation of credit strategies

in the agro-industrial complex under conditions of market instability. Scientific Horizons, 28(4), 135-150.
doi: 10.48077/scihor4.2025.135.

Copyright © The Author(s). This is an open access article distributed under the terms of the
oy Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



https://orcid.org/0009-0001-3425-0804
https://orcid.org/0000-0002-0181-2962
https://orcid.org/0009-0001-4717-0969
https://orcid.org/0000-0003-2249-9124
https://orcid.org/0000-0002-8907-9768
https://sciencehorizon.com.ua

136

Optimisation of credit strategies in the agro-industrial complex...

study revealed that ensuring the sustainability of lending to agro-industrial complex requires a comprehensive
approach, including the integration of mechanisms of state regulation, market instruments, and risk management
methods. The analysis of existing practices of agro-industrial complex financing in Kazakhstan revealed that
the key problems continue to be the high cost of borrowed funds (in 2024 the loan rate was 6% for soft loans,
and reached 25-27% in the case of commercial loans), limited access of small and medium-sized farmers to
credit resources, as well as the underdevelopment of agricultural risk insurance mechanisms. In this context,
the study confirmed the effectiveness of such instruments as interest rate subsidies, state credit guarantees,
and the expansion of preferential lending programmes for agricultural producers. According to the findings, this
enabled small farmers to access financing in the amount of 10 billion tenge and increase production capacity
by 15-20%. Additionally, the study found that in an unstable macroeconomic environment, regular monitoring of
macroeconomic factors and adaptation of credit policy to changes in financial markets are significant, as a tonne
of grain cost around 80,000 tenge in 2020 and could reach 135,000 tenge by 2024. The use of digital platforms
and analytical tools to assess risks and forecast market trends can greatly improve the efficiency of agribusiness
credit management. Furthermore, international practices in agricultural finance, particularly models of credit
support used in developed and transition economies, can be adapted to the conditions of Kazakhstan, considering
the specific features of its agricultural sector and financial system. The obtained findings provided a basis for
improving the mechanisms of lending to the agro-industrial complex, increasing the availability of financial
resources for agricultural producers, and minimising credit risks in conditions of economic instability

Keywords: macroeconomic factors; subsidies; insurance; agricultural products; currency fluctuations; financing;

interest rates

INTRODUCTION

The agro-industrial complex (AIC) plays a key role in
the economy, providing food security, employment,
and export potential. Its development depends on the
availability of financing, long-term investments, and
the stability of credit mechanisms. High capital inten-
sity, seasonality, and income instability make the sector
less attractive to lending institutions, while macroe-
conomic instability, volatile interest rates, and poorly
developed agricultural risk insurance force farmers to
turn to short-term loans with high costs. Measures to
subsidise interest rates, develop insurance mechanisms,
and improve risk management are required to increase
the sustainability of financing. The use of international
practices will enable the creation of a stable financial
system that supports the modernisation of the agricul-
tural sector, increases its competitiveness, and reduces
the influence of external economic factors.

One of the principal factors affecting the sustain-
ability of lending to the agro-industrial complex is the
difficulty of forecasting risks associated with market
volatility (Boiko et al., 2024).R. Tazhibayeva (2021) not-
ed the effects of market fluctuations on credit avail-
ability for agrarians, emphasising the significance of
state support for agribusiness, but without consider-
ing long-term market volatility and its impact on risk
forecasting under volatile conditions. G. Esimkhan et
al. (2024) also considered risks associated with mar-
ket volatility, focusing on short-term price changes and
their effects on financial flows of agricultural produc-
ers, but the study did not address the factors of predict-
ing long-term market trends, which limited the appli-
cability of its findings in conditions of uncertainty and
high volatility inherent in modern agricultural markets.
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External factors such as changes in international
trade and global economic crises also significantly af-
fect the sustainability of agribusiness lending (Luch-
echko & Gordiichuk, 2023). M. Afolabi et al. (2021) ex-
amined the effects of external economic instability on
credit availability of agrarians, revealing the value of
risk diversification using currency hedges, but without
considering the effects of global economic crises on
long-term credit strategies, which limited its appli-
cation in the face of global uncertainty. R. Sodoma et
al. (2021) highlighted the influence of international
trade on agrarian credit, emphasising the significance
of foreign trade for the agribusiness sector as well
as the role of international financial institutions in
supporting agribusiness, but without considering the
relationship between external economic shocks and
internal economic conditions, making the conclu-
sions insufficiently precise for real-world application.
T.G.Abdulova et al. (2022) examined the state of bank
lending to agricultural enterprises in Kazakhstan,
identifying problems of access to credit and noting
insufficient financial support to the agribusiness sec-
tor, but without addressing the influence of macroe-
conomic factors, which limited the generalisability of
the findings.

Instability of financial institutions also poses a
serious threat to the sustainability of lending to the
agro-industrial complex, as economic shocks in the
banking sector can lead to limited availability of credit
resources and increase the cost of borrowing for agri-
cultural producers. S. Khalatur et al. (2023) focused on
analysing the impact of banking system crisis on the
availability of financial resources for agribusinesses,




identifying key risks for agrarians in the context of in-
stability of financial institutions, but not considering the
long-term effects of such crises, thus limiting the scope
of application of their findings. J. Glauber et al. (2021)
investigated the measures taken by public and private
financial institutions to ensure the sustainability of
agricultural credit in the face of financial shocks, but
without considering the possibility of integrating the
latest financial instruments, which limited the practical
relevance of the findings for the development of the
agricultural sector in the long term. Y. Liu et al. (2022)
analysed the effects of financial crises on financial
institutions working with the agricultural sector and
proposed a series of methods to stabilise lending, but
without assessing the impact of financial risks specific
to the agricultural sector, which limited the accuracy of
the proposed solutions for agribusiness in the context
of global economic instability.

The purpose of the present study was to develop an
effective methodology for assessing and optimising the
sustainability of agribusiness lending under conditions
of market instability. To fulfil this purpose, the objec-
tives of the study included the analysis of the current
problems of lending to agribusiness associated with
market volatility, instability of financial institutions and
external economic factors; development of recommen-
dations to improve credit mechanisms for agrarians, in-
cluding the optimisation of state support programmes,
and the use of alternative financial instruments that
help reduce risks and improve the availability of credit
resources to agricultural producers.

MATERIALS AND METHODS

The methodology for assessing and optimising the
sustainability of lending to the agro-industrial complex
was based on a comprehensive study of financial, insti-
tutional,and macroeconomic factors affecting the avail-
ability and stability of credit resources in the agro-in-
dustrial complex, as well as on market mechanisms and
risk management. The study employed a systematic
approach that allowed considering the interconnection
of various elements of financial infrastructure, such as
credit institutions, state regulators, and agrarian enter-
prises. The study was based on a comprehensive anal-
ysis of materials that included official statistical data,
regulations, strategic documents, and reports of state
and international organisations handing the issues of
financing and lending of the agro-industrial complex.
This approach helped to assess the current state of
the lending system in the agricultural sector, as well
as to identify internal and external factors affecting its
stability and efficiency. Particular attention was paid
to the study of international best practices aimed at
increasing the availability of financial resources for ag-
ricultural producers, development of risk minimisation
tools, as well as the application of public and private
financing mechanisms.
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The principal sources of information included data
from the National Bank of Kazakhstan (n.d.), specifically,
reports on monetary policy, official statistical compila-
tions and analytical reports containing information on
the dynamics of interest rates, the structure of the loan
portfolio of second-tier banks,and the volume of financ-
ing of the agro-industrial complex. The study also used
the materials from the Ministry of Agriculture of the Re-
public of Kazakhstan (n.d.), including annual reports on
the development of the agrarian sector, strategic docu-
ments related to the financial support of agrarians, and
regulations governing the procedure for subsidising in-
terest rates and granting soft loans to agricultural pro-
ducers. Additionally, the Ministry of National Economy
of the Republic of Kazakhstan (n.d.) reports containing
macroeconomic indicators, forecasts on inflation, ex-
change rate, and other factors affecting the availabil-
ity of credit resources for agribusiness, as well as open
data from the Bureau of National Statistics (n.d.) were
studied. The study used analytical materials from Agrar-
ian Credit Corporation (n.d.), including information on
existing agricultural finance programmes, as well as
reports from Baiterek National Managing Holding Joint
Stock Company (n.d.), which coordinates government
policy on agricultural finance.

International sources included statistics and analyt-
ical publications of the World Bank Group (n.d.), specif-
ically, reports on the investment climate in Kazakhstan
and assessment of the stability of financial institutions,
as well as reports of the International Monetary Fund
(IMF) (n.d.), containing macroeconomic assessments of
the sustainability of the country’s credit system. A sig-
nificant role in the analysis was played by the mate-
rials of the Food and Agriculture Organisation of the
United Nation (FAO), including reports on sustainable
development of the agricultural sector and adaptation
of agricultural producers to economic instability (Reso-
Lution of the Government of the Republic of Kazakhstan
No. 960, 2021). To examine the international practices
of crediting the agro-industrial complex, the study used
the reports of the Organisation for Economic Co-oper-
ation and Development (OECD) (n.d.), which analysed
the mechanisms of agricultural support in countries
with developed and transition economies. The study
also considered the research of the European Bank for
Reconstruction and Development (EBRD) (n.d.) on the
issues of financing the agro-industrial sector in the
countries of Central Asia, as well as publications of the
Asian Development Bank (ADB) (n.d.), which included
recommendations for improving agricultural policy and
access to financial resources.

RESULTS

Kazakhstan’s agro-industrial complex is a strategically
significant sector of the economy that ensures internal
food security and a considerable share of the country’s
exports. In 2024, the contribution of the agro-industrial
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complex to the gross domestic product (GDP) was
about 5.2-5.5%, which is equivalent to more than KZT
4.8 trillion. Therewith, this indicator showed a steady
upward trend despite macroeconomic challenges. The
structure of agricultural production in Kazakhstan is
mainly represented by crop production (about 60%
of total production), livestock breeding (38%), and
agro-processing (2%). One of the most competitive
segments of the agro-industrial complex is the grain
sector, which provides Kazakhstan with a strong po-
sition in the world market. According to the Food and
Agriculture Organisation of the United Nations (n.d.),
Kazakhstan ranks 7™ in the world in wheat exports, be-
hind such leaders as the USA, Canada, and the Europe-
an Union (EU). In 2024, wheat exports were estimated
at ~8.5 million tonnes, with the geography of supply
covering over 30 countries, including Uzbekistan, Chi-
na, Afghanistan, and Iran.

The flour milling industry deserves special atten-
tion, where Kazakhstan consistently ranks 1 in the
world in flour exports. In 2024, Kazakhstan’s flour ex-
ports reached 1.9 million tonnes, which was greater

than its nearest competitors such as Turkey. The high
export potential is explained not only by favourable
climatic conditions for growing durum wheat, but also
by the developed network of milling complexes, most
of which are located in Northern and Southern Kazakh-
stan. Apart from its economic role, Kazakhstan’s agri-
culture plays a vital social function. The sector employs
more than 1.3 million people, which is over 20% of the
economically active population of the country. The de-
pendence of rural regions on agro-industrial produc-
tion is particularly strong: for instance, in Kostanay and
North Kazakhstan regions, up to 45% of the employable
population is working in agriculture.

At the same time, despite its promising potential,
Kazakhstan’s agro-industrial complex faces a series of
financial constraints, among which the excessive cost
of loans continues to be one of the key problems. The
average interest rate on loans in Kazakhstan ranges
from 12-25% per annum, which is significantly higher
than in some other agricultural countries (Table 1). For
instance, the EU has preferential loan programmes with
rates of 2-5% per annum.

Table 1. Indicators of lending to the agro-industrial complex of Kazakhstan in 2021-2024

Indicator 2021 2022 2023 2024
Volume of investments in agriculture KZT 704.8 bn  KZT 853.5 bn KZT 910 bn KZT 980 bn
Average interest rate on agricultural 190 0o 6% (preferential) 6% (preferential)
loans 15.9-18% 15.9-20% and 22-25% (commercial) and 25-27% (commercial)
_ Volume of lending to agriculture 7 o650 177795 pn KZT 800 bn up to KZT 900 bn
(including soft and commercial loans)
Total volume of concessional lending  KZT 400 bn KZT 510 bn KZT 550 bn Over KZT 600 bn
Number of loans issued ~20,000 ~22,000 ~22,000-23,000 up to 25,000

Share of concessional loans in the

total volume of lending to the agro- 65-70% 70% 70-75% about 75%
industrial complex
Volume of overdue debt (share of 14-15% 13-15% ~13% ~11-12%

non-performing loans)

Source: compiled by the authors of this study based on Olzhas Bektenov on support for farmers: For the first time the
volume of preferential lending has reached 580 billion tenge (2024); A. Tishchenko (2024); Agricultural lending in the

Republic of Kazakhstan for 2021 (2021)

Several factors contribute to the elevated interest
rate environment in Kazakhstan. Agriculture continues
to be a high-risk sector for banks and other lenders
due to the seasonality of production, dependence on
weather conditions, and fluctuations in commodity
prices. Furthermore, inflation in Kazakhstan has his-
torically been high, reaching 20.3 per cent. in 2022
and 11.8 per cent. in 2023, forcing banks to set inter-
est rates accordingly. In 2024, inflation in Kazakhstan
slowed to 8.6% compared to 9.8% in 2023. During this
period, food prices rose by 5.5%, non-food prices - by
8.3%, and paid services - by 13.3% (Bureau of National
Statistics, 2025). Despite the decline in the overall in-
flation rate, the significant surge in prices of paid ser-
vices continued to put pressure on the financial sec-
tor, forcing banks to maintain corresponding interest
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rates. Furthermore, commercial banks are limited in
long-term financing of the agro-industrial complex, as
agrarian projects require a long payback period, and
the banking system is oriented towards short-and me-
dium-term loans. Access to credit is particularly prob-
lematic for small and medium-sized farms, which do
not hold sufficient collateral assets. Banks require col-
lateral covering 120-150% of the loan amount, which
often becomes an insurmountable barrier for farmers.
Land that could be used as collateral is state-owned
and leased to farmers in Kazakhstan,which complicates
lending. In addition, the market value of agricultural
equipment used as collateral is estimated by banks at a
discount of up to 50%, which limits the size of possible
loans. Another factor complicating lending is the lack
of flexibility in loan programmes. Most commercial




loans in Kazakhstan are issued for terms of 1 to 5 years,
which does not always meet the real needs of agricul-
tural producers. For instance, to purchase machinery
or build livestock complexes, long-term loans for 7-10
years with a grace period are needed, but such offers
are practically absent in the market.

Another key problem of lending in the agro-indus-
trial complex of Kazakhstan is the limited availability
of long-term loans. As of 2024, most bank loans in the
agricultural sector were for up to 3 years, which does
not correspond to the life cycle of agribusiness. For
comparison,in EU and US countries, the term of agricul-
tural lending reaches 7-15 years, which enables farm-
ers to plan development for the long term and evenly
distribute the financial burden. The short-term lending
model creates particularly severe challenges for indus-
tries with a long payback period, such as livestock and
horticulture. This is because growing perennial crops
(orchards, vineyards) requires 5-7 years before reach-
ing full yield, and the payback period of large livestock
complexes (dairy farms, feedlots) takes at least 7-10
years. However, in conditions of a shortage of long-term
financing, agrarians are forced to either attract expen-
sive short-term loans or limit themselves to their per-
sonal resources, which decelerates the development of
the sector. The lack of long-term loans also adversely
affects the modernisation and technical re-equipment
of the agro-industrial complex. For instance, the cost
of modern grain harvesting equipment can reach KZT
200-300 mn, which makes its purchase impossible
without borrowed funds. Therewith, a short-term loan
with a high interest rate (15-20% per annum) increas-
es the financial burden and reduces the profitability of
the business. In developed countries, such capital ex-
penditures are financed through 10-15-year loans with
a grace period, which allows agrarians to invest in tech-
nological upgrades without major financial risks.

Another problem is the limited choice of financing
instruments. In Kazakhstan, long-term loans are main-
ly provided by state development institutions, such as
Agrarian Credit Corporation and the “Fund for Financial
Support of Agriculture”, but their programmes are in-
sufficient to cover all the needs of the industry. Com-
mercial banks, oriented towards faster capital turnover,
are reluctant to lend to agriculture on a long-term ba-
sis for fear of high default risks. It is also worth not-
ing significant factors that can lead to instability in
the agro-industrial complex of Kazakhstan, including
wide fluctuations in the prices of agricultural products,
especially grain crops. Thus, according to the Ministry
of Agriculture of the Republic of Kazakhstan (n.d.) and
Bureau of National Statistics (n.d.), the price of wheat
in Kazakhstan in 2020-2024 showed dramatic chang-
es: in 2020 a tonne of grain cost about KZT 80,000,
in 2021 the price increased to KZT 110,000, and by
2023 it reached KZT 135,000. In 2024, wheat prices
in Kazakhstan also showed significant fluctuations. In
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September 2024, Prodkorporatsiya set purchase pric-
es for Grade 3 wheat within KZT 85,000-110,000 per
tonne, depending on gluten values (Zhazetova, 2024).
Such fluctuations were driven by a series of factors, the
key ones being changes in global market demand, cli-
matic conditions, and logistical constraints.

At the global level, grain demand is determined by
production volumes in the largest exporters (USA, EU),
as well as by the geopolitical situation and trade sanc-
tions (Liu et al, 2023). For instance, wheat prices rose
sharply in 2022 due to global supply disruptions caused
by crises in the Black Sea region. In Kazakhstan, price
increases were exacerbated by drought, which led to
yield reductions of 15-20% in some regions, as well as
by rising logistics costs. Specifically, a shortage of grain
wagons and limited capacity of Kazakhstan’s railway
infrastructure hampered exports, leading to domestic
price volatility. Strong price fluctuations adversely af-
fect the financial sustainability of farmers. During pe-
riods of soaring prices, farmers can make considerable
profits, but when prices fall sharply due to market satu-
ration or reduced export demand, many farms face cash
gaps and an inability to repay loan obligations. This sit-
uation increases the risk of loan defaults, making agri-
cultural producers less attractive borrowers for banks.

Another critical factor of instability is the fluctu-
ation of the tenge exchange rate, which directly af-
fects the cost of agricultural production. Kazakhstan’s
agro-industrial complex is heavily dependent on im-
ported goods - seeds, fertilisers, agricultural machin-
ery, spare parts, and fuels and lubricants. All these com-
ponents are purchased for foreign currency, and with
the devaluation of the tenge, the cost of agricultural
production automatically increases. Thus, according to
the reports of the National Bank of Kazakhstan (n.d.b),
in 2022 the dollar exchange rate increased from KZT
431 at the beginning of the year to KZT 470 at the
end of the year, which led to an increase in the cost
of imported agricultural technologies by an average
of 9%. Therewith, the cost of mineral fertilisers, such
as urea and ammonium nitrate, increased by 15-20%,
which greatly increased farmers’ production costs (Ka-
zAzot announces prices..., 2023). Thus, while in 2021
the price of a tonne of ammonium nitrate was around
KZT 140,000, in 2023 the price exceeded KZT 180,000.
In 2024, the price of ammonium nitrate in Kazakhstan
also continued its growth. According to the data, as of
mid-2024, the wholesale price of ammonium nitrate in
Almaty was between KZT 235,000 and KZT 255,000 per
tonne. Thus, compared to 2023, there was a marked in-
crease in the cost of this crucial fertiliser in 2024 (Am-
monium nitrate b..., n.d.).

Exchange rate fluctuations are particularly hurtful
for farmers who have loans in foreign currency. In Ka-
zakhstan, some agricultural holdings and large farms
borrow in dollars or euros because international finan-
cial institutions offer lower interest rates. However, with
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the sharp weakening of the tenge, servicing such loans
becomes more challenging, increasing the debt burden
and reducing business profitability. Furthermore, the
devaluation of the tenge also affects the cost of diesel
fuel, which is a key consumable in agriculture. Kazakh-
stan produces major volumes of petroleum products,
but fuel prices depend on global conditions and do-
mestic regulatory decisions. In 2023, the cost of diesel
fuel increased from 230 KZT per litre to 295 KZT per
litre, which increased farmers’ costs for sowing and har-
vesting campaigns (Information and reference..., 2024).
In 2024, the cost of diesel fuel in Kazakhstan contin-
ued to rise. From 17 May 2024, new retail price ceilings
were set: for foreign citizens, diesel fuel (summer and
off-season) cost 315 KZT per litre, while for Kazakh cit-
izens with a driver’s licence the price was 295 KZT per
litre for up to 100 litres per day, which increased farm-
ers’ costs for sowing and harvesting campaigns.

The geopolitical situation in the world also signif-
icantly affects Kazakhstan’s economy, and the agro-in-
dustrial complexis no exception.In 2020-2022, external
factors such as sanctions restrictions, changes in trade
routes and rising logistics costs put considerable pres-
sure on Kazakhstan’s agricultural exports. The changes
were particularly strong from 2022 onwards, when in-
ternational sanctions against Russia and related transit
transport restrictions led to changes in export routes.
Prior to 2022, a sizeable portion of Kazakhstan’s grain
and flour exports travelled through Russian ports on the
Black and Baltic Seas. However, the imposed sanctions
made transit through Russia more cumbersome and
caused disruptions in transport chains (Consequences
of Russia’s..., 2024). As a result, Kazakh exporters had
to switch to alternative routes, including the Trans-Cas-
pian International Transport Route (TCITR), which runs
through the Caspian Sea, Azerbaijan, and Turkey. While
this route enabled diversification of exports, it proved
to be significantly more expensive. For instance, while
grain delivery through Russian ports cost on average
USD 30-40 per tonne, logistics costs through the TCITR
rose to USD 70-80 per tonne. This led to a decrease
in the competitiveness of Kazakh products on world
markets, as their production costs increased. Analogous
problems arose in the export of agricultural products
to Central Asian countries, which are historically key
consumers of Kazakh flour, wheat and oil. Sanctions
restrictions and transit problems led to delays in deliv-
eries and increased transport costs, resulting in a 15-
20% increase in the cost of grain delivery to Uzbekistan
compared to 2021 (Uzbekistan again became..., 2023).

Another factor worsening the situation was over-
loaded railway infrastructure. The disruption of usual
export routes increased the load on Kazakhstan’s rail-
ways, especially on the Trans-Caspian corridor. This
caused many agro-exporters to face a shortage of grain
cars in 2022-2023, which led to contract cancella-
tions and delays in deliveries. This forced companies
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to look for alternative means of delivery, including
road transport, which is more expensive, which also
adversely affected the profitability of exports as the
added transport costs reduce producers’ margins (Fer-
nandes et al., 2023).

China is a strategically significant market for Ka-
zakhstan, but challenges emerged there as well. Ka-
zakhstan’s grain, oil, and meat shipments to China
increased in 2023-2024, but stringent phytosanitary
requirements and periodic border crossing restrictions
posed extra obstacles. In 2022-2023, due to changes
in China’s quarantine policy (related to COVID-19 and
other sanitary risks), repeated delays in cargo clearance
occurred at the border, resulting in rail car downtime
and greater logistics costs. Furthermore, the capacity of
railway border crossings between Kazakhstan and Chi-
na is limited, creating bottlenecks in the transport sys-
tem.Thus, geopolitical instability, sanctions restrictions,
changes in logistics routes, and other factors discussed
earlier have become serious challenges for Kazakh-
stan’s agribusiness, increasing risks for agro-producers
and forcing them to adapt to the new economic real-
ity. These conditions challenge agro-producers to re-
act quickly to changes in the market situation, prices
for agricultural products, as well as external economic
factors, such as currency fluctuations and changes in
logistics conditions. In this environment, ensuring the
sustainability of financial flows in the sector and ac-
cess to necessary credit resources becomes one of the
key factors for maintaining the normal operation of the
agro-industrial complex.

Based on the above-mentioned factors, a method-
ology was developed to assess and optimise the sus-
tainability of lending to the agro-industrial complex
of Kazakhstan under conditions of market instability,
which considers various economic and external eco-
nomic factors, which will enable effective adaptation of
credit strategies to changing conditions (Fig. 1).

The assessment of the current state of lending and
economic sustainability of the agro-industrial complex
in conditions of instability requires a comprehensive
approach, which includes in-depth analysis of a vari-
ety of factors affecting the availability and efficiency
of credit resources. First of all, the importance of as-
sessing the risks associated with price volatility should
be noted, as the agribusiness sector is traditionally
subject to sharp fluctuations in the prices of key ag-
ricultural products. Unpredictable weather conditions,
changes in international politics, and fluctuations in
demand for agricultural products can cause sharp price
volatility, which increases the financial burden on ag-
ricultural producers and increases the risk of loan de-
faults. For example, the price of wheat in Kazakhstan
in 2020 was around KZT 80,000 per tonne, but in 2023
it reached KZT 135,000, which was 68% greater (Bu-
reau of National Statistics, n.d.). Such price hikes pose
serious challenges for long-term financial planning,




as seed, fertiliser, and fuel costs do not always change
proportionately with income. Analogously, the cost of
ammonium nitrate increased from KZT 140,000 to over
KZT 235,000 per tonne between 2021 and 2024, while
diesel fuel rose from KZT 230 to KZT 295 per litre over
the same period, increasing the cost of agricultural pro-
duction (KazAzot announces prices...,2023; Information
and reference..., 2024). Considering this, special mecha-
nisms must be put in place to mitigate these risks, such
as the use of futures contracts to hedge price risks. For

Assessment of the current state of lending

and economic sustainability
of the agro-industrial complex

industrial

complex sectors through subsidies
and state programmes

Methodology for assessing and optimising the

sustainability of lending to the agro
complex under conditions of market instability

mechanism

current data and market changes

Implementation of mechanisms for adaptation
to currency fluctuations and geopolitical risks

Development of a system of support
and stimulation of the agro-industrial

Optimisation of the agrarian risk insurance
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example, farmers could enter into forward contracts for
grain at a fixed price, which would enable them to fix
their income level in advance and minimise the effects
of market fluctuations. Furthermore, the development
of state income insurance programmes and stabilisa-
tion funds will reduce the impact of sharp changes
in market conditions. Together, these instruments can
improve the financial sustainability of the agricultural
sector, ensuring predictability of cash flows and reduc-
ing the probability of credit defaults.

Analysis of current interest rates on loans
to assess the level of financial burden on
agricultural producers (including loans
with fixed and floating interest rates)

Analysis of the availability of long-term loans
by determining the proportion of short-term
and long-term loans offered by financial
institutions for the agro-industrial complex

Assessment of agricultural price volatility to
analyse the risk of losses from price fluctuations

Analysis of the impact of exchange rate
fluctuations on the cost of imported resources
(seeds, fertilisers, fuel and lubricants,
machinery)

Adaptation to geopolitical instability
by diversifying markets and choosing
alternative logistics routes

Interest rate subsidy programmesto ensure the
affordability of long-term loans for agrarians,
especially in conditions of instability

Credit programmes for small and medium-sized
farms (creation of special microfinance
programmes with flexible repayment terms)

Development of public and private insurance
products to protect agricultural producers
from climate and market risks

Regular monitoring of macroeconomic factors
to forecast and adjust credit policy based on

Figure 1. Developed methodology of assessment and optimisation of sustainability
of lending to the agro-industrial complex of Kazakhstan under conditions of market instability

Source: compiled by the authors

For agricultural producers, the creation of stabilisa-
tion funds that would provide a financial safety cush-
ion in case of sharp drops in product prices is also an
essential tool. For example, the creation of a fund to
compensate for losses from falling grain or meat pric-
es could play a key role in supporting agribusiness in
times of crisis. In 2022, when wheat prices in Kazakh-
stan fell by 15% year-on-year, a stabilisation fund could

compensate for some of the agrarians’ losses, prevent-
ing financial distress and loan defaults. Moreover, in
conditions of currency volatility, attention should be
paid to currency risks. For the agro-industrial complex
of Kazakhstan, where a significant part of resources
(seeds, fertilisers, machinery) is imported, exchange
rate fluctuations play a key role in the formation of pro-
duction costs. For example, in 2022, a 10% devaluation
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of the Kazakh tenge against the US dollar led to a 12%
increase in the cost of fertilisers and an 8% increase
in the cost of agricultural machinery, which greatly in-
creased the prime cost of agricultural products (Bureau
of National Statistics, n.d.).

Currency devaluation, as a rule, leads to an increase
in the cost of imported goods and services, which in-
creases the financial burden on agricultural produc-
ers and complicates debt servicing for them. In such
a situation, one solution is to use currency hedging
mechanisms, e.g., through currency futures contracts
or currency risk insurance. For example, farmers could
contract with banks for a fixed exchange rate for a fixed
period, which would allow them to reduce uncertainty
and plan costs more accurately. It is also possible to
provide credit resources in a currency that is linked to
Kazakhstan’s key trading partners, such as the Russian
rouble or the Chinese yuan. This will allow agro-pro-
ducers to avoid increased costs in case of tenge deval-
uation. Assessing the sustainability of lending in the
face of geopolitical instability is also a crucial aspect.
In 2023-2024, amid sanctions and changes in the ex-
ternal political situation, Kazakhstan faced a drop in
foreign trade with Europe and the US, which adverse-
ly affected the export-oriented agricultural sector. The
projected adaptation of credit mechanisms should in-
clude the creation of conditions for diversification of
foreign trade, for example, through the development
of new trade routes and improved logistics. This would
allow agro-producers to compensate for losses caused
by external shocks and reduce dependence on a single
source of income. Furthermore, improving internal in-
frastructure and developing alternative markets would
greatly mitigate the effects of geopolitical instability
on agricultural sustainability.

To achieve sustainable development of the agro-in-
dustrial complex, a prominent aspect is the develop-
ment of an effective system of support and incentives
for agricultural sectors through subsidies and govern-
ment programmes. In conditions of economic instability,
when market conditions can change rapidly, increasing
the availability of credit resources and reducing the cost
of lending become key factors for agrarians,contributing
to the modernisation and development of agriculture.
One notable method is the implementation of interest
rate subsidy programmes. These programmes ensure
the affordability of long-term loans for agro-producers,
especially in an environment of increased inflation and
economic uncertainty. In 2023, Kazakhstan allocated
KZT 580 bn for concessional loans in the agro-indus-
trial complex, which demonstrated positive changes in
support for the agro-sector (Olzhas Bektenov on sup-
port..., 2024). This step has become a crucial tool in
ensuring the sustainability of agribusinesses, especially
for those interested in expanding production or intro-
ducing the latest technologies. A foreseeable future
need includes the creation of specialised programmes
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focused on modernising agro-production and improv-
ing the financial performance of enterprises. This would
not only improve financial conditions, but also stimu-
late investment in the latest technologies, productivity
and competitiveness of the sector.

Credit programmes for small and medium-sized
farms are an equally significant element in the AIC
support system. Small farmers, as a rule, face great
challenges in obtaining loans, as they cannot provide
sufficient collateral to secure the loan. In such cas-
es, support in the form of microfinance programmes
with flexible repayment terms is particularly valuable.
These programmes provide access to finance for farm-
ers struggling to access conventional credit markets
and improve their production capacity. An example of
a successful programme is the interest rate subsidy in
2023, which provided smallholder farmers with access
to finance, helping to increase their production capac-
ity and improve their financial performance. The pro-
gramme has provided loans worth over KZT 10 billion,
allowing 3,500 small farms to increase production by
15-20% (Bureau of National Statistics, n.d.). In the fu-
ture, it is worth developing these programmes to in-
clude not only small but also medium-sized farms to
stimulate growth and development of the sector at all
levels. A major step could also be to expand access to
concessional loans for modernisation of equipment and
introduction of innovative technologies, which would
help to increase the competitiveness of the agricultural
sector in international markets.

One of the key measures to optimise the sustaina-
bility of Kazakhstan’s agricultural sector in conditions
of instability is the development and introduction of an
effective mechanism for insurance of agricultural risks.
The development of comprehensive insurance prod-
ucts covering both climatic and market risks is critical
for improving the sustainability of agribusiness and
ensuring its financial stability. The primary method of
optimising the insurance mechanism is to create pub-
lic and private insurance products that would protect
agricultural producers from risks associated with ad-
verse weather conditions (droughts, floods, frosts, and
other climatic anomalies) and market instability (fluc-
tuations in product prices). An example of a success-
ful government programme is “Agroinsurance”, which
was launched to support farmers in case of damage
caused by adverse weather conditions (About 3.3 bil-
lion..., 2021). This programme provides subsidised in-
surance policies, making them affordable to most agri-
cultural enterprises. In 2023, thousands of hectares of
agricultural land were insured under the programme,
demonstrating a positive effect in reducing agro-pro-
ducer losses and increasing confidence in insurance
(Voluntary insurance in..., n.d.). The forecast for further
development of agrarian risk insurance assumes ex-
pansion of existing programmes considering changes
in the external economic environment. It is essential




that insurance products not only protect against nat-
ural catastrophes, but also consider risks associated
with external economic instability, such as exchange
rate fluctuations and changes in external demand for
products. These changes can greatly affect the finan-
cial stability of agro-producers, and therefore the de-
velopment of programmes that could compensate for
such risks would contribute to improving the overall
situation in the agro-industrial complex.

It should be emphasised that forecasting and
adapting credit policies require constant monitoring
of macroeconomic factors such as changes in inter-
est rates, currency fluctuations, and fluctuations in
agricultural prices. These factors significantly affect
the financial sustainability of agrarians and may re-
quire a prompt response from financial institutions
and the government. Regular monitoring of macroe-
conomic indicators allows for prompt adjustment of
lending terms in response to changes in the external
economic environment. Changes in interest rates on
world markets or currency fluctuations may require
a revision of lending rates in the national economy.
In 2022 in Kazakhstan, the rise in the dollar led to
higher prices for imported inputs and increased costs
of agricultural production (Bureau of National Statis-
tics, n.d.). Under such conditions, it is vital to adjust
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credit conditions in time to reduce the financial bur-
den on agricultural producers.

Furthermore, monitoring the prices of agricultural
products, including major export commodities such as
wheat and barley, allows forecasting future fluctuations
in the profitability of agrarians and, accordingly, adjust-
ing credit policy. For example, in 2023-2024, rising
wheat prices on the world market could reduce risks
for Kazakhstan’s agro-producers, but at the same time,
price volatility also carries risks associated with possi-
ble price drops. This requires the introduction of flexi-
ble lending models that can adapt to the market situ-
ation. Looking ahead, it is essential to introduce digital
platforms to monitor macroeconomic data in real time.
Such platforms provide up-to-the-minute information
on the current state of the economy, enabling financial
institutions and agro-producers to better manage cred-
it risks and adjust strategies in response to changes in
the external and internal environment. The use of dig-
ital technologies for data collection and analysis can
optimise credit strategies and increase predictability in
volatile market conditions, which helps to reduce finan-
cial risks and improve the resilience of agribusiness-
es. Table 2 presents the assessment steps, parameters,
methods, and tools for optimising the sustainability of
agribusiness lending.

Table 2. Assessment stages, parameters, methods, and tools for optimising the sustainability of agribusiness lending

Assessment stage Assessment parameters

Methods and tools Goal and outcomes

1. Analysis of macroeconomic
conditions

GDP, inflation, exchange rates,
interest rates

Assessing economic stability
and forecasting the effects of
macroeconomic changes on the
agribusiness sector

Analysis of economic reports,
monitoring of statistics

Price volatility, weather
2. Agribusiness risk assessment  conditions, market fluctuations,
currency risks

Determination of the effect of
external risks on profitability
and ability to repay loans

Statistical forecasting models,
scenario analysis, futures
contracts

Government subsidies, support
programmes, tax incentives,
export restrictions

3. Analysis of public policy and
regulation

Analysis of political and
economic regulations,
consultations with government
agencies

Assessment of the impact of
government initiatives on the
availability of funding and
subsidies provided

Credit terms, interest rates,
availability of long-term loans,
guarantees

4. Assessment of credit
resources

Determination of credit
availability for agrarians and
assessment of conditions for

obtaining financing

Analysis of bank offers,
comparison of interest rates

5.Assessment of financial
sustainability of agricultural
enterprises

Liquidity, solvency, profitability
ratios

Assessment of the ability of
enterprises to perform their
loan obligations promptly

Financial analysis, analysis of
company statements

Insurance products, risk
coverage, insurance subsidies

Assessment of the
effectiveness of insurance
mechanisms to protect against
price and climate risks

Analysis of existing insurance
programmes, examination of
international practices

Financing conditions, access
to long-term investments,
flexibility of credit mechanisms

7.Assessment of market-based
lending mechanisms

Optimisation of credit
Modelling of market situations, conditions, facilitation of access
comparison of credit offers to flexible credit mechanisms
for agribusinesses

8. Assessment of the impact
of geopolitical and external
factors

Trade restrictions, currency
fluctuations, geopolitical
situation

Assessment of the effects
of external factors on the
financial stability of the
agribusiness sector

Foreign policy analysis,
economic and political
situation in partner countries

Source: compiled by the authors
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The table above serves as the basis for a detailed
methodology for assessing and optimising the sustain-
ability of lending to the agro-industrial complex, which
will enable an accurate assessment of the effects of
various internal and external factors on the financial
situation in the agricultural sector and identification of
strategies to improve its sustainability. Optimisation of
the sustainability of agribusiness lending through the
implementation of the proposed methodology contrib-
utes to the solution of a series of critical tasks for the de-
velopment of agriculture in conditions of market insta-
bility. Creating conditions for obtaining long-term and
affordable loans will reduce dependence on short-term
borrowed capital, which, as a rule, is associated with
high interest rates and major risks for agricultural pro-
ducers. When agricultural producers are forced to turn
to short-term loans, their financial sustainability be-
comes vulnerable, especially when the market situation
or weather conditions change.The introduction of long-
term lending mechanisms with optimum conditions
will help to significantly reduce the burden on agribusi-
ness, ensuring its stability and long-term sustainability.

The use of price risk hedging and insurance in-
struments will allow agro-producers to protect them-
selves from unexpected market fluctuations, which
will increase the financial sustainability of the entire
agribusiness. Agro-insurance programmes that cover
losses from adverse weather conditions will help min-
imise losses associated with natural disasters such as
droughts or floods, as well as fluctuations in the prices
of key agricultural commodities. Diversifying risks and
reducing dependence on external fluctuations helps
to ensure that agribusinesses stay profitable and via-
ble even in volatile environments. Furthermore, opti-
mising the sustainability of lending in the agribusiness
sector will greatly increase investment in the sector.
Subsidising interest rates and creating incentive pro-
grammes for investment in the modernisation of ag-
ricultural production will help attract further capital
investment. Investment in the latest technologies,
agricultural machinery and infrastructure helps to in-
crease the productivity and efficiency of agribusinesses.
This is particularly significant in the context of global
change when agriculture needs to adapt to emerging
economic and climatic conditions. Support for invest-
ment programmes and financial accessibility will help
to significantly increase the innovation potential of the
agro-industrial complex and accelerate the process of
its modernisation.

DISCUSSION

The findings of the present study provided a deep-
er understanding of the complexity and multifaceted
nature of the problems faced by the agro-industrial
complex of Kazakhstan in accessing credit resourc-
es. The identified problems indicated the presence of
structural and systemic gaps that hinder the effective
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functioning of the financial system aimed at support-
ing agriculture. The observed challenges in ensuring
the sustainability of lending, despite the existing state
support programmes, highlighted the need for funda-
mental changes in approaches to financing the agricul-
tural sector. These findings also pointed to weaknesses
in the organisation of credit mechanisms, which may
negatively affect the long-term financial stability and
investment attractiveness of agricultural producers.
Still, the analysis of the situation opened prospects for
the development of more flexible and adapted models
of financial support, which could increase the sustain-
ability and independence of agrarians from external
economic factors. K. Brockova et al. (2021) also high-
lighted the significance of adapting government pro-
grammes to changing market conditions, noting major
advancement in the flexibility of approaches to support
agrarians, but the drawback of this study was the lim-
ited consideration without accounting for the specifics
of Kazakhstan’s regions, which may affect the outcomes.

EJ. Kane (2021) examined approaches to agricul-
tural subsidies and support, exploring useful meth-
ods to improve existing programmes, but at the same
time, not paying due attention to the possible effects
of international economic factors on the internal
market, which limited its practical value for the spe-
cific situation of Kazakhstan. B.B. Balana and M.A. Oy-
eyemi (2022) focused on credit systems in developing
countries using Nigeria as an example, emphasising the
potential for transferability to other countries, but its
findings were not fully applicable due to differences in
economic structures and the level of development of
the agricultural sector, which was a major limitation.
Y. Xia et al. (2022) examined the potential of new finan-
cial instruments for the agribusiness sector, but did not
explore in sufficient detail the risks associated with the
instability of the global financial system, making the
findings of the study somewhat incomplete. A. Ullah et
al. (2020) highlighted the effects of socio-economic fac-
tors on farmers’ access to credit and sources of finance
in Pakistan, emphasising the significance of farm size
as key determinants, but without considering region-
al differences in infrastructure and climatic conditions,
which limits the generalisability of the findings. Thus,
the findings of this study largely complemented and
extended the findings of the above-mentioned works,
providing a detailed picture of current credit problems
in Kazakhstan, as well as offering concrete recommen-
dations to improve the financial sustainability of the
agro-industrial complex.

The problems identified in this study demonstrat-
ed the complexity of the financial environment where
Kazakhstan’s agro-industrial complex operates. Limited
access to long-term loans constrains the investment ac-
tivity of enterprises, reducing their opportunities for ex-
pansion and modernisation. High interest rates increase
the debt burden on agrarians, which hampers their




ability to effectively manage their finances and adapt to
market fluctuations (Manatovna et al., 2023). Volatility
in agricultural commodity prices creates further risks
for borrowers and lenders, complicating the forecasting
o f financial flows. External factors, including exchange
rate movements and geopolitical instability, significant-
ly affect the availability of financial resources, making
the credit system vulnerable to macroeconomic chang-
es (Musca & Kara, 2023). These aspects emphasise the
existence of structural problems in the industry’s fi-
nancing mechanisms, which require a detailed review
and adaptation to the current economic conditions.

T. Havemann et al. (2022) noted the significance of
diversification of financial instruments in lending to the
agricultural sector, which allows expanding the range
of available sources of financing and reduce depend-
ence on bank loans, but the lack of detailed analysis of
the effects of macroeconomic factors on the effective-
ness of these instruments limited the results obtained.
A.A. Yadgarov et al. (2023) noted the positive impact
of risk insurance mechanisms on reducing the financial
burden on agrarians, showing their potential in stabilis-
ing the incomes of agricultural producers, but the study
did not address the impact of global economic trends,
which limited its applicability in conditions of high
market volatility. A.D. Kehinde and A.A. Ogundeji (2022)
highlighted the role of agricultural cooperatives in
improving access to credit resources, confirming their
effectiveness in increasing farmers’ financial sustain-
ability, but the paper did not sufficiently address the
obstacles associated with institutional constraints and
the complexities of managing such associations.

A.R.Khanal and O.Omobitan (2020) highlighted the
value of credit sources affecting the demand for credit
among small farms and enterprises, emphasising the
relevance of credit availability for agricultural improve-
ment, but without considering the effect of macroeco-
nomic factors, which limited the comprehensiveness of
the findings. A.A. Chandio et al. (2021) examined the
factors influencing credit demand among small farm-
ers in Pakistan, identifying key aspects such as farm
size, but the study was limited to analysing only at the
farm level without considering the broader economic
and social contexts. Thus, the present study offered a
more comprehensive approach to analysing agribusi-
ness credit problems in Kazakhstan, considering not
only individual financial instruments, but also their in-
terplay with market and institutional factors. Unlike the
above-mentioned studies, the presented analysis cov-
ered a wide range of aspects affecting the availability
of credit resources, which offered a more nuanced un-
derstanding of systemic constraints and possible areas
for their elimination.

The comprehensive methodology for optimising
the sustainability of agribusiness lending proposed in
the study reflects the need for a systemic approach to
solving existing financing problems. The development
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of interest rate subsidy mechanisms is an effective tool
to reduce the debt burden, allowing farmers to obtain
more affordable loans and minimise the effects of high
interest rates on their financial performance. The cre-
ation of long-term credit programmes with flexible
conditions meets the needs of farmers for stable and
predictable sources of financing, which is especially
significant in conditions of market volatility. The devel-
opment of agricultural risk insurance systems strength-
ens the financial stability of the sector, reducing the
vulnerability of producers to unforeseen economic and
market shocks (Cheremisina & Tomashuk, 2023). To-
gether,these measures allow facilitating access to cred-
it resources and to create a more sustainable financial
environment conducive to the long-term development
of the sector. Therewith, the key aspect of successful
implementation of the proposed methodology contin-
ues to be the necessity of complex interaction between
state structures, financial institutions, and agrarian
business, which requires further study and adaptation
of lending instruments to the specifics of the agrarian
sector of Kazakhstan.

C. Csosz et al. (2021) also stressed the significance
of an integrated approach to ensuring the financial sus-
tainability of the agro-industrial complex, highlighting
the prominent role of state support programmes in the
formation of affordable lending mechanisms, but fo-
cusing mainly on the analysis of existing instruments
without a detailed consideration of their adaptation
to the specifics of the agrarian sector of Kazakhstan.
I. Tetteh et al. (2022) focused on the need for long-
term lending to increase the investment activity of
agricultural enterprises, suggesting the improvement
of financing mechanisms considering the seasonality
of agricultural production, however, without consider-
ing the potential macroeconomic risks associated with
the expansion of credit programmes, which may affect
their sustainability in conditions of market instability.
M.A. Bhuiyan et al. (2022) analysed the impact of agrar-
ian risk insurance on the sustainability of agricultural
business, proving that effective insurance programmes
can greatly reduce financial losses of agrarians, but
without paying sufficient attention to the possible
mechanisms of integration of insurance instruments
into the existing credit system, which limited the prac-
tical application of the findings.

0.C. Okunlola and O.A. Ayetigbo (2024) examined
the effects of agrarian finance on the sustainability of
agricultural growth in Nigeria, revealing the positive in-
fluence of credit programmes on the growth and devel-
opment of the sector, but without addressing regional
differences in the availability of finance, which limited
the generalisability of the findings. D. Kirechev (2021)
examined improved access to finance for agricultural
enterprises in Bulgaria as a factor in the sustainability
of agricultural finance, showing that improved cred-
it availability favours agricultural development, but
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without considering the impact of external economic
factors, which limited the accuracy of the findings. In
contrast to the mentioned studies, the present study
proposed a comprehensive approach combining in-
terest rate subsidies, the establishment of long-term
credit programmes, and the development of insurance
systems. This comprehensive view allowed considering
the existing financial support mechanisms and adapt-
ing them to the concrete needs of the agro-industri-
al complex of Kazakhstan, which made the proposed
methodology more flexible and applicable in a dynamic
economic environment.

The measures proposed in the present study are
aimed at creating a more stable and predictable fi-
nancial environment for the agro-industrial complex,
which is crucial in conditions of high dependence of
the industry on external factors. Expansion of insurance
programmes focused on compensation for losses from
natural disasters and market fluctuations helps diver-
sify risks and reduce the probability of financial shocks
for agrarians. The development of specialised insur-
ance products adapted to the specifics of agricultural
production allows increasing the protection of enter-
prises, minimising their losses in case of unfavourable
economic or climatic changes (Pushak et al., 2021). The
creation of an effective system for monitoring the eco-
nomic situation plays a key role in ensuring prompt ad-
justment of credit policy, which increases the resilience
of credit mechanisms to market fluctuations. The intro-
duction of digital platforms for monitoring and manag-
ing credit risks opens new opportunities for automating
analysis and forecasting processes, which reduces un-
certainty and expedites decision-making in the finan-
cial sector. Together, these measures ensure a greater
level of adaptability of financial institutions and allow
creating a balanced system of support for the agricul-
tural sector, considering the specifics of its functioning
in a changing economic environment.

E. Nshakira-Rukundo et al. (2021) also emphasised
the value of insurance mechanisms in reducing risks
for agrarians, noting successful examples of their im-
plementation in international practice, but the lack of
detailed analysis of the effectiveness of such mech-
anisms in the conditions of other countries limited
the applicability of the findings obtained. A.O. Scott et
al. (2024) examined the impact of digital technologies
on credit risk management, considering modern ap-
proaches to automated monitoring of borrowers, but
without factoring in the specifics of the agro-industrial
sector, which limited the applicability of the proposed
solutions. H.R.B.C. Tanaka (2023) analysed the effects
of macroeconomic instability on credit availability for
agrarians, detailing the external factors, but without
any proposals for adapting credit instruments to these
conditions. F.O0. Odhiambo and R. Upadhyaya (2021) fo-
cused on the design of flexible credit programmes for
agricultural enterprises, considering different financing
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models, but without addressing the integration of in-
surance mechanisms, which reduced the comprehen-
siveness of the proposed approach. In contrast to the
mentioned studies, the present study offered a more
comprehensive approach, an integrated solution that
factors in the specifics of the agro-industrial sector of
Kazakhstan and is aimed at creating a balanced system
that can effectively respond to changes in the external
environment and risks.

Thus, the findings of all the reviewed studies em-
phasised the significance of an integrated approach
to solving the problems faced by the agro-industrial
complex in the context of lending and financial sus-
tainability. Each of the studied areas contributes to
strengthening the financial stability and adaptability
of the agricultural sector. However, despite the existing
achievements, there is still a need to further improve
the mechanisms and adapt them to the specifics of Ka-
zakh agriculture. Ultimately, only the integration of all
these solutions into a single system, as well as con-
sideration of external factors that can affect financial
flows, will allow creating a sustainable and long-term
basis for the development of the agro-industrial com-
plex of Kazakhstan.

CONCLUSIONS

This study analysed the current problems of lending to
Kazakhstan’s agro-industrial complex and developed
proposals to improve the sustainability of lending un-
der conditions of market instability. The study found
that despite the promising potential of the agro-in-
dustrial complex, the industry faces a series of major
challenges, including high interest rates, limited avail-
ability of long-term loans, volatility in agricultural com-
modity prices, and the impact of external factors such
as exchange rate changes and geopolitical instability.
The study found that the primary challenge is the high
financial burden on agro-producers caused by high in-
terest rates and insufficient availability of long-term
credit. For example, in 2024, the interest rate on long-
term loans was 6% for concessional loans, and could
be as high as 25-27% for commercial loans, well above
the level needed to stimulate investment in agriculture.
These factors substantially limit opportunities for long-
term investment and modernisation of agro-production,
which is critical for the sustainable development of the
industry. Moreover, fluctuations in agricultural com-
modity prices (in 2020, a tonne of grain cost about KZT
80,000, and by 2023-2024 it reached KZT 135,000) and
currency risks make agribusiness vulnerable to external
economic shocks (in 2022,a 10% devaluation of the KZT
led to a 12% increase in the cost of mineral fertilisers).

A prominent part of the study was the proposal of
a comprehensive methodology aimed at optimising
the sustainability of lending. It was stressed that the
introduction of interest rate subsidy mechanisms (in
2023, KZT 580 billion was allocated for soft loans for




agribusiness), the creation of long-term credit pro-
grammes with flexible terms, and the development
of agricultural risk insurance systems can greatly re-
duce the financial burden on agricultural producers
and increase their financial sustainability. It was also
proposed to expand insurance programmes aimed at
compensating losses from natural disasters and mar-
ket fluctuations, which allows diversifying risks and
protecting agribusiness from external instability. Fur-
thermore, the study proposed to develop specialised
public and private insurance products that will provide
agrarians against climatic and market risks, as well as
to create an effective system for monitoring the eco-
nomic situation for prompt adjustment of credit policy.
The introduction of digital platforms for monitoring
and managing credit risks will increase the efficien-
cy of decision-making and reduce market uncertainty.
Thus, an integrated approach to solving the problems
of lending in the agro-industrial complex and imple-
mentation of the proposed methodology will increase
the availability of credit resources, reduce the financial
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burden on agrarians, improve the financial sustaina-
bility of agribusiness, and stimulate investment in the
modernisation of agricultural production.

Notably, this study had a limitation in the form of
its restriction to the territorial context of Kazakhstan,
which limited the universality of conclusions for other
countries. In the future, it would be advisable to con-
duct studies that would confirm the findings in real
conditions and adapt the proposed measures to the
specific features of the agro-industrial complex of other
countries, as well as to investigate the effects of vari-
ous economic factors on the financial sustainability of
agrarians.
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AHoTauia. MeTtol uboro pocnigkeHHs 6yB aHanis npobnem KpeawTyBaHHS arponpoMMCIIOBOrO KOMMAEKCY
KazaxcraHy Ta po3pobka Metomonorii Moro cranoro ¢iHaHcyBaHHs. JocnigxeHHs 6a3yBanocs Ha CUCTEMHOMY
niaxo4i, WO BK/IOYAE TEOPETUYHWMIA aHANI3 EKOHOMIYHMX Ta ¢iHaHCOBMX QaKTOpiB, NOPIBHANBHUIA aHani3
MiXXHapOAHOI NPaKTUKK, @ TAaKOX PO3pobKy MeToaiB CybcuayBaHHS, CTpaxyBaHHS Ta MOHITOPUHIY A5 onTUMi3auii
CTanoCTi KpeauTyBaHHS arponpoMMUCIOBOrO KOMMeKcy. Pe3ynbTaTv AOCNiOXeHHS nokasanu, Wo 3abesneyeHHs
CTanoCTi KpeAUTYBAHHS arponpoMMCIOBOro KOMMNAEKCY BUMAra€ KOMMAEKCHOro niaxoay, Wo BK/IOYAE iHTerpauito
MEXaHi3MiB JepXKaBHOro perynoBaHHS, PUHKOBUX IHCTPYMEHTIB Ta METOAIB YNPaBAiHHA pU3MKaMU. AHaANI3 iCHYOYOI
NpakTMKK (iHaHCYBaHHA arponpoMMCIOBOro KoMmmaekcy B KasaxcTaHi Mokasas, WO KI4YOBUMMKM npobiemMamu
NPOAOBXYIOTb 3aNMLWATUCS BMCOKA BapTiCTb No3ukoBux KowrTis (y 2024 poui KpeouTHa CTaBka CcTaHoBuna 6 %
NS NiNbroBMX KpeauTiB Ta carana 25-27 % y Bunagky KOMepUiiHMX KpeauTiB), 0OMexeHuin JoCTyn Manux Ta
cepefHix depMepCbkMx rocnofapcTs A0 KpeaAUTHUX PecypciB, @ TaKOX HEPO3BMHEHICTb MEXAHI3MIB CTPaxXyBaHHSA
CiNbCbKOroCcnofapCbknux pusmKiB. Y LibOMY KOHTEKCTi AOCIMKEHHS NiATBEPAMN0 eDEeKTUBHICTb TaKUX IHCTPYMEHTIB,
gK cybcuaii Ha NPOLEHTHI CTaBKM, AepXKaBHi KPEAMTHI rapaHTii Ta po3LUMPEHHS NMporpam MifibroBOro KpeauTyBaHHS
CiNbCbKOrOCNOAAPCbKMX BUPOBHMKIB. 3ridHO 3 BMCHOBKaMu, Le A[03BOAMNO ApibHMM depmepaM oTpuMMaTH
poctyn o diHaHcyBaHHS B po3Mipi 10 MinbsapaiB TeHre Ta 36inbwuTi BUpOBHKMYI NOTyxHOCTI Ha 15-20 %. Kpim
TOro, LOCNIIKEHHS MOKA3ano, Wo B HecTabibHOMY MaKpOEKOHOMIYHOMY CepenoBMLLI PerynsipHUii MOHITOPUHT
MaKpOekOHOMIYHUX (aKTopiB Ta aganTaLis KpeauTHOT NOAITUKM A0 3MiH Ha QIHAHCOBUX PUHKAX € BAXIUBUMM,
OCKiNbKM TOHHA 3epHa kowTyBana 6ausbko 80,000 TeHre y 2020 poui Ta Moxe gocarty 135,000 teHre po 2024
poKy. BukopuctaHHs umdpoeux nnatGopM Ta aHaNITUYHMX IHCTPYMEHTIB AN OLiHKM PU3MKIB Ta NPOrHO3YBaHHSA
PUHKOBUX TEHAEHLIN MOXE 3HAYyHO NiABULLMTM edEeKTUBHICTb YNpaBfiHHA KpeauTaMu B arpobisHeci. KpiM Toro,
MidKHapogHa npakTuka y cdepi diHaHCyBaHHS CiNlbCbKOrO rocnoaapcTBa, 30KkpemMa Moaeni KpeauTHOI MiATPUMKMY,
WO BMKOPMUCTOBYHOTbCS B PO3BUMHEHMX Ta NepexigHWX eKOHOMikax, Moxe OyTu aganToBaHa Ao yMoB KasaxcraHy,
BpaxoBytoun cneumndivyHi 0cobNMBOCTI MOro CinbCbKOroCnoaapcbKoro cekTopy Ta GiHaHCcoBOi cuctemu. OTpuMaHi
pe3ynbTaT CTaiM OCHOBOK A/19 BAOCKOHANEHHS MEXaHi3MiB KpeauTyBaHHS arpornpoMMUCIOBOr0 KOMMAEKCY,
NiABULLEHHS AOCTYMHOCTI QiHAHCOBUX PeCcypCiB A8 CilbCbKOroCnoaapCbkux BUPOOHUKIB Ta MiHiMi3aLii KpeaUTHUX
pM3UKiB B YMOBaX €KOHOMIYHOI HeCTabinbHOCTI

KniouoBi cnoBa: MakpoeKkoHOMiYHI hakTopu; cybcmaii; CTpaxyBaHHS; CibCbKOrOCNOAAPCbKA MPOAYKLS; KOMMBAHHS
Ba/IIOTHMX KYpPCiB; QiHAHCYBAHHS; MPOLLEHTHI CTaBKK
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and Horizon Europe, as well as initiatives of the United States and the United Nations. Methodologically, the
study included an analysis of secondary data, a survey of 100 farmers from Odesa, Mykolaiv, and Kherson regions
of Ukraine, and 10 in-depth interviews with representatives of agricultural enterprises that received grants. The
findings showed that international grants have significantly influenced the development of organic agriculture in
Ukraine, especially in the southern regions. 60% of the farmers surveyed used international grant programmes,
with 25% of them reporting reduced costs and increased production due to the funds received. However, despite
the positive outcomes, farmers faced a series of challenges, including bureaucratic obstacles, lack of information,
and difficulties related to the war. The study offered recommendations for improving the efficiency of international
grants, including the establishment of advisory centres for farmers, increasing financial literacy, and supporting
agricultural cooperatives that can streamline application processes and reduce preparation costs. The conclusions
of the study pointed to the significance of a comprehensive approach to attracting and using international grants
in the Ukrainian agricultural sector, with a focus on developing educational programmes, improving cooperation,
and using digital tools to simplify the application process

Keywords: agricultural sector; innovative technologies; farmer cooperatives; financial support; European

initiatives

INTRODUCTION

In the face of global challenges related to climate
change, soil depletion, and growing demand for envi-
ronmentally friendly products, organic farming is gain-
ing in value. This type of agriculture helps to preserve
natural resources, improve soil fertility, and produce
safe food. Ukraine has a great capacity to develop or-
ganic agriculture and could become one of the lead-
ing suppliers of organic products to the global market.
However, the effective development of this sector is
hampered by a series of challenges, including insuffi-
cient funding, lack of proper infrastructure, and limited
knowledge and skills of farmers. One of the most prom-
ising ways to overcome these challenges is to attract
international grants, which can be a valuable source of
financial support for organic producers. Grant funding
allows not only covering the costs of certification and
modernisation of production, but also promotes the
introduction of innovative technologies, training pro-
grammes, and the creation of cooperative associations.
A prominent advantage of such programmes is their fo-
cus on the long-term development of the industry and
its competitiveness.

International organisations such as the Europe-
an Union (EU), the United Nations Development Pro-
gramme (UNDP), the World Bank, and others actively
support environmental initiatives in Ukraine (Konovaly-
uk et al., 2023). They provide funding to develop sus-
tainable agriculture, which includes support for small
and medium-sized farms, educational programmes,
and the development of export potential for organic
products. However, the process of obtaining grants is
often associated with stringent requirements for pro-
jects, complexity of documentation, and the need for
co-financing from recipients. Thus, the significance of
the study lies in identifying the key opportunities for
using international grants to stimulate the develop-
ment of organic farming in Ukraine. The successful use
of international grants will contribute not only to the
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economic growth of the agricultural sector, but also
to the development of sustainable environmental ap-
proaches in Ukrainian agriculture.

The impact of international grants on the devel-
opment of organic farming has been investigated by
many researchers who explored various aspects of this
issue. L.C. Stringer et al. (2020) analysed the financial
mechanisms for supporting farms and concluded that
international grants contributed not only to produc-
tion growth but also to improving its quality. G. Pe’er et
al. (2020) studied the effectiveness of grant funding in
European countries and determined that the success-
ful implementation of grant programmes requires clear
coordination between the state, donors, and producers.
L.Pronko et al. (2020) analysed the principal challenges
faced by Ukrainian farmers in obtaining grant aid and
stressed the need to simplify application procedures.

R. Sapbamrer and A. Thammachai (2021) placed an
emphasis on the educational component, finding that
international grants contributed to improving farm-
ers’ knowledge of organic production. The researchers
stressed that grant-funded training programmes con-
tributed to the introduction of the latest agricultural
technologies and increased yields without harming
the environment. J. McCormick (2023) investigated the
role of international organisations in financing envi-
ronmental initiatives and found that the most effective
projects were those that involved a comprehensive ap-
proach, from training farmers to implementing techno-
logical solutions. A detailed analysis of the effects of
grant funding on sustainable agriculture was conduct-
ed by V. Pineiro et al. (2020), who found that interna-
tional support has considerably reduced economic risks
for smallholders. J.F. Parr et al. (2020) investigated the
long-term effects of grant programmes and concluded
that they contribute not only to short-term modernisa-
tion of production but also to the development of sus-
tainable environmental practices.




F. Rexhaj et al. (2023) examined the cooperation
between Ukrainian farmers and international donors.
The researchers found that the most successful initi-
atives were those that involved cooperation between
small producers, which enabled them to use finan-
cial aid more efficiently and strengthen their market
position. A. Gamage et al. (2023) also concluded that
combining grant funding with national organic farm-
ing development programmes increases resource ef-
ficiency and promotes greater farmer engagement in
environmental initiatives. Overall, the research findings
confirmed that international grants are a valuable tool
for the development of organic farming, but their ef-
fective use depends on the availability of information,
competent management, and favourable governmental
conditions. Despite a considerable amount of research,
the effectiveness of the use of international grants in
various regions of Ukraine continues to be understud-
ied, specifically in terms of their economic and environ-
mental effects. Mechanisms for increasing the availa-
bility of grant funding for small farms and cooperatives
also lack sufficient coverage. The issue of integrating
grant programmes with the national policy of organic
farming development continue to be significant.

The purpose of this study was to analyse the effec-
tiveness of international grants in the development of
organicfarming in Ukraine to develop recommendations
for optimising the use of grant funds. The objectives of
this study were to analyse existing international grant
programmes and their effects on the development of
organic farming in Ukraine; to identify the key prob-
lems and constraints that prevent Ukrainian farmers
from effectively attracting grant funding; and to devel-
op recommendations for improving access to interna-
tional grants and increasing the efficiency of their use.

MATERIALS AND METHODS

The study of the effectiveness of attracting internation-
al grants for the development of organic agriculture in
the Southern region of Ukraine employed a compre-
hensive methodology that combined secondary data
analysis and sociological methods of data collection.
The primary sources of information included official
documents of the EU (Common Agricultural Policy, n.d.;
Horizon Europe, n.d.), and the United Nations (UN) (spe-
cifically, the Food and Agriculture Organization (FAO)
(n.d.) and the United States Agency for International
Development (USAID) (n.d.). Special attention was paid
to the analysis of reports of Ukrainian authorities on
the attraction and distribution of international aid in
the agricultural sector, as well as statistics on the area
of organic land, the number of certified operators, and
the level of financing available to Ukrainian farmers
(Organicinfo, n.d.).

The study focused on countries such as Germa-
ny, France, Sweden, Denmark, Spain, Italy, and Austria,
as they have the most developed support systems for
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organic farming in Europe. The choice of these coun-
tries was based on several factors: leadership in financ-
ing the organic sector, developed farmer support poli-
cies, innovative approaches to organic production, high
share of organic land, and successful experience in at-
tracting international grants. The empirical stage of the
study employed a sociological survey method to obtain
quantitative and qualitative data on the level of involve-
ment of farmers in the Southern region of Ukraine in in-
ternational grant programmes. An online questionnaire
survey was conducted among 100 farmers operating in
three regions: Odesa, Mykolaiv, and Kherson. The sam-
ple was formed by random selection among the owners
and managers of farms engaged in organic farming or
in the organic certification process. Dichotomous ques-
tions (yes/no) and multiple choice were used. The ques-
tionnaire contained 25 questions divided into four the-
matic blocks: general information about the respondent
(farm size, specialisation, organic certification, experi-
ence in agriculture); level of awareness of internation-
al grants (whether they are familiar with the concept
of grant funding, sources of information, whether they
have sought advice from relevant organisations); expe-
rience of participation in grant programmes (number
of applications submitted, success in obtaining fund-
ing, which programmes were used, amount of funds
received); the key challenges in attracting grant funds
(what barriers were encountered in preparing the appli-
cation, whether third-party help was needed, problems
with project implementation after receiving funding).
The authors adhered to the principles of the Amer-
ican Sociological Association’s Code of Ethic (1997).

The quantitative research was complemented by
10 in-depth semi-structured interviews with repre-
sentatives of farms that have successfully received
international grants and implemented development
projects. The respondents were selected using a pur-
posive method: farmers who had received funding from
organisations such as USAID, Deutsche Gesellschaft fiir
Internationale Zusammenarbeit (G1Z), EBRD, and UNDP
were selected. The interview was conducted online. The
following aspects were discussed:

m motives for applying for a grant; the documen-
tation preparation procedure (key challenges, need for
external help, consulting services);

m timeframe for reviewing the application and re-
ceiving funding; practical use of grant funds (what the
investment was for: equipment, staff training, market-
ing, production expansion, etc;)

| results obtained after the implementation of the
grant project (impact on production volumes, product
quality, profitability of the enterprise);

m further plans for participation in grant pro-
grammes.

Comparative analysis methods were employed to
assess the effectiveness of various grant programmes,
as well as factor analysis methods to identify the key
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factors that influence the success of obtaining and us-
ing international grants.

RESULTS

In the context of agricultural development, internation-
al grants play a key role in supporting sustainable and
environmentally friendly agricultural practices. Organ-
ic farming, which is based on the principles of natu-
ral balance, the elimination of chemical fertilisers and
pesticides,and the preservation of soil fertility, requires
extensive financial investment. However, not all farm-
ers, especially in developing countries, have access to
the necessary resources to switch to organic production
(Norton & Alwang, 2020). It is in this context that inter-
national grants are becoming a vital tool to stimulate
the development of the organic sector, enabling farm-
ers to finance modernisation of production, certifica-
tion, training, and infrastructure development.
International grants for organic farming can be
classified according to several criteria. One of the key
approaches to their distribution is by funding source.
They can be divided into grants from government
agencies, international organisations, and private foun-
dations. For example, the EU actively supports the de-
velopment of organic agriculture through programmes
such as Horizon Europe and the Common Agricultur-
al Policy (CAP), which are aimed at the environmental
modernisation of the agricultural sector. The UN and its
agencies, including the FAQ, are implementing global
initiatives aimed at developing sustainable agriculture.
Furthermore, numerous private foundations, such as the
Rockefeller Foundation or the Bill and Melinda Gates
Foundation, invest in projects that promote sustainable
agriculture in different countries (Dhiman, 2020).
Another approach to classifying grants is based
on their purpose. There are several major categories.
Research and innovation grants are aimed at devel-
oping and implementing the latest organic produc-
tion technologies, e.g., funding projects related to the
development of biological fertilisers or the efficiency
of permaculture systems. Grants for certification and
standardisation allow farmers to cover the costs of ob-
taining certificates of compliance with organic stand-
ards,which is a crucial step in entering the international
market. Grants for infrastructure and equipment finance
the purchase of modern machinery, the construction of
environmentally friendly farms and the creation of sup-
ply chains for organic products. Grants for education
and training are aimed at educating farmers, agrono-
mists, and agricultural specialists in organic farming
methods. A separate group includes grants to support
cooperatives and farmers’ associations, which help
small organic producers to form cooperatives to share
resources and access markets (Custer & Akaeze, 2021).
Grants aimed at supporting small and medi-
um-sized agribusinesses are especially significant
for Ukraine, as this sector faces the greatest financial
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challenges in the transition to organic production. The
use of international grants allows not only to expand
the organic market, but also to contribute to the overall
improvement of the environmental situation, biodiver-
sity conservation, and the quality of life of the popula-
tion (Jovanovi¢ & Zubovi¢, 2019). The EU is one of the
world leaders in the development of organic farming,
and the effective use of grant funding plays a great
role in this. EU countries are actively implementing
policies aimed at supporting farmers switching to or-
ganic production and funding numerous initiatives that
promote sustainable agriculture. One of the key grant
programmes in the EU is CAP,which is funded jointly by
the European Commission and national governments.
This policy includes subsidies for farmers who practice
organic production, as well as special grant initiatives
to help farmers adapt to new requirements. For exam-
ple, Germany has a state programme to support organ-
ic farming, which compensates farmers for part of the
costs of certification and environmental modernisation
of their farms (Hamm et al.,, 2017).

Apart from the CAP, EU countries actively use the
Horizon Europe programme, which finances research
and implementation of innovative organic farming
methods. For instance, in France, this programme is
implementing projects to develop biological plant
protection methods that reduce the use of pesticides
(Robert et al.,, 2020). In Spain and lItaly, a considerable
portion of grant funding is directed to the development
of agroecological practices, including crop rotation, bi-
ofertilisers, and integrated farming systems (locola et
al, 2023). Particular attention is paid to the organic
sector in the Nordic countries, specifically Sweden and
Denmark. Denmark, for example, has one of the most
developed support systems for organic agriculture in
the world. Grants provided by the government and
European funds are aimed not only at direct financial
support for farmers, but also at expanding the market
for organic products, raising consumer awareness, and
developing cooperative sales systems. A positive exam-
ple is also set by Austria, where more than 25% of ag-
ricultural land is used for organic production, which is
the highest in Europe (Connor, 2022). Thanks to a com-
petent support policy, including transition subsidies,
compensation for certification costs, and grants for the
modernisation of organic farms, Austrian farmers have
managed to create an effective export-oriented model
of organic production.

Thus, the experience of EU countries shows that
successful implementation of grant programmes to
support organic farming requires a comprehensive
approach. It includes financial aid to farmers, promo-
tion of scientific research, and creation of favourable
conditions for certification and marketing of products.
Ukraine can use this experience to develop its mecha-
nisms for integrating international grants into nation-
al agricultural policy and stimulating the transition to




organic agriculture. In Ukraine, the state policy on at-
tracting international grants to agriculture is in active
development and improvement. As organic farming is
becoming increasingly in demand both on domestic and
foreign markets, the Ukrainian government is develop-
ing strategies and programmes aimed at supporting
sustainable agriculture, including through attracting
international funding. One of the key initiatives is the
National Economic Strategy 2030 (n.d.), which stipu-
lates the development of environmentally friendly pro-
duction and an increase in the share of organic prod-
ucts in the overall structure of the agricultural sector.
This strategy focuses on attracting international grants
to support small and medium-sized farms, as well as
developing the export potential of organic products.

Ukraine is actively cooperating with the EU under
the Association Agreement, which facilitates access of
Ukrainian farmers to European grant programmes such
as Horizon Europe and EU4Business (Ukraine. Mem-
bership status, n.d.). These initiatives enable Ukraini-
an farmers to take part in research projects, improve
their production processes, and integrate into European
supply chains. The role of the United States Agency for
International Development’s (n.d.) Agriculture and Ru-
ral Development Support Programme, which provides
grants and technical advice to Ukrainian farmers to in-
troduce modern agricultural technologies and increase
the productivity of organic production, should be noted
separately. With USAID’s support, a series of success-
ful projects have been implemented that have helped
to increase the competitiveness of Ukrainian organic
products on international markets. Another major initi-
ative is the cooperation with the United Nations Devel-
opment Programme (n.d.), which, through projects such
as Strengthening Business Associations of Small and
Medium Enterprises, helps Ukrainian organic producers
to create cooperatives, unite to share resources,and en-
sure access to international markets.

However, despite Ukraine’s active involvement in
international programmes, there are also significant
challenges. These include bureaucratic obstacles in the
grant application process, lack of awareness among
farmers of available funding opportunities, and limit-
ed access to information in rural areas. Solving these
problems requires not only simplification of adminis-
trative procedures, but also active outreach by govern-
mental and non-governmental organisations. Attempts
are also being made at the state level to create favour-
able conditions for attracting international grants by
adopting legislative initiatives. An analysis of the grant
programmes available to Ukrainian farmers shows that
there are ample opportunities to attract international
funding for agriculture, particularly for the develop-
ment of organic farming. These programmes are imple-
mented by both foreign governments and internation-
al organisations, funds, and banks. They are all aimed
at supporting farmers in the transition to sustainable,
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environmentally friendly farming practices, the intro-
duction of innovative technologies, and increasing the
productivity and export potential of organic products.

Ukrainian farmers have access to a variety of grant
programmes aimed at supporting organic farming.
These programmes are funded by international organ-
isations such as the EU, EBRD, and the US government
through the US Agency for International Development.
The EU4Business programme, initiated by the EU, aims
to support small and medium-sized businesses in
Ukraine, including the agricultural sector. It provides
financial and technical advice to businesses seeking to
improve their competitiveness and meet EU standards.
According to the EU4Business official website, as of
2022, 42 projects have been implemented in Ukraine,
supporting more than 25,000 SMEs (EU4Business, n.d.).
A joint initiative of the EU and the EBRD, the EU4Busi-
ness-EBRD Credit Line, enables Ukrainian enterprises
to obtain financing for equipment modernisation and
the implementation of European standards. The pro-
gramme offers three financing approaches: for simple
equipment upgrades up to EUR 300,000, for invest-
ments up to EUR 3 million, and a simplified approach
for food safety. Furthermore, compensation of up to
15% of the investment amount is provided upon suc-
cessful project implementation (Eu4Business-EBRD
Credit Line, n.d.).

The United States Agency for International Devel-
opment (USAID) is implementing the Agriculture and
Rural Development Support Programme in Ukraine,
which aims to support agricultural producers, including
organic farms. The programme provides grants for the
introduction of modern technologies, increasing pro-
duction efficiency and access to international markets.
According to information published in El Pais, during
the three years of the war, Ukraine received over EUR
34 billion in US aid, much of which was channelled
through USAID to support the agricultural sector (Sequ-
ra, 2025). These programmes provide Ukrainian farmers
with opportunities to develop organic farming, improve
product quality, and integrate into European and global
markets. The use of available grant resources contrib-
utes to the sustainable development of Ukrainian agri-
culture and the strengthening of its economy. Figure 1
presents the indicators of organic production in Ukraine.

Analysis of organic production indicators in
Ukraine showed its active development until 2021
and a sharp decline in 2022-2023 caused by the war.
The area of land with organic status was growing until
2020, reaching 410.6 thsd ha, but in 2023 it fell to a
critical 71.7 thsd ha. The total area of agricultural land
decreased almost fivefold compared to 2021 due to the
occupation, mining, and destruction of farms. The num-
ber of organic operators has also changed: it grew until
2019, but began to decline in 2020-2021, and in 2023
it fell to 152 operators, which is four times less than in
2019. These trends demonstrated that organic farming
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suffered a serious setback, and its recovery requires
international financial support, government incentive

programmes, and adaptation of farmers to the new re-
ality. Figure 2 presents the organic map of Ukraine.
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Figure 1. Indicators of organic production in Ukraine in 2016-2023
Source: compiled by the authors of this study based on Organicinfo (n.d.)
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Figure 2. Organic map of Ukraine as of 2023
Source: compiled by the authors of this study based on Organicinfo (n.d.)

The total area of certified organic agricultural land
in Ukraine is 471.2 thsd ha, of which 390.9 thsd ha have
organic status. There are 481 certified producers in the
country that operate under standards equivalent to the
EU organic legislation and NOP (USA). The distribution
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of organic land by region shows the dominance of the
central,western,and southern regions.The largest areas
of organic land are recorded in Cherkasy (71.4 thsd ha),
Odesa (52 thsd ha) and Vinnytsia (69.5 thsd ha) regions.
Zhytomyr (25.1 thsd ha), Poltava (24.1 thsd ha) and




Zaporizhzhia (24.9 thsd ha) regions also demonstrate
significant indicators. At the same time, the situation in
the easternregions continues to be challenging.Donetsk
and Luhansk regions and Crimea have no registered or-
ganic land.Kharkivregion has only 3.9 ha of organic land,
which is significantly less than the leaders in this area.

The growth of organic land in Ukraine is driven by
increasing demand for organic products, stronger gov-
ernment support, and international cooperation. The
development of this sector is actively supported by the
Ministry of Agrarian Policy and Food of Ukraine, as well
as international partners such as FiBL, SAFOSO and the
Swiss Cooperation Office (Results of 2024..., 2024). De-
spite the positive trends, organic farming faces chal-
lenges, including military action, the need for financial
support for producers, certification, and expanding
markets. Of particular interest is the export of organic
products to the EU and the US, which could help at-
tract investment in the sector. International grants play
a key role in the development of organic farming in the
southern region of Ukraine, contributing to the mod-
ernisation of farms, product certification, and market
expansion. To evaluate the effectiveness of their use,
a study was conducted, which included an analysis of
secondary data, a survey of 100 farmers from Odesa,
Mykolaiv, and Kherson regions, as well as 10 in-depth
interviews with representatives of the companies that
received grants.

The survey results showed that 60% of the farm-
ers surveyed had experience of receiving international
grants, which indicated a relatively strong level of in-
volvement of agricultural producers in financing pro-
grammes. At the same time, 40% of respondents had
never applied for grants, of which 15% explained this
by a lack of information about such options, 10% ex-
plained it by the complexity of the application process
and the need to collect a voluminous package of doc-
uments, while another 8% reported that their farms
did not meet the requirements of donor organisations.
Among those who received grant funding, 25% of re-
spondents reported a considerable reduction in produc-
tion costs and a simultaneous increase in production
volumes. This was achieved through the modernisation
of equipment, the introduction of modern agricultural
technologies, and the purchase of high-quality sowing
material and fertilisers. Another 18% of farmers noted
an improvement in product quality, as the grant funds
enabled them to introduce certified organic production
methods. However, 12% of respondents faced obstacles
in implementing grant projects, with the most prevalent
being delays in receiving funds, difficulty in reporting
to donors, and mismatching of expected outcomes with
initial forecasts. Some farmers noted that due to the
demanding reporting requirements, they were forced
to hire more staff or engage external consultants to
prepare documents. In terms of the overall assessment
of the effectiveness of grant funding, 47% of farmers
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described it as a key tool for developing their farms,
which enabled them not only to obtain the necessary
resources but also to establish links with international
partners and learn how to work according to modern
business models. At the same time, 30% of respondents
believed that the availability of such programmes was
still limited due to complex requirements and competi-
tion among participants.

In-depth interviews with representatives of agricul-
tural enterprises confirmed the significant positive ef-
fect of grants. One of the most influential programmes
was USAID’s “Support for Agricultural and Rural Devel-
opment”, which financed the modernisation of farms.
For instance, Eco-Pivden farm (Odesa region) received
a USD 50,000 grant to purchase new machinery and
certified seeds, which enabled it to increase its organ-
ic land area by 16% and enter the European market.
Another key programme was EU4Business, which sup-
ports the certification of organic products according to
European standards. Thanks to this initiative, 25 farms
in Odesa and Mykolaiv regions managed to obtain the
necessary certificates to export their products. Specifi-
cally, Bio-Fresh used the grant funds to certify and im-
prove its logistics infrastructure, which helped reduce
transportation costs. A separate area of grant support
was the financing of processing plants. Under the EBRD
programme, Eco-Resource (Kherson region) received a
EUR 30,000 grant to upgrade its organic vegetable pro-
cessing equipment. This helped to increase production
by 20% and expand export opportunities to Poland and
Romania. The Vidrodzhennia farm (Mykolaiv region)
received USD 40,000 to upgrade machinery, which re-
duced equipment rental costs by 15% and increased
yields by 10%. Another successful use of grant funds
was demonstrated by Omega Farm (Odesa region),
which used financial support to expand its organic land
area.This allowed the farm to boost its productivity and
establish regular deliveries to European markets, which
increased its exports by 20%.

Despite the positive outcomes, farmers face a se-
ries of challenges. Bureaucratic obstacles continue to
be the primary barrier to receiving grant aid. 25% of the
surveyed farmers reported problems when applying for
grants, particularly due to the requirement to provide a
vast number of documents and confirmations. Another
problem was the impact of the war. 20% of farmers from
Odesa and Kherson regions reported severe hardships
caused by the hostilities. Logistical problems, disruption
of transport routes, and security threats led to increased
transportation costs and reduced access to markets.
Furthermore, about 35% of respondents reported a lack
of awareness of grant opportunities, which limited their
participation in funding programmes. Many farmers did
not have access to relevant advisory centres that could
help them with application and compliance.

In summary, international grants significantly con-
tribute to the development of organic farming in the
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Southern region of Ukraine, enabling farmers to mod-
ernise their farms, increase the competitiveness of their
products, and enter international markets. However, to
further improve the effectiveness of grant programmes,
it is necessary to simplify application procedures, im-
prove information for farmers, and develop special
support programmes for farmers in the areas affected
by the conflict. One of the key tools that enable small
farmers to overcome the obstacles they face in access-
ing international grant funding is farmers’ cooperatives
and producer associations. Cooperatives enable farmers
to pool resources, share grant funding opportunities, re-
duce costs, and mitigate risks. In the context of limited
financial resources for individual farmers, the associa-
tion allows for a much larger scale of production, which
makes such projects more attractive to international
donors and funds (Candemir et al., 2021).

The submission of collective grant applications is
one of the major advantages of cooperatives, as it al-
lows farmers’ associations to demonstrate greater po-
tential for the efficient use of financial resources. Co-
operatives can combine multiple activities and diverse
agricultural enterprises, which creates more diversified
projects (Luo et al, 2022). This increases the chanc-
es of obtaining funding, as donors tend to focus on
large, complex projects that can generate large-scale
results and have greater potential for development. A
striking example of such a cooperative project is the
Association of Organic Producers “Organic Ukraine”
(n.d.), which takes an active part in international fund-
ing programmes, receiving grants to improve organic
production in Ukraine. With the funds it receives, the
association organises training for its members and
promotes certification of organic products, which is
a prerequisite for entering international markets. The
farms that are members of the organisation managed
to get certified according to international standards,
which enabled them not only to expand production
but also to enter new markets. This became possible
through a cooperative approach, which ensured effi-
cient use of grant funds for training, certification, and
development.

Cooperation can also have a major positive impact
on reducing farmers’ costs for advisory services and ad-
ministrative expenses. Working together in a coopera-
tive allows for the pooling of financial resources to hire
experts to prepare grant applications and other neces-
sary documents (Sharata et al., 2023). This can great-
ly reduce the costs for each individual member of the
cooperative, as they can use professional services at a
much lower price than in the case of individual cooper-
ation with consultants. Collaborative activities also lead
to better outcomes in terms of export opportunities, in-
creased market competitiveness, improved marketing
and product branding, which ultimately increases the
chances of obtaining funding from international donor
organisations. Considering all these factors, cooperation
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is not only a crucial element for the effective use of
grants, but also a strategic tool for the sustainable de-
velopment of organic agriculture in Ukraine.

International grant programmes can become a
valuable tool to support Ukrainian organic producers
in times of war and economic instability (Sirenko et
al., 2024). Practical recommendations on how to im-
prove the efficiency of attracting and using interna-
tional grants is a crucial aspect for the development of
organic farming in Ukraine, particularly in the Southern
region. One of the primary barriers faced by farmers is
the lack of skills in preparing grant applications. To in-
crease the efficiency of using international funding, it
is essential to invest in training and establish adviso-
ry centres for farmers. Regular trainings, seminars, and
webinars with agribusiness experts can improve farm-
ers’ knowledge of the requirements for grant applica-
tions and the requirements of international organisa-
tions. It is especially significant to train farmers on how
to properly prepare documents, considering the specific
features of each programme, which will minimise the
number of rejections. Establishing partnerships with
consultants and specialists with experience in obtain-
ing international grants can help reduce the cost of
preparing applications.

As previously mentioned, farmers’ cooperatives are
one of the crucial tools for attracting funding. The as-
sociation of farmers not only increases the chances of
receiving grants but also optimises the costs of prepar-
ing and submitting applications. By pooling resources,
several small farms can submit a collective application,
which increases the probability of success and reduces
individual costs. Additionally, cooperatives can receive
grants for standardisation and certification of organic
products, which opens new markets for producers. Joint
projects to expand market opportunities and invest in
agricultural infrastructure are also significant. To be
successful in obtaining international grants, it is neces-
sary to have a well-structured application strategy. Op-
timising the project preparation process includes clear-
ly defining the purpose, objectives, and results, as well
as implementing practical measures to achieve these
results. It is vital to consider the specific requirements
of donors, which often set strict standards for com-
pliance with sustainable development goals. Farmers
should create a clear business plan that demonstrates
profitability and self-financing beyond the grant peri-
od. Specifically, the potential environmental and social
impacts of the grant project should also be considered.

In the modern environment, large international or-
ganisations often use online platforms to submit grant
applications. It is essential to provide access to digital
tools that enable agricultural producers to apply for
grants without physical limitations, saving time and re-
sources. Platforms such as the EU Funding and Tenders
Portal allow Ukrainian farmers to stay up-to-date on
current grant opportunities in real time. Furthermore,




the use of analytical tools to monitor grant opportuni-
ties and access to finance allows agricultural produc-
ers to react promptly to changes in international donor
policies and funding programmes. The availability of
experienced partners for project implementation is a
significant aspect, as international donors often require
applicants to have experience in implementing such
projects. Partnerships with international organisations,
institutes, research institutions, and other businesses
allow submitting competitive applications, particularly
due to additional knowledge and experience. It is also
vital to create partnerships with foreign companies and
universities to train farmers and develop innovative ap-
proaches to organic production.

Active engagement in international forums, exhi-
bitions, seminars, and conferences is also necessary,
where farmers can establish connections with interna-
tional donors and organisations that fund organic farm-
ing projects. Through personal contacts, farmers can
receive further support and advice that will help them
take part in competitions for grant funds more effec-
tively. It is key to improve financial literacy among farm-
ers, as international grants often require clear financial
pla nning and reporting. Agricultural producers should
understand how to properly spend grant funds, how to
keep accounting and reporting to avoid mistakes in the
use of grant funds and not to lose the opportunity to
receive funding in the future. Effective attraction and
use of international grants require a comprehensive
approach that includes training farmers, establishing
cooperatives, optimising project preparation, active-
ly using digital platforms, and engaging experienced
partners to implement grant programmes. With proper
support and development of these instruments, Ukraine
can greatly improve its position on the organic market
and attract more international financing for agriculture.

DISCUSSION

Analysis of international grants for organic farming re-
vealed both major potential and challenges faced by
countries seeking to attract such funding. International
financial support plays a key role in the development of
organicfarming,and various international organisations,
including government agencies, private foundations,
and multinational institutions, are increasingly promot-
ing sustainable agricultural development. For Ukraine,
the integration of international grants into the national
agricultural policy could be a crucial step for the recov-
ery of the organic sector, especially after the military ac-
tions. E. Kiryluk-Dryjska et al. (2020) noted that grants,
as the primary source of funding for organic farmers,
are most effective for large enterprises that can organ-
ise large-scale projects. According to the researchers,
most small farmers lack sufficient experience to apply
for grants effectively. W.Luczka et al. (2021) emphasised
that despite the considerable potential of internation-
al grants, their accessibility to small farmers continues
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to be limited due to underestimated administrative
requirements and complexity of procedures. These
findings are generally in line with present findings on
the challenges faced by small farmers due to complex
application procedures. However, the present study ad-
ditionally emphasised the role of farmer cooperatives,
which can act as intermediaries in the grant process.

One of the principal conclusions was the diversity
of international grants available for organic farming,
which could be classified by funding source, purpose,
and geographical focus. Government agencies and in-
ternational organisations such as the EU are active-
ly funding organic farming projects worldwide (Na-
konechna & Samsonova, 2021). In the EU, initiatives
such as the Common Agricultural Policy and Horizon
Europe have been extremely effective in supporting or-
ganic farmers, providing not only direct subsidies but
also promoting research, infrastructure, and market ac-
cess. These programmes are a reliable model for inte-
grating international funding into national agricultural
policies. J. Wesseler (2022) found that financial sup-
port for organic farming in many countries is provided
through national and international programmes. The
researcher also addressed programmes that actively
support innovation and research in the agricultural sec-
tor and argued that organic farmers often have access
to financial instruments aimed at modernisation and
adaptation to climate change, but the lack of effective
support for small farmers’ development reduces the
overall impact of these programmes. This highlighted
the difference from the present findings, which focused
more on social aspects and access to grants for small
farmers, while J. Wesseler focused on technological and
innovation aspects.

The experience of Ukraine highlighted both the po-
tential and the challenges faced by Ukrainian farmers
in accessing international grants. Despite the strong
demand for organic products on both domestic and for-
eign markets, Ukrainian farmers face numerous chal-
lenges, including bureaucratic barriers, limited access
to information, and the effects of the war (Tanchyk et
al., 2024). The war had a devastating impact on agri-
cultural infrastructure, leading to a drastic reduction in
the area of organic land and the number of certified
organic operators (Mamenko et al., 2024). This decline
underscores the need for continued international sup-
port to restore and develop organic farming in Ukraine.
The study also found that while international grant
programmes have positively influenced some Ukrainian
farmers, particularly for equipment upgrades and certi-
fication, access to these funds was still unequal. Simpli-
fying administrative procedures and raising awareness
of available grants among farmers are critical steps to
increase their participation and improve the efficiency
of their use of funding.

The hostilities have made the transition to sus-
tainable development much more challenging, but a
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circular economy can contribute to a faster econom-
ic recovery through the efficient use of resources and
reduced dependence on imported raw materials (Dov-
gal et al, 2024). |. Prokopa et al. (2024) analysed the
effects of war and political crises on organic farming
in Ukraine. The researchers noted that under condi-
tions of political instability, the amount of grant funds
available to organic farmers decreases, as international
donors often shift funding to more stable regions. The
present findings in this case also coincided with the
researchers’ findings, as it was also noted that war and
political challenges greatly affect the ability of farm-
ers to attract grants. X. Fernandez-i-Marin et al. (2024)
also investigated the impact of bureaucratic barriers
on the efficiency of international grants in developed
countries. The researchers noted that bureaucratic dif-
ficulties, such as complex application processes, lack of
transparent procedures, and complexity of reporting,
greatly reduce the efficiency of grant use even in large
farms. These findings were in line with the present find-
ings on the need to simplify administrative procedures
and provide another argument in favour of improving
the support system. However, the present study focused
more on social aspects, such as the lack of awareness of
farmers about available grants.

Avaluable finding of the present study was the role
of farmer cooperatives in overcoming these obstacles.
Cooperatives enable small farmers to pool resources,
share costs, and jointly apply for international grants
(Oliynyk et al., 2020). Through their combined efforts,
cooperatives can submit larger, more diverse projects
that are more attractive to international donors. Expe-
rience shows the potential of cooperation to maximise
the use of grant funds. R. Ajates (2020) studied the role
of farmers’ cooperatives in countries as a mechanism
to improve access to international grants. According to
the researcher’s findings, the association of farmers in
cooperatives significantly increases the probability of
receiving funding, as large projects submitted by coop-
eratives look more promising to donor organisations.
S. Kalogiannidis (2020) emphasised the significance
of not only financial but also advisory support for co-
operatives, which helps them to apply for grants more
effectively. This is directly in line with the current find-
ings, which also highlighted those cooperatives can be
a powerful tool for small farmers to access internation-
al grants, enabling them to consolidate resources and
reduce administrative barriers.

N. Thakur et al. (2022) investigated the role of glo-
balisation and climate change in the development of
organic farming. The researchers argued that organ-
ic farmers who use sustainable farming methods be-
come less vulnerable to the adverse effects of climate
change, such as droughts and crop failures. G.T. Patle et
al. (2020) also noted that international grants to sup-
port climate change adaptation are an important tool,
but that they were still lLimited and need to be expanded.
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Although the current findings did not focus on climate
change-related issues, the researchers provided valua-
ble perspectives for future research that could focus on
how climate change affects organic farming, and which
grant programmes could be effective in supporting
farmers in these circumstances.

Specialised advisory services that help farmers nav-
igate the grant application process play a major role in
supporting them (Nifatova & Danko, 2024). As noted in
the study, there is an urgent need to establish training
centres and workshops to improve grant writing skills.
These services can help farmers to adapt their projects
to donor requirements and minimise the risk of funding
rejection. Partnerships with international organisations
and research institutions can also provide Ukrainian
farmers with the necessary technical support to make
their projects more competitive on the international
level. G. Prain et al. (2020) analysed the effects of advi-
sory and educational programmes on farmers’ success
in attracting international grants. The researchers not-
ed that farmers who had received specialised training
or support from advisory centres had a greater chance
of successfully obtaining grants compared to those
who applied independently. These findings are in line
with present findings on the significance of supporting
small farmers in obtaining funding. The lack of aware-
ness and skills in preparing grant applications was also
highlighted as a major barrier for farmers.

Overall, while international grants are a valuable
tool for the development of organic farming, their ef-
fectiveness depends on addressing key issues. The ex-
perience of Ukraine highlighted the necessity of sim-
plifying application processes, improving awareness
and access to information for farmers. The successful
integration of international finance into national policy
and practice will be a crucial component of Ukraine’s
long-term strategy for agricultural development and
economic recovery.

CONCLUSIONS

The study analysed international grant programmes
aimed at supporting organic agriculture. It was found
that international grants can be classified according
to several criteria, including the source of funding and
their purpose. The major donors are government agen-
cies, international organisations, and private founda-
tions. Programmes such as Horizon Europe and CAP EU,
UN initiatives, and foundations such as the Rockefeller
Foundation and the Bill & Melinda Gates Foundation
play a great role in the development of organic farming.
The analysis helped to identify the key areas of grant use.
Grants for research and innovation support the devel-
opment of innovative technologies in organic produc-
tion. Funding for certification and standardisation helps
producers obtain the necessary documents to enter in-
ternational markets. Grants for infrastructure and equip-
ment are aimed at modernising farms, while support for




education and training helps to improve farmers’ skills.
Support for cooperatives was also considered, which al-
lows small producers to use resources more efficiently.

EU experience showed that a comprehensive ap-
proach to grant support ensures the sustainable de-
velopment of the organic sector. Successful examples
include financing the transition period for organic farm-
ers,supporting research initiatives and promoting envi-
ronmental practices. Specifically, Denmark and Austria
achieved prominent levels of organic farming develop-
ment through a combination of government support
and grant funding. In Ukraine, the policy of attracting
international grants is at the stage of active develop-
ment. Thanks to cooperation with the EU, USAID, and
the UN, Ukrainian farmers have access to programmes
that finance farm modernisation, product certification,
and training. However, there are considerable challeng-
es, including bureaucratic barriers, lack of awareness
of funding opportunities among farmers, and limited
access to information. The empirical part of the study
confirmed the effectiveness of grant support in the
Southern region of Ukraine. The study showed that 60%
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due to complexity of the application process, and 8%
due to ineligibility. While 47% of farmers considered
grant funding to be a key development tool, 12% had
faced challenges such as delays in funds and complex
reporting. Nevertheless, grant programmes contributed
to market expansion and increased the efficiency of ag-
ricultural enterprises.

To further improve the effectiveness of interna-
tional grants in Ukraine, it is necessary to simplify ap-
plication procedures, increase information support for
farmers, develop cooperatives, and create educational
programmes to improve grant application skills. Con-
sidering international practices will help integrate
Ukraine into the global organic farming system and
increase the competitiveness of its products on inter-
national markets. A limitation of this study was its fo-
cus on a sample of farms in a few regions, which may
not fully reflect the situation in other regions. Further
research could cover a wider geography, as well as ana-
lyse the long-term effects of grant funding on the sus-
tainability of agricultural enterprises.

of farmers had experience of receiving grants, of which ACKNOWLEDGEMENTS
25% reported reduced costs and increased production, None.
and 18% reported improved product quality. At the
same time, 40% of respondents had never applied for CONFLICT OF INTEREST
grants, including 15% due to lack of information, 10%  None.
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AHoTauis. Po6oTa 6yna HanpaeneHa Ha aHasi3 MOXIMBOCTEN 3a/lyYeHHS MiXKHAapOLHOMO rPaHTOBOrO GiHaHCYBaHHS
LNS NiATPUMKM Ta PO3BUTKY OpraHiyHoro 3emnepobcrBa B YkpaiHi. B pamkax poboTu 3anponoHoBaHo Knacudikauito
MDKHapOAHWUX TPAHTIB 3a Pi3HUMU KPUTEPIAMK, TaKUMKU K mkepena iHaHCYBaHHS Ta uini nporpam. Po3rnsaHyTo
rPaHTH, WO HAJATHCA AEPXKABHUMU OPraHaMu, MiXKHapOOHUMM OpraHisauisMu Ta npuBaTHUMKU HOHAAMM, Taki gK
nporpamu €sponercbkoro Coto3y, BKNUauM 3aranbHy CinbCbKOrocnoaapcbky nonituky 1a Horizon Europe, a Takox
iHiniaTen CLUA Tta Opranizauii 06’eaHaHmMx Hauii. MeTogonoriyHo LOCNIIKEHHS BK/IOYAN0 aHanNi3 BTOPUHHMX
nfanux, onutyBaHHa 100 depmepis 3 Opecbkoi, MukonaiBcbkoi Ta XepcoHcbkoi obnacten Ykpainu 1a 10 rmbmHHMX
iHTEepB’t0 3 NpeACTaBHUKAMMU CifIbCbKOroCNoAapCbKUX NIANPUEMCTB, Ki OTPUManu rpaHTu. PesynbTaTth CBigYaTh, WO
Mi>XKHapOA4Hi rpaHT1 MatOTb 3HAYHMI BNAMB HA PO3BUTOK OPraHivyHOro CiibCbKOro rocnogapcrea B YKpaiHi, 0co6amBo
y niBAeHHMX perioHax. 60 % onuTaHux dpepMepiB BUKOPUCTANWU MiXXHAPOAHI FPpaHTOBI nporpamu, npu ubomy 25 %
3 HMX BiA3HAYMNW CKOPOYEHHS BMUTpaAT Ta 36iNblueHHs 06csariB BUpoOHMULTBA 3aBASKM OTPUMAHUM KowTaM. OpHak,
He3BaXKalouM Ha MO3UTWMBHI pe3ynbTati, depMepu CTUKAKTbCA 3 HWM3KOK MNpobneMm, BKIYAUM BHOPOKPATUYHI
nepewkoau, bpak iHbopMmaLlii Ta TpyAHOLLI, NOB’A3aHi 3 BilHOK. Y poboTi 3anNponoHOBAHO peKoMeHAaLii Lwoao
NoKpaleHHs edeKTUBHOCTI BUKOPUCTAHHA MIDKHAapOAHWUX TPaHTIB, BK/IYAOUYM CTBOPEHHS KOHCYNbTATUBHMUX
LeHTpiB Ans Gepmepis, NiABULLEHHS QiHAHCOBOT rPaMOTHOCTI Ta NIATPUMKY CilbCbKOrOCNOAapCbKMX KOONepaTueis,
gKi MOXYTb OMTMMIi3yBaTW MpOLECU MNOAAHHS 338BOK Ta 3MEHWMWTM BUTPATM Ha MiAroToBKy. BucHoBoK poboTtu
BKA3Y€E Ha BaX/IMBICTb KOMMNAEKCHOMO MiAX0AY [0 3a7yYEHHS Ta BUKOPUCTAHHS MiXHApPOAHUX FPaHTIB B arpapHOMY
cekTopi YKpaiHu, 3 aKLLEHTOM Ha pO3BMTOK OCBITHIX NPOrpaM, NoKpaLleHHsa KoonepaLlii Ta BUKOPUCTaHHS LMPPOBUX
IHCTPYMEHTIB 419 CNPOLLLEHHS NpoLecy NoAaHHS 3a9BOK

KntouoBi cnoBa: arpocekTop; iHHOBaLiMHi TexHONOrii; koonepauii depmepis; diHaHCOBA NiATPUMKA; EBPOMENCHKI
iHiLiaTUBMK
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Decision-making models in information management systems...

approach here was based on the combination of methods of a comprehensive study of the key principles of
decision-making in information management systems and an analytical study of the current prospects for the
practical application of artificial intelligence technologies in the processes of enterprise management in the agro-
industrial complex. Methods of analytical comparison and synthesis of data gathered during the study were also
used. The findings obtained determine the main tasks of decision-making methods in the information networks
of management of enterprises in the agricultural sector of the Republic of Kazakhstan, considering the current
issues in this area and practical options for their resolution. The study revealed that, between 2000 and 2024,
the average yield of all crops increased by 153%, with significant improvements observed in oilseeds, sunflower
seeds, and potatoes. The study also observed a substantial increase in the use of information and communication
technologies in Kazakhstan, with a nearly 3.5-fold rise in related expenditures. Furthermore, the research highlights
the potential for automation in the agricultural sector, particularly in enhancing resource utilisation and boosting
productivity. The practical significance of the findings lies in their implementation in the activities of enterprises
in the agricultural sector to create effective management systems, leveraging artificial intelligence technologies.
These developments will support the further modernisation of the sector, contributing to its economic sustainability
and alignment with global trends in digital transformation

Keywords: artificial intelligence; information intelligent systems; agrarian sector; agriculture; management

solutions; innovative technologies

INTRODUCTION

Ensuring the most effective development of the enter-
prise is an important task for managers of enterprises
in modern conditions. This is primarily caused by the
fact that this component is one of the main ones to en-
sure competitive advantages in the domestic and for-
eign markets. In Kazakhstan, agro-industrial enterpris-
es are currently facing an increased need to optimise
production processes to address the difficulties that
are observed in the agricultural sector. In this regard,
it remains relevant to research existing decision-mak-
ing principles improvement ways. Problematics of the
stated subject lies in the wide use of modern informa-
tion technologies in various areas of social life, but also
with the need to develop and practical implementation
of artificial intelligence systems in the management of
processes that take place in the activities of an agrari-
an enterprise. This study examines both theoretical and
practical aspects of the use of modern information sys-
tems in management decision-making used by the en-
terprises of the agro-industrial complex of the Republic
of Kazakhstan.

The environmental accounting and auditing mod-
el was considered in the framework of the research by
B. Korabayev et al. (2024). They noted that the environ-
mental accounting and auditing model formed in the
state can have a significant impact on the financial re-
sults of industrial enterprises, and not only help the en-
terprise to effectively justify its costs and taxes but also
receive certain benefits from the government related
to the stimulation of environmental protection activi-
ties. However, this system should be designed to satisfy
the needs of both the state, in terms of openness and
reliability of the data obtained, and agrobusiness.A. Su-
mets (2020) considered a methodological approach to
the evaluation of the management system of manufac-
turing enterprises. He pointed the peculiarities of the
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essence of the company’s activity management within
the framework of modern economic literature, describ-
ing the main elements of this system considering the
specifics of its sphere of activity. Furthermore, an em-
phasis was made on what parameters to consider in the
process of enterprise management, and what to strive
for to achieve company maximum efficiency. Neverthe-
less, the scholar provided little empirical data (reports
of enterprises, etc.) to show the calculation of such in-
dicators in practice. In addition, the emphasis placed on
the peculiarities of individual spheres of activity was
rather superficial.

R. Gabdualiyeva et al. (2024) emphasised the digi-
talisation of the agricultural sector in Kazakhstan. The
scientists noted that under current conditions farmers
face quite a lot of obstacles, which digitalisation can
partly help to solve. They also recommend optimising
sowing and harvesting times, improving pest control
methods, better irrigation and fertilisation of crops.
However, scholars did not sufficiently consider the for-
mation of management models, which are also an im-
portant part of both the digitalisation process and the
improvement of the state of enterprises in the agricul-
tural sector. G. Lukhmanova et al. (2019) also highlight-
ed the innovative development of the agro-industrial
complex of the Republic of Kazakhstan in modern con-
ditions. They concluded that the country needs targeted
modernisation of all components of the digitalisation
complex in the country and suggested strengthening
protectionism to ensure the development of innovation
in the country in the long term. The peculiarities of stra-
tegic planning in agricultural production were studied
by B. Myrzaliyev et al. (2023). They acknowledged that
in the current conditions, the agricultural sector plays a
huge role in the welfare of the Republic of Kazakhstan, in
this regard, the development of long-term development




strategies in this area is relevant. Based on the peculiar-
ities of the agricultural sector in Kazakhstan, scientists
have developed certain advice on long-term planning.

The purpose of this study was to propose the model
of decision-making in the agrarian sector of Kazakhstan.

MATERIALS AND METHODS

The study assessed selected statistical data that can
indirectly characterise the quality of governance in the
country, for which economic and statistical research
methods, namely descriptive statistics, i.e. the direct
collection and organisation of quantitative data, were
used. Information from the official website of the or-
ganisation The World Bank (2024) on the ratio of ex-
penditures on the development of innovative technol-
ogies to gross domestic product (GDP) was used for
this purpose. The logic behind this indicator is that the
more funds (compared to the level of GDP) are used for
the development of the latest technologies, the more
effective will be the management of information sys-
tems in the country. Innovative developments play the
most important role in this context.

Data from the Bureau of National Statistics of the
Agency for Strategic Planning and Reforms of the Re-
public of Kazakhstan (2024a; 2024b; 2025) on the level
of investment in agriculture in general, as well as the
level of yields of individual crops, were also assessed.
The importance of assessing the level of investment
in agriculture is that the more funds are allocated for
the development of this sphere, the more effective
the management of internal processes in it should be.
This can also be partially evidenced by crop yields (this
study assessed cereals (including rice) and legumes,
oilseeds, sunflower seeds, potatoes, open field vege-
tables, melons, and sugar beet). Thus, although yields
are influenced by many factors, especially cultivation
methods, the management of the enterprise also plays
an important role in this context. Therefore, an assess-
ment of this indicator may indicate an improvement in
such processes within the company. The factors - ex-
ternal socio-economic conditions, internal financial and
innovative capacities, and technology advancements -
constituted the foundation for evaluating governance
efficacy in the agriculture sector. The analysis was sup-
plemented by schematic representations of manage-
ment decision-making spheres, which contributed to
the qualitative organisation of agricultural activities.

An expert survey was conducted to assess the qual-
itative factors influencing managerial decisions. The
survey involved experts rating various factors on a scale
from 0 to 10, with higher scores indicating a stronger
positive influence on decision-making. This survey pro-
vided valuable data for computing weighted average
assessments, which were incorporated into the deci-
sion-making models. The qualitative factors assessed
by the experts were integrated with quantitative eval-
uations of key indicators, providing a comprehensive
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approach to decision analysis. Informed consent was
obtained from all individuals included in this study. All
procedures performed in the study were in accordance
with the ethical standards of the institutional research
committee and with the Helsinki Declaration (1964)
and its later amendments.

The system analysis of decision-making principles
allowed the formation of a unified system of analys-
ing the relationship between the problems of activity
of agricultural enterprises and possible practical solu-
tions. The study utilised formulas for normalisation and
weighted averaging of expert evaluations for qualitative
decision-making. These mathematical models allowed
for a more structured and objective analysis of decision
options, improving the accuracy and effectiveness of
management strategies. An analytical study of the real
prospects of introducing artificial intelligence technol-
ogies in the management of agro-industrial enterprises
of Kazakhstan made it possible to identify the prob-
lems facing information intelligent systems. The study
was conducted in the conditions of Kazakhstan, taking
into account the peculiarities of the country’s economic
development, especially in the agricultural sector. This
particular model was used in the work, since it allows
to improve the ability to use information systems to
form more effective conclusions of management deci-
sions. It also improves resource utilisation, productivity,
workplace safety and supply chain efficiency.

The modelling method was also used within the
framework of the research. It was used to build a sys-
tem in the area of managerial decision-making when
using information intelligent systems in the agro-in-
dustrial complex. The depiction of this model was
made using the graphical method. Systematisation was
used to evaluate the analysed factors within a single
system where they interact with each other. The gen-
eralisation method was used to simplify the process
of data analysis in the study. The descriptive method
was used to characterise the individual data in the pa-
per, assessing their main characteristics. The historical
method was used to evaluate past quantitative data of
changes in the parameters characterising the quality of
management at enterprises. The comparison was used
to assess the dynamics of individual countries (in the
context of expenditures on research and development)
to understand what the situation in Kazakhstan is. The
abstract-logical method was used to make assumptions
about what the actual model of information manage-
ment at agrarian enterprises should be.

RESULTS

There are a number of issues in the development of
the agro-industrial complex of the Republic of Kazakh-
stan that require immediate resolution in the context
of a modern market economy (Smagulova et al., 2022;
Tkacheva et al., 2024). Such issues include insufficient
material and technical support, weak control over the
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available natural, labour, and material resources along
with their irrational use, and insufficient cooperation
of small non-commodity enterprises into larger, com-
modity ones. Other concerns involve unsatisfactory pro-
cessing of raw materials in agriculture and inadequate
control over this process, an excessive number of inter-
mediaries in the supply chain of agricultural products
to the end consumer, and limited implementation of
advanced scientific, technical, and software develop-
ments in agricultural production. Additionally, the eco-
nomic mechanisms for attracting investment funds and
state support measures to the agro-industrial complex
remain underdeveloped.

One of the most effective and timely options for
solving these current problems is the introduction of
information intelligent systems for managing process-
es within these enterprises. The tasks assigned to such
systems, currently being implemented in the agro-in-
dustrial complex of Kazakhstan, can be roughly divided
into two main areas: monitoring the management pro-
cesses of enterprises in this sector and making decisions
to optimise the management process at any stage. The
use of intelligent information management systems in
agricultural enterprises is primarily driven by the need
to transform the very structure of agricultural activities.
This transformation includes an increase in the volume
of agricultural production, coupled with improved or-
ganisation of management activities. When appropriate
automated management systems and optimal informa-
tion management tools are chosen, labour productivity

at an agricultural enterprise can increase significantly
compared to manual management. Another key aspect
is the qualitative improvement of agricultural produc-
tion safety and the enhancement of working conditions
within agricultural enterprises.

The introduction of automated systems for manag-
ing the activities of an agricultural enterprise is espe-
cially effective when it comes to harmful agricultural
production associated with the use of pesticides, pes-
ticides, various chemical fertilisers, along with waste
products of cattle or poultry farms. The automation of
the agricultural sector also offers the prospect of sig-
nificantly reducing occupational morbidity and injury in
the agricultural sector, and of cutting the cost of re-
habilitation and workplace health and safety measures.
To date, one of the most significant problems in the
development of enterprises in the agricultural sector
of the economy of the Republic of Kazakhstan is the
mismatch between the level of management and the
technologies used by enterprises to meet the require-
ments of a modern market economy. One of the key
requirements for economic management technology in
the agribusiness sector under market conditions is the
development of effective tools for this purpose, which
include methods, algorithms, models, and information
bases (Binu & Rajakumar, 2021; Srivastav et al., 2022).
Figure 1 provides a schematic representation of the
main areas of management decision-making when im-
plementing intelligent management information sys-
tems in an agricultural enterprise.

Internal control of production

Accounting and auditing

Financial statements

activities

»

Areas of management
decision-making

- v,

Control of shipment of agricultural
products

Organisation of agricultural
production

Controlling the supply of components
and agricultural equipment

Figure 1. Areas of management decision-making when using information intelligent systems in the agricultural sector

Source: compiled by the authors

Decision-making models in agribusiness manage-
ment information systems are divided into two main
classes. The first class focuses on planning and ensur-
ing the production activities of agricultural enterprises.
This includes accounting for the supply of components
and agricultural equipment, organising agricultural
production processes, controlling the quality of finished
products,and managing their shipment to the final con-
sumer. The second class pertains to planning and en-
suring the financial activities of agricultural enterpris-
es. It covers the organisation and control of financial
reporting, as well as accounting and auditing.

The closest to solving the problems of organising
agricultural activities and production should be con-
sidered mathematical methods for processing data
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on economic parameters, through which the degree
of informativeness of the presented parameters and
the level of impact of extreme factors are determined
(Caixeta et al., 2022; Kumar et al., 2022). However, these
decision-making techniques, which are implemented
separately and with no apparent correlation, do not ful-
ly equip the agribusiness sector with the capacity to
manage successfully in a market environment (Huang et
al.,2021; Deebak & Al-Turjman, 2022). The final quanti-
tative characteristics based on the results of the analysis
of identified indicators do not always contain objective
information or reflect the direction of entropy fluctua-
tions of individual indicators or the entire farm correct-
ly. A schematic diagram of intelligent information man-
agement and processing system is shown in Figure 2.
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The data presented in Figure 2 suggest that the
accurate formulation of the task of comprehensive ap-
plication of mathematical methods of decision-mak-
ing in information management systems involves a
sufficient number of algorithms and data processing
systems, and software packages for the implementa-
tion of the task. The situation is complicated by the
fact that until recently, information technologies for
managing the activities of agricultural enterprises in
Kazakhstan were almost completely absent, due to
the lack of an objective demand regarding their use,
given the near absence of competition between en-
terprises in the agricultural sector. Agricultural pro-
duction worldwide and in Kazakhstan in particular is
considered to be among the low investment-attractive
economic sectors. The total volume of investment in
Kazakhstan was set at KZT 18 trillion (The volume of
investments..., 2024). Attracting investment into this
economic sector requires the formation of attractive
investment projects. Leasing and investment credit
can be sources of investment funds for agriculture
(Abbad, 2021; Tkacheva, et al., 2024).

Any managerial decision-making should be based
on the analysis of certain factors, both quantitative
and qualitative. Quantitative decisions rely on statis-
tical data, while qualitative decisions are based on
expert opinions. Additionally, key factors can be iden-
tified for each decision, and these factors may vary.
However, certain benchmarks should be given priority.
The external environment includes socio-economic,
technological, market situation, and climatic factors.
The internal environment encompasses the financial
and economic features of the enterprise, the level of
innovation development, competitive advantages, and
the level of strategic management.

Nevertheless, as already mentioned, these are only
guidelines that can be relied upon in forming the fac-
tors on the basis of which conclusions will be formed,
whereas in reality they may be quite different and
only indirectly related to those proposed above. As al-
ready mentioned, factors can be both quantitative and
qualitative, and their analysis will differ significantly

depending on the type. To commence, the peculiari-
ties of analysing qualitative factors must be taken
into account. It should be assumed that the number
of factors X1, X2, ... Xn has been determined; regard-
ing their influence on the management decision, a
survey of experts was conducted, in which they could
rate each of the factors on a scale from O to 10. If the
factor has a positive influence on the factor, you high
score indicates a stronger interaction, compared to
others; if the factor has a negative influence, the high
score indicates a lower influence on this factor. Thus,
authors obtain the sum of m expert evaluations for
each of n factors. The weighted average assessment
of experts can be calculated by finding the arithmetic
mean, namely by using the formula (1):
(Eq+E2+E3..Em)
X, = St M

where X - value of the factor with index n; E,, E,, E,,
E, - corresponding estimates of the factor’s influence
on the managerial decision; m — number of experts
that take part in the survey.

It is also worth noting that if one wishes to give
a greater role to the evaluation of individual experts,
a slightly different model can be proposed. Within its
framework, it can be proposed to use weighted as-
sessments for each expert’s decision. The main thing
is that in the end the sum of indices for each expert’s
assessment should equal 100%. In the case of quan-
titative assessments, it is worth applying approaches
to normalise the data, bringing it to a uniform value.
This paper proposes an approach in which the most
favourable value of a quantitative indicator is deter-
mined at the level of 10 and the least favourable at
the level of 0. An example of such an indicator is Net
Present Value (NPV) when implementing a project
in an enterprise. Thus, to determine the value of the
indicator Xn it is worth making the following calcu-
lation (2-4):

Km —Kmin

Xn - (Kmin"'Kmax)

+ Xmin: (2)

(Xmax_Xmax)
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Xmin = ﬁ (3) worth paying attention to the fact that in this case it is
. also possible to determine weight coefficients for each
Xmax = G — Y (4)  of the factors when analysing management problems,

where X - value of factor with index n; k - quantita-
tive value of factor m; k . - quantitative score of factor
with minimum value; k _ - quantitative score of factor
with maximum value; G — maximum possible score that
can be obtained within the framework of this evalua-
tion (within the framework of this paper it is at the level
of 10); X .- score for the indicator with minimum val-
ue; X - score for the indicator with maximum value.

Thus, a normalisation can be carried out which will
produce a uniformlydistributed series of scores from 0 to

but it is worth paying attention to the fact that the sum
of coefficients should be equal to 1. In addition, this
leads to the possibility of additional errors due to the
existence of the human factor. This can be graphically
depicted as follows (assuming that only three factors
are considered). As can be seen from Figure 3, it is not
always obvious which of the options for solving a man-
agement problem is more favourable; the assessment
is even more difficult when there are actually many
more options.

. . . . A
10.Asaconsequence of estimating inthisway,the follow- 1
ing matrix of scores can be obtained,as shown below (5): TIIII T A
X1 Xp2 Xim "_/___________:::::::z . i
X1 Xp2 Xom i i :
X1 Xnz 0 X (5) ,:V i i |
f’I”"’}’\ """ a ""T"":"'_':';/':
where X - values of n factors with m options for solv- L1 74 ‘ :/,/”: i
ing the management problem. T Rl L 5
In this case, each of the options for solving the PR PN S
management problem is actually a vector, as it is shown ! chbinc i
below (6, 7): ! ST

Xll X12 le
X1 [ Xz H Xom
an XnZ an x (6)

where L - length of vector m; X - value of factor
with initial n for the variant of solution of management
problem m.

L, = V2 + X2 + -+ X2), @)

where L - length of vector m; X - value of factor
with initial n for the variant of solution of management
problem m.

Thus, at the end, n vectors with different lengths
can be defined: the longer the vector is, the more effec-
tive the solution to a problem is considered to be. It is

Figure 3. Example of vectors image in space
Source: compiled by the authors

Managerial decisions should be evaluated based
on the model proposed above (with randomly assigned
values, provided as an example). It is to be assumed
that there are 4 factors that were evaluated using as-
sessments from 5 experts, and there are 4 factors that
can be evaluated quantitatively for each option of man-
agerial decisions. There are 3 such decisions. For each
of the factors in the context of each managerial deci-
sion the impact of experts was assessed. During the as-
sessment the following results were obtained (Table 1).

Table 1. Example of assessment of qualitative factors of influence
on the management problem in the context of management decisions

Management decision 1

Average
Indicator Expert 1 Expert 2 Expert 3 Expert 4 Expert 5
Factor 1 9 8 8 3 10 7.6
Factor 2 7 7 3 1 5.4
Factor 3 10 8 6 2 8 6.8
Factor 4 4 4 7 1 4.8

Management decision 2

Average
Indicator Expert 1 Expert 2 Expert 3 Expert 4 Expert 5
Factor 1 0 10 4 4 1 3.8
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Table 1. Continued

Management decision 2

Average
Indicator Expert 1 Expert 2 Expert 3 Expert 4 Expert 5
Factor 2 5 4 9 1 9 5.6
Factor 3 3 0 2 8 1 2.8
Factor 4 9 6 7 7 7 7.2

Management decision 3

Average
Indicator Expert 1 Expert 2 Expert 3 Expert 4 Expert 5
Factor 1 4 6 2 1 1 2.8
Factor 2 4 3 3 2 9 4.2
Factor 3 0 5 4 6 5 4
Factor 4 8 2 9 8 4 6.2

Source: compiled by the authors

According to Table 1, due to the different estimates
of the influence of factors for different management
problems, it is possible to obtain indicators that dif-
fer significantly between the different management

solutions. Authors will also conduct an impact assessment
for the quantitative factors as well, as shown in Table 2.

Thus, authors get 3 vectors with 8 values, for each
of which it is worth calculating the length (Table 3).

Table 2. The obtained results of the influence of quantitative factors
within the framework of individual management decisions

Estimation of in-kind indicators

Indicator Management decision 1 Management decision 2 Management decision 3
Factor 5 175 590 855
Factor 6 491 263 811
Factor 7 822 471 262
Factor 8 532 602 375
Evaluation of indicators in terms of scores
Indicator Management decision 1 Management decision 2 Management decision 3
Factor 5 2.5 5.55 7.5
Factor 6 4.58 2.5 7.5
Factor 7 7.5 4.37 25
Factor 8 5.96 7.5 25

Source: compiled by the authors

Table 3. Final results of calculating the effectiveness of management decisions

Indicator Management decision 1 Management decision 2 Management decision 3
Factor 1 7.6 3.8 2.8
Factor 2 54 5.6 4.2
Factor 3 6.8 2.8 4
Factor 4 4.8 72 6.2
Factor 5 2.5 5.55 7.5
Factor 6 4.58 2.5 7.5
Factor 7 7.5 4.37 2.5
Factor 8 5.96 7.5 2.5
L 16.59 14.76 14.32

Source: compiled by the authors

As can be seen from Table 3, within the select-
ed data the most effective is the use of management

decision 1. Thus, the proposed methodology allows to
determine which of the methods is more effective for
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enterprises, and therefore the hypothesis can be con-
sidered confirmed. The application of decision-mak-
ing techniques in information intelligent systems for
managing agro-industrial enterprises is aimed at solv-
ing several key tasks (Galanakis, 2021; Yessilbayeva et
al., 2025). These include developing effective mecha-
nisms to enhance the competitiveness of agricultural
enterprises in a real market economy and identifying
key trends in the development of integration processes
within the agricultural sector. Additionally, it involves
outlining the main priorities for agricultural sector
development in the context of national food security
and identifying prospects for strategies to increase the
competitiveness of agricultural enterprises.

Further objectives include conducting an ob-
jective analysis of existing agricultural production
management methods using forecasting techniques
and analysing business processes within individual
enterprises in the sector. Another critical task is devel-
oping an effective system for managerial decision-mak-
ing at all levels and in all areas of an agricultural en-
terprise to ensure an appropriate level of management.
Lastly, the creation of an information-analytical system
using mathematical models is essential for making ac-
curate forecasts of financial, economic, and production
indicators in agricultural production.

Prospects of the practical introduction of artificial
intelligence technologies in the processes of enterprise
management of the agrarian sector of the economy in

Kazakhstan are largely determined by both real prob-
lems of this industry, and options for their practical res-
olution, in the context of the realities of economic de-
velopment of the country. The practical effectiveness of
any management decision-making models used by ag-
ricultural enterprises in Kazakhstan can be supported
by real improvements in their functioning, manifested
in an increase in agricultural production, improved la-
bour safety of employees of enterprises,and their stable
functioning regardless of changes in the current eco-
nomic situation and various negative external factors.

In reality, managerial decision-making is closely
linked to the development of innovations. This is relat-
ed to the fact that companies actively involved in in-
novation discover new opportunities to improve busi-
ness processes and create new products. In addition,
decision-making processes include analysing techno-
logical trends, risk management, and supporting an
innovative culture, stimulating creativity and initiative
among employees. Integration of innovation into the
business model includes assessing the impact on cur-
rent processes and possible changes in strategy. Thus,
innovation and decision-making complement each
other, creating the basis for sustainable development
and competitiveness of the company. In this regard, by
assessing the level of innovation spending in a coun-
try, it is possible to partly infer the extent to which
the effectiveness of decision-making in the country is
increasing (Fig. 4).
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Figure 4. Research and development expenditure in selected countries from 2001 to 2022, %
Source: compiled by the authors based on The World Bank (2024)

As can be seen in Figure 4, the level of innovation
expenditure in Kazakhstan relative to GDP is gradu-
ally decreasing. The value in the country in 2001 was
0.22%, while in 2022 it was 0.1%, which is on par with
Kyrgyzstan and Tajikistan. Compared to the world
average, such values remain quite low. Although the
country defines innovation as one of the most impor-
tant strategic goals in its development, the data show
that the ratio of costs to the latest technologies is only
getting lower, which may be a bad factor, indicating,
among other things, the insufficient pace of devel-
opment of decision-making methods. Such dynamics
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are primarily caused by the rapid GDP growth rate in
the country as a whole, which outstrips the growth
of innovation costs. Nevertheless, it can be argued
that the public authorities pay insufficient attention
to the development of innovations in the country. The
change in Tajikistan, on the other hand, is uniform. For
developed countries, in particular the United States
of America, the dynamics are upward, as is the global
average, which is different from Kazakhstan’s trends.
Another component that can influence the effective-
ness of management in agriculture is the level of in-
vestment (Fig. 5).
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Figure 5. Level of investments in agriculture adjusted for inflation (in 2003 prices)
in the period from 2003 to 2024, million tenge
Source: compiled by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan (2024aq)

As can be seen from Figure 5, the level of invest- in investments in 2023 and 2024, indicating a decline
ment in agriculture in Kazakhstan has been experienc-  rather than gradual improvement in this sector. Anoth-
ing fluctuations in recent years. After a period of steady  er indicator worth considering is the yield level (which
growth until 2022, there is now a noticeable decrease  characterises productivity) (Table 4).

Table 4. Yield level of individual crops in Kazakhstan in the period from 2000 to 2024, quintals/ha

Cereals (including rice) and Sunflower seeds Outdoor Sugar beet (in
Year legumes (ip wgight after  Oilseeds (in weigh15 after  Potatoes vegetables Gourds weight a'fter
cultivation) processing) processing)
2000 9.4 3.9 4 106 153 119 154
2001 12.2 5.7 6 133 166 127 173
2002 11.5 6.3 5.9 139 172 135 207
2003 10.8 7.1 6.8 139 177 144.5 210.4
2004 8.8 6.2 5.9 134 186 153.2 1974
2005 10 7 6.3 150 196 159.3 209.2
2006 11.7 6.6 5.9 153.6 201 167.1 240.8
2007 13.3 72 5.9 155.8 211 1717 248.9
2008 10.1 5.5 4.1 143.7 204 158.9 204.3
2009 12.6 6.5 5.7 160 218.7 161.1 182.9
2010 8 5 4.4 143 214.4 177 174.3
2011 16.9 6.7 4.6 167.2 2229 186.1 188.2
2012 8.6 6.1 5.9 165.9 234 206.8 168.2
2013 11.6 8 7 181.5 238.7 212.4 267.7
2014 11.7 7.8 6.7 184.3 243 2171 240.6
2015 12.7 8.1 7.6 185.5 245.8 221 232.5
2016 13.5 9.6 9.3 190.4 250 2214 285.5
2017 134 9.7 10.2 194.2 2537 224.2 274.4
2018 135 9.7 10 1979 257.3 224.2 305.3
2019 12.3 9.3 10.3 203.4 260.5 234.6 324.5
2020 12.8 9.5 11.3 206.7 265.9 238.8 3232
2021 10.4 8.3 11 2074 268 252.7 275.5
2022 13.8 9.1 12 205.4 2713 255.6 341.4
2023 10.3 8.8 11 220.1 2719 260.3 379.0
2024 15.2 12.2 14.6 219.1 284.2 253.2 507.3
qlﬁ:?:gfha 5.8 8.3 10.6 1131 1312 1342 3433
Change, % 62 213 265 107 86 113 223

Source: compiled by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan (2025)
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As can be seen from Table 4, yields of all crops
in Kazakhstan have increased, with an average yield
increase of 153% between 2000 and 2024. This
may partly indicate that the overall management

efficiency of the industry is increasing. The scale of
use of information and communication technologies
can be assessed using individual statistical data pro-
vided in Table 5.

Table 5. Selected data characterising the use of information
and communication technologies in Kazakhstan in the period from 2008 to 2023

Years 2008 2009 2010 2011 2012 2013 2014 2015
Share of organisations using computers, % 76.6 69.8 62.7 65.2 66.9 66.2 58.1 66.3
Share of organisations with access to the Internet, % 55.5 54.2 52.9 55.4 58.4 60.7 52.4 61.2
Share of organisations with Internet resources, % 7.4 76 24.8 204 5.8 26.2 19.3 20.5
Share of orgamsapons receiving orders for goods and 141 13 13 47 45 6.7 71 115
services via the Internet, %
Share of org.anlsaFlons ordering goods 149 15 157 36 39 59 77 153
and services via the Internet, %
Total costs for information and communication 782 1266 1475 2142 3098 2208 2371 3756
technologies, billion tenge
Total costs for information and communication 714 1087 1173 1585 2162 1469 1467 2047
technologies, taking into account inflation, billion tenge
Years 2016 2017 2018 2019* 2020* 2021* 2022* 2023
Share of organisations using computers, % 73.7 70.7 77.7 83 83.9 80.2 75.9 81.4
Share of organisations with access to the Internet, % 69.4 67.7 75.1 80.4 81.6 78.2 79.1 79.1
Share of organisations with Internet resources, % 18.5 21.7 22.3 18.9 17.9 17.6 25.6 26.5
Share of orgamsapons receiving orders for goods and 44 15 16 54 74 85 93 106
services via the Internet, %
Share of org.amsapons ordering goods 6.6 6.1 49 8.2 79 101 11 129
and services via the Internet, %
Total costs for information and communication 2695 3499 3052 3377 3889 4431 5899 9183
technologies, billion tenge
Total costs for information and communication 1356 1642 1359 1426 153 1607 1777 263

technologies, taking into account inflation, billion tenge

Note: * - for the first five indicators, the values were calculated until 2019 without taking into account government

institutions, and from 2019 - together with them

Source: compiled by the authors based on Bureau of National Statistics of the Agency for Strategic Planning and Reforms

of the Republic of Kazakhstan (2024b)

As can be seen from Table 5, different parame-
ters have shown varying trends over time. According
to the available data, the number of organisations
using computers increased by 7.7 percentage points,
while the number of organisations using the Internet
to receive or place orders for goods or services rose
by 5.5 and 4.9 percentage points, respectively. On the
other hand, the share of organisations with Internet
resources has remained relatively stable with a slight
increase of 6.1 percentage points, while the portion of
organisations with access to the Internet saw a signif-
icant rise of 14.6 percentage points. Additionally, the
total costs for information technology have increased
approximately 3.5 times. These changes indicate that
the use of information and communication technol-
ogies in the country is steadily increasing. However,
despite these positive trends, the level of Internet us-
age for business activities remains relatively modest.
The upward trend in information technology spend-
ing among enterprises is a promising sign. All this
suggests the potential for further positive develop-
ment in this sector in the future. Although there is no
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specific data on the implementation of digital tech-
nologies in the agricultural sector, it is reasonable to
assume that their share is still limited.

DISCUSSION

Taking into account the information analysed above
regarding the formation of management information
systems in agriculture, authors can offer separate rec-
ommendations aimed at shaping public policy in this
area. So, it is worth increasing the share of budget ex-
penditures on investing in infrastructure, which pro-
vides agriculture with the necessary tools and tech-
nologies. Also important is work on the legislative
framework, which should be carried out towards the
introduction of stricter rules and oversight mecha-
nisms to ensure the sustainable and efficient use of
natural, labour and material resources in the agri-
cultural sector. In general, any government programs
that could encourage enterprises to form and improve
the quality of internal management systems are also
an important component of the development of this
area. The introduction of such components into the




country’s public policy is a fundamental principle for
ensuring high-quality implementation of information
systems in agricultural enterprises.

In general, the model proposed in the work can
solve a fairly large number of difficulties in the coun-
try. It explains the relationship between identified
problems and potential mechanisms for solving them
through strategic measures, in particular the implemen-
tation of information systems. This is primarily due to
the fact that the economic sector of Kazakhstan itself is
faced with systemic inefficiency, which includes insuf-
ficient material and technical support, weak resource
management and limited cooperation between enter-
prises (Manatovna et al., 2023). This inefficiency results
in low productivity, resulting in a mismatch between
the sector’s development and the demands of a modern
market economy. The model shown in the work allows
you to create a structure for the formation of manage-
ment decisions, use innovative technologies, programs
and algorithms to form them, which makes the process
faster and more accurate. Thus, its use makes it possible
to increase the level of efficiency of applied manage-
ment decisions, and therefore improve the quality of
the company’s functioning as a whole.

X. Pantazi et al. (2019), who investigated the ap-
plication of intelligent analysis systems in agricultural
activities, concluded that the artificial intelligence and
data fusion techniques currently used in the agricultur-
al industry for production control and crop monitoring
have shown to be highly effective. The authors point out
that neural networks and sensors with an artificial in-
telligence architecture make it possible to qualitatively
identify trends in climatic conditions that negatively
affect crop prospects. The need to apply the devices
described competently to achieve the desired result is
also stressed. The findings of the researchers can be ac-
cepted in the context of this study with the caveat that
they should only be considered true if the equipment
listed by the authors is adequately controlled.

At the same time, M. Khan et al. (2022), reviewing
the prospects for the practical use of machine learn-
ing technologies in agriculture, argue that artificial in-
telligence technologies can only improve agricultural
production and increase its economic efficiency only
if they are used competently. Accordingly, since artifi-
cial intelligence methods are used to increase yields
through optimal planting, fertilisation, irrigation, and
harvesting, they are only part of a complex picture
that should also consider economic investments and
their optimised returns. The performance of machine
learning models improves over time as various math-
ematical and statistical models are tested (Karaiev et
al.,2021).The conclusions in the context of the findings
of this study seem questionable, due to the difficulty of
controlling the level of return on investment invested
in the development of agriculture in a particular region
when it is not properly used.
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P. Sharma et al. (2022), investigating the problem-
atic aspects of bioinformatics in agriculture, came to
a joint conclusion that echoes the findings of the re-
searchers described above. The authors point out that
the introduction of innovative processes in the agricul-
tural sector will only be effective if they are properly
implemented. They also draw attention to the fact that
the application of artificial intelligence technologies
in crop quality improvement management requires a
high degree of competence from all parts of the chain
involved, from the system designers to the direct per-
formers of the tasks assigned. These findings show no
clear contradiction with the results of this investiga-
tion, supporting and further extending it. R. Poonia et
al. (2022), studying some problematic aspects of the
use of artificial intelligence systems in agriculture,
concluded that the success of such systems is large-
ly related to the efficient use of information stored in
databases of computer systems. Researchers note that
managing artificial intelligence software databases re-
quires the use of a special software learning algorithm
to ensure high efficiency in solving the tasks at hand.
Sustainable agriculture data determine the prospects
for the sector and the possibilities for quality solutions
to the challenges faced by agricultural enterprises at
any stage of their existence (Yzakanov et al., 2024). The
conclusions can be challenged on the grounds that any
algorithm requires an appropriate level of use, which
implies quality training for the service personnel.

On the other hand, the subject raised is being fur-
ther developed by G. Kaur et al. (2020) in a collabora-
tive study on the application of artificial intelligence to
the Internet of Things solutions. Researchers point out
that to achieve a sustainable result, the introduction
of artificial intelligence technologies in any sphere of
everyday life requires a special algorithm that accounts
for all features of the behaviour of an information in-
telligent system in a constantly changing external envi-
ronment. According to a group of scientists, agriculture
is an unstable environment with constantly changing
external conditions, so the introduction of artificial in-
telligence systems in this environment involves con-
stant monitoring of the nature of changes occurring
at different stages of the system’s functioning. These
conclusions are fully in line with the author’s findings.
The results are consistent with those obtained in this
study, presented in the case of the mathematical model
for managerial decision-making.

The study by S. Kim and G. Deka (2021) examined
the application of hardware accelerator systems and
artificial intelligence in machine learning, assessing the
prospects for their implementation in various branches
of science and technology. The authors conclude that
the development of deep neural networks and machine
learning have opened vast prospects for many indus-
tries and economies. Special attention is paid to the fact
that the transition of agriculture to the application of
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artificial intelligence technology is possible only if the
infrastructure of agricultural enterprises is sufficiently
prepared for the implementation of new innovations
(Zelisko et al., 2024). Otherwise, it will not be possible
to achieve high performance in the management of ag-
ricultural enterprises and increase the volume of agri-
cultural output. These conclusions are fully in line with
the author’s findings. The results are consistent with
those of this study, while also revealing new aspects of
the problem under investigation.

Notably, the study by P. Srivastava and G. Tsa-
kiris (2020) devoted to the consideration of challeng-
es in the application of artificial intelligence systems
in the management of water resources of agricultural
enterprises, concluded that the effectiveness of their
practical application depends to a large extent on the
training of the personnel of these enterprises. Artifi-
cial intelligence can now effectively manage the wa-
ter supply to irrigate fields or garden plots, whereas
volume control and water delivery can be fully auto-
mated (Shahini et al., 2023). The ultimate impact of
such a system is determined by operator training, con-
trolling the sequence in which commands are execut-
ed and the nature of changes to the underlying data.
In the context of assessing the role of the information
system operator (user), the findings mirror those of
this investigation.

N. Nilsson (1998), in a study of the development
prospects and practical applications of artificial intel-
ligence systems, concluded that the further spread of
artificial intelligence information systems in various
areas of daily life opens great opportunities to solve a
range of tasks that were previously unattainable. The
author emphasises that the application of information
management systems for agricultural enterprises en-
ables effective control over all areas of agricultural
activity, including animal husbandry, the planting of
crops or the cultivation of fruit and berries. According
to the scientist, this can be achieved through the use
of large amounts of data containing information about
all aspects of the activities of agricultural enterprises
at all its stages. The conclusions drawn do not clear-
ly contradict the findings of this study, aligning with
them in substantial terms. Zh. Abuova et al. (2023)
studied the possibilities of creating a favourable
environment for outsourcing relationships in the
agro-industrial complex of Kazakhstan. Scientists not-
ed that there are critical problems facing agricultural
organisations in Kazakhstan due to inadequate mar-
ket infrastructure and lack of support systems. In this
regard, they believe that the use of outsourcing can
help solve these difficulties. The use of outsourcing is
often also associated with the implementation of in-
formation and management systems, since it requires
more active and efficient management of processes in
such enterprises (Potryvaieva & Palieiev, 2023). In this
regard, this work generally supports the idea of this
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study that increased implementation of management
systems is an important component of agricultural de-
velopment in Kazakhstan.

R. Dulambayeva et al. (2023) in turn analysed the
relationship between innovation and the develop-
ment of the agro-industrial complex in Kazakhstan.
They noted that there is a significant positive impact
from the introduction of new technologies on the ag-
ricultural sector. They considered agricultural credit
one of the most effective methods for creating more
active innovative development. In addition, they noted
the role of stimulating agricultural enterprises to de-
velop in this direction. They emphasised government
support for such enterprises as one of the proposed
ways to achieve this. This study also suggested that
this could be a qualitative method for both increasing
the efficiency of companies in Kazakhstan and ensur-
ing a higher overall level of digital technology adop-
tion in the country.

CONCLUSIONS

The challenges of managing enterprises in the agrar-
ian sector can be successfully solved through the in-
troduction of information intelligent systems into their
management practices. Systems of this kind ensure the
efficiency of management of all processes occurring
throughout the activities of enterprises of the agrarian
sector, through the practical application of manage-
ment decision-making models for all common scenari-
0s occurring in the activities of a single agrarian enter-
prise. The integration of such systems has significantly
improved the efficiency of management practices in the
agricultural sector of Kazakhstan, particularly by auto-
mating decision-making processes, optimising resource
utilisation, and enhancing productivity. For example,
between 2000 and 2024, the average yield of all crops
increased by 153%, which highlights the positive im-
pact of management automation.

Decision-making models in the management sys-
tems of enterprises of the agro-industrial complex of
the Republic of Kazakhstan are created using the ca-
pabilities of the available mathematical apparatus. At
the same time, it is necessary to consider such factors
as business options within a particular management
model, the acceptable variants of events and decisions,
and the amount of the input data, which determine the
nature of the optimal options to resolve the situation
in the management of the agricultural enterprise,along
with the utility function, the relationship between deci-
sions and the results, uncertainty of the external envi-
ronment parameters. Consideration of the above factors
in their systemic variation allows the creation of effec-
tive decision-making models in control systems. The
study assessed certain indicators that may indirectly
indicate an increase in the efficiency of governance in
the agricultural sector. Additionally, the data indicated
that the overall trends in the dynamics of management




efficiency remain positive, with a noticeable increase in
agricultural production and improved labour productiv-
ity, driven in part by the implementation of automated
management systems.

The tasks solved by implementing these models
into the information management systems of agri-
cultural enterprises are performed sequentially, as
the data processing speed increases. The efficiency
of an agricultural enterprise and the timeliness of
practical solutions to problems arising in the process
of its economic activity depend on the quality of its
solution. Furthermore, automated decision-making
systems have minimised the impact of human error,
leading to more accurate and faster management de-
cisions, which directly improves operational efficiency.
The study demonstrated that the use of automated
information management systems can enhance the
operational efficiency of agricultural enterprises in
the country. Notwithstanding the favourable trends,
Kazakhstan’s agricultural investment has varied, ex-
hibiting a significant reduction in 2023 and 2024.The
overall expenditures for information and communica-
tion technology in Kazakhstan have increased by near-
ly 3.5 times, signifying a favourable trend towards dig-
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The state can facilitate this process by formulating
its own policy in this domain. This approach can fos-
ter more favourable conditions for the integration of
intelligent information systems in agriculture, enhance
investment appeal by promoting innovation, and es-
tablish targeted initiatives to improve digital literacy
among agricultural enterprises. The state might also
support digital transformation expenditures for small
and medium-sized firms and enhance infrastructure,
particularly in regional areas. These initiatives should
considerably expedite the implementation of informa-
tion systems in agricultural operations.

Further examination of enhancement chances for
decision-making models in management information
systems has significant prospects for the advancement
of enterprise management systems within Kazakhstan’s
agricultural sector. The practical efficacy of these tech-
nologies will manifest as heightened agricultural out-
put, augmented worker safety, and bolstered economic
stability within the agriculture sector. These develop-
ments will enhance the profitability of these firms and
contribute to the general prosperity of Kazakhstan’s
agro-industrial complex.
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ekoHoMikn Pecnybnikn KasaxctaH. OCHOBHOW MeTOK A0CNiLXeHHS Oyno 3anponoHyBaTM MOLENb MPUAHATTS
YyNpaBAiHCbKMX pilleHb B arpapHoMy cektopi KasaxctaHy. MeToponoriyHmi nigxifa rpyHTYBaBCS Ha MOEQHAHHI
METO[iB KOMMNEKCHOr0o AOCNIAKEHHS OCHOBHUX MPUHLMMIB NPUAHATTS pilleHb B iHDOPMaLiMHUX YNPaBAiHCbKMX
CcMCTeMax Ta aHANITUUYHOrO AOCNIAXEHHS NEPCNEKTUB MPaKTUYHOI0 3aCTOCYBAHHS TEXHOOTIM LWTYYHOrO iHTENEKTY
B npouecax ynpaBniHHA NiANPUEMCTBAMMU arpoONpPOMMUCIOBOrO KOMMIEKCY. TakoX BMKOPUCTOBYBANUCA MeTOAM
aHaNITMYHOro MOPIBHSAHHA Ta CMHTE3Y AaHMX, 3ibpaHMx nig vac pocnimpkeHHs. OTpuMaHi pe3ynbTaT BU3HAYaIm
OCHOBHI 3aBAaHHS METOAIB NPUNHATTS pilleHb B iHbOPMaLiMHUX Mepexax ynpaBaiHHS NiANPUEMCTBAMM arpapHOro
cektopy Pecnybniku KasaxcTaH 3 ypaxyBaHHAM cy4YacHux npobnem uiei chepu Ta NpakTUUHMX BapiaHTIB iX
BMpileHHs. Y pgocnigkeHHi 6yno suseneHo, wo B nepiog 3 2000 no 2024 pik cepenHii ypoxan ycix KynbTyp
3pic Ha 153%, npu UbOMY croCTepiranucs 3Ha4Hi MONIMWEHHS Yy BMPOLLYBAHHI ONIMHUX KyNbTyp, COHALIHUKY
Ta kaprtonni. Takox 6yno 3adikcoBaHO 3HauyHe 36iNblIEHHS BUMKOPWUCTAHHS iHHOOPMAaLiMHO-KOMYHIKaLiMHMUX
TexHonorin y KasaxcraHi, 3 Maixe 3,5-KpaTHMM 3pOCTaHHAM BUTPAT Ha Ui TexHonorii. KpiM Toro, gocniaxeHHs
nigKkpecnuno noteHuian Ans aBTOMATU3auii arpapHOro CEKTopy, 30Kpema A5 MNOKPALLEHHS! BUKOPUCTAHHA
pecypciB Ta MNiABULLEHHS NPOAYKTUBHOCTI. [MpakTMYHA 3HAYYLLiCTb pe3ynbTaTiB NONAra€e y iX BNPOBALXKEHHI B
LiSNbHICTb NIANPUEMCTB arpapHOro CEKTOpY AN CTBOPEHHS ePEKTUBHUX YNPaBAiHCbKUX CUCTEM 3 BUKOPUCTAHHAM
TEXHOJOTIN WTYYHOro iHTenekTy. Lli po3pobku cnpusTuMyTb NoAanblli MogepHi3aLlii cekTopa, NigBULLEHHIO MOro
€KOHOMIYHOI CTaNoCTi Ta y3roAXeHocTi 3 robanbHNMK TeHaeHLiaMKU LMdpoBoi TpaHcdopMalii

KntouoBi cnoBa: WTyYHMI iHTENEKT; iIHPOPMaLLiMHi iHTeNneKTyanbHi CUCTEMU; arpapHUI CEKTOP; CilbCbKe rOCNOAapCTBO;
YNPaBAIHCbKI pilleHHS; IHHOBALIMHI TeXHoNOorii
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infrastructure facilities, damaged 3.2 million hectares of land, destroyed 12,500 km of roads, and reduced
employmentinthe agricultural sector by 15%.Bythe end of 2024,the company managed to restore 2,750 facilities
(57%),return 1.8 million hectares of land to cultivation and repair 7,300 km of roads.The financing gap in 2022 was
more than USD 3.8 billion, rendering it impossible to modernise production facilities in a timely manner. Private
investment, which dropped to USD 600 million in 2022, began to grow only in 2023-2024, reaching 950 million
USD. In the same period, crowdfunding totalled more than USD 33 million, of which the largest share was used
to modernise irrigation systems (USD 9.1 million in 2024). At the same time, the cooperative sector rehabilitated
65 farms in 2024, providing more than USD 21 million in economic contribution. Volunteer initiatives have also
shown growth, supporting small farmers and the restoration of critical infrastructure. Demographic shifts from
rural regions, particularly the exodus of approximately 120,000 individuals in 2022, have substantially diminished
the agricultural sector’s workforce capacity. The findings demonstrated that comprehensive reconstruction of
agricultural infrastructure necessitates the acquisition of supplementary financial capital, optimal utilisation of
public-private partnership frameworks, and implementation of initiatives to facilitate workforce repatriation.
This investigation provides a foundational structure for enhancing investment strategies within the agricultural
domain and optimising collaborative efforts among local communities, governmental entities, and international
funding organisations

Keywords: agriculture; investment projects; financial support; cooperative initiatives; international assistance;

recovery processes; communities

INTRODUCTION

The research’s significance was established by the
considerable devastation of agricultural infrastructure
due to wars, which disrupted production processes, di-
minished crop acreage, decreased employment levels,
and restricted market access. In such circumstances,
the definition of the role of local communities in the
recovery process remained relevant due to the mobi-
lisation of resources, coordination of recovery efforts
and maintenance of socio-economic stability in rural
areas. The study covered the issues of involving local
communities in the process of restoring agricultural
infrastructure, mechanisms of their interaction with
government agencies, international partners, and the
private sector, as well as the effectiveness of the initi-
atives implemented. The main challenges were a lack
of financial resources, a shortage of qualified person-
nel, the destruction of transport infrastructure, and the
need to introduce modern technologies into production
processes. The analysis of these aspects identified the
key factors that influenced the pace of recovery and
outlined the prospects for stabilising the agricultural
sector through the intensification of local initiatives
and improved financing mechanisms.

The theoretical framework of the study was based
on the concepts of decentralisation of governance,
mechanisms of local self-government development
and theories of sustainable agricultural development.
The approaches used were those related to the role
of communities in the processes of economic recovery,
structural changes in the agricultural sector and the
impact of military conflicts on agricultural production.
The financing of reconstruction processes, including
public-private partnership mechanisms, attracting in-
ternational assistance and the role of cooperative as-
sociations in the restoration of agricultural production

were emphasised. The analysis of scientific sources
demonstrated that the issue of restoring agricultural
infrastructure after the destruction was addressed from
various aspects, including state support, international
financing, involvement of local communities, innovative
approaches to agricultural development, and the role
of the cooperative movement. O.A. Samoshkina (2024)
highlighted state programmes to compensate for the
losses of agricultural producers, which contributed to
the modernisation of the agricultural sector, but the ef-
fectiveness of these measures in the context of unsta-
ble funding remained insufficiently covered. Similarly,
the study by T. Gagalyuk (2024) analysed international
grant programmes but did not consider the long-term
economic effects of these initiatives and their sustaina-
bility in the post-crisis period.

O. Kravchenko et al. (2023) considered internation-
al institutional support but did not analyse the impact
of regional economic conditions on the effectiveness
of such programmes. |. Zapatrina (2022) studied the
mechanism of public-private partnerships but did not
provide a detailed assessment of the legal aspects
and risks associated with attracting private capital
to restore agricultural infrastructure. The analysis by
L. Bovsh et al. (2024) addressed the cross-sectoral ad-
aptation of farms but did not incorporate the structural
challenges associated with labour outflows and migra-
tion processes. T. Zaiats et al. (2024) emphasised the
role of non-governmental organisations in strength-
ening the adaptive capacity of territorial communities
but did not cover the issue of integrating such organi-
sations into state programmes to support the agricul-
tural sector. M. Kohut (2024) analysed the relationship
between foreign direct investment and national eco-
nomic competitiveness; however, the study neglects to
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address the distinctive characteristics of the investment
environment within the agricultural sector and fails to
account for the associated potential risks. The study by
D. Riznyk (2023) analysed the investment strategy of
post-war reconstruction but did not consider in detail
the mechanisms for attracting financing for small and
medium-sized farms.

V. Bobyl and D. Rezhko (2024) confirmed the im-
portance of local government cooperation with central
authorities in the recovery of the agricultural sector but
did not address the issue of the efficiency of resource
allocation at the regional level. The study by M. Kro-
pyvko and M. Kropyvko (2022) substantiated the need
to introduce modern agricultural technologies but did
not provide a comprehensive assessment of the finan-
cial costs of such measures. |. Solodovnykova (2024)
covered the mechanisms of agricultural insurance but
did not consider the impact of security risks on the ef-
fectiveness of insurance programmes. Despite the wide
range of issues analysed, there were still key aspects
that required further study. Initially, an absence of a
thorough examination of the enduring socio-economic
repercussions of agricultural infrastructure restoration,
encompassing the effects of rebuilding production fa-
cilities and transportation networks on employment,
income, and demographic trends in the impacted re-
gions, was observed. Research on the mechanisms for
integrating local communities into the implementation
of state and international support programmes, which
affected the efficiency of financial resources and coor-
dination between levels of government, was insuffi-
cient. There were also gaps in the study of the role of
volunteer initiatives, crowdfunding, and the coopera-
tive movement in agricultural recovery.

To achieve this goal, the main areas of participation
of local communities in the restoration of agricultural
infrastructure, including organisational aspects and de-
cision-making mechanisms at the regional level, were
investigated. The economic impact of community par-
ticipation in the restoration of the agricultural sector
was assessed, in particular through the involvement of
international support programmes, private investment
and public funding. The effectiveness of the applied
coordination mechanisms between local communities,
government agencies and international partners to op-
timise the recovery process was analysed.

MATERIALS AND METHODS

The timeframe encompassed 2020-2024, detailing
the evolution of the agricultural sector before the
full-scale invasion, the dynamics of its reconstruc-
tion during the war, evaluating the efficacy of the fi-
nancial and organisational resources employed, and
identifying the principal challenges encountered in
the reconstruction process. Data from the State Sta-
tistics Service of Ukraine (n.d.), the Ministry of Agrar-
ian Policy and Food of Ukraine (n.d.), the Ministry of
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Finance of Ukraine (n.d.), as well as reports by the World
Bank Group (2022), the United Nations Development
Programme (UNDP) (2024), the Food and Agriculture
Organisation of the United Nations (FAO) (2023), the
United States Agency for International Development
(USAID) (n.d.), and the European Bank for Reconstruc-
tion and Development (EBRD) (n.d.) were used to col-
lect information. The financial and economic indica-
tors were assessed, reflecting the scale of destruction,
the pace of reconstruction of infrastructure facilities,
the level of investment attraction, and changes in the
structure of employment in the agricultural sector.

The analysis also covered the role of local com-
munities in the reconstruction process, including their
involvement in coordinating recovery efforts, raising
additional financial resources, and introducing new
organisational mechanisms. An assessment of the ef-
fectiveness of crowdfunding initiatives, the cooperative
movement and volunteer programmes as methods of
agricultural production support was conducted. The
information was systematised through a comparative
analysis of available sources,which identified patternsin
financing, organisational management models and the
impact of government and international programmes
on the reconstruction of agricultural infrastructure.
Statistical analysis methods were used to assess the
extent of the destruction and the effectiveness of re-
construction measures. The dynamics of the destruc-
tion and restoration of agricultural facilities, invest-
ment activity, changes in employment, and the volume
of international financial assistance were analysed. The
systematisation of statistical indicators identified the
key factors that influenced the pace of reconstruction
and the effectiveness of financing recovery measures.

A comparative study was employed to evaluate the
efficacy of rebuilding financing mechanisms, encom-
passing public-private partnerships, international grant
programs, private investment, and volunteer activities.
An analysis of the experience of countries such as Bos-
nia and Herzegovina, Colombia, Iraq, Rwanda and Af-
ghanistan, which have undergone similar processes of
rebuilding the agricultural sector after crises, identified
the most effective practices in managing recovery meas-
ures. The content analysis method was used to study
reports of international organisations, research results,
statistical surveys and analytical materials related to
the post-crisis recovery of the agricultural sector (World
Bank Group, 2022; Food and Agriculture...,2023; United
Nations Development Programme, 2024). An analysis
of the positions of international experts, the findings
of research centres, and publications in professional
sources has identified key challenges that affect the ef-
fectiveness of agricultural policy in the context of hos-
tilities, as well as generalised practices used in other
countries to restore agricultural infrastructure (United
States Agency for International Development, n.d.; Eu-
ropean Bank for Reconstruction and Development, n.d.).




The results were interpreted through a thorough
examination of quantitative and qualitative indicators
that illustrated the dynamics of agricultural infrastruc-
ture repair and the involvement of local populations in
this process. The sample included communities from
the most affected regions of Ukraine (Kharkiv, Donetsk,
Luhansk, Zaporizhzhia, Kherson and Mykolaiv oblasts),
as well as areas that served as transit or hosts for in-
ternally displaced persons (in particular, Vinnytsia, Lviv,
Ivano-Frankivsk, Ternopil, and Kyiv oblasts). The main
selection criteria were: agricultural specialisation of the
community’s economy, the extent of damage to agricul-
turalinfrastructure,the level of involvementin post-crisis
financing programmes, activity in partnership with state
and international institutions,and the dynamics of inter-
nal migration. This approach was used to compile a rep-
resentative assessment of reconstruction management
models, identify regional differences in financial mobili-
sation,and determine the degree of community involve-
ment in the process of agricultural production recovery.

RESULTS

The comprehensive Russian invasion of Ukraine has pre-
cipitated a profound crisis across all economic sectors,
notably the agricultural sector, which has historically
been pivotal in the composition of national production
and exports. Large-scale destruction of infrastructure,
reduced production volumes, logistical constraints
and financial risks have led to a significant decline in
economic activity in agriculture. Disruptions in supply
chains, destruction of production facilities, and a sig-
nificant outflow of people from the affected regions
have hampered the sector’s recovery. At the same time,
the agricultural sector continued to be a priority area
for government policy and international assistance, as
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its stable functioning was critical to ensuring national
food security and maintaining macroeconomic stability.
According to the survey, Ukrainian respondents demon-
strated the highest level of community and societal re-
silience among the countries affected by the conflict,
which is an important factor in restoring not only social
but also economic stability (Berxolli et al., 2023; Kim-
hi et al., 2024).

Despite significant suffering and adversity, hope
and positive coping mechanisms, such as a sense of
well-being, have emerged as crucial factors in fostering
resilience within the agricultural sector, thus contrib-
uting to the stability of production processes and food
security in the nation. There are examples of countries
that lost a significant part of their agricultural produc-
tion potential as a result of armed conflicts or large-
scale internal crises but managed to restore the sector
within a few years using adaptive management mod-
els, international assistance, and the development of
local institutions. These examples are of practical im-
portance for Ukraine in the context of finding effective
mechanisms for post-crisis recovery of the agricultural
sector. To systematise key practices, the experience of
five countries from different regions of the world that
have implemented programmes for the reconstruction
of agricultural infrastructure in the post-conflict period
was analysed: Iraq, Afghanistan, Colombia, Bosnia and
Herzegovina, and Rwanda. In each case, different mod-
els of coordination, resource mobilisation and institu-
tion building were applied, which identified the most
effective approaches to stabilising the agricultural sec-
tor. Data for Ukraine is also included for comparative
purposes. Table 1 summarises the extent of the dam-
age, sources of funding, coordination mechanisms and
level of recovery achieved.

Table 1. Comparative indicators of agricultural sector recovery in selected countries after the crisis

Share of Amount of
Count The period of destroyed investment in Key sources of  Key institutional  Recovery rate
i crisis agricultural recovery (billion funding arrangements  after 3 years (%)
facilities (%) UsD)
Ministries +
Iraq 2003-2006 60 3.7 World Bank e rnational 52
Group, USAID
partners
FAO, UNDP,
international Provincial
Afghanistan 2002-2005 45 2.8 non- councils and 41
governmental technical
organisations assistance
(NGOs)
World Bank National
Columbia 2016-2019 35 1.9 Group, EU, 64
- Recovery Agency
private sector
Bosnia and United Nations Recovery
. 1995-1998 70 23 (UN), EBRD, Coordination 58
Herzegovina g .
public funds Council
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Table 1. Continued

Share of Amount of
Count The period of destroyed investment in Key sources of  Key institutional  Recovery rate
i crisis agricultural recovery (billion funding arrangements  after 3 years (%)
facilities (%) USD)

FAO, USAID, Rural
Rwanda 1994-1997 80 15 voluntary cooperatives + 49

donations municipalities

The state budget, comrt?ﬁ;ties +

Ukraine 2022-2024 57 4.6 FAO grants, 57

public-private

crowdfunding partnerships

Note: for Ukraine, the values are indicated as of the conclusion of 2024, acknowledging that the crisis persists and the
restoration of agricultural infrastructure post-conflict remains unfinished; the recovery level is fluid and may fluctuate
based on the evolution of the security landscape, the accessibility of financial resources, and the efficacy of the execution

of pertinent programs

Source: World Bank Group (2022), United Nations Development Programme (2024), Food and Agriculture Organisation of
the United Nations (2023), United States Agency for International Development (n.d.), European Bank for Reconstruction

and Development (n.d.)

The analysis of Table 1 demonstrated that Colom-
bia and Bosnia and Herzegovina achieved the greatest
results, with the percentage of rehabilitated facilities
exceeding 58%. A unifying factor in these countries
was the presence of specialised institutions that coor-
dinated the reconstruction process, with clear respon-
sibilities for planning, implementing and monitoring
agricultural programmes. The models of combining ex-
ternal assistance with domestic investment were also
effective, reducing dependence on donor funding. In
the cases of Irag and Rwanda, the effectiveness of the
reconstruction processes was limited by overdepend-
ence on international aid, fragmented governance and
low institutional capacity of local authorities. In Rwan-
da, attempts to mobilise local cooperatives failed due
to a lack of resources and personnel. At the same time,
Irag, despite the high level of funding, failed to ensure
sufficient transparency in the use of funds, which af-
fected the pace of reconstruction.

Ukrainian experience has demonstrated a rela-
tively high recovery rate of 57% due to a combination
of decentralised governance, grant mobilisation and
the development of the cooperative sector. The most
effective methods were crowdfunding, public-private
partnerships, and community involvement in deci-
sion-making. Ukrainian practice has confirmed the ef-
fectiveness of mixed models that ensure adaptation
to war conditions and a gradual transition to strate-
gic development, considering international standards
for the restoration of agricultural infrastructure. Local
communities played a crucial role in the restoration
of agricultural infrastructure following the catastro-
phe, overseeing land resources, assisting farms, and
assuring the consistent operation of agricultural
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output. The strengthened powers of local govern-
ments as a result of decentralisation contributed to
more effective coordination of the recovery process,
adapting local development strategies to econom-
ic conditions and attracting additional funding from
government and international sources.

Restoration of agricultural infrastructure required
significant financial and technical resources, which
were partially covered by government programmes and
international assistance. In this process, local communi-
ties provided for the reconstruction of elevators, storage
facilities, irrigation systems and livestock farms, which
restored production activities (Klyuchnik et al., 2020).
Interaction between the communities and agricultural
enterprises identified priority areas for reconstruction
according to the degree of damage and availability of
material and technical resources. The rehabilitation of
transportation and logistics infrastructure proved es-
sential for ensuring the agricultural sector’s operation-
al stability. This reconstruction facilitated the efficient
movement of agricultural inputs and outputs, thereby
maintaining the sector’s productivity and economic vi-
ability. The destruction of bridges, roads and railway
junctions hampered the transport of agricultural prod-
ucts, resulting in higher logistics costs and reduced ac-
cess to markets. Local communities have taken steps
to repair roads, organise alternative transport routes
and coordinate transport between agricultural produc-
ers and logistics operators. Table 2 provides statistics
describing the extent of the damage and progress in
restoring agricultural infrastructure during 2022-2024,
including the number of restored agricultural infra-
structure, transport routes, and changes in employment
in the agricultural sector.
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Table 2. Consequences of hostilities: Statistical indicators
of the destruction and restoration of agricultural infrastructure (2022-2024)

Analysis factor

Statistical indicator (units of measurement)

Number of destroyed agricultural infrastructure facilities 4.800
Number of restored agricultural infrastructure facilities 2.750
Total area of damaged agricultural land (thousand ha) 3.200

Restored area of agricultural land (thousand ha) 1.800

Length of destroyed roads (km) 12.500

Rehabilitated road infrastructure (km) 7.300

Change in the level of employment in the agricultural sector (%) -15%

Source: State Statistics Service of Ukraine (n.d.), Ministry of Agrarian Policy and Food of Ukraine (n.d.), Ministry of Finance

of Ukraine (n.d.)

Table 2 demonstrates the extent of damage to ag-
ricultural infrastructure and its impact on agriculture.
More than 4,800 agricultural infrastructure facilities
were destroyed, of which only 2,750 had been restored
by the end of 2024. Despite the attraction of govern-
ment and international funding, the reconstruction pro-
cess remained challenging due to a significant shortage
of resources and high financial costs. In addition to the
production infrastructure,agricultural land was severely
damaged.The total area of the affected land was 3.2 mil-
lion hectares, of which only 1.8 million hectares were re-
turned to agricultural use. This demonstrated the need
to continue soil restoration measures, modernise agri-
cultural technologies and introduce innovative farming
methods. The destruction of more than 12,500 km of
roads significantly hampered logistics operations and
agricultural exports. The rehabilitation of 7,300 km of
roads partially improved transport connectivity, but fur-
ther measures were needed to ensure stable logistics
between agricultural regions and processing plants.

The consequences of the destruction also affect-
ed employment in the agricultural sector. During the
analysed period, employment fell by 15%, which was
due not only to the destruction of production facili-
ties but also to the outflow of skilled labour. This ne-
cessitated the development of employment incentive
programmes, vocational training, and the involvement
of young professionals in agricultural production. The
armed conflict’s detrimental consequences extended
beyond diminished production capabilities, imposing
substantial damage on infrastructure networks, particu-
larly within the contested regions of Kharkiv, Donetsk,
Luhansk, Kyiv, Mykolaiv, and Zaporizhzhia, where eco-
nomic assessments indicate infrastructural devastation
amounting to hundreds of billions of dollars in mone-
tary losses. According to the study, the assessment of
infrastructure damage based on real data showed the
extent of the destruction and highlighted the need to
develop effective reconstruction strategies, both during
the war and after it ended (Dunayev et al., 2024).

In addition to physical reconstruction, measures
were taken to support social and economic initiatives

that helped stabilise employment in rural areas. A sig-
nificant number of agricultural workers lost employ-
ment due to the damage to production infrastructure,
which led to lower incomes and forced migration. In re-
sponse to these challenges, non-governmental organi-
sations and local authorities implemented programmes
to create temporary jobs in construction, logistics and
agricultural processing, which partially offset the un-
employment rate in the affected regions. The collabo-
ration between local communities and foreign organi-
sations, including FAO, USAID, and EBRD, was a crucial
element in the rehabilitation of Ukraine’s agricultural
sector. However, as noted in the study, cities are key to
the reconstruction process, not only in the post-conflict
phase (Szpak et al., 2023). Support through bilateral
channels, such as the twin city system and internation-
al and national networks of cities, has helped to at-
tract additional resources for the reconstruction of not
only the agricultural sector but also other important
infrastructure elements. The implementation of these
initiatives enhanced reconstruction efficacy by facil-
itating agricultural modernisation and technological
innovation adoption. They provided crucial support for
the transformation of farming practices, enabling the
integration of advanced methodologies that improved
productive capacity during the rebuilding phase.

The effectiveness of local communities in reha-
bilitating agricultural infrastructure is not limited to
organisational capacity and coordination with govern-
ment agencies and the private sector.An important as-
pect is also the involvement of academic institutions
in this process, which was emphasised by I. Sikorska
and T. Gerasymchuk (2023). The joint efforts of uni-
versities and communities can significantly strength-
en resilience and sustainable development in times of
war and the process of reconstruction. The use of intel-
lectual resources, research capacities and community
engagement initiatives by universities can address
multifaceted issues, from infrastructure restoration to
social cohesion. Such cooperation between education-
al institutions, government, non-governmental organ-
isations and local communities creates opportunities
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for integrated and sustainable solutions that are es-
sential for the recovery of the agricultural sector and
food security in Ukraine. Private investment was one
of the key financial instruments of recovery. Business-
es channelled capital into reconstructing processing

1200
1000
800
600
400
200

2020

2021

2022

plants, expanding logistics capacities, and develop-
ing market infrastructure. Figure 1 demonstrates the
changes in the volume of investments and the main
areas of financing supported by private investors dur-
ing this period.

2 Investment volume (million USD)

2023 2024

Figure 1. Dynamics of private sector investment in agricultural infrastructure
Source: State Statistics Service of Ukraine (n.d.), Ministry of Agrarian Policy and Food of Ukraine (n.d.), Ministry of Finance

of Ukraine (n.d.)

The data presented in Figure 1 demonstrated
the dynamics of private investment in agricultural
infrastructure in 2020-2024, reflecting both general
economic trends and the effects of hostilities on the
agricultural sector. During 2020-2021, investment
experienced consistent growth, propelled by the up-
grading of livestock farms, the installation of lifts, and
the advancement of logistics hubs. However, in 2022,
the volume of investments dropped significantly to
USD 600 million, driven by infrastructure damage, re-
duced solvency of agricultural producers and general
economic instability. In 2023, the agricultural sector
commenced a gradual recovery phase characterised
by heightened private capital inflows. Investments
primarily targeted the acquisition of agricultural ma-
chinery, rehabilitation of transport infrastructure, and
modernisation of processing facilities. These strate-
gic allocations facilitated the effective restoration of

0 20 40 60 80

agricultural production capabilities and contributed
to the stabilisation of agricultural markets. The influx
of private capital catalysed the sector’s revitalisation,
establishing foundational elements for sustainable
growth following the preceding period of constraint.

The cooperative movement was significant in the
recovery of the agricultural sector, especially in times
of economic instability. International support pro-
grammes, including funding from the FAO and USAID,
enabled some cooperatives to expand their activities,
modernise their technical base and improve the effi-
ciency of production processes. The dynamics of coop-
erative creation and financing fluctuated depending on
the socio-economic situation, the level of international
support, and the availability of financial resources. Fig-
ure 2 demonstrates the number of newly established
cooperatives, as well as those that received funding
from international grants.

B Number of cooperatives that
received funding (FAO, USAID)
Number of newly established
cooperatives

100 120

Figure 2. Number of cooperatives established and supported through international programmes
Source: Food and Agriculture Organisation (2023), United States Agency for International Development (n.d.)

Figure 2 demonstrates the growing role of the co-
operative movement, especially in the periods follow-
ing the crisis. In 2020-2021, there was an increase in
the number of newly established cooperatives and an
increase in international funding, which contributed
to their development. However, in 2022, due to wide-
spread infrastructure damage and economic instability,
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the pace of cooperative creation slowed significantly -
only 30 new organisations were registered, compared
to 65 in 2021. Commencing in 2023, the cooperative
movement initiated a progressive recovery, marked by
a rise in the establishment of new organisations and
an augmentation of international financial assistance.
This reflected an improvement in the overall economic




situation, which was partly driven by increased assis-
tance from international donors. According to a study
by C. Schmidt (2024), donor interests largely influenced
the amount and nature of assistance provided, with
wealthier countries and those with ties to Russia being
more inclined to support Ukraine.

The management of financial resources by local
communities was accompanied by several challenges,
including limited access to credit programmes, com-
plex bureaucratic procedures and the need for trans-
parent allocation of funds. Despite these difficulties,
a combination of public, international and private
funding provided the necessary resources to restore
agricultural infrastructure, which helped stabilise the
economic situation in rural areas. Rebuilding agri-
cultural infrastructure required not only government
support and international assistance but also the ac-
tive participation of local communities. Communities
have initiated numerous recovery programmes, raising
funds through volunteer movements, crowdfunding
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campaigns, cooperative mechanisms and partnership
projects. Their collaborative endeavours rehabilitated
a substantial expanse of agricultural land, modernised
supply lines, and enhanced conditions for the contin-
ued advancement of the agricultural industry.

Volunteer initiatives were central in the restoration
of agricultural infrastructure, especially in the regions
that suffered significant damage. The active participa-
tion of non-governmental organisations, agricultural
producers and international partners contributed to the
implementation of measures aimed at providing farm-
ers with the necessary resources,demining and clearing
agricultural land, repairing agricultural facilities and
restoring critical irrigation systems. The dynamics of
volunteer initiatives fluctuated depending on the scale
of the destruction, the availability of financial resourc-
es and the level of support from the government and
international organisations. Figure 3 demonstrates the
number of volunteer initiatives in 2020-2024 and the
main areas of their activities.

140
110
80
==@==Number of volunteer initiatives
2022 2023 2024

Figure 3. Number of volunteer initiatives aimed at restoring the agricultural sector
Source: State Statistics Service of Ukraine (n.d.), Ministry of Agrarian Policy and Food of Ukraine (n.d.), Ministry of Finance

of Ukraine (n.d.)

The dynamics of volunteer initiatives demonstrated
the remarkable agility of civil society organisations in
addressing challenges precipitated by the crisis. During
the initial phase, there was a notable proliferation of
such activities; however, this momentum subsequently
diminished as organisations confronted multiple con-
straints including restricted financial resource accessi-
bility, heightened security vulnerabilities, and logistical
complexities that impeded operational efficacy. Howev-
er, as the situation gradually stabilised and additional
international support was provided, volunteer activity
intensified, demonstrating its important role in the ag-
ricultural sector’s recovery. The change in the focus of
volunteer initiatives responded to the needs of the ag-
ricultural sector at different stages of recovery. Initially,
the focus was on supporting small farmers to restore
basic production processes. Later, as coordination be-
tween communities, government agencies, and inter-
national partners improved, resources were channelled
to larger projects of strategic importance for the res-
toration of agricultural infrastructure. This demonstrat-
ed a gradual increase in the organisational capacity of

volunteer movements and their integration into long-
term agricultural development programmes.

The significance of supplementary financial re-
sources for the advancement of the agricultural in-
dustry, via crowdfunding, is paramount amid economic
concerns (Khalatur et al., 2024). Crowdfunding can be
used to raise funds directly from the population, private
businesses, and international donors, which provides a
flexible financial mechanism and facilitates a quick re-
sponse to critical needs of the agricultural sector. This
is especially relevant for the reconstruction of produc-
tion facilities, modernisation of technologies and sup-
port for small farms. The dynamics of raising financial
resources through crowdfunding platforms demon-
strate changes in the priorities for allocating funds and
the adaptation of communities to new economic and
social conditions, which is an important element for the
restoration of agricultural infrastructure and ensuring
the sustainable development. Table 3 shows the total
amount of funding received by communities through
crowdfunding campaigns, as well as the main areas of
its use in 2020-2024.
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Table 3. Total amount of crowdfunding raised by communities to rebuild infrastructure

Year Crowdfunding volume (million USD) Primary areas of crowdfunding

2020 5.2 Repair and restoration of agricultural buildings
2021 7.8 Procurement of agricultural machinery
2022 4.5 Farm support

2023 6.9 Construction of warehouses

2024 9.1 Modernisation of irrigation systems

Source: State Statistics Service of Ukraine (n.d.), Ministry of Agrarian Policy and Food of Ukraine (n.d.), Ministry of Finance

of Ukraine (n.d.)

The economic landscape and communal engage-
ment levels exerted substantial influence on crowd-
funding dynamics. Fluctuations in broader financial
conditions corresponded with shifts in crowdfunding
effectiveness, while the degree of social cohesion with-
in communities similarly affected funding outcomes.
Changes in the amount of funds raised indicated a
periodic decline in the activity of crowdfunding initi-
atives, which could be caused by economic difficulties,
reduced donor solvency, or competition for financial re-
sources from other sectors. Despite these factors, public
initiatives remained an important mechanism for mo-
bilising finance to support the agricultural sector. The
structure of the use of the funds raised varied according
to the actual needs of the communities and the avail-
ability of other sources of funding. In the initial stages,
crowdfunding campaigns focused on solving urgent
problems, such as the basic reconstruction of agricul-
tural facilities. The significance of initiatives focused
on long-term infrastructure development and the

implementation of contemporary technologies in-
creased. This indicated a shift in strategic methodolo-
gies for the distribution of financial resources, which
aligned with the adaptation of the agricultural sector
to post-war recovery conditions.

The revival of the cooperative movement was
significant in the development of the local economy,
providing agricultural producers with access to finan-
cial resources, new technologies and markets. Thanks
to government support and international programmes
aimed at stimulating cooperation, a significant num-
ber of agricultural associations were able to resume
their activities and expand their production. Coopera-
tives contributed to increasing the competitiveness of
farms, optimising production costs and strengthening
the resilience of the agricultural sector to crisis. Table 4
demonstrates the number of re-established coopera-
tives in 2020-2024, their economic contribution, and
the main areas of activity supported by the state and
international organisations.

Table 4. Number of restored cooperative farms in Ukraine

Year Number of restored cooperatives Estimated economic contribution (million USD)
2020 40 125
2021 55 17.8
2022 35 11.3
2023 50 16.2
2024 65 21.5

Source: Ministry of Agrarian Policy and Food of Ukraine (n.d.), Food and Agriculture Organisation (2023), European Bank

for Reconstruction and Development (n.d.)

In addition to resuming traditional activities, co-
operatives actively implemented new development
strategies. A primary strategy involved consolidating
producers to collectively acquire equipment and re-
sources, thereby diminishing production costs and en-
hancing capital efficiency. Initiatives in organic farm-
ing were particularly developed, correlating with the
trend towards greening agricultural production and
the introduction of higher product quality standards.
The significant contribution of the cooperative sector
to the local economy confirmed its important role in
building a sustainable agricultural system. Cooperative
associations provided small and medium-sized agri-
cultural producers with access to financial resources,
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the latest technologies and more favourable business
conditions. This contributed to increased farm profita-
bility and the overall development of regional econo-
mies, which in turn strengthened the resilience of the
agricultural sector to crises.

The process of restoring agricultural infrastructure
was accompanied by significant financial difficulties,
which complicated the implementation of restoration
projects. As noted by V.Jakupec (2024), the financial as-
sistance provided by the Western Alliance is an impor-
tant aspect of this process, but it still does not meet
all the Ukrainian needs. The author emphasises that
although international assistance is being provided,
the lack of sufficient funding, exhaustion of previous




resources and shortages of funds remain significant ob-
stacles to recovery. In addition, international economic
confidence in Ukraine, which was one of the most eco-
nomically vulnerable and corrupt countries in Europe
before the war, makes it difficult to attract the neces-
sary financial resources for reconstruction. Therefore,
international support and cooperation remain essential
for effective infrastructure reconstruction. The finan-
cial deficit remained one of the key factors hindering
the agricultural recovery process. Despite government
support and international investment, the amount of
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funds needed far exceeded the available resources. The
lack of funding affected the pace of reconstruction of
production facilities, renewal of agricultural machinery,
and modernisation of logistics systems. The assessment
of the financing gap determined the scale of the prob-
lem and outlined the main factors that impeded the ef-
fective recovery of the industry. Figure 4 illustrates the
fluctuations in the financing deficit from 2020 to 2024,
together with the primary economic causes that con-
tributed to the deficiency of financial resources (Ministry
of Finance of Ukraine, Kyiv School of Economics (KSE)).

Estimated funding gap (billion USD)

39

3.2
. i I
2020 2021 2022 2023 2024

Figure 4. Changes in the financing gap in 2020-2024
Source: Ministry of Agrarian Policy and Food of Ukraine (n.d.), World Bank Group (2022)

The dynamics of the fiscal deficit exhibited nota-
ble volatility, reflecting the influence of endogenous
and exogenous variables. During periods of crisis
aggravation, the gap between financing needs and
available resources grew, driven by a reduction in gov-
ernment support, economic instability, and increased
spending on infrastructure reconstruction. Although
international financial assistance partially compen-
sated for the shortfall in resources, private investment
remained limited due to high risks in agricultural
production. The change in the nature of the financial
deficit denoted a shift from the immediate restora-
tion of agricultural infrastructure to addressing more
complex challenges related to the long-term develop-
ment of agricultural production. The main problems
included not only the restoration of damaged produc-
tion facilities, but also the need to modernise them,

adapt the agricultural sector to climate change, and
introduce modern technologies that would increase
productivity and resource efficiency.

The destruction of the agricultural infrastructure
had not only economic but also significant social conse-
quences, leading to an outflow of rural population from
the affected regions. The loss of jobs in the agricultur-
al sector, the destruction of housing infrastructure and
limited access to basic services forced some people to
migrate to other regions in search of more stable living
conditions. In some regions, this process has reached
critical proportions, significantly changed the demo-
graphic situation and complicated the further recovery
of agricultural production. Table 5 demonstrated the
dynamics of migration processes due to the destruction
of agricultural infrastructure, as well as the main factors
that influenced the movement of the rural population.

Table 5. The number of rural residents who left the regions due to the destruction of agricultural infrastructure

Year Population that left the regions (thousand people) The main reasons for migration

2020 25 Job losses in the agricultural sector

2021 40 Deteriorating agricultural conditions

2022 120 Destruction of residential and industrial infrastructure
2023 95 Limited access to financial resources

2024 80 Lack of social infrastructure and medical services

Note: the data covers the most affected regions of Ukraine, including Kharkiv, Donetsk, Luhansk, Zaporizhzhia, Kherson
and Mykolaiv, where the fighting and destruction of agricultural infrastructure have caused a massive outflow of rural
population. The highest level of migration was recorded in 2022, when a significant part of the population moved to
safer regions, in particular Vinnytsia, Lviv, Ivano-Frankivsk and Ternopil regions. The main reasons for leaving were the
destruction of production facilities, reduced employment in the agricultural sector, limited access to financial resources
and a lack of social infrastructure

Source: State Statistics Service of Ukraine (n.d.), World Bank Group (2022), United States Agency for International
Development (n.d.)
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The data demonstrated a change in internal migra-
tion trends, which depended on the extent of damage
to agricultural infrastructure and the level of govern-
ment support for the affected regions. During periods of
crisis exacerbation, a large part of the rural population
was forced to leave their homes because they could
not continue their agricultural activities. At the same
time, migration processes were not uniform: the larg-
est outflows occurred during periods of active hostili-
ties, after which there was a gradual slowdown in the
rate of departure. The decline in the rural population
created additional challenges for regional develop-
ment. The loss of labour resources had a negative im-
pact on the pace of agricultural infrastructure recovery,
as the return of IDPs depended on the speed of recon-
struction of housing and production facilities, access to
social services, and employment opportunities in the
agricultural sector. This underscores the necessity for
a holistic strategy to assist rural regions, encompass-
ing measures to promote population repatriation and
secure sustainable prospects for agricultural economic
development. In this context, M. Gonzalez-Leonardo et
al. (2024) highlighted the importance of considering
potential refugee settlement areas, as migration and

displacement can significantly affect local populations
and resources. In particular, the study shows that in
Ukraine there is a high concentration of refugees in
urban areas with previous diasporas, which can put ad-
ditional pressure on infrastructure and the labour mar-
ket in host regions, including rural areas where partial
refugee settlements are taking place. These aspects
are relevant in the proper allocation of resources and
humanitarian assistance.

The recovery of the agricultural sector after the
large-scale destruction required significant invest-
ments in technical and human resources. A lack of
modern equipment, a shortage of skilled labour and
the need to modernise production facilities hampered
the recovery process. Providing the industry with ade-
quate resources was crucial to the recovery of agricul-
tural production, increasing its productivity and com-
petitiveness. An assessment of the needs for technical
equipment and the involvement of specialists helped
to identify key priorities for recovery measures aimed at
stabilising the agricultural sector. Table 6 demonstrated
the change in the needs for financing technical support
and labour in 2020-2024, as well as the main areas of
recovery in the industry.

Table 6. Assessment of technical and human resource needs for sector recovery

Year Need for technical support Demand for qualified Key areas
(billion USD) personnel (thousand people) of restoration
2020 1.2 20 Procurement of agricultural machinery
2021 15 25 Repair and construction of irrigation systems
2022 3.8 50 Restoring the infrastructure of agricultural enterprises
Education and training of specialists
2025 32 45 in the field of agricultt?ral tschnology
2024 2.9 40 The mechanisation of small farms

Source: State Statistics Service of Ukraine (n.d.), Ministry of Finance of Ukraine (n.d.), World Bank Group (2022)

The data demonstrated an increased need for tech-
nical support and skilled personnel during the period of
active destruction of agricultural infrastructure. The fis-
cal exigencies reached their apex in 2022, during which
time a substantial proportion of manufacturing infra-
structure sustained damage or destruction, necessitating
immediate capital allocation for equipment restoration
and agricultural machinery replacement. This period
represented an unprecedented convergence of infra-
structural deterioration and consequent financial strain,
as organisations were compelled to divert significant re-
sources toward rehabilitating their operational capabil-
ities. In the same period, the need for skilled personnel
increased, which was a consequence of mass migration
and a shortage of specialists in agricultural production.

The gradual decline in financial needs in 2023-
2024 reflected the stabilisation of the situation and the
effectiveness of investment attraction measures. At the
same time, recovery priorities have changed: while the
initial focus was on technical re-equipment and infra-
structure rebuilding, in subsequent years, significant
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attention was paid to the development of agricultural
education, retraining, and the introduction of modern
agricultural technologies. According to M. Nehrey and
R. Finger (2024), the Ukrainian government has imple-
mented several measures, such as deregulation, lower
input prices, and improved logistics, which have con-
tributed to the adaptation of the sector to the new con-
ditions and accelerated its recovery.However,as demon-
strated by A.M. Countryman et al. (2024), the economic
impact of the war, including disruptions in agricultural
exports, has had a significant impact on the global mar-
ket, which has complicated economic stability and food
supplies worldwide. Given these global challenges, it
was necessary to introduce a comprehensive approach
to the recovery of the agricultural sector, combining not
only logistical support but also the training of qualified
personnel to ensure the sustainable development of
agricultural production.

The results of the study demonstrated that the
Russian full-scale invasion of Ukraine caused a deep
crisis in the agricultural sector, which manifested itself




in large-scale destruction of infrastructure, disruption
of production processes and reduced access to markets.
Significant destruction of the transport network and
logistics centres became the main barriers to ensuring
the stability of the food chain. The agricultural land
situation, which had suffered significant damage as a
result of the hostilities, mining and soil degradation, re-
quired special attention. Restoring agricultural produc-
tion became a critical task for the state and internation-
al partners, as it directly affected the food security of
not only Ukraine but also other countries that depend
on Ukrainian exports (Zakharchenko et al., 2020). The
rebuilding of agricultural infrastructure occurred in an
environment of limited financial resources and a short-
age of skilled labour, which made it difficult to quickly
restore production capacity. Despite the active involve-
ment of international donors and government support,
the recovery remained uneven, as the security situation
and investment risks constrained active private capi-
tal. The cooperative movement, volunteer initiatives,
and local communities played a key role in mobilising
resources to meet the basic needs of the agricultural
sector. At the same time, the recovery process required
not only financing but also technological upgrades and
adaptation to new economic realities, which required
long-term strategic approaches.

The alterations in job dynamics and migration
trends resulting from the war significantly influenced
the subsequent evolution of the agricultural industry.
The loss of labour resources and the outflow of skilled
professionals created additional challenges for the sec-
tor’s recovery, as the return of the population directly
depended on the pace of rebuilding housing and so-
cial infrastructure. In the context of post-war recovery,
a comprehensive approach to agricultural production
became crucial, which included not only the physical
restoration of damaged facilities but also the promo-
tion of innovation, the creation of new jobs and the
integration of the agricultural sector into global eco-
nomic processes.

DISCUSSION

A critical analysis of the results showed that despite
significant efforts to restore the agricultural sector, the
amount of financial resources and investments attract-
ed was not sufficient to ensure comprehensive mod-
ernisation. Statistics on the restoration of infrastructure
and land show that although almost 57% of infrastruc-
ture losses were compensated by the end of 2024, the
pace of recovery remained uneven. In some regions,
there remained a high concentration of damage, requir-
ing the identification of priority areas for financing and
the implementation of governance changes, including
improving mechanisms for attracting international as-
sistance and developing effective strategies for attract-
ing private capital. The findings of this analysis can be
used for further research and development of targeted
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measures to strengthen the economic resilience of the
agricultural sector.

The study also demonstrated that in 2022, the fi-
nancing gap in the agricultural sector exceeded USD
3.8 billion, which significantly limited the ability to
modernise production facilities, as high risk and lack of
sufficient private capital made it difficult to implement
recovery measures. This deficit hindered the integration
of new technologies and the restoration of damaged
infrastructure, which had a particularly negative impact
on production efficiency in the agricultural sector. L. Lip-
per et al. (2021) highlighted the importance of blended
finance, which includes both public and private invest-
ment, as well as support from multilateral develop-
ment banks. This approach ensured access to affordable
investment mechanisms, facilitating both private capi-
tal and international funds. This ensures the necessary
adaptation of agricultural systems to climate change,
which is important for sustainable development. A
comparison of the study’s results with international sta-
tistics indicated that the utilisation of blended finance
significantly enhanced the sustainability of agricultur-
al production. The availability of an adequate level of
resources and adaptive measures has become a key
factor in ensuring the successful transformation of the
industry, particularly in the face of a changing climate
and an unstable economic situation (Zuo et al., 2024).

Other results are consistent with the findings of A.
Elechi (2021), confirmed the significant constraints on
public resources and the urgent need to attract private
capital for the recovery of the agricultural sector, which
was complicated by imperfect financial infrastructure
and high investment risks. The study of the role of pub-
lic-private partnerships (PPPs) demonstrated that this
mechanism can significantly improve the resilience
of the economy during the recovery period, as well as
accelerate the implementation of large infrastructure
projects, which is important for the stability. A compar-
ison of research results has confirmed that the use of
PPPs not only helps to compensate for the shortage of
public funding but also helps to attract additional in-
vestments needed for infrastructure reconstruction. As
a result of this process, the effectiveness of manage-
ment and regulatory instruments is increasing, ensur-
ing transparency of financial transactions and facilitat-
ing access to resources.

According to M. Malik et al. (2023), the creation of
favourable legal and financial mechanisms, such as tax
incentives and grant programmes, is necessary to en-
sure stable food production in times of crisis. A com-
parison of the results with other regions shows that
support for entrepreneurship, including through tax
optimisation and state aid, has fostered agribusiness
initiatives at the regional level, helping to preserve lo-
cal production and support employment in rural areas.
Successful examples of similar mechanisms in other
countries confirm the effectiveness of such measures
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in supporting the agricultural sector in times of eco-
nomic and political instability, ensuring not only the
restoration of production capacity but also the long-
term sustainability of the sector in the post-war period.
The problem of ensuring reliable supply chains in the
context of military conflicts is critical for the agricul-
tural sector, as noted by T.G. Bas (2025). The destabili-
sation of logistics channels increases the risk of food
insecurity, which in turn can lead to a food crisis both
domestically and abroad if export supplies are dis-
rupted. To stabilise the sector, it is necessary to apply
balanced approaches that combine global and local
supply mechanisms. The creation of efficient logistics
networks tailored to regional specifics will reduce de-
pendence on monopolistic supply chains and ensure
a more flexible and adaptive system that can respond
quickly to changing conditions (Cherniavskyi, 2025).
Comparisons with other countries that have faced sim-
ilar challenges during military conflicts or global cri-
ses confirm the importance of developing local supply
chains to ensure food security at the national level.

According to O. Shpykuliak et al. (2024), small agri-
cultural entrepreneurship is key to maintaining food se-
curity and preserving jobs in rural areas. Statistics show
that small farms have demonstrated high adaptability
even in the face of limited access to financial resources,
which confirms their ability to survive and continue pro-
duction despite economic difficulties. This underscores
the importance of small business development for the
stabilisation of the agricultural sector, as these farms
are the backbone of the rural economy and can adapt
quickly to changing conditions. Small-scale agricultur-
al enterprises serve a dual function of enhancing local
food security while simultaneously generating employ-
ment opportunities — a critical factor for maintaining
social cohesion in conflict-affected regions (Berdar et
al., 2024). The cultivation of agricultural entrepreneur-
ship at the small-scale level potentially constitutes a
foundation for an economic framework characterised
by resilience, capable of withstanding systemic shocks
and facilitating sustainable agricultural development
throughout the post-conflict reconstruction phase.

The active participation of local communities in
the rehabilitation of agricultural infrastructure has also
proved to be important, as noted by F. Treffers (2023).
The introduction of participatory planning methods, in
which local communities are actively involved in set-
ting recovery priorities, ensures a more efficient allo-
cation of limited resources and targeting of the most
important projects for local conditions. This approach
contributes not only to the rational use of finances but
also to the transparency of management processes. In
addition, participatory planning methods contribute
to strengthening social cohesion, as they involve the
broad involvement of non-government organisations,
farmers and local businesses. This ensures sustainable
development, as communities are empowered to set
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in-house recovery priorities, which contributes to a
more efficient and rapid recovery of agricultural infra-
structure adapted to local needs and realities.

The increased economic instability and the nega-
tive impact on natural capital emphasise the need to
develop comprehensive approaches to economic recov-
ery, as outlined by O. Hrynevych et al. (2024). A com-
parison of data on the destruction and reduction of
production potential confirmed the importance of the
agricultural sector as a driving force for the country»s
economy. At the same time, the crisis in the agricul-
tural sector underscores the need to integrate social
and environmental policies into the recovery strategy,
which will ensure simultaneously addressing the issues
of economic stabilisation and environmental conser-
vation. Implementation of such strategies, which in-
corporate both economic and environmental aspects,
is critical to ensure sustainable development and in-
crease resilience to future crises. Only a comprehensive
approach that integrates economic, social and environ-
mental interests can ensure effective rehabilitation of
agricultural infrastructure and maintain social stability
in rural areas (Poltorak et al., 2024).

E. Sheludko and M. Zavgorodnia (2022) identified
the need to strengthen knowledge-intensive indus-
tries, which is crucial for the recovery of the agricultur-
al sector and ensuring its technological development.
Comparative analysis with other sectors revealed that
revitalising industrial potential fosters job creation and
stabilises agricultural output by facilitating technical
advancements and enhancing production capabilities.
The development of knowledge-intensive industries,
such as agro-technologies, increases productivity and
resource efficiency in the agricultural sector, which is a
prerequisite for adapting to modern challenges, includ-
ing climate change (Dankevych et al., 2024). Restoring
industrial capacity, including through investments in
modern technologies and infrastructure, should be one
of the key areas of recovery, as it not only stimulates
economic development but also ensures the long-term
stability of agricultural production, which is essential
for food security. The importance of developing de-
tailed local recovery programmes was also confirmed
by M. Savytskyi et al. (2024), emphasising the need for
close coordination with local authorities to effectively
restore rural areas and ensure their resilience to future
crises. Only through effective cooperation with local
communities can not only rapid recovery be achieved
but also strengthen social and economic stability in ru-
ral areas. Coordination with local authorities ensures
a more precise and responsive response to the needs
of specific areas, ensuring resilience to possible fu-
ture economic or environmental challenges (Zibtsev et
al., 2024). Such local programmes should incorporate
all aspects of recovery, from infrastructure projects to
social and economic initiatives, which increases the ef-
fectiveness of agricultural recovery.




The analysis of the survey results showed that
despite significant efforts to restore the agricultural
sector, financial resources and investments were in-
sufficient for comprehensive modernisation. The un-
even pace of recovery, high concentration of damage
in certain regions, and limited public resources point
to the need to attract private capital and improve fi-
nancing mechanisms. The high level of risks and the
unstable economic situation make it difficult to attract
private investment, and it is, therefore, important to
improve regulatory mechanisms to ensure transparen-
cy and reduce risks for investors. The development of
small farms, the active participation of local commu-
nities in the recovery, and the use of public-private
partnerships have proven to be important factors in
stabilising the agricultural sector. This approach not
only helps to increase access to financial resources
but also stimulates social activity, ensuring the sus-
tainable development of the regions. Comparison with
international studies has confirmed the universality of
approaches aimed at innovation, coordination and ad-
aptation to new economic realities, which is essential
for the successful recovery of the agricultural sector in
the post-conflict period.

CONCLUSIONS

The study assessed the impact of the Russian full-scale
invasion on the Ukrainian agricultural sector, high-
lighting the role of local communities in the recovery
process. The research novelty is determined by a com-
prehensive analysis of the mechanisms of financing the
reconstruction of agricultural infrastructure, changes
in investment dynamics, the role of the cooperative
movement, the impact of migration processes and the
prospects for modernising agricultural production. The
use of data from government agencies, international
organisations and the private sector determined the
effectiveness of reconstruction measures and identified
the main factors that determined the resilience to crisis
phenomena. The analysis of the damage to agricultural
infrastructure showed a significant reduction in produc-
tion capacity and transport capabilities, which made it
difficult for the agricultural sector to function. It was
found that 2,750 of the 4,800 destroyed agricultural
infrastructure facilities were restored, and 1.8 million
hectares of damaged agricultural land were restored.
The main challenges remained rising logistical costs,
limited access to markets and a 15% reduction in em-
ployment in the agricultural sector. The survey results
confirmed that local communities were key in the re-
covery process by coordinating repairs, allocating finan-
cial resources and attracting international assistance.
An analysis of the dynamics of financing showed
significant fluctuations in the structure of invest-
ments. In 2022, private investment declined to USD
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600 million, driven by rising security risks and economic
instability. Starting in 2023, there was a gradual recov-
ery in investment in infrastructure and production fa-
cilities. It was found that the international programmes
of FAO and USAID contributed to the expansion of ag-
ricultural cooperatives and provided them with finan-
cial support. A comparative analysis of the experience
of Iraq, Afghanistan, Colombia, Bosnia and Herzegovina,
and Rwanda showed the effectiveness of mixed models
of financing and institutional coordination that can be
adapted in the Ukrainian context to accelerate the re-
covery. Analysis of migration processes demonstrated
that the destruction of agricultural infrastructure has
led to a significant outflow of the rural population, es-
pecially in 2022, when the number of displaced persons
from rural areas reached 120,000. This has complicat-
ed the process of restoring agricultural production
and necessitated the development of programmes for
professional retraining, employment promotion, and
the return of workers to the sector. The study’s findings
proposed multiple measures to expedite the reviv-
al of the agricultural sector. It is advisable to expand
state and international programmes to support local
communities in restoring agricultural infrastructure,
which involves creating financial incentives to attract
private investors. The development of public-private
partnerships could help accelerate the reconstruction
of logistics networks, modernise processing enterpris-
es, and increase the competitiveness. In addition, there
is a need to expand programmes to improve skills and
return labour to the affected regions through profes-
sional retraining, tax incentives and loan programmes
for small and medium-sized farms.

Further research is warranted to evaluate the lon-
gitudinal socio-economic implications of agricultural
infrastructure restoration, with particular emphasis on
the influence of technological innovation on sectoral
productivity metrics. An additional avenue of scholar-
ly inquiry concerns the efficacy analysis of cooperative
organisational frameworks in post-conflict economic
rehabilitation, which may yield valuable insights re-
garding optimal developmental strategies for small
and medium agricultural enterprises. Moreover, a com-
parative examination of international precedents in
agricultural reconstruction during periods of systemic
disruption is recommended, as the subsequent adapta-
tion of evidence-based methodologies to the Ukrainian
context could potentially enhance the sector’s capacity
to withstand future perturbations.
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AHoTauisa. [locnigkeHHs Mano Ha MeTi OUiHWUTU edeKTUBHICTb (iHAHCOBMX, OPraHi3auiMHUX Ta YNpaBAiHCbKUX
MEXaHi3MiB BilHOBIEHHS arpapHoi iHbpacTpykTypu B YkpaiHi y nepioa 2022-2024 pokis. AHani3 0Xonume coLiaibHO-
€KOHOMIYHi nepenyMOBM PO3BUTKY arpapHOro CEKTOpY A0 aKTMBHOI Ga3n B6OMOBMX AN, a TAKOX IXHIM BNAMB Ha
PYWMHYBAHHSI BUPOOHUUMX MOTYXKHOCTEN, 3EMENTbHUX PECYPCiB i NOTICTUYHOI c1cTeMU. Byno BCTaHOBMEHO, LLLO BHACNIA0K
6oWoBuMx Lilt 3pyiiHoBaHO 4,800 06ekTiB arpapHoi iHDPaCTPyKTypH, NOWKOAKEHO 3,2 MAH ra yriflb, 3pyMHOBAHO
12,500 kM aBTOLWNAXIB, @ PiBEHb 3aMHATOCTI B arpapHOMY ceKTopi ckopoTuBcs Ha 15 %. o kiHus 2024 poky Boanocs
BigHOBKTK 2,750 06€kTiB (57 %), noBepHyTH 10 06p0obiTKy 1,8 MNH ra 3emMenbTa BigpeMoHTyBaTH 7,500 KM popir. Obcsr
nediunty diHaHcyBaHHs y 2022 poui ctaHoBMB noHag 3,8 mapg gonapis CLUA, WwWo yHEMOXIMBIIOBANO CBOEYACHY
MOJepHi3aLito BUpOOHMUMX NOTYKHOCTEN. [puBaTHI iHBECTULIi, aKi 3HM3MAKnca y 2022 poui no 600 mnH gonapis,
noyanu 3poctatu nuwe y 2023-2024 pokax, gocarnysim 950 MaH ponapie. Y uen camuii nepion KpayadbaHanHrose
(diHaHCyBaHHS CTAaHOBM/O NOHAA 33 MJH A0NAPiB, 3 SKMX HAMbINbLLA YacTKa CNpSMOBYBaNacs Ha MOAepHi3aLlito cucTem
3poweHHs (9,1 mnH ponapie y 2024 poui). BogHouvac koonepaTuBHMIA cekTop BiAHOBMB 65 rocnogapcte y 2024 poui,
3abe3neymBlun noHas 21 MAH fonapiB eKOHOMIYHOTO BHECKY. BONOHTEpPChKi iHIiLiaTVBM TaKoX NPOAEMOHCTPYBau
3pOCTaHHS, NiATPUMYIOYM ApibHI depmMepcbKi rocnoaapcTBa Ta BIAHOBNEHHS KPUTUYHOT iHdpacTpykTypwu. lNonpu
ue, Mirpauis noHag 120 Tuc. ocib i3 cinbCbkux perioHiB, ocobnneo y 2022 poui, CYyTTEBO 3MeHLWMNa TPYLOBUNA
noTeHuian arpapHoro cektopy. OTpMMaHi pe3ynbTaTi NiATBEPAMAN, LLO ANS NOBHOLIHHOI PEKOHCTPYKLIi arpapHoi
iHPpacTpyKTypM HEobXigHO 3anyyunT A0AATKOBI (iHAHCOBI pecypcu, ePeKTUBHO BUKOPUCTOBYBATU MEXaHi3MU
[lep>XaBHO-NPMBATHOIO NAapTHEPCTBA Ta CTUMY/IOBATU MOBEPHEHHS TPYA0BUX pecypciB. [pakTnyHe 3HaueHHs poboTu
nonara€e y GopMyBaHHi OCHOBM ANl BAOCKOHANIEHHS iHBECTULLIMHOI NONITUKM B arpapHOMY CEKTOpi Ta NiABULLEHHS
edeKTMBHOCTI KOOpAMHALIi MiX MiCLEBMMU rPOMaAAMK, AEPKABHUMM iHCTUTYLLIIMM Ta MiDKHAPOAHUMYK AOHOPaMU
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