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Abstract. The relevance of accurate and rapid laboratory diagnosis of rabies is determined by the high epizootic
and epidemiological significance of this disease, its widespread prevalence among wild and domestic animals, as
well as the need for timely and effective anti-epizootic and preventive measures. The introduction of molecular
genetic diagnostic methods, which reduce the time required for laboratory confirmation of infection and increase
the sensitivity of virus detection in the early stages of the disease, is of additional importance. The aim of this
work was to develop and optimise a one-step reverse transcription polymerase chain reaction (RT-PCR) designed
for the reliable detection of rabies virus RNA in biological material. The study used molecular biological methods,
including the selection and analysis of specific primers for the N gene of the rabies virus, as well as the optimisation
of the main parameters of the one-step RT-PCR. As a result of the work, RabF_N and RabR_N primers were selected,
targeting a conserved region of the rabies virus N gene, which ensured high amplification specificity. Key reaction
conditions were investigated and analysed, including primer annealing temperature,MgCl, concentration,and primer
concentration in the reaction mixture.Optimal RT-PCR parameters were established,ensuring stable and reproducible
amplification of the target viral RNA fragment. It was shown that the developed protocol allows for the effective
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detection of rabies virus RNA and can be used for laboratory confirmation of the diagnosis. The results confirm the
feasibility of using one-step RT-PCR as a rapid and sensitive method of molecular diagnosis. The practical value of
the work lies in the possibility of introducing the developed and optimised RT-PCR method into the routine activities
of veterinary diagnostic laboratories and reference centres for the diagnosis of rabies and epizootic monitoring

Keywords: diagnosis; N gene; primer; amplification; specificity; sensitivity

Introduction

Rabies is one of the most dangerous zoonotic infec-
tions, characterised by acute encephalitis and mortal-
ity in animals and humans when clinical symptoms
develop. The causative agent of the disease, the ra-
bies virus (Rabies lyssavirus, genus Lyssavirus, fami-
ly Rhabdoviridae), is an RNA-containing virus with a
negative polarity genome that encodes five structural
proteins: nucleoprotein (N), phosphoprotein (P), ma-
trix protein (M), glycoprotein (G) and RNA-dependent
RNA polymerase (L) (Wang & Xing, 2024). According
to D. Manalo et al. (2024), the N gene is a highly con-
served region that is critical for identifying genetic
clusters associated with rabies transmission in spe-
cific regions and animal species, making it an opti-
mal target for molecular diagnostics. The spread of
the virus among domestic and wild animals remains
a serious problem for veterinary medicine and public
health in many countries, including Kyrgyzstan, Ka-
zakhstan and neighbouring regions of Central Asia. In
Kazakhstan, according to A. Kabzhanova et al. (2023),
rabies remains endemic and continues to pose a sig-
nificant epizootic and epidemiological threat to both
domestic and wild animals. The presence of stable
natural foci of infection and active circulation of the
virus in wild carnivore populations has been con-
firmed (Kabzhanova et al., 2022).

Laboratory diagnostics play a significant role in the
surveillance system, as the timeliness of management
and preventive decisions depends on their accuracy and
efficiency. Traditional methods of laboratory diagnosis
of rabies, including direct fluorescent antibody (DFA)
reaction to the virus glycoprotein and bioassay on lab-
oratory animals, require considerable time and research
under increased biosafety conditions (BSL-2/3). Howev-
er, the use of DFA may be limited by antigen quality,
staff expertise, and tissue sample condition, which re-
duces the sensitivity of the method, especially when
examining autolysed tissues (Gigante et al., 2024). Mo-
lecular genetic methods, such as reverse transcription
polymerase chain reaction (RT-PCR), are recognised by
the World Organisation for Animal Health (WOAH) and
the World Health Organisation (WHO) as primary meth-
ods for the diagnosis of rabies. International guide-
lines recommend the use of pan-lyssavirus RT-PCR test
systems with published validation data for diagnostic
testing (WOAH, 2023). RT-PCR provides high sensitivity
and specificity, rapid results, standardised reagents and
objective criteria for interpreting results.

The development of pan-lyssavirus test systems
based on real-time RT-PCR, such as LN34 pan-lyssa-
virus real-time RT-PCR assay (LN34), has demonstrat-
ed excellent diagnostic sensitivity (99.72-100%) and
specificity (99.99-100%) compared to direct fluores-
cent testing (Gigante et al., 2024). The use of a com-
bination of degenerate nucleotides, multiplex primers
and probes allows high sensitivity and specificity to be
achieved in the detection of all known variants of the
rabies virus and other types of lyssaviruses. In the work
of C. Gigante et al. (2025), molecular methods proved
effective in diagnosing rabies in samples with varying
degrees of degradation, including roadkill material.
Molecular diagnostics also play a key role in epidemio-
logical studies, allowing genetic typing of isolates and
phylogenetic analysis to understand the spread of the
virus and identify the sources of outbreaks (Condori et
al.,2020; Bautista, 2025). In this regard, the importance
of molecular biological methods that provide high sen-
sitivity and specificity for pathogen detection regard-
less of the stage of the disease is increasing. The aim of
this study was to optimise the conditions for classical
one-step RT-PCR for reliable and sensitive identifica-
tion of rabies virus RNA based on the selection of spe-
cific primers for the N region of the virus gene and the
determination of optimal temperature and time param-
eters for the reaction, as well as reagent concentrations.

Materials and Methods
The work was carried out at the Research Institute for
Biological Safety Problems LLP, QazBioPharm National
Holding (Republic of Kazakhstan) in 2024-2025. Prim-
ers selected based on sequence analysis in the GenBank
(n.d.) database were used to amplify the conserved re-
gion N of the rabies virus gene. A pair of primers, Rab-
F N (5'-CCGTGTACTACAAAGAGAAC-3') and RabR_N
(5'-AGGACACGACACGACGAC-3"), was used in the work.
The estimated size of the amplicon was 155 base pairs
(bp). The selection and analysis of primer nucleotide
sequences was performed using Vector NTI software,
which allowed for evaluating their correspondence to
the target gene region, temperature characteristics, and
potential formation of secondary structures. As a result
of primer selection,an amplicon of 155 nucleotide pairs
was obtained, corresponding to the calculated fragment
of the N gene of the rabies virus. The selected primers
demonstrated stable and reproducible amplification of
the target site during one-step RT-PCR and did not lead
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to the formation of non-specific amplification products
or primer dimers. Reaction conditions were optimised
by selecting the annealing temperature, Mg** ion con-
centration, and primer concentration in the reaction
mixture. The established parameters ensured clear vis-
ualisation of the amplification product of the specified
size and high specificity of rabies virus RNA detection.

RNA from the CVS-11 reference strain of rabies
virus, obtained from the institute’s microorganism col-
lection, was used in this study. The concentration and
purity of viral RNA were determined spectrophotomet-
rically using a NanoDrop 2000 instrument (Thermo
Scientific, USA) by measuring absorbance ratios at 260
and 280 nm. One-step RT-PCR was performed in a to-
tal reaction volume of 25 pl containing the following
components: 2.5 pl of 10x RT-PCR buffer; 0.5 yl of a
10 mM deoxynucleotide triphosphate (dNTP) mixture;
MgCl, at a final concentration of 1.25 mM; 0.5 ul each
of forward (RabF_N) and reverse (RabR_N) primers at a
final concentration of 20 pmol per reaction; 1.0 yl of
enzyme mixture; 1.0 pl of viral RNA template (approx-
imately 10 ng/pl); and nuclease-free deionised water
added to a final volume of 25 pl. The thermal cycling
conditions were as follows: reverse transcription at
50°C for 15 min; initial denaturation at 95°C for 2 min;
35 amplification cycles consisting of denaturation at
94°C for 15 s, primer annealing at 50-60°C for 30 s
(varied during optimisation), and extension at 68°C for
60 s; followed by a final extension at 68°C for 5 min.
The reaction mixtures were then held at 4°C. Optimi-
sation of the one-step RT-PCR protocol was performed
by varying the primer annealing temperature, MgCl,
concentration, enzyme concentration, and primer con-
centration.All reactions were carried out using a Super-
Script Ill One-Step RT-PCR System with Platinum Taq
DNA Polymerase (Invitrogen, USA). The enzyme mixture
(“Enzim mix”) supplied with the kit contained reverse
transcriptase and Tag DNA polymerase.

To optimise the primer annealing temperature
during one-step RT-PCR, a temperature gradient in the
range of 50-60°C was used. The use of a gradient mode
made it possible to evaluate the effect of annealing
temperature on the efficiency and specificity of ampli-
fication of the target fragment of the N gene of the
rabies virus. In each temperature mode, the intensity of
the amplification products, the presence of non-specific
bands, and the formation of primer dimers were ana-
lysed. To determine the optimal concentration of the
“Enzim mix” enzyme complex in the one-step RT-PCR
reaction, a concentration range of 0.25 to 1.0 units was
selected, which allowed for evaluating the effect of the
enzyme amount on the efficiency and reproducibility of
the amplification of the target fragment of the N gene
of the rabies virus. This range was chosen due to the
need to determine the minimum enzyme concentration
that ensures stable synthesis of the rabies virus N gene
c¢DNA and subsequent PCR amplification, as well as to

prevent possible undesirable effects associated with
excessive enzymatic activity.

To optimise the concentration of magnesium ions
(MgCl)) in the one-step RT-PCR reaction, a range of
concentrations corresponding to 0.5,0.75,1.0,1.25, 1.5,
1.75,2.0,2.25, 2.5, and 4.0 mM in the reaction mixture.
The MgCl, concentration was selected to determine the
optimal conditions for maximum efficiency and speci-
ficity of amplification of the target fragment of the N
gene of the rabies virus. The reactions were carried out
under identical conditions with only the MgCl, concen-
tration varying. To optimise the primer concentration in
the one-step RT-PCR reaction, testing was carried out
in the range of 5-40 pM. The reactions were performed
at fixed values of the other parameters, including an-
nealing temperature, MgCl, concentration, and enzyme
complex amount, with only the concentration of Rab-
F N and RabR_N primers varying. The data obtained
were used to select the optimal primer concentration
for subsequent RT-PCR settings.

To determine the sensitivity of the primer and probe
sets, a series of 10-fold dilutions of complementary DNA
(cDNA) from 100 ng to 100 ag in the reaction mixture
were prepared. RT-PCR was performed under optimised
reaction conditions. Cross-reactivity testing of the de-
veloped RT-PCR with RNA/DNA of other viruses was
performed: Aujeszky’s disease virus (Pseudorabies virus,
Herpesviridae), canine distemper virus (Paramyxoviridae),
ruminant plague virus (Morbillivirus, Paramyxoviridae).
All RT-PCR reactions were performed in three techni-
cal replicates. Each series of experiments included a
positive control (RNA of the reference strain CVS-11 of
known concentration) and a negative control (deion-
ised water without matrix) to exclude contamination.

Results and Discussion
A pair of primers, RabF_N and RabR_N, was used to am-
plify the conserved region of the N gene of the rabies
virus, ensuring high specificity and sensitivity of the
reaction. As a result of a one-step RT-PCR, a clear am-
plification product of the expected size (155 bp) was
formed in all positive samples, which corresponds to
the calculated size of the target fragment of the N
gene (Fig. 1). As shown in Figure 1, lane 1, containing
rabies virus RNA, showed a distinct DNA band 155 bp
in length, completely matching the size of the posi-
tive control amplicon (lane 2). This indicates the cor-
rectness of the selected primers and the effectiveness
of the optimised reaction conditions. In the negative
control, there were no amplification products, which
confirms the absence of contamination of the reaction
mixture and the high specificity of RT-PCR. The DNA
marker (M) used allowed for clearly identifying the size
of the obtained amplicons and confirm the correspond-
ence of the experimental data to the theoretically ex-
pected result. The absence of non-specific bands and
primer dimers indicates the correct selection of primer
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concentrations and the optimal amplification tempera-
ture regime. Thus, the use of RabF_N and RabR_N prim-
ers ensures reproducible and selective amplification of
the N fragment of the rabies virus gene and can be
used for reliable detection of the pathogen’s RNA in
laboratory diagnostics.

Figure 1. Electrophoregram of the N gene fragment
of the rabies virus
Note: M — DNA marker; No. 1 - rabies virus RNA; No. 2 -
positive control (155 bp); OK - negative control
Source: developed by the authors

The optimal temperature was found to be 56°C,
at which the most intense specific band was formed
without by-products and primer dimers. Amplicons
become weaker at temperatures above 58°C. The re-
sults are presented in Figure 2. The optimal temper-
ature range of 56°C ensured the formation of a clear
and reproducible amplicon band of the expected size
without the formation of by-products. The selected
annealing temperature was used in all RT-PCR re-
actions in the study. The optimisation of the “Enzim
mix” enzyme concentration is shown in Figure 3. RT-
PCR results showed that the amplified product was
well amplified at concentrations of 0.25-1 units of
“Enzim mix” enzyme.

Figure 2. Electrophoregram of amplification
of the N fragment of the rabies virus gene
at a denaturation temperature gradient (50-60°C)
Note: M - DNA marker
Source: developed by the authors
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Figure 3. Optimisation of “Enzim mix”
enzyme concentration
Source: developed by the authors

The results of RT-PCR optimisation showed that
the efficiency of amplification of the target fragment
of the N gene of the rabies virus largely depended on
the concentration of the “Enzim mix” enzyme complex
(reverse transcriptase/DNA polymerase). When testing
the range of 0.25-1.0 units of “Enzim mix”, a stable and
reproducible accumulation of the expected size of the
amplicon was observed, which was confirmed by clear
visualisation of the band on the electropherogram and
the absence of pronounced by-products. A specific am-
plification product was formed at all specified concen-
trations, indicating sufficient enzyme complex activity
for effective cDNA synthesis and subsequent PCR am-
plification. When optimising MgCl,, a range of 0.5-4 mM
final MgCl, concentration was tested. The results are
shown in Figure 4. The results of optimising the con-
centration of magnesium ions showed that the use of
1.25 mM MgCL, in a one-step RT-PCR reaction provides
the most stable and reproducible amplification of the
target fragment of the N gene of the rabies virus.

M1 234 5 6 789 10

Figure 4. Electrophoregram of product amplification
at different MgCl, concentrations
Note: M - size marker; lanes 1-9 correspond to
concentrations of 0.5,0.75,1,1.25,1.5,1.75, 2, 2.25, 2.5,
4 mM, respectively; at 0.5-4 mM, increasing maximum
intensity specific bands are visible
Source: developed by the authors

The optimal result was achieved at 20 pM, at which
amplification was stable, intense, and without the
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formation of primer dimers (Fig. 5). The use of lower
primer concentrations led to a decrease in the intensity
of the amplification signal, while an increase in con-
centration above 20 pM resulted in the accumulation of
PCR products. Thus, a concentration of 20 pM was de-
termined to be optimal and was used in all subsequent
one-step RT-PCR settings.

M 5 10

20 30 40

Figure 5. Electrophoregram of amplification

of the N fragment of the rabies virus gene
at different primer concentrations (5, 10, 20, 30, 40 pM)
Note: M - DNA marker; lanes 1-5 correspond to the
specified concentrations
Source: developed by the authors

The sensitivity of the method is 10 fg and is compa-
rable to published foreign methods for detecting other
lyssaviruses (Faye et al., 2017). This sensitivity is suffi-
cient for the diagnosis of rabies using saliva and brain
tissue samples from animals. The results of the sensi-
tivity determination are presented in Figure 6.

M4 -2 -3-4-5-6 -7-8-9-10

-

Figure 6. Electrophoregram showing RT-PCR sensitivity
at different amounts of rabies virus RNA template
Note: 1 - 100 ng; 2 -10ng; 3-1ng; 4 - 100 pg; 5- 10
pg; 6 -1 pg; 7-100fg; 8 -10fg; 9 -1 fg; 10 - 100 ag;

M - DNA marker
Source: developed by the authors

RT-PCR specificity testing showed that the devel-
oped method is specific exclusively for the rabies virus
and does not cross-react with the following viruses:
Aujeszky’s disease virus (Pseudorabies, Herpesviridae),
canine distemper virus (Paramyxoviridae), ruminant
plague virus (Morbillivirus, Paramyxoviridae) (Fig. 7).

Figure 7. Electrophoregram determining the specificity
of RT-PCR

Note: M - DNA marker; 1 - rabies virus RNA; 2 - ruminant

plague virus; 3 - Aujeszky’s disease virus; 4 — canine

distemper virus; MK - positive control, OK - negative

control

Source: developed by the authors

This study successfully optimised the parameters of
a one-step RT-PCR for detecting rabies virus (Rabies lys-
savirus) RNA using primers targeting the N gene region.
The method provides high specificity and sufficient sen-
sitivity for diagnosis. The simplified single-step protocol
and the absence of the need for expensive equipment
make this test system accessible to veterinary virology
laboratories in Central Asian countries. The sensitivity of
the method obtained in this study at the level of 10 fg
of rabies virus RNA is consistent with data from publi-
cations demonstrating the high analytical sensitivity of
molecular methods. The study by D. Dean et al. (1996)
established the effectiveness of DFA, but pointed out
its limitations when working with degraded samples,
which confirms the relevance of molecular approaches.
P. Heaton et al. (1997) demonstrated the advantages of
semi-nested PCR for the detection of six genotypes of
rabies and related viruses, which laid the foundation for
the development of modern pan-lyssavirus test systems.

Molecular genetic methods such as RT-PCR are
recognised as among the most reliable for the diagno-
sis of rabies, especially in situations where traditional
methods - such as immunodiagnostics or virological
testing - may be impossible or ineffective (Ashwini et
al., 2024; WOAH, 2024). A study by D. David et al. (2002)
showed that RT-PCR is capable of detecting the rabies
virus in decomposed brain samples that tested nega-
tive using a direct fluorescent test, confirming the ad-
vantages of molecular diagnostics in complex cases.
The development of real-time RT-PCR technologies has
significantly expanded the capabilities of laboratory
diagnostics. At the same time, it is critical to optimise
RT-PCR parameters to ensure the reliability and repro-
ducibility of results. In this study, the optimal anneal-
ing temperature was found to be 56°C, the MgCl, con-
centration 1.25 mM, the primer concentration 20 pM,
and the enzyme complex amount 0.25 units, which is
consistent with the recommendations for optimising
molecular test systems. D. Manalo et al. (2024), when
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developing real-time RT-PCR for Philippine strains of
rabies virus, also emphasised the importance of opti-
mising the annealing temperature to prevent non-spe-
cific amplification, limiting the number of cycles to 35
to improve the accuracy of the analysis.

The specificity of the test system developed in this
study was confirmed by the absence of cross-reactiv-
ity with other viruses, including Aujeszky’s disease vi-
rus, carnivore plague virus, and ruminant plague virus.
These results are consistent with those of M. Faye et
al. (2017), who showed no non-specific amplification
and cross-reactivity with a wide range of other virus-
es belonging to the same taxonomic family. The use
of conservative regions of the N gene for primer and
probe design ensures high specificity while maintain-
ing the ability to detect different variants of the rabies
virus. At the same time, as pointed out by Yu. Gavrilo-
va et al. (2021), the sensitivity and reliability of molec-
ular systems can vary significantly depending on the
quality of the material, the conditions of primer selec-
tion, and reaction optimisation.

One important application of molecular diagnos-
tics is expanded epizootic surveillance, including the
testing of poor-quality material. C. Gigante et al. (2025)
showed that real-time RT-PCR successfully detected ra-
bies virus RNA in low-quality roadkill samples, which
informed rabies surveillance among wild animals in
areas of high interest for rabies control among wild an-
imals.J). Mauhay et al. (2023) investigated the possibility
of using used lateral flow devices (LFDs) for molecular
analysis of rabies virus, demonstrating high sensitivity
(96.2-100%) of the LN34 test for rabies diagnosis re-
gardless of the storage temperature of the devices. Mo-
lecular epidemiology based on RT-PCR is an important
tool for classifying viral diseases in animals, including
rabies,and provides a better understanding of epidemi-
ological links (Cliquet et al., 2014). Several aspects are
important to consider for the further development of
molecular diagnostic methods. M. Ashwini et al. (2024)
noted in a review of recent updates in laboratory di-
agnosis of rabies the need to introduce portable PCR
platforms and point-of-care tests for field conditions
and remote regions with limited resources. P. Wang &
L.Xing (2024) emphasised the role of rabies virus struc-
tural proteins in evading the immune response and the
importance of this understanding for vaccine develop-
ment, which is also relevant for molecular diagnostics,
as mutations in genes can affect the effectiveness of
primers and probes.

The data obtained confirm that careful primer se-
lection and optimisation of conditions yield good re-
sults even at low viral RNA concentrations, similar to
observations in regions with endemic rabies (Carabal-
lo et al.,2021; Faye et al., 2021). The developed RT-PCR
test system fits well into the modern practice of mo-
lecular diagnosis of rabies, both in terms of sensitiv-
ity and specificity, and can serve as a reliable tool for
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epizootic monitoring and rapid diagnosis. The results of
the study demonstrate the high efficiency of the devel-
oped RT-PCR test system and confirm the feasibility of
widespread use of molecular genetic methods for rap-
id and reliable detection of pathogens of particularly
dangerous zoonotic infections. The use of this approach
significantly reduces the time required for laboratory
confirmation of the diagnosis compared to tradition-
al methods, which is of fundamental importance for
the timely adoption of anti-epizootic and preventive
measures. The high sensitivity and specificity of the
developed test system make it possible to detect the
pathogen even at low concentrations of viral genetic
material in the samples under investigation, which is
especially important in the early stages of infection and
when examining clinical material with limited patho-
gen content. The method can be recommended for im-
plementation in routine diagnostic practice, as well as
for epizootic monitoring of rabies virus circulation in
wild animal populations.

Conclusions

During the studies, the optimal conditions for per-
forming a one-step reverse transcription polymerase
chain reaction for the detection of rabies virus RNA
were experimentally determined. It was found that
the best amplification efficiency and specificity were
achieved at a primer annealing temperature of 56°C,
a magnesium ion concentration of 1.25 mM, an “En-
zim mix” enzyme complex concentration of 0.25 units,
and a primer concentration of 20 pM. The combination
of these parameters ensured stable and reproducible
amplification of the target fragment of the N gene
of the rabies virus. Under the optimised conditions, a
clear amplification product of the expected size was
formed without signs of non-specific amplification,
which indicates the high selectivity of the developed
RT-PCR test system. In negative controls, amplification
products were absent, confirming the absence of con-
tamination and the correctness of the reaction setup.
The specificity of the test system was confirmed by the
absence of cross-amplification when studying other
viral samples, indicating that the reaction was direct-
ed exclusively at rabies virus RNA.

The sensitivity of the developed method was 10 fg
of rabies virus RNA, which indicates the high analyti-
cal sensitivity of RT-PCR and the ability to detect viral
genetic material at low concentrations in the samples
studied. This indicator is of significant importance for
early laboratory diagnosis and confirmation of the di-
agnosis, especially when studying clinical and patho-
logical material with a minimal virus content. The re-
sults obtained demonstrate the high efficiency of the
developed RT-PCR test system. Thus, the method can be
recommended for implementation in the routine diag-
nostic practice of veterinary laboratories. Prospects for
further research include: validation of the developed
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AHHoTauusa. KyTypMaHbl 1abopaTopusabiK XaKTaH TaK XaHa Te3 AMArHOCTUKANOOHYH MaaHWcK 6y 0OpYHYH
YKOTOPKY 3MM300TUSNbIK XXaHa MUAEMUONOTMUSBIK MaaHUCH, Xamnawbl XKaHa Yi XaHbl6apnapblHbIH ApacbiHAA KEHUPU
Tapanbilbl XaHa 3NMAEMMsITa Kaplbl XaHa anfblH anyy YapanapbiH ©3 ybarbiHAA KaHa HaTblKanyy Xyprysyy
3apblnabirbl MEHEH aHbIKTanaT. MHbeKuMsHbl NabopaTopusANbIK bIPAaCTOO YYYH Tanan KblbIHFAH y6aKbITTbl KbICKAPTKaH
XQHa OOPYHYH anraykbl CTafMANApbiHAA BUPYCTY aHbIKTOOHYH CE3rMYTUTMH YKOTropynaTKaH MONeKynspAablK-
reHeTUKasblK AMArHOCTUKANbIK bIKMaNapAbl KMPru3yy KowyMya MaaHure 33. byn nsnmnaeeHyH Makcatbl G1MON0OrusibIK
MaTepuangarsl KyTypMa BUpYCyHyH PHKCbIH MWweHMMAYY aHBIKTOO YUYYH MLWITENMN YblKKaH Bup BacKbluTyy Teckepu
TPaHCKpMNTa3a nonumepas ublHXblp peakuusacbiH (RT-PCR) uwren ubiryy >kaHa oOnNTUMangalwTbipyy OOMroH.
M3unpeene kytypMa BUpYCYHYH N reHu yuyH 6enrunyy 6up npaiMepnepam TaHA0O XaHa Tangoo, OLOHAOM 3ne 6up
6ackbiuTyy RT-PCRAMH HerMsrn napamMeTpaepuH onTUManaallTbipyy CbISKTYY MONEKYASPAbIK BMONOrMaIbIK biIkManap
KONAOHyNraH. byn nannaoeeHyH HaTblMXKacbiHAA KYTypMa BUPYCYHYH N reHMHUH CaKTanraH arMMarbiHa 6arbiTTanraH
RabF_N >xana RabR_N nparimMepnepu TaHaanbin anbiHraH, 6yn >Koropky aMnanduKaumsnbik e3revenykTy Kamcbi3
Kbinar. Mpaimepam Kyirysyy temneparypackl, MgClL, MOHYHYH KOHLEHTPAUMACHI )KaHa peakuma apanalmMacbiHaarb!
npaMMepAnH KOHLEHTPALMSACH! ChISIKTYY HErm3rM peakuus WapTTapbl U3UMNAEHUN, Tanganabl. MakcaTTyy BUMPYCTYK
PHK dparMeHTUHMH TYPYKTYY KaHa KaiTanaHyyuy Ky4eTynyLwyH KaMcbl3 KelnraH ontuManayy RT-PCR napametpnepu
6enruneram. Mutenmn YbikkaH NpOTOKON KyTypMa BUPYCYHYH PHKCbIH HaTbIXanyy aHbIKTal TypraHabIrbl KepceTynay
YKaHa AMarHo3ay 1abopatopuanbiK bipacToO0 YUHYH KONLOHYNYLWY MYMKYH. ANIbIHIaH XbIAbIHTbIKTap 6up 6ackbiuTyy RT-
PCRaM Te3 xaHa ce3rny Monekynsapablk AMarHoCTUKaNbIK bIKMa KaTapbl KONAOHYYHYH MYMKYHUYYYIYH TaCTbIKTAMIT.
Byn u3unpeeHyH npakTMKanbik 6aanyynyry MILTENMN YblKKAH XaHa onTuMangawTtbipbiiraH RT-PCR bikMacbiH
KYTypMaHbl AMArHOCTMKANO0O0 >XaHa 3MU300TUSANbIK MOHUTOPUHT XYPry3yy YYYH BeTEpUHapAbIK AMArHOCTUKANbIK
nabopatopusnapabiH XaHa MaanbiMaaMa 60pbopnopyHyH KYHYMAYK ULLUMHE KUPTU3YY MYMKYHUYIYTYHA KaTaT
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AHHOTauusA. AKTYanbHOCTb TOYHOM M BbICTPOM NaboPaTOPHOW AUMArHOCTUKM BeLleHCTBA ONpeaenseTcs BbiCOKON
3MNU300TUYECKON M INUAEMUONIOTMYECKOM 3HAYMMOCTbH laHHOr03aboneBaHUs, eroLMPOKO PaCcNpPOCTPAHEHHOCTbIO
cpeiu OMKUX U OOMALUHMX XXMBOTHbIX, @ TaKKe HeEOOXO0AMMOCTbI) CBOEBPEMEHHOIO NpoBeaeHUs 3PPEKTUBHBIX
NPOTUBO3MMU300TUUYECKUX WM MPODUNAKTUYECKUX MeponpuaTuid. [lomonHUTENbHY 3HAaYMMOCTb MpuobpeTaeT
BHE[pEHWE MONEKYNSPHO-TEHETUYECKMX METOA0B AMArHOCTUKU, NO3BONSKOLLMX COKPATUTL CPOKKM NabopaTopHOro
NOATBEPXKAEHUSN UHPEKLMM U NOBbICUTb YYBCTBUTENBHOCTb BbISIBIEHUS BUPYCA HA PAHHUX CTaAusixX 3aboneBaHus.
Llenbto HacToswen paboTbl aBngnack pa3paboTka U ONTMMM3ALLMSA OAHOCTYNEHYATOM 0OpaTHOWM TPAHCKPUMTa3HOW
nonumepasHoin uenHow peakuuu (OT-TLP), npenHasHauyeHHOM Ansg HagexHoro BbiseneHns PHK Bupyca 6eleHcTBa
B 6uonornmueckom Matepuane. B xope uccnenoBaHMs UCNONb30BaAM MOMEKYNsipHO-Ouonornyeckue Metoppbl,
BKIOUAKOLLMeE noabop U aHanus cneumduyeckmx npaiMepos kK reHy N Bupyca 6eleHCTBa, a TakKe ONTUMU3aLMI0
OCHOBHbIX NapaMeTpoB ofHocTyneH4yaTon OT-TLLP. B pesynbtate paboTsl 6611 nofobpaHbl npaimepbl RabF_N
u RabR_N, HanpaBneHHble Ha KOHCEPBATMBHbIN y4acTok reHa N Bupyca GelleHCTBa, YTO 06eCcneunno BbICOKYHO
cneumdUYHOCTb aMmnindukaumun. bbinn uccnefoBaHbl M NPOaHaNM3MPOBAHbI KOUYEBbIE YC/I0BUS NPOBELEHMS
peakuuu, BK/IKYas TeMnepaTypy OTKWra npanMepos, KOHUEHTpauuo noHoB MgCl, 1 KoHUeHTpauuio npaiMepos
B pEeakLMOHHOM CMecCu. YCTaHoBNeHbl onTuManbHble napametpbl OT-TILLP, obecneunBarlime cTtabunbHy U
BOCNPOM3BOAMMYK aMnindukauumio uenesoro dparmeHta BupycHoi PHK. [MokasaHo, 4To pa3paboTaHHbIN
npoTokon no3seonsieT 3¢pdekTnBHO BbiABNATL PHK BUpyca GelueHcTBa U MOXET NpUMEHATLCS A1 nabopaTopHOro
NOATBEPXAEHUS AmarHosa. [lonyyeHHble pe3ynbTaTbl MOATBEPXAANT LenecoobpasHOCTb MCMNOIb30BaHMUA
opHoctyneHuyaton OT-TLLP kak 6bICTpOro 1 4yBCTBMTENILHOrO METOAA MONEKYNSAPHOM AMArHOCTUKU. MpakTnyeckas
LLeHHOCTb PaboTbl 3aKNHOYAETCS B BO3SMOXHOCTU BHEAPEHUS pa3paboTaHHOro M ONTMMU3UpoBaHHoro Metoaa OT-
MUP B pyTMHHYHO OeATenbHOCTb BETEPUHAPHBIX AMATHOCTUYECKMX NnabopaTtopuit U pedepeHCHbIX LEeHTPOB AJis
[MAarHoCTUKK BelleHCTBa M NPOBELEHUS INMM300TUYECKOr0 MOHUTOPUHTA
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Abstract. Brucellosis poses a serious threat to livestock production, hindering herd expansion and reducing
product quality. Effective control of the epizootic process requires timely diagnostics and early identification
of brucella carriers. The aim of this work was epizootiological monitoring and analysis of the epizootiological
situation of brucellosis in cattle and small ruminants in the Almaty region. Biological material samples (blood
serum, whole blood, parenchymal organs, lymph nodes, aborted foetuses) were examined, and official veterinary
reporting data from the Veterinary Control and Surveillance Committee of the Ministry of Agriculture of the
Republic of Kazakhstan, the Republican Anti-Epizootic Unit, and the regional branch of the Republican Veterinary
Laboratory for 2021-2023 were analysed. A total of 1,989 samples were collected and examined in the Almaty
region: 867 cattle serum samples, 1,022 small ruminant serum samples, 30 cattle whole blood samples, 50
small ruminant whole blood samples, and 20 pathological material samples. Serological diagnostics revealed
positive results in 16 cattle and 6 small ruminants. Bacterial culture growth from pathological material was not
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Epizootiological situation of brucellosis of cattle...

established by bacteriological methods. Based on statistical data, the epizootiological situation of brucellosis for
2021-2023 was studied, districts with varying degrees of infection were identified, and an epizootiological map
of infection distribution was compiled. A decrease in cattle morbidity was established during 2021-2023, despite
an increase in livestock numbers from 238,751 to 780,417 animals, indicating the effectiveness of anti-epizootic
measures. In small ruminants, morbidity increased from 0.03 to 0.08% during 2021-2022 with a more than 15-
fold increase in livestock numbers; however, in 2022-2023, morbidity decreased, demonstrating positive results

of the implemented measures

Keywords: monitoring; biological material; serology; bacteriology; incidence rate; contagiousness

Introduction

An important prerequisite for the growth and develop-
ment of livestock farming, as well as for ensuring the
country’s population is supplied with food, is the reduc-
tion and complete eradication of infectious diseases
in farm animals. One such disease, causing significant
damage to the meat and dairy production sectors, is
brucellosis. The eradication of brucellosis is of para-
mount importance from an epidemiological and epizo-
otiological perspective, as infected animals serve as a
source of infection for humans and other animals. The
disease poses a serious problem, requiring substan-
tial expenditure of labour and material resources on
a range of veterinary-sanitary and organisational-eco-
nomic measures. Alongside general preventive meas-
ures, specific prevention plays a significant role in the
prevention and eradication of brucellosis. Brucellosis
remains one of the most pressing zoonotic infections
in Kazakhstan, due to the country’s historically agrarian
economy and extensive private livestock sector. Despite
the veterinary and sanitary control measures being im-
plemented, the situation in the country is character-
ised as consistently tense, according to the findings of
A.Askarov et al. (2024). The difficulty in eradicating the
disease is linked to the unique biological properties of
the pathogen. M. Dadar et al. (2020) highlight in their
work the high environmental adaptability of Brucella:
its ability to parasitise intracellularly and survive for
long periods in the external environment, which cre-
ates constant risks of spontaneous outbreaks even in
relatively healthy herds.

The severity of the clinical manifestations of the
infection and its impact on herd reproduction are ana-
lysed in detail in the works of A. Haif et al. (2021) and
B. Wakjira et al. (2022). The authors demonstrated a
direct correlation between the circulation of the path-
ogen and a critical decline in the productivity of the
breeding stock due to mass abortions and subsequent
infertility, which transforms the veterinary problem
into a serious economic threat to the agro-industrial
complex. The methodological approach proposed by
A. Robaj et al. (2021) allows brucellosis to be viewed
not as an isolated pathology, but as a systemic problem
directly dependent on the accuracy of serological mon-
itoring and the strictness of controls on livestock move-
ment. These findings correlate with the situation in the

Republic of Kazakhstan, where the spatial distribution
of the infection is largely determined by migration pat-
terns in livestock farming.

It is necessary to implement the predictive model-
ling tools described in the works of M. Tito et al. (2023),
which allow not merely to record cases of the disease,
but to take preventive action on the most vulnerable
links in the epizootic chain, preventing the spread of
infection to disease-free farms and wildlife. Of particu-
lar significance in the context of brucellosis eradication
are the findings of K. Franc et al. (2018), who character-
ise this disease as one of the most “forgotten” zoonotic
infections in the developing world. The authors empha-
sise that the persistence of even a low level of infection
in livestock creates a constant and hidden threat to hu-
man health, forming persistent foci capable of sudden
outbreaks when environmental conditions or livestock
density change. The aim of this study was to investigate
the epizootic situation regarding cattle and small rumi-
nants brucellosis in the Almaty region using official sta-
tistical data and the results of own laboratory studies.

Materials and Methods

Comprehensive research into the epizootic situation
and the improvement of brucellosis diagnostics was
carried out at the Brucellosis Laboratory of the Kazakh
Scientific Research Veterinary Institute LLP between
January and December 2024. The study focused on
the epizootic situation regarding brucellosis in cattle
and small ruminants on farms in the Almaty region of
the Republic of Kazakhstan. Field visits were organ-
ised across the region in each district; samples were
collected from varying numbers of rural districts, av-
eraging between 2 and 4, depending on the epizootic
situation regarding brucellosis. Districts were selected
based on data from official veterinary reports for pre-
vious years, with priority given to areas with elevated
incidence rates.

The following biomaterials were used for labora-
tory testing:

Blood serum - for in vivo serological diagnosis
and assessment of the immune response. The volume
of material collected was 5-10 mL in vacuum tubes
containing a coagulation activator, taken from the jug-
ular vein or caudal vein. After serum separation, it was
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transferred to 2-mL Eppendorf-type tubes, each tube
was labelled with the animal’s serial number in ac-
cordance with the attached inventory, and frozen in a
freezer at-20°C.

Whole blood - for bacteriological examination
by culture on erythritol agar. A blood sample of 4-5 mL
was collected, each tube was labelled with the ani-
mal’s serial number in accordance with the attached
inventory, and placed in a refrigerator at a temperature
of +4...+6°C.

Parenchymal organs - for direct detection of the
pathogen and isolation of pure cultures by inoculation
onto erythritol agar. Organs were collected at special-
ised slaughterhouses from suspect animals in quanti-
ties of 50-100 g into 125-mL plastic containers for col-
lecting biomaterial, and were subsequently frozen in a
freezer at -20°C. No aborted foetuses were found.

Ethical standards were observed during the col-
lection of whole blood and serum samples (Directive
2010/63/EU, 2010): minimisation of stress in animals,
humane treatment, minimal restraint, involvement of
qualified specialists to avoid punctures and injuries, use
of sterile needles and vacuum tubes, and the blood col-
lection site was treated with 70% alcohol to prevent in-
fection of the animal and contamination of the sample.
A total of 1,989 samples were collected across the Al-
maty region: 867 cattle serum samples, 1,022 small ru-
minants serum samples, 30 cattle whole blood samples,
50 small ruminants whole blood samples and 20 sam-
ples of pathological material from suspected animals.
The criteria for selecting animals for testing were clin-
ical signs (abortions, orchitis, bursitis), seropositivity in
previous tests, and belonging to farms with a history of
brucellosis. All biological samples were placed in ther-
mal cases with frozen refrigerant upon dispatch, sealed,
accompanied by the following documents: a cover letter,
a certificate of work performed, and a list of animals,
and sent to the institute via a specialised parcel deliv-
ery service. The samples reached the institute within 1
to 3 hours. Biological samples were collected in strict
compliance with biosafety measures, using disposable
gloves, masks, protective coveralls and safety goggles.
After collection, the gloves, masks, coveralls and gowns
were destroyed by incineration at specialised facilities.

To analyse the patterns of infection spread, an ep-
izootiological method was applied, including field sur-
veys of farms. A key feature of the work was the intro-
duction of GIS technologies: the use of geographical
coordinates of outbreak sites enabled electronic map-
ping and the identification of spatial clustering of the
infection, which is necessary for forecasting epizootic
risks in the region. Mapping was carried out using QGIS
software version 3.28.

Serological diagnostic methods. In vivo diagno-
sis was carried out in accordance with GOST 34105-
2017 (2017). The investigations were conducted ac-
cording to a hierarchical scheme:
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screening: use of the Rose Bengal test (RBT) for
rapid identification of positive individuals;

titration and confirmation: use of the agglutina-
tion reaction (AR) and highly specific complement fix-
ation reactions (CFR) and prolonged complement fixa-
tion reaction (PCFR).

For serological testing, antigen, haemolysin and
Rose Bengal produced in-house by the Kazakh Scien-
tific Research Veterinary Institute LLP were used, along
with complement produced by the Antigen Scientific
and Production Enterprise LLP. All diagnostic reagents
had valid certificates of conformity and were with-
in their expiry dates. To isolate the “gold standard” for
diagnosis - a pure culture of Brucella bacteria - a set
of methods was used in accordance with GOST 33675-
2015 (2016). Biological material (whole blood, paren-
chymal organs) was inoculated onto specialised culture
media: meat peptone broth (MPB), meat peptone agar
(MPA) and erythritol agar, with the addition of selec-
tive antibiotics (polymyxin, bacitracin). Given the slow
growth of the pathogen, cultures were incubated for 30
days at 37°C. When examining material from cattle, it
was essential to create microaerophilic conditions with
a CO, concentration of 5-10%.

For primary identification, the Kozlovsky and Stamp
staining methods were used, which allow Brucella to
be differentiated based on their ability to retain spe-
cific dyes (safranin, carbol fuchsin). The species of the
isolated strains was determined by a combination of
characteristics: the intensity of hydrogen sulphide (H,S)
production, the ability to grow on media containing an-
iline dyes (thionin and basic fuchsin), and sensitivity to
specific bacteriophages (phage “Tb”).

In cases involving material with heavy bacterial con-
tamination or a low pathogen concentration, a bioassay
was performed on guinea pigs by subcutaneous inocu-
lation with a bacterial suspension taken from the MPB
or erythritol agar of the test material. Female guinea
pigs weighing 350-400 g were used for the bioassay. The
results were evaluated after 15-30 days based on sero-
logical data and the results of post-mortem examina-
tion, with mandatory re-isolation of the culture from the
lymph nodes and parenchymal organs of the animals.

The research also drew on official veterinary report-
ing data, which reflect serological tests carried out on
farm animals for the diagnosis of particularly dangerous
diseases during the period 2021-2023: data from the
Ministry of Agriculture of the Republic of Kazakhstan, the
Republican Anti-Epizootic Unit, and the regional branch
of the Republican Veterinary Laboratory, which serves as
a national-level surveillance and diagnostic centre. The
data were provided in response to an official request from
the Committee for Veterinary Control and Supervision.
The prevalence of infection was expressed as a percent-
age and calculated using the formula: P=(n/N) x 100,
where P is the prevalence of infection (prevalence) in %;
n is the number of animals that tested positive; N is the
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total number of animals tested in the herd or region. Sta-
tistical analysis of the results was performed using Mi-
crosoft Excel 2019 and included the calculation of means,
standard deviations and confidence intervals (p < 0.05).

Results and Discussion
During the study, a comprehensive assessment of the
epizootiological situation regarding brucellosis in the

Almaty region was carried out based on serological and
bacteriological diagnostic methods, as well as a retro-
spective analysis of official statistical data for the peri-
od 2021-2023.The results obtained made it possible to
identify areas with varying degrees of epizootic risk and
to assess the effectiveness of the anti-epizootic meas-
ures being implemented. The results of the serological
and bacteriological studies are presented in Table 1.

Table 1. Results of serological and bacteriological tests on samples from cattle
and small ruminants for brucellosis in the Almaty region for 2024

Number of blood
serum samples

District Rural district Small
Cattle . Cattle
ruminants
Karasai Shamalgan 50 100 5
Mezhdurechensk 50 50 5
" Ashibulak 50 100 5
Zhetigen 50 100 5
Karaoy 50 100 5
Saryzhaz 248 100 0
Raimbek Tekes 163 379 0
Kainar 156 43 0
Turksib 0 50 0
Almaty

Nauryzbay 50 0 5
Total 867 1,022 30

Source: compiled by the authors

During diagnostic testing in 2024, 867 cattle serum
samples and 1,022 small ruminant serum samples, 30
cattle whole blood samples, 50 samples of small rumi-
nant blood serum and 20 samples of pathological ma-
terial from cattle from suspected animals, which made
a total of 1,989 samples. Positive results of serological
diagnosis of blood serum were detected in 16 animals
of cattle and 6 animals of small ruminants. During bac-
teriological examinations of pathological material, no
growth of cultures was observed. An analysis of the dis-
tribution of animals testing positive across the region’s
districts showed that the highest number of seroposi-
tive cattle was recorded in the Ili district (Zhetigen ru-
ral district) - 6 cases, accounting for 12% of the total
number of samples taken in that settlement, and in
the Nauryzbay district of Almaty - 10 cases (20% prev-
alence). Positive results for brucellosis were detected
in the Raimbek district (Kainar rural district) - 6 cases,
corresponding to a 13.9% prevalence rate. Based on the
data obtained, these districts and their rural districts
can be classified as areas with a high prevalence rate.

The phenomenon of “seropositivity with culture
negativity” observed in this study warrants separate
discussion. J. Papaparaskevas et al. (2023) emphasise
that circulating strains in specific regions may have
unique metabolic requirements that are not accounted
for by standard culture media, leading to false-nega-
tive results in bacterial culture despite the presence
of antibodies in the blood serum. J. Aliyev et al. (2022)

Number of whole
blood samples

Positive whole blood
reactions detected

Positive blood serum
reactions detected

Small Small Small
ruminants =il ruminants Caitle ruminants
10 0 0 0 0
5 0 0 0 0
10 0 0 0 0
10 6 0 0 0
10 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 6 0 0
5 0 0 0 0
0 10 0 0 0
50 16 6 0 0

attribute this in their studies to the adaptation of mi-
croorganisms to the environment and antibiotic thera-
py, which renders them uncultivable. In the context of
high antibody titres detected in the Ili and Nauryzbay
districts (12-20%), K. Tursunov et al. (2017) highlight
the critical importance of verification via PCR and se-
quencing for areas with high incidence rates. Molecular
methods allow not only the detection of pathogen DNA
fragments when the live cell is not growing, but also
the typing of strains to determine their origin, as well
as the development of more accurate test systems spe-
cific to a particular region.

The results of serological studies for brucellosis of
cattle and small ruminant serum samples, provided by
the Committee for Veterinary Control and Supervision
based on veterinary reports from the Almaty branch of
the Republican Veterinary Laboratory for 2021-2023, are
presented in Table 2. The data presented show that the
highest incidence rate for cattle was recorded in the Ili
district, whilst the infection rate for small ruminants re-
mains low and is showing a downward trend. Overall,
there has been a decline in the incidence rate among
both cattle and small ruminant populations; however,
the risk of infection remains, which allows the Ili dis-
trict to be classified as an area with a high incidence
of brucellosis. In the Enbekshikazakh district, the infec-
tion rate among cattle reached a record 0.44% in 2021,
falling to 0.08% in 2022 despite an eightfold increase
in the livestock population, which is an indicator of the
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veterinary service’s effective work. However, in 2023, the
rate rose again to 0.13%, which means this district can be

Table 2. Trends in the incidence of brucellosis in cattle and small ruminants
in the districts of Almaty region between 2021 and 2023

Shakibayev et al.

classified as an area with a high incidence of livestock dis-
ease, as the infection rate exceeds the regional average.

District e Positive results Infection rate Saminants Positive results Pe_rcenta}ge
serum samples serum samples of infection
2021
Ili 31,354 145 0.46 97,887 25 0.03
Balkhash 10,000 0 0 12,700 0 0
Enbekshikazakh 16,930 75 0.44 11,214 8 0.07
Zhambyl 19,190 6 0.03 25,076 0 0
Karasai 3,569 0 0 5,055 0 0
Kegen 7,776 5 0.06 2,125 0 0
Raimbek 150,000 26 0.02 0 0 0
Talgar 4,962 2 0.04 3,579 0 0
Uyghur 8,800 3 0.03 0 0 0
Almaty 3,100 4 0.13 1,935 4 0.2
Total 238,751 191 Mean 0.12 148,357 29 Mean 0.03
2022
Ili 29,300 120 0.41 105,000 8 0.01
Balkhash 122,000 6 0.005 147,500 39 0.03
Enbekshikazakh 131,116 100 0.08 284,073 253 0.09
Zhambyl 163,366 11 0.007 925,907 3 0.0003
Karasai 33,177 0 0 55,745 0 0
Kegen 61,000 22 0.04 174,500 14 0.01
Raimbek 70,000 39 0.06 245,000 0 0
Talgar 37,632 23 0.06 70,165 62 0.09
Uyghur 105,200 3 0.003 260,600 9 0.003
Almaty 7,015 11 0.16 64,012 388 0.61
Total 759,806 335 Mean 0.08 2,332,502 766 Mean 0.08
2023
Ili 26,995 38 0.14 106,110 1 0.001
Balkhash 120225 10 0.01 145,014 28 0.02
Enbekshikazakh 128,902 162 0.13 297,321 79 0.03
Zhambyl 183,433 26 0.01 151,020 10 0.01
Karasai 32,500 3 0.01 58,601 4 0.01
Kegen 60,618 7 0.01 165,100 7 0.004
Raimbek 75,000 23 0.03 350,000 6 0.002
Talgar 35,608 16 0.04 74,081 6 0.01
Uyghur 106,000 1 0.001 260,000 14 0.01
Almaty 11,136 10 0.09 51,700 14 0.03
Total 780,417 296 Mean 0.05 1,658,947 169 Mean 0.01

Source: compiled by the authors

The incidence rate of cattle brucellosis in Almaty
over the three-year observation period exceeds the
average incidence rate and stands at 0.12%. In 2022,
the percentage of infected livestock increased slight-
ly compared to 2021; however, a significant decrease
in infection rates was observed in 2023. Thus, Almaty
can be classified as an area with a high incidence of
brucellosis, as the annual figures exceed the regional
average incidence rate. For small ruminants, the inci-
dence rate for 2022-2023 also exceeded the average,
allowing this region to be classified as an area with a
high incidence of the disease. In the Raimbek district,
during the authors’ own research in 2024, six animals of
small ruminants were identified as testing positive for

brucellosis. According to statistical data, the incidence
rate for 2021-2023 remains low, which is likely due to
sporadic cases of the disease in livestock.

A. Dahmani et al. (2022) emphasise in their re-
search that traditional control measures are often in-
sufficiently effective without taking into account the
spatio-temporal dynamics and density of contact be-
tween different animal species sharing common wa-
ter and feed resources. The status of the Ili and En-
bekshikazakh districts as high-risk areas may be due
to several factors. Firstly, cross-border and migratory
flows associated with high livestock movement density
near the Almaty metropolitan area. Secondly, the natu-
ral and climatic conditions, the specific characteristics
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of the pastures, and the presence of natural reservoirs
of infection in these districts. Y. Hegazy et al. (2022)
identify the uncontrolled movement of animals as a
key factor in the instability of the epizootic situation
in developing agricultural regions. Cross-border trans-
mission is due to the fact that the Almaty region bor-
ders Kyrgyzstan and China, creating corridors for the
circulation of strains different from local ones. The
migration of small ruminant herds under traditional
transhumance practices contributes to the “mixing” of
the infectious background of different farms at water-
ing points and along migration routes. H. Brangsch et
al. (2023) highlight the problem of “reservoir species”.
On farms where small and large ruminants are kept
together or use shared pastures, an interspecies trans-
mission effect occurs, during which the pathogen
adapts. Some infections can circulate between species,
with one species acting as an asymptomatic carrier,

constantly fuelling the infection focus in the other.
Mixed farms are statistically more difficult to com-
pletely sanitise, as they require simultaneous and strict
control of all links in the biological chain.

The results of tests on livestock for cattle and small
ruminants’ brucellosis in the Almaty region for the pe-
riod 2021-2023 are presented in Table 3. For cattle, the
ILi district is by far the worst-affected, where the infec-
tion rate (1.01%) is four times higher than the regional
average. An alarming situation is also observed in the
Enbekshikazakh district (0.65%). These areas require
enhanced veterinary surveillance. For small ruminants,
a sudden surge has been recorded in the city of Almaty,
where, despite a relatively small herd size, 406 positive
cases (0.83%) were detected, which is six times higher
than the regional average. This may indicate specific
husbandry conditions or control issues regarding the
import of livestock into the city limits.

Table 3. Summary data on the total number of animals tested and confirmed cases of brucellosis among cattle
and small ruminants in the Almaty region for the period 2021-2023

District Cattle Positive Infection rate  Small ruminants Positive Infection rate
Ili 87,649 303 1.01 308,997 34 0.04
Balkhash 252,225 16 0.013 305,214 67 0.05
Enbekshikazakh 276,948 337 0.65 592,608 340 0.19
Zhambyl 365,989 43 0.047 1,102,003 13 0.010
Karasai 69,246 3 0.01 119,401 4 0.01
Kegen 129,394 34 0.11 341,725 21 0.01
Raimbek 295,000 88 0.1 595,000 6 0.002

Talgar 78,202 41 0.14 147,825 68 0.1
Uyghur 220,000 7 0.034 520,600 23 0.013
Almaty 21,251 25 0.37 117,647 406 0.83
Total 1,795,904 897 Mean 0.25 4,151,020 982 Mean 0.13

Source: compiled by the authors

The trend in the incidence rate for cattle and small
ruminants is shown in Figure 1. During the period
2021-2023, a steady decline in the incidence rate of
brucellosis was observed in cattle, particularly given
that the livestock population tripled between 2021
and 2022, which demonstrates the effectiveness of the
anti-epizootic measures implemented. For small rumi-
nants, an increase in the incidence rate from 0.03% to

0.14
0.12

0.1
0.08
0.06
0.04
0.02

0

2021 2022

0.08% was observed between 2021 and 2022, along-
side a simultaneous increase in the livestock popu-
lation from 148,357 to 2,332,502 animals. However,
between 2022 and 2023, the livestock population de-
creased to 1,658,947 animals, and the incidence rate
fell from 0.08% to 0.01%, indicating a decline in animal
disease incidence and the positive impact of anti-epi-
zootic safety measures.

Cattle

Small ruminants

2023

Figure 1. Incidence rate of brucellosis in cattle and small ruminants
in the Almaty region between 2021 and 2023

Source: compiled by the authors
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A.Taipova et al. (2023) note the high effectiveness
of current veterinary measures in Kazakhstan, despite
the country’s overall status as an endemic zone for
brucellosis. An analysis of the epizootic situation in
the Almaty region for 2021-2023 revealed a steady
downward trend in the incidence of brucellosis among
cattle, which correlates with the data from these re-
searchers. The achieved level of cattle infection (0.05%)
places the region in a more favourable position com-
pared to neighbouring territories. W. Liu et al. (2025)
indicate that in the border regions of Russia and Kyr-
gyzstan, rates vary from 0.5 to 1.0%. Such a low prev-
alence in the Almaty region (below the 1% threshold)
allows, in accordance with the recommendations of the
WOAH (2023), a shift from a containment strategy to
the strict “test-and-cull” approach, which has proven ef-
fective in eradicating the infection in EU countries and
Australia. However, the presence of high-risk zones (Ili
district) and areas with a medium risk level (Enbekshi-
kazakh district, Almaty city) indicates the persistence
of natural foci. B. Ntirandekura et al. (2021), as well as
A. Abutalip et al. (2024), note that environmental fac-
tors - in particular, the use of leased pastures and the
presence of wetlands - significantly increase the sur-
vival of Brucella abortus. Cross-border migration and
the illegal movement of livestock remain critical risk
factors, bringing the situation in Central Asia into line
with the problems faced in the Middle East and Africa,
as indicated by W. Oyetola et al. (2021).

Based on a retrospective analysis of statistical
data, this study notes a sustained positive trend in
the control of brucellosis among cattle. From 2021 to
2023, the incidence rate in cattle has shown a steady
decline, indicating the effectiveness of the veterinary
and preventive measures being implemented and
the high-quality coverage of the herd by serological
testing. In the small ruminant sector, the situation is
characterised by volatility: slight fluctuations in inci-
dence are observed, driven by sharp changes in herd
numbers (increases and decreases by a factor of ten
in different periods). Nevertheless, when calculating
relative indicators, the infection rate in recent years
has shown a downward trend, which confirms the ef-
fectiveness of the region’s veterinary service. Based on
the results of diagnostic studies for 2024, the districts
of the region were categorised according to their level
of epizootic safety. The Ili district has been classified
as the most high-risk and requires enhanced monitor-
ing and updated quarantine measures. The Enbekshi-
kazakh district and the city of Almaty are classified as
medium-risk areas, where a moderate level of detec-
tion of animals testing positive persists. The Balkhash,
Zhambyl, Karasai, Kegen, Talgar and Uyghur districts
are classified as conditionally safe areas, where the in-
fection rate varies within minimal limits (0.001-0.02%),
allowing these administrative units to be considered
areas with a low epidemiological threshold. Based on
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a comprehensive analysis of the epizootic chain (wild
animals - livestock - external environment) and an
assessment of the current situation in the Almaty re-
gion, it has been established that the process is char-
acterised by a marked decline. The decrease in cattle
disease incidence against a backdrop of growing live-
stock numbers confirms the effectiveness of current
veterinary control measures. However, fluctuations in
brucellosis cases require enhanced surveillance of an-
imal movements. A. Daugalieva & S. Daugalieva (2025)
note that the genetic stability of the isolates detected
indicates the presence of persistent foci, making the
control of animal movement routes a priority.

The analysis conducted allowed for the differen-
tiation of districts according to their level of epizootic
risk. Whilst most of the region has achieved the sta-
tus of conditionally safe areas with a minimal level
of infection, the Ili district remains a zone of prior-
ity veterinary surveillance. This area requires target-
ed health improvement measures and enhanced lab-
oratory screening. The region is in the final stage of
brucellosis eradication. The main barrier to achieving
infection-free status remains the cross-border move-
ment of animals and contact between livestock and
wildlife on cross-border pastures. In this regard, the
introduction of digital traceability systems and the
tightening of administrative controls over all livestock
movements within and beyond the region appear to
be of critical importance.

Conclusions
An analysis of the epizootic situation regarding bru-
cellosis in the Almaty region for the period 2021-2024
indicates that there is a steady downward trend in
the incidence rate among cattle in the region, which
had reached 0.05% by 2024. Despite a significant in-
crease in livestock numbers and minor fluctuations in
the incidence rate among small ruminants, the over-
all trend is assessed as positive. The figures achieved
demonstrate the high effectiveness of the veterinary
and preventive measures being implemented and bring
the region closer to the international threshold for the
complete eradication of the infection (below 0.1% ac-
cording to WOAH criteria). Variations in the epizootic
status of districts have been identified. The Ili district
has been identified as the most high-risk area, requir-
ing enhanced veterinary surveillance. The Enbekshika-
zakh district and the city of Almaty have been classified
as medium-risk zones. At the same time, the Balkhash,
Zhambyl, Karasai, Kegen, Talgar and Uyghur districts
demonstrate a minimal level of infection (0.001-0.02%),
which allows them to be classified as conditionally fa-
vourable territories. Brucellosis in the region remains
a naturally occurring focal infection, with domestic,
wild and carnivorous animals involved in the epizootic
chain. The key factors contributing to the persistence
of Brucella abortus in the environment are the presence
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of wetlands, the use of communal pastures and uncon-
trolled migration flows.

To definitively control the infection, it is neces-
sary to shift from a passive control strategy to com-
prehensive epizootic monitoring, employing a strict
“test-and-cull” strategy in areas with low prevalence,
timely diagnosis in cases of mass disease (abortions,
mastitis) and the elimination of all links in the chain
of transmission by breaking contact between livestock
and wildlife. The implementation of these measures
will minimise economic damage to the agricultur-
al sector and significantly reduce epidemiological
pressure among the region’s population. Prospects
for further research include the introduction of mo-
lecular genetic diagnostic methods (PCR, sequencing)
to identify circulating Brucella strains and establish
their phylogeographic origin, which will enable the
development of region-specific test systems with in-
creased sensitivity. In-depth epizootiological studies
are required to investigate the role of wild animals
as potential reservoirs of infection in natural foci in
the Almaty region. A key priority is the development
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AHHoTauums. bpyuennes nHdekumacel Man yapbachl Y4yH ONYTTYY KOPKYHYY Ty3yn, ManfblH CaHblH KebewnTyyre
TOCKOO/AYK >KapaTaT aHa MNPOAYKLMSHbIH CanaTblH TOMEHA®TOT. DNM300TUANbIK MpoueccTM 3ddekTusayy
Ke3eMennee 63 ybarbiHAa AMAarHOCTMKaHbI XXaHa bpyuenna TawyyyynapbiH 3pTe aHbIKTOOHY Tanan Keiiat. MwTuH
MakcaTbl AfMaTbl 06/1yCcyHAarbl Upy Myiy3ayy MangbiH (MMM) xxaHa Maiaa myiysayy MangsiH (MMM) 6pyuennesuHe
6aliNaHbIWTYy 3MM300TUANABIK MOHUTOPWMHI >XaHa aHanu3 6onyn caHanraH. buonoruanbik  MaTtepuangpbiH
CblHaMbIKTapsbl (KAHAbIH Capbl Cyycy, OYT KaH, NapeHXMMaTo3ayK opraHaap, iumMmda TynyHaepy, 60Ma0H anfblipbiaraH
XeMUWTep) U3nnpeHreH, owonaon ane KP AYM-HbIH BeTEpUHAPAbIK KOHTPONA00 XKaHa Ke3eMenaee KOMUTETUHUH,
Pecnybnukanbik aHTU-3NUM300TMKANbIK OTPSAAbIH XXaHa Pecnybnvkansik BeTepuHapAblK 1abopaTopusiHbiH 061yCTyK
dunmanbiHbiH 2021-2023-xbingap 60HYa pacMUii BETEPUHAPAbIK OTYETTYK MaasbiMatTapbl TangaHraH. Anmarsl
o0bnycyHaa 1989 ynry anbiHbin usungenred: 867 MMM capbl cyycy, 1022 MMM capbi cyycy, 30 UMM 6yT KaHbl, 50
MMM 6yT KaHbl xaHa 20 natonorusansik Matepuan ynrynepy. Ceponoruanbik guarHoctnka 16 6aw MMM xaHa 6
6aw MMM B0t0HYa OH, XbIMbIHTbIKTAPAbl AHbIKTaraH. bakTeprMonoruanbik bikMa MEHEH NaTONOrUSAbIK MaTepUanaaH
©CYY aHblKTanraH xoK. CTaTUCTMKaNnbiK MaanbiMaTTapabiH HerusunHae 2021-2023-xbingap apansireiHaa bpyuennes
60KHYa 3MM300TUANBbIK aban U3MNLEHUN, ap KaHAaM XXYKKaH AEHr3314ern aiMakTap aHbIKTanbin, MHOEKLMUSHbIH
XaWbINYYCYHYH 3MM300TMANbIK KapTacbl Ty3yareH. 2021-2023-xeingap apaneirbiiga VIMM 6otoH4a oopynyynyk
[LeHM3MHUH TOMBHABreHY aHbIKTanAbl, ManapbiH caHbl 238 751 6awTaH 780 417 6awwka kebeiireHyHe kapabacTaH,
6yn anM300TUSra Kaplbl UW-4apanaphblH HATbIMKaNyynyryH kepcetkeH. MMM 6otoHua 2021-2022-xbingapsl
oopynyynyk 0,03teH 0,08 %ra ueinH xoropynaraH, ManabiH caHbl 15 3cere kebeinreH, 6upok 2022-2023-xbingapsl
00pYNYYNYK TEMOHASM, XXYPry3y/AreH YapanapablH OH, XblAbIHTbIKTapPblH KBPCOTKEH
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AHHoTauusa. bpyuennes npeancraBnseT CepbesHyK Yrpo3y [N XMBOTHOBOLCTBA, MPENSTCTBYS YBEUYEHUIO
MOrofioBbsl CKOTa M CHWXAs KayecTBO NpPoAyKUMW. DPOHEKTUBHBIA KOHTPOJb 3MM300TMYECKOro mnpolecca
TpebyeT CBOEBPEMEHHOM AMArHOCTUKM WM paHHero BbiSiBNeHWUS GpyuennoHocuTenen. Llenbto paboTbl 9Bnsamncb
3NU300TONOMMYECKMIA MOHUTOPUMHT M aHaNM3 3NM300TONOMMYECKOM CUTYaUMK No BpyLennesy KpymnHOro poraToro
ckota (KPC) n menkoro poratoro ckota (MPC) Ha Tepputopun AnmatuHckow obnactu. MccnepoBanvcb npobbl
6uonormnyeckoro MaTtepuana (CbiIBOpOTKA KPOBM, LieNbHAsi KPOBb, MAPEHXMMATO3Hble OpraHbl, AMM@aTuyeckue
y3/bl, abOPTUPOBAHHbIE MIOAbI), @ TAKXKE aHaNM3UMPOBaNUCL OPULMANbHbIE AAHHbIE BETEPUHAPHOM OTYETHOCTM
KomuTeTa BeTepuMHapHOro KOHTPONsS W Haj3opa MuHUCTepcTBa cenbckoro xossanctea Pecnybnukm KaszaxcraH,
PecnybnvkaHCKOro npoTMBO3MM300TUYECKOrO 0Tpaaa M obnactHoro ¢ununana PecnybnvMkaHCKOW BeTepuHApHOW
nabopartopuu 3a 2021-2023 roasl. B AnmMaTtuHckoi obnactu 6bin1o otobpaHo U uccneposaHo 1989 npob: 867 npob
cbiBopoTku KpoBu KPC, 1022 npobsbl ceiBopoTkn MPC, 30 npo6 uenbHoi kposu KPC, 50 npob uenbHoi kposu MPC
n 20 npob natonornyeckoro mMatepuana. Ceponormyeckas AMArHOCTUKA BbISIBUNA MOMOXUTENbHblE pe3ynbTaTbl Y
16 ronos KPC n 6 ronos MPC. baktepuonornyeckum MeToLOM POCT KyNbTyp M3 MAaTONOMMYECKOro Matepuana He
6b11 ycTaHOBNEH. Ha OCHOBE CTAaTUCTUUYECKMX AaHHbIX Obla M3yYeHa 3MM300TON0rMYeckas cuTyaums no bpyuennesy
3a nepuopn 2021-2023 ropos, onpefeneHbl paloHbl C PAa3IMYHOM CTEMEHbK 3apPaXEHHOCTM U COCTaB/ieHa
3NM300TONOMMYeCKas KapTa pacnpoCcTpaHeHust MHPeKLMKU. YCTaHOBNEHO CHMXeHMe 3aboneBaemoctn KPC B nepuopg,
2021-2023 ropnos, HeCcMOTpS Ha yBenuyeHue noronosbs ¢ 238 751 no 780 417 ronos, 4To CBMAETENLCTBYET 00
3 PeKTUBHOCTU NPOTUBO3MU300TMYECKMX MeponpuaTuid. [o MPC oTmMeueHo noBbiweHue 3abonesaemoctu ¢ 0,03
no 0,08 % B nepuopn 2021-2022 ronos npu pocte norosioBbs 6onee yem B 15 pas, oaHako B 2022-2023 ropax
3ab601eBaeMOoCTb CHU3UNACh, AEMOHCTPUPYS MONOXUTENbHbIE Pe3yNbTaTbl MPOBOAUMBIX Mep
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Abstract. Listeria monocytogenes is the causative agent of listeriosis in humans and animals, posing a significant
threat to the safety of animal-derived products. The high survival capacity of this bacterium in dairy and meat
products, along with potential antimicrobial resistance, necessitated monitoring the prevalence and susceptibility
of Listeria isolates in the Republic of Kazakhstan. The aim of this study was to determine the prevalence, species
composition, and antimicrobial susceptibility profile of Listeria in animal-derived products collected in 2025. A
total of 521 samples of meat and dairy products were examined, collected during cold and warm seasons in Almaty
and Almaty region. Listeria isolation was performed using Half Fraser and full-strength Fraser broths, followed
by plating on CHROMagar™ Listeria and PALCAM selective media. Species identification was carried out using
the CAMP test and biochemical assays. Antimicrobial susceptibility was determined by the disc diffusion method
on Mueller-Hinton agar according to EUCAST guidelines. From 521 samples, 116 Listeria isolates were recovered
(22.3%), of which 40 isolates (34.5% of all Listeria and 7.7% of total samples) were identified as L. monocytogenes.
The highest number of L. monocytogenes isolates was detected in dairy products - 24 isolates (60.0%), whilst
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16 isolates (40.0%) were found in meat products. The CAMP test confirmed the pathogenicity of the isolated
strains. Antimicrobial susceptibility testing demonstrated high sensitivity to ampicillin, ampicillin/sulbactam,
chloramphenicol, and tetracyclines; however, isolates exhibiting multidrug resistance to benzylpenicillin and
linezolid were detected. The findings emphasise the necessity of regular monitoring of L. monocytogenes in
livestock products and surveillance of antimicrobial susceptibility to prevent the dissemination of resistant strains

Keywords: foodborne pathogens; antimicrobial resistance; animal-derived products;

microbiological

contamination; public health risk; phenotypic resistance; food safety monitoring

Introduction

Listeriosis remains one of the most dangerous food-
borne infections, characterised by a high case-fatality
rate among vulnerable population groups, despite its
relatively low incidence. In reports by various interna-
tional organisations, Listeria monocytogenes consist-
ently ranks among the leading causes of death from
zoonotic infections, including in European Union coun-
tries. At the same time, one of the pressing global chal-
lenges facing public health and veterinary medicine is
the growing resistance of pathogenic microorganisms
to antimicrobial agents, which is directly linked to the
widespread and often uncontrolled use of antibiotics in
medicine, animal husbandry and the food industry. In
this context, L. monocytogenes is of particular epidemi-
ological significance - the causative agent of listerio-
sis, a dangerous zoonotic disease characterised by high
mortality among at-risk groups, including pregnant
women, newborns, the elderly and individuals with im-
munodeficiency conditions (Alharbi et al., 2025)

An important aspect of the study of listeriosis is the
biological characterisation of the pathogen. L. mono-
cytogenes belongs to Group Il pathogens, capable of
causing infectious diseases in humans and animals,
as confirmed by international and regional regulatory
documents in the field of public health and food safe-
ty, in particular the WHO (2018). Despite its low con-
tagiousness, this pathogen poses a significant threat
to public health due to the severe clinical course of
the disease in vulnerable population groups. Given
L. monocytogenes’ ability to persist for long periods in
food products of animal origin and to contaminate raw
materials and finished products, the systematic testing
of food products for the presence of this pathogen is
a prerequisite for ensuring their microbiological safety
and compliance with technical regulatory requirements

L. monocytogenes is widespread in the environment
and is capable of surviving for long periods in meat, milk,
dairy products and processed dairy products. As noted
byY.Liu et al.(2025), the unique biological properties of
this microorganism, including its ability to grow at low
temperatures, form biofilms and withstand processing
stresses, contribute to its persistence in the food chain
and increase the risk of contamination of finished prod-
ucts. According to data from EFSA & ECDC (2024), Lis-
teria monocytogenes remains one of the leading caus-
es of hospitalisations and fatalities among bacterial

foodborne infections in European Union countries, de-
spite a relatively low incidence compared to other food-
borne bacterial diseases. Similar trends are observed in
the USA and East Asian countries, where there has been
an increase in the detection of the pathogen in prod-
ucts of animal origin and the emergence of strains with
multiple drug resistance (Lee et al., 2022; CDC, 2024).
In the Republic of Kazakhstan, the issue of L. mono-
cytogenes contamination in livestock products and the
assessment of antibiotic resistance in this pathogen re-
mains understudied, despite the rapid development of
the livestock sector and the increase in food production
volumes. The scarcity of systematic data on the preva-
lence and biological properties of circulating strains
necessitates comprehensive studies aimed at assessing
the microbiological safety of food products. The aim of
this study was to determine the prevalence of L. monocy-
togenes in livestock products produced and sold within
the Republic of Kazakhstan. The objectives of the study
included the species identification of the isolated strains
and the assessment of their antibiotic susceptibility
to determine the epidemiological significance of the
pathogen and to justify measures to ensure food safety.

Literature Review

Recent studies highlight the widespread prevalence of
Listeria monocytogenes in food of animal origin and the
significant diversity of antibiotic resistance profiles, in-
cluding the emergence of multidrug-resistant strains in
various regions of the world (Silva et al., 2024; Niko-
laou et al., 2025). According to the CDC (2024), approx-
imately 1,600 cases of listeriosis are reported annually
in the US, with a case fatality rate of 20-30%. Research-
ers S. Shaaban et al. (2025) analysed Listeria monocy-
togenes isolates obtained from dairy products, farm
animals and clinical samples in North Africa. The pres-
ence of multidrug-resistant strains, resistant to several
classes of antimicrobial agents simultaneously, includ-
ing B-lactams, tetracyclines and macrolides, was estab-
lished. Genotyping revealed a combination of antibiotic
resistance genes with virulence factors, indicating an
increased epidemiological risk posed by circulating
strains in the food chain.

The study by A. Kayode & A. Okoh (2023) analy-
ses the antibiotic resistance profiles of Listeria mono-
cytogenes strains isolated from ready-to-eat foods in

Bulletin of the Kyrgyz National Agrarian University, 2026, Vol. 24, No. 2 31



Prevalence and antibiotic resistance of Listeria monocytogenes...

South Africa. The authors identified a high level of re-
sistance to a range of antimicrobial agents, indicating
a significant risk to food safety and the complexity of
empirical treatment for listeriosis. The findings high-
light the need for regular monitoring of pathogen re-
sistance in the food chain and the implementation of
safety control measures for ready-to-eat products. A
number of studies have shown that antibiotic-resist-
ant strains of Listeria spp. isolated from dairy products
possess a high ability to form biofilms, which hinders
their elimination by conventional sanitation methods.
In particular, E. Abdullah et al. (2025) demonstrated
the efficacy of lytic bacteriophages in suppressing the
growth of resistant Listeria spp.isolates and destroying
formed biofilms. Despite the traditional clinical efficacy
of B-lactam antibiotics against Listeria monocytogenes,
strains resistant to tetracyclines, macrolides and lin-
cosamides have been increasingly reported in recent
years, indicating the emergence of diverse antibiotic
resistance profiles (Conter et al., 2009; Li et al., 2024;
Wisniewski et al., 2025).

In the post-Soviet states, the problem of Listeria
monocytogenes contamination in livestock products re-
mains a pressing issue, as confirmed by the results of
bacteriological studies conducted in the Russian Fed-
eration and Central Asian countries. Russian research-
ers L. Logatskaya et al. (2025) reported contamination
of meat, fish and dairy products with L. monocytogenes
in the Nizhny Novgorod region of the Russian Feder-
ation between 2023 and 2024. According to the study
results, the highest levels of L. monocytogenes contam-
ination were found in minced beef (10.7%), in semi-fin-
ished poultry products in a dough casing (9.3%), and
in mechanically deboned poultry meat. Bacteriological
analysis of food products conducted in the Russian
Federation from 2016 to 2020 to determine Listeria
contamination in food products by researchers Ya. Al-
eksandrova et al. (2023) showed that out of 1,954,742
samples tested, Listeria was detected in 11,177,
with the proportion of positive results ranging from
0.4% (2017) t0 0.96% (2018). The increase in the detec-
tion rate of the pathogen is attributed to the rise in the
production and processing of animal-derived products,
as well as to the insufficient effectiveness of sanitary
and hygiene controls.

Zh. Kirkimbayeva et al. (2022), who have been con-
ducting epizootiological monitoring of this infection for
a number of years, report on the prevalence of listeri-
osis among cattle and small ruminants in Kazakhstan.
Thus,according to the results of the authors’ serological
study for listeriosis of 270 head of cattle and 270 head
of small ruminants from farms in the Almaty region us-
ing the enzyme-linked immunosorbent assay (ELISA),
seropositive animals were identified. Bacteriological
studies enabled the isolation of L. monocytogenes from
the genital tracts of 16% of cows and 11.7% of sheep.
The seropositive cases identified among the animals

studied and the positive bacteriological samples indi-
cate the presence of natural foci of L. monocytogenes on
farms in the Almaty region. The results obtained indi-
cate the circulation of the pathogen among animals in
the region, which may have epizootiological and poten-
tially significant public health implications.

Some researchers emphasise that phenotypic
methods alone are insufficient for accurately predicting
the phenotypic properties and assessing the epidemi-
ological significance of circulating strains of L. mono-
cytogenes. In particular, it has been shown that the use
of molecular genetic approaches, including whole-ge-
nome sequencing (NGS/WGS) and genetic mapping of
antibiotic resistance determinants, enables the identi-
fication of resistance genes, predict phenotypic resist-
ance and more accurately assess the epidemiological
risks associated with the circulation of the pathogen in
the food chain (Wisniewski et al.,2025). Despite individ-
ual publications on the detection of L. monocytogenes
in food products and production environments, issues
relating to a comprehensive assessment of the prev-
alence and antibiotic susceptibility of the pathogen
within the Republic of Kazakhstan remain insufficiently
studied. For instance, A. Byahut et al. (2026) analysed
the prevalence of L. monocytogenes and the resistance
profiles of isolates in various food products; however,
the study was regional in scope and did not cover the
countries of Central Asia. A. Tsitsos et al. (2025) focused
on the molecular characterisation and antibiotic resist-
ance of L. monocytogenes strains in meat-processing
plants, without addressing products from the retail sec-
tor. Thus, the literature confirms the relevance of moni-
toring Listeria monocytogenes in livestock products, the
use of molecular methods for identification and the as-
sessment of antibiotic susceptibility, which is particu-
larly important for developing countries with growing
livestock production, including Kazakhstan.

Materials and Methods

A study on the isolation and characterisation of the
phenotypic properties of L. monocytogenes was con-
ducted at the “Bacteriology” and “Molecular Biology
and Food Safety” laboratories of the Kazakh Scientific
Research Veterinary Institute LLP. The study was con-
ducted in 2025 during two seasonal periods: the cold
season (January-March) and the warm season (July-Sep-
tember). During the cold season, meat products and
eggs (n=305) were sampled, whereas during the warm
season, dairy products (n=216) were sampled. It should
therefore be borne in mind that the differences identi-
fied reflect the combined influence of seasonal factors
and the sample structure.

Study subjects and sampling. The study subjects
comprised products of animal origin, including beef,
lamb, horse meat, pork, poultry (chicken, duck, goose),
chicken and quail eggs, as well as dairy products (raw
milk, cream, sour cream and cottage cheese). Samples
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were collected within the city of Almaty and the Almaty
region of the Republic of Kazakhstan from various types
of retail outlets, including wholesale and retail markets,
supermarkets and specialist shops selling meat and
dairy products. The following retail outlets were includ-
ed in the study: “Zeleny Bazaar’, “Altyn Orda”,“Zhetigen”,
“Turksib”, “Kamenka”, “Arystan”, “Zhuldys”, “Tuzdybastau”,
“Optovka”, “Tabak Sovkhoz”, “Ili District”, “Tastak”, “Sary
Arka” and “Orbita”. The study included retail outlets and
product samples meeting the following criteria: posses-
sion of an official licence or authorisation to sell meat
and/or dairy products; the sale of products of animal
origin produced within the relevant region; products
with a specified shelf life: no more than 7 days from the
date of production for dairy products and no more than
14 days for meat products; compliance with standard
storage conditions and temperature regimes in accord-
ance with current sanitary and hygiene requirements;
the possibility of safe and correct sampling without
compromising the integrity of the packaging or the
storage conditions of the products. The study excluded
retail outlets and product samples where one or more
of the following factors were present: illegal retail out-
lets or premises that failed to provide authorisation
documents for the products being sold; products with
an expired use-by date or showing signs of a breach
of storage temperature conditions; products that had
been reprocessed, mixed with other ingredients or sub-
jected to additional heat treatment, which could have
distorted the results of the microbiological analysis;
retail outlets that did not allow for safe and represent-
ative sampling (restricted access, refusal by staff).

Samples were collected using a random stratified
sampling method, covering various categories of retail
outlets. A total of 521 samples were collected for bac-
teriological testing, of which 305 were obtained during
the cold season (beef - 67, lamb - 55, horse meat - 50,
pork - 33, poultry - 46, eggs - 54) and 216 samples
during the warmer months (raw milk - 69, sour cream -
50, cream - 47, quark - 50). Microbiological analysis
identified 116 isolates of the genus Listeria, including
40 isolates of Listeria monocytogenes. Samples were
collected and transported in sterile containers at a con-
trolled temperature (4-6°C) in accordance with health
and hygiene standards. Each sample was assigned a
unique code containing information on the product
type, sampling location and date. The weight of meat
samples was 500 g, the volume of dairy products was
200 mL, and the number of eggs was three per sam-
ple. The samples were transported to the laboratory in
temperature-controlled containers and stored at 4°C
until analysis began. The maximum interval between
sampling and the start of analysis did not exceed 24
hours. All procedures were carried out in accordance
with GOST 26668-85 (1986).

Isolation and identification of Listeria spp. For pri-
mary enrichment, 25 g (or 25 mL) of the test material
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was placed in 225 mL of Half Fraser broth (HiMedia,
India), mixed thoroughly and incubated at 30+ 1°C for
24 hours. Subsequently, 1 mL of the primary enrichment
was transferred to 10 mL of full-strength Fraser broth
for secondary enrichment and incubated at 37 = 1°C for
24-48 hours. Bacterial growth was assessed by the tur-
bidity of the medium and a change in its colour due to
esculin fermentation (blackening of the medium). The
enriched cultures were inoculated onto CHROMagar™
Listeria (France) and PALCAM (Federal State Budgetary
Institution “National Medical Research Centre for Ther-
apy and Preventive Medicine” of the Ministry of Health
of the Russian Federation) media, followed by incuba-
tion at 37+ 1°C for 48 hours. Suspicious colonies with a
characteristic green-blue colour on CHROMagar™ Ljs-
teria and a grey-green colour on PALCAM medium were
subjected to microscopic examination (Gram staining),
testing for catalase activity and assessment of motility.

The following tests were carried out to confirm
the species identity of Listeria spp.: Catalase activity -
addition of 3% H,O, to the colony; the appearance of
bubbles indicates a positive result; carbohydrate fer-
mentation - glucose, lactose, mannitol, maltose in me-
dia with a pH indicator, incubated at 37°C for 24-48
hours; motility — assessed in soft agar at 25°C, charac-
terised by “blurring” of the colony with the formation
of umbrella-shaped growth; haemolytic activity - on
5% blood agar, detection of B-haemolysis in the form
of a narrow zone of complete clearing around the col-
onies; CAMP test - on 5% blood agar, a line of the con-
trol strain Staphylococcus aureus ATCC 6538 (National
Bioresource Centre “All-Russian Collection of Industri-
al Microorganisms”) and a perpendicularly inoculated
strain of Listeria spp.; after incubation at 37°C for 24-48
hours, a triangular area of enhanced haemolysis was
observed at the intersection of the growth lines of the
control and test strains. To differentiate Listeria ivanovii,
the Rhodococcus equi ATCC 6939 strain was additionally
used as a control microorganism. The results were re-
corded after incubation at 37°C for 24-48 hours.

Determination of antibiotic susceptibility in Lis-
teria spp. isolates. Antibiotic susceptibility was deter-
mined for all isolated Listeria spp. isolates (n=116),
including Listeria monocytogenes isolates (n = 40).
Antimicrobial susceptibility testing was performed
using the disc diffusion method (Kirby-Bauer) on Mu-
eller-Hinton agar manufactured by HiMedia (India) in
accordance with EUCAST recommendations (2023).
Standard Thermo Scientific™ Oxoid™ Antimicrobi-
al Susceptibility Test Disks (Thermo Fisher Scientific,
UK/USA) were used in the study. The antimicrobial
agents tested were antibiotics used in veterinary and
clinical practice: ampicillin (10 pg), benzylpenicillin
(1 pg), ampicillin-sulbactam (20 pg), chloramphenicol
(30 pq), linezolid (10 pg), vancomycin (30 ug), tetracy-
cline (30 pg) and doxycycline (30 ug). Incubation was
carried out at 37°C for 24 hours.
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To prepare the inoculum, a one-day culture of the
isolated microorganisms was diluted in 3-5 mL of ster-
ile isotonic sodium chloride solution until a turbidity
equivalent to 0.5 on the McFarland scale was achieved
(DEN-1 McFarland Densitometer, BIOSAN, Latvia), with
direct inoculation of the plates using a sterile cotton
swab. The inoculum was applied evenly to the agar
surface in three directions, rotating the plate by 60° to
ensure a continuous bacterial growth lawn. After the
surface had dried (no more than 15 minutes), antibiotic
discs were applied to the medium using sterile forceps
or a dispenser. The plates were incubated under aerobic
conditions at 37 #0.5°C for 18-24 hours. At the end of
incubation, the diameters of the zones of growth inhi-
bition were measured using a vernier calliper to an ac-
curacy of 1 mm, and the results (susceptible, resistant)
were interpreted in accordance with the EUCAST (2023)
clinical breakpoint tables.

Statistical analysis of the data was performed using
Microsoft Excel 2019 (Microsoft Corporation, USA). To

assess the prevalence of Listeria spp., the frequencies
and percentages of positive samples were calculated.
The frequencies of isolate detection were compared us-
ing the x? (chi-square) test. Differences were considered
statistically significant at a p-value <0.05.

Results and Discussion

Prevalence of Listeria spp. in food of animal origin

Samples were collected during the cold and warm sea-
sons to assess possible differences in the frequency
of Listeria spp. contamination. Of the total number of
samples collected (n=521), 305 were taken during the
cold season (winter, early spring), from which 33 Listeria
spp. isolates were identified (10.8%). Most of these sam-
ples consisted of meat (beef, lamb, horse meat, pork and
chicken), as well as eggs, stored at low temperatures.
The low detection rate of Listeria spp. during this period
can be explained by the slower growth of bacteria at low
temperatures, as well as stricter sanitary conditions for
storage and transport. The data are presented in Table 1.

Table 1. The prevalence of Listeria spp. in meat products and eggs during the colder months

Product type ‘ Number of samples (n) ‘ Positive for Listeria spp. %
Beef 67 7 10.4
Horse meat 50 6 12
Lamb 55 9 16.4
Pork 33 3 9.1
Chicken 46 2 4.3
Eggs 54 6 11.1
Total 305 33 10.9

Source: compiled by the authors

The data in Table 1 show that the highest frequen-
cy of Listeria isolation was observed in lamb (16.4%),
and the lowest in chicken (4.3%). The data indicate that
Listeria is present in all the product types examined,
suggesting a potential risk to consumer health. The
highest risk of Listeria detection is observed in lamb
and beef, indicating the need for enhanced control
during the production and sale of these products. It is
worth noting that the studies were conducted during
the cold season, when ambient temperatures were low.
Listeria spp. are capable of surviving and multiplying at
low temperatures, including in refrigerated conditions,
which increases the risk of product contamination and
prolongs the period during which they pose a poten-
tial hazard to consumers. When comparing the results
obtained with European data, significant differences
in contamination levels should be noted. According to
EFSA & ECDC(2022),0nly 2.1% of meat product samples
tested at the retail level in European Union countries

tested positive for L. monocytogenes, which is signifi-
cantly lower than the figures obtained in this study.
Possible reasons for the higher contamination levels
in beef and lamb may include slaughter, processing
and storage conditions, as well as longer transit times,
which create favourable conditions for bacterial growth.

During the warmer months (summer and early au-
tumn), 216 samples of dairy products - including sour
cream, cream, quark and raw milk - collected in the city
of Almaty and the Almaty region were analysed. A total
of 83 Listeria spp. isolates were identified from the 216
samples (38.4%). Increased contamination during the
warmer months may be linked to higher ambient tem-
peratures, which accelerate bacterial growth, as well as
to possible breaches in the storage and transport con-
ditions of products of animal origin. This is particularly
relevant for dairy products, which are prone to rapid
spoilage at elevated temperatures. The data are pre-
sented in Table 2.

Table 2. The prevalence of Listeria spp. in dairy products during the warmer months
Product type Number of samples (n) Positive for Listeria spp. %
Sour cream 50 18 36.0
Cream 47 24 51.1
Cottage cheese 50 20 40.0
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Table 2. Continued

Product type Number of samples (n) Positive for Listeria spp. %
Milk 69 21 30.4
Total 216 83 38.4

Source: compiled by the authors

The data in Table 2 show that the highest risk of Lis-
teria spp. contamination in dairy products is observed
in cream and quark, the average risk in sour cream, and
the lowest risk in milk. The overall proportion of pos-
itive samples was 38.4%, which is significantly higher
than in international studies. In the study by X. Li et
al. (2024), a meta-analysis of global data showed that
the detection rate of Listeria monocytogenes in dairy
products was 1-5%. Similar figures are reported by
M. Bashiry et al. (2022) for Middle Eastern countries
and by P. Sanlibaba & B. Tezel (2018) for Turkey. The
increase in Listeria spp. isolates during the summer
months in the present study is explained by favour-
able temperature conditions for bacterial growth and
possible breaches in product storage and transport,
which is consistent with the observations of S. Arslan
& F.Ozdemir (2008) and E. Dalzini et al. (2016). Howev-
er, the majority of the isolates belonged to saprophyt-
ic, non-pathogenic Listeria species, such as L. innocua,
which is consistent with the findings of the Turkish
researchers P. Sanlibaba & B. Tezel (2018). The results
highlight the need for stricter control of temperature
and sanitary conditions during the production, storage
and sale of dairy products in the summer months to

minimise the risk of contamination with pathogenic
Listeria species.

Characteristics of the isolated Listeria strains

The phenotypic and biochemical characterisation of
the isolates identified made it possible to distinguish
between pathogenic and non-pathogenic species with-
in the genus. To systematise and clearly present the
biochemical characteristics of the isolated Listeria spp.
isolates, Table 3 was compiled, reflecting their abili-
ty to ferment major carbohydrates (glucose, maltose,
mannitol, lactose), as well as indicators of catalase ac-
tivity and the CAMP test. Table 3 presents the results
of a comparative analysis of the fermentation of major
carbohydrates and the biochemical properties of vari-
ous Listeria species. For each species, the results of glu-
cose, mannitol, maltose and lactose fermentation, cat-
alase activity, CAMP test results, as well as comments
on pathogenicity and haemolysis are shown. The results
of the studies made it possible to identify differences
between pathogenic and non-pathogenic Listeria spe-
cies, to assess the phenotypic diversity of the isolates, to
compare the results with data from the literature, and
to determine the potential pathogenicity of the isolates.

Table 3. Fermentation of major carbohydrates and the biochemical properties of Listeria species

Types of Listeria Glucose Mannite Maltose Lactose Catalase CAMP test Comment
Listeria monocytogenes + + + + + + Pathogenic to humans,
ytog exhibits beta-haemolysis
L .. Pathogenic to animals;
Listeria ivanovii + + + + + + o
beta-haemolysis is more pronounced
L Non-pathogenic;
Listeria innocua + - + - + - . - .
no mannitol fermentation or haemolysis
. . ] . Non-pathogenic;
Listeria welchimeri + + + - + - . P g .
slight or no haemolysis
L L Non-pathogenic;
Listeria seeligeri + + + - + - pathog .
may cause mild haemolysis
L . Non-pathogenic,
Listeriagrayi + + - - + R p 8 _
rarely ferments maltose, no haemolysis
Note: “+” - positive reaction; “’ - negative reaction

Source: compiled by the authors

Table 3 shows that Listeria monocytogenes and
Listeria ivanovii test positive for all carbohydrates and
catalase, and also yield a positive CAMP test, which is
consistent with their pathogenicity (L. monocytogenes
is pathogenic to humans, L. ivanovii — pathogenic to
animals, with more pronounced beta-haemolytic ac-
tivity). The remaining species (L. innocua, L. welchimeri,
L. seeligeri, L. grayi) are non-pathogenic, exhibiting dif-
ferences in the fermentation of mannitol and malt-
ose, as well as weak or absent haemolytic activity. For
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example, L. innocua does not ferment mannitol and does
not exhibit haemolysis, whilst L. grayi rarely ferments
maltose and no haemolysis is observed. Thus, the ta-
ble allows for the visual distinction of pathogenic and
non-pathogenic Listeria species based on biochemical
reactions, which is important for the identification and
risk assessment of microbial contamination in food of
animal origin. It has been noted that pathogenic spe-
cies (L. monocytogenes and L. ivanovii) ferment glucose,
maltose and mannitol, do not ferment lactose, exhibit
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B-haemolysis and a positive reaction to the CAMP
test. Non-pathogenic species (L. innocua, L. welshimeri,
L. seeligeri, L. grayi) exhibit differences in the fermen-
tation of mannitol and maltose and do not exhibit
B-haemolysis (with the exception of a weak reaction in
L. seeligeri), which allows them to be distinguished from
pathogenic species. Catalase activity is present in all
species,which is a common genus-specific characteristic.

Table 4 presents the results of the identification of
the isolated Listeria spp. isolates using the CAMP test,
which is one of the key methods for distinguishing be-
tween pathogenic and non-pathogenic species of the
genus Listeria, as well as the type of CAMP reaction, the
control microorganisms used, the nature of haemolysis,
the presumed Listeria species and the number of corre-
sponding isolates (n).

Table 4. Results of the CAMP test for Listeria spp. isolates obtained from livestock products

CAMP Control . Expected appearance  Number of isolates
reaction microorganism LLOLEICLELUC B Listeria spp. (n=116)
Positive | Staphylococcus aureus | An arrow-shaped area of increased haemolysis | Listeria monocytogenes 40
Positive Rhodococcus equi Zone of pronounced synergistic haemolysis Listeria ivanovii 7
Negative | Staphylococcus aureus Absence of increased haemolysis Listeria innocua 38
Negative Staphylococcus aureus Absence of increased haemolysis Listeria welshimeri 10
Negative | Staphylococcus aureus Absence of increased haemolysis Listeria seeligeri 12
Negative | Staphylococcus aureus Absence of increased haemolysis Listeria grayi 9

Note: n - the number of isolates
Source: compiled by the authors

The data in Table 4 show that a positive CAMP re-
action was observed in pathogenic species of Listeria.
Thus, Listeria monocytogenes produced a characteris-
tic arrow-shaped zone of enhanced haemolysis when
co-cultured with Staphylococcus aureus in the CAMP
test, which is described as a typical manifestation of
this reaction for this species (Fernandez-Garayzabal et
al.,1996). When Rhodococcus equi was used as a control
microorganism, a distinct zone of synergistic haemol-
ysis was observed in Listeria ivanovii, which also cor-
responds to the species differentiation schemes de-
scribed in classical guides to the identification of
Listeria. A negative CAMP reaction was characteristic
of non-pathogenic Listeria species. In Listeria innoc-
ua (n=38), Listeria welshimeri (n = 10), Listeria seeligeri
(n=12) and Listeria grayi (n=9), no enhanced haemol-
ysis was observed during co-cultivation with Staphylo-
coccus aureus. The absence of synergistic haemolysis
confirms their non-pathogenic status and allows these
species to be reliably distinguished from clinically sig-
nificant members of the genus. Thus, the data obtained
demonstrate the high diagnostic value of the CAMP test
for the species identification of Listeria spp.and confirm
its effectiveness in distinguishing between pathogenic
and non-pathogenic isolates isolated from products of
animal origin.

Antibiotic susceptibility of Listeria spp. isolates

An analysis of the results of susceptibility testing of
40 Listeria monocytogenes isolates to the antibiotics for
which the highest frequency of resistance was iden-
tified showed that, among the antimicrobials tested,
resistance in L. monocytogenes isolates was most fre-
quently observed against certain B-lactam antibiotics,
tetracyclines and linezolid, indicating the formation
of resistant populations of the pathogen in animal

products. The results obtained are consistent with data
from a number of researchers. For instance, in a study
by S.Jadhav et al. (2012), L. monocytogenes isolates iso-
lated from milk and dairy products demonstrated in-
creased resistance to tetracycline and erythromycin,
which the authors attribute to the widespread use of
these antibiotics in animal husbandry. Similar results
were obtained by H. Castro et al. (2020), who noted an
increase in the proportion of resistant L. monocytogenes
strains in food products, particularly to drugs used in
both veterinary and clinical practice.

Studies by European researchers also report that
L.monocytogenes retains high susceptibility to ampicillin
and penicillin, which remain the drugs of choice for the
treatment of listeriosis in humans (Ryser & Marth, 2007;
EFSA & ECDC, 2022). However, the presence of resist-
ant isolates identified in the present study confirms a
trend towards a gradual decline in the efficacy of tradi-
tional treatment regimens, a finding also noted in the
works of M. Gray et al. (2006) and K. Linke et al. (2014).
It should be noted that the antibiotic resistance ob-
served in L. monocytogenes may be associated with the
presence of resistance genes encoding efflux pumps
and promoting biofilm formation, which significantly
increases the pathogen’s survival in food products and
on production surfaces. Such resistance mechanisms
are described in detail in the study by X. Li et al. (2024).

Figure 1 shows Petri dishes containing agar, on
the surface of which antibiotic discs are placed to de-
termine the sensitivity of bacteria to various antibiot-
ics using the disc diffusion method (the Kirby-Bauer
method). Each disc shows a zone of bacterial growth
inhibition around it, appearing as a clear circle. The
size of these zones allows the sensitivity of the mi-
croorganisms to a specific antibiotic to be determined:
the larger the zone, the higher the sensitivity. The
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photograph shows that some discs are surrounded
by wider zones, whilst others have smaller zones or
show almost no inhibitory effect, indicating partial or
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complete resistance. Figure 1 illustrates the phenotyp-
ic heterogeneity of L. monocytogenes isolates in terms
of their antibiotic resistance profile.

Figure 1. Determination of the susceptibility of L. monocytogenes isolates
to antibiotics using the disc diffusion method (Kirby-Bauer method)
Note: a - strain ML66, resistant to ampicillin, benzylpenicillin and linezolid; b - strain SL115, resistant to benzylpenicillin

Source: photo by the authors

Figure 1 shows that isolate ML66, isolated from
milk, exhibited resistance to ampicillin, benzylpenicil-
lin and linezolid, indicating the development of multi-
drug resistance. At the same time, isolate SL115, isolat-
ed from cream, was resistant only to benzylpenicillin,
whilst remaining susceptible to the other antimicrobial
agents tested. Analysis showed that among all the re-
sistant isolates identified, different resistance profiles

to individual antibiotics were observed, indicating the
presence of different mechanisms of antibiotic resist-
ance. Table 5 presents the results of susceptibility test-
ing of Listeria monocytogenes isolates (n=40) to antibi-
otics for which the highest frequency of resistance was
identified. Susceptibility testing to antimicrobial agents
was performed using the disc diffusion method on Mu-
eller-Hinton agar.

Table 5. Results of antibiotic susceptibility testing of L. monocytogenes isolates,
characterised by the highest frequency of resistance

Name of the antibiotic

Number of selected crops Sensitive, % @ Resistant, %

Listeria
1 Ampicillin 10 mcg — penicillins (beta-lactams) 85 15
2 Benzylpenicillin 1 mcg — penicillins (beta-lactams) 75 25
3 Ampicillin-sulbactam 10 mcg — penicillins (beta-lactams) 92.5 7.5
4 Linezolid 10 pg — oxazolidinones 40 82.5 17.5
5 Chloramphenicol 30 ug — aminoglycosides 92.5 7.5
6 Doxycycline 30 ug — polyketides 90 10
7 Tetracycline 30 pg — polyketides 92.5 7.5
8 Vancomycin 30 mcg — glycopeptides 90 10

Source: compiled by the authors

The data in Table 5 show that, among B-lactam
antibiotics, the highest level of resistance was ob-
served for benzylpenicillin - 25% of isolates were
classified as resistant, whereas resistance to ampi-
cillin stood at 15%. At the same time, the ampicillin/
sulbactam combination demonstrated higher activity:
92.5% of isolates remained susceptible and only 7.5%
showed resistance. This indicates the effectiveness
of B-lactamase inhibitors in enhancing the activity
of antibiotics against L. monocytogenes. Linezolid was
characterised by a comparatively high level of suscep-
tibility (82.5%); however, the detection of 17.5% re-
sistant isolates warrants attention, given the clinical
significance of this drug in the treatment of invasive
forms of listeriosis. High susceptibility was also noted
for chloramphenicol and tetracycline antibiotics (dox-
ycycline and tetracycline), where the susceptibility

rate ranged from 90% to 92.5%, which is consistent
with data from international studies. Vancomycin
demonstrated good antimicrobial activity - 90% of
isolates were susceptible; however, the presence of
10% resistant strains indicates the development of
resistance even to reserve drugs. The highest propor-
tion of resistant isolates was found with benzylpen-
icillin, confirming the reduced efficacy of traditional
penicillins against L. monocytogenes. The lowest re-
sistance rates were observed for ampicillin/sulbac-
tam, chloramphenicol and tetracycline antibiotics.
Overall, the data obtained indicate that the majority
of L. monocytogenes isolates remain highly suscep-
tible to the main antimicrobial agents. At the same
time, the resistance detected, particularly to penicil-
lins, highlights the need for continuous monitoring of
antibiotic resistance in this pathogen.
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To summarise the findings of the studies, it should
be emphasised that this is the first comprehensive as-
sessment of the prevalence of Listeria spp.and L. mono-
cytogenes in various animal-derived products across
different seasons in the Almaty region, accompanied by
an analysis of the antibiotic resistance of the isolates.
The data obtained supplement international findings
on the circulation of L. monocytogenes and highlight
the need for regular monitoring of contamination and
the resistance of the pathogen in livestock products to
ensure food and epidemiological safety.

Conclusions

A study conducted in 2025 assessed the prevalence and
antibiotic susceptibility of Listeria spp. isolates recov-
ered from food of animal origin. Of the 521 samples
tested, 116 Listeria isolates were recovered (22.3%);
with differences noted in the frequency of isolation
across different seasons: during the warmer months,
the rate was 28.7%, whereas during the colder months
it was 15.4%. The highest number of Listeria isolates
was recovered from dairy products: cream - 24 out of
47 samples (51.1%), cottage cheese - 20 out of 50 sam-
ples (40.0%), milk - 21 out of 69 samples (30.4%), indi-
cating an increased risk of contamination in products
with minimal heat treatment. Among meat products,
Listeria was most frequently isolated from beef - 7 out
of 67 samples (10.4%) and lamb - 9 out of 55 samples
(16.4%), which is associated with the specific character-
istics of slaughter, processing and storage of raw mate-
rials. The CAMP test proved highly informative for the
species identification of Listeria isolates, enabling reli-
able differentiation between pathogenic and non-path-
ogenic (saprophytic) species. Among the isolates from
dairy products, the saprophytic species L. innocua and
L. welshimeri predominated, whilst the proportion of
the pathogenic Listeria monocytogenes accounted for
34.5% of all isolates.

Antibiotic susceptibility testing revealed that the
majority of Listeria monocytogenes isolates remained
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AHHOTaums. Listeria monocytogenes apampaa aHa >aHblbapnapaa NMCTepuro3 O0O0PYCYyH Nanaa KbUlyydy
Ko3roryy 60nyn caHanaT >KaHa >KaHblbap TeKTyy a3blK-TYNYKTOPAYH KOOMCY34yryHa ONyTTyy KOPKYHyY >apaTar.
bakTepuanapabiH CyT XaHa 3T NPOAYKUMANAPbIHAA XXOTOPKY Xallan Kanyy XeHAeMAyyayry, OWOoHA0M 31e MYMKYH
60nroH aHTMBOUOTUKTepre TypykTyynyry KasakctaH PecnybnukacbiHpa Listeria v30ngTTapbiHbIH  TapanblllbiH
KaHa Ce3rmMuYTUIMH Ke3eMenaeeHy Tanan Kbinat. M3unaeeHyH mMakcaTtbl — 2025-Xblibl anbliHraH XaHblbap TeKTyy
asbikTapaa Listeria 6akTepusaCbiHbIH TapablllblH, TYPAYK KYPaMbIH XaHa aHTMOMOTUKTEpre Ce3rnyTuk npoguanH
aHbIkTOO 6onay. M3unpeene Anmatbl Wwaapbl xaHa AnmaTbl 0O6NYCYHYH alMarblHAA KbUIAbIH CYYK XaHa Xblayy
Me3ruiaepuHAE aNblHIaH 3T XaHa CyT NpoaykumackiHbiH 521 ynrycy kapangasl. Listeria 6enyn anyy Half Fraser xaHa
TONYK KOHLEeHTpauuaaarsl Fraser copnofiopyH KONAOHYY MeHeH ypry3ynyn, aHaad coH CHROMagar™ Listeria
xaHa PALCAM cenektuBayy ueipenepyHe cebunau. Typayk naeHtudukaums CAMP-Tectn xaHa BUOXUMUANBIK
peakuusnap apkbuiyy yprysyngy. AHtTMbuotukTepre cesrmutuk EUCAST cyHywTapbiHa binaiblik Mionnep-
XWHTOH arapblHAA AUCKO-AUddY3Us bIKMACbl MEHEH aHblkTanabl. 521 ynryaeH Listeria TykyMyHa TaanAablk 116
usonat (22,3 %) 6enyHyn anbiHbin, anapabiH nunHeH 40 usongar (kannbl nuctepuanapabiH 34,5 % aHa xannebl
yarynepayH 7,7 %) L. monocytogenes katapbl uaeHTUdUKaumuanaHabl. L. monocytogenes M3onaTTapbiHbiH Keby
CYT npoaykumanapbiHaa - 24 wusonat (60,0 %), an amu 3T npopykuuanapbiHaa 16 musonat (40,0 %) aHbikTanmbl.
CAMP-TecT 6On1YHYN anblHraH WTaMMAApAbIH NAaTOreHAMK KaCMeTTEPUH TaCTbIKTabl. AHTUOUMOTUKTEPre Ce3rMyTHK
aHaNU3M aMNUUMANMHTE, aMOULMAAUH/CYyNbbakTaMra, XJ10paM@EHUKONTO XaHa TeTpauMKIMHAEpre >Oropky
Ce3rMyTMK H6ap 3KEHWH KepceTTy, BUPOK BEH3UNNEHULMANIMHIE XaHA IMHE30NMAre KONTereH TYpyKTYYayKKa 33
M30N9TTap L@ aHblKTanabl. ANbIHFAH XbIAbIHTBIKTAp XaHblbap TekTyy a3sbikTapza L. monocytogenes 6aKkTepusaChIH
TYPYKTYY MOHWUTOPUHT XYPry3yy XaHa aHTMOMOTUKTEpre Ce3rMyYTUKTU KO3eMeNee 3apbliabirbiH KepceTeT

Hernsru cesgep: asblK-TyNYK MaTOreHAEpW; aHTUMMKPODLYK TYPYKTYYIYK; >KaHblbap TeKTyy asblKTap;

MVIKpO6MOJ’IOFVIFIJ'IbIK 6ynraHyy; KankTblH AO€H COONnyry Y4YyH KOPKYHYY; CIJEHOTMI'ITVIK TYPYKTYYNYK; a3blK-TYYK
KOOncy3nyryH MOHUTOPUHIOE6
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AHHoTauums. Listeria monocytogenes aBnseTcs Bo3OyanTeNnemM nMcTeprnosa y YenoBeKka M XMBOTHbIX, MPeACTaBss
3HauMTeNbHyl Yyrpo3y 6e30MacHOCTM MPOAYKTOB >KMBOTHOTO MPOMCXOXAEHMS. Bbicokas BbRKMBAEMOCTb
HakTepuii B MOMIOYHOM M MSACHOM MPOAYKLUMM, @ TakkKe BO3MOXHAs aHTUOMOTMKOPE3UCTEHTHOCTb 06YCNOBMAM
Heob6Xx0AMMOCTb MOHWMTOPWMHIA PacnpoCTPpaHEHHOCTM W YyBCTBUTENbHOCTM u30naToB Listeria B Pecnybnuke
KasaxcraH. Uenbto mccnepoBanus 6bi10 onpefeneHve pacnpoCcTpaHeHHOCTW, BMAOBOM CTPYKTypbl M npoduns
aHTMOMOTUKOYYBCTBUTENBHOCTU Listeria B NMpPOAYKTax >XMBOTHOTO MPOMCXOXAeHMs, oTobpaHHbix B 2025 ropy.
Nccnepoanu 521 npoby MSCHOM M MONOYHOM MPOAYKLMM, OTOOPAHHYIO B XONIOAHBIA M TeNnbli Nepuoabl roaa
Ha TeppuTOopMm I. AnmaTtbl U AnMaTMHCKOM obnacTtu. Belnenenue Listeria npoBOAMAM C MCMONb30BaHMEM 6yNbOHOB
Half Fraser u Fraser monHoW KOHUEHTpauuu C NOCieayloLlMM NOCEBOM Ha cenekTuBHble cpeabl CHROMagar™
Listeria n PALCAM. BupoByto naeHTudukaumio ocylwectsnsnm ¢ nomowbto CAMP-Tecta 1 BMOXMMUYECKMX peakLmiA.
YyBCTBMTENBHOCTb K aHTMOMOTHKAM ONpesensnm MeToaoM ANCKO-aMddy3nmn Ha arape Mionnepa-X1MHTOHa COrnacHo
pekomeHaaumam EUCAST. U3 521 npobbl Bbinenunu 116 usonaros poaa Listeria (22,3 %), n3 kotopbix 40 n3onsatos
(34,5 % ot Bcex nucTepwii n 7,7 % oT obuiero ymcna npob) naeHtuduumMpoBanu Kak L. monocytogenes. Hanbonbliee
KONMYeCcTBO M30M19TOB L. monocytogenes oBHapyXuau B MOMOYHbIX NpodykTax — 24 uzonsta (60,0 %), B MacHOM
npoaykuuu BbisiBuan 16 nsonstos (40,0 %). CAMP-TecT noaTBepAna NaTOreHHOCTb BblAeEHHbIX LWUTAMMOB. AHanu3
aHTMOMOTUKOYYBCTBMTENIBHOCTM MOKa3a BbICOKYIO YYBCTBMTENIbHOCTb K aMMNULMANMHY, aMOIULMANKMH/CynbbakTamy,
XxnopaMdEeHUKONY M TETPaUMKIMHAM, OOHAKO ObinM BbiSBNEHbl M3018Tbl C MHOXECTBEHHOM PE3UCTEHTHOCTbIO K
6EeH3MNNEHNLMANNHY U NMHe30nMAay. Pe3ynbTaTbl NoAYEpKMBAOT HEOOXOAMMOCTb PErynsipHOro MOHWTOPMHTA
L. monocytogenes B NpOAYKTaX >XMBOTHOBOACTBA M KOHTPOIS aHTMOMOTUKOUYBCTBUTENbHOCTY A1 MPeAoTBPaLLeHMS
pacnpocTpaHeHUsi pe3UCTEHTHBIX LITAaMMOB

KnioueBble cnoBa: NuLLEBbIE NMATOrEHbI; aHTMMMKpO6Haﬂ yCTOVNVIBOCTb; NpOAYKTbl XKUBOTHOIO NMPOUCXOXOEHUA]

MMKpO6MOJ'IOFl/ILIeCKaFI KOHTaMUHauua; pUCK On4 300pOBbA  HaACENEHUA; dJEHOTMI'Il/ILIeCKaFI pPE3NCTEHTHOCTb;
MOHUTOPUHT 6€30MaCcHOCTM MULLEBbIX npoAayKTOB
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Abstract. Under conditions of limited access to long-term capital and high climate vulnerability, the agricultural
sector of the Kyrgyz Republic faces institutional constraints on the adoption of innovations. The aim of the study
was to identify and quantitatively assess the relationship between the financing structure and the dynamics
of innovation activity in the agricultural sector, as well as to develop a mixed financing model. The empirical
base covered official data for 2020-2024. The methodological framework was based on economic and statistical
analysis, linear normalisation of indicators, expert assessment of weighting coefficients (n=14), and Spearman’s
non-parametric correlation analysis. The consistency of expert assessments was confirmed by Kendall’s coefficient
of concordance (W =0.74). The study proposes an integral index of innovation financing, which includes budget
support, long-term bank lending, private investment, funds from international financial organisations, and the
investment risk factor. A statistically significant positive relationship was identified between the share of long-
term lending and the volume of investment in fixed capital (p=0.71; p <0.05), confirming the key role of the
temporal structure of capital in shaping the sector’s innovation potential. It was shown that increasing the share
of long-term lending to 35% can ensure growth in innovation activity depending on the level of private and
international capital attraction. A formalised mixed financing model was developed, and scenario modelling of
three development trajectories was conducted. The baseline scenario maintained the predominance of short-term
lending and ensured growth at the level of 3-4%; the moderate scenario envisaged an increase in the share of
long-term loans to 35% while maintaining state support, resulting in growth of 5-6%; whereas the innovative
scenario was based on mixed financing with expanded resources and participation of private and international
capital, ensuring growth of 7-9%

Keywords: investment mechanisms; agricultural sector; state support; production modernisation; lending

Introduction

The current development of agriculture in the Kyrgyz
Republic is characterised by a tension between the
need for accelerated technological modernisation and
the scarcity of long-term financial resources. Despite
the positive trend in the gross value added of the ag-
ricultural sector, the structure of investment remains
predominantly short-term and focused on maintaining
working capital (FAQ, 2020). This creates an institution-
al gap between the needs for innovative renewal and
the actual financing mechanisms. In conditions of high

climate vulnerability and dependence on seasonal fac-
tors, traditional financial instruments prove insufficient
to stimulate innovative activity (United Nations, 2023).
S.K.Lowder et al.(2021) found that over 90% of all farms
worldwide are family-run and produce around 80% of
the world’s food, playing a key role in ensuring food
security. At the same time, they demonstrated that land
resources are increasingly concentrated in large-scale
farms, which creates structural inequality and influenc-
es the transformation of agricultural systems. The focus
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of research into the financing of innovation processes
in agriculture for the period 2020-2025 is shifting from
a description of support instruments to an analysis of
institutional constraints and the effectiveness of in-
vestment risk allocation. In the studies by L. Klerkx &
D. Rose (2020), the focus was on the transformation of
agricultural innovation systems in the context of dig-
italisation; however, financial adaptation mechanisms
are primarily examined at the macro level without a
quantitative assessment of the impact of individual
sources of capital. This creates a methodological gap
between institutional theory and financing practice.

F.U. Khan et al. (2024) found that in developing
countries, agricultural financing is constrained by a
complex of interrelated barriers (the sector’s riskiness,
weak infrastructure, limited access to credit), which op-
erate simultaneously on both the demand and supply
sides of financial resources. These constraints reinforce
one another, creating a systemic gap in access to fi-
nance that cannot be bridged without comprehensive
institutional and financial solutions. K. Louhichi et
al. (2022) considered long-term lending to be a key
factor in sustainable agricultural development; howev-
er, their work does not propose an integrated model
capable of measuring the aggregate impact of various
sources of financing on innovation activity. Similarly,
analytical reports by the Food and Agriculture Organi-
zation of the United Nations (FAO, 2022) and the Organ-
isation for Economic Co-operation and Development
(OECD, 2023) emphasised the need for hybrid financial
mechanisms, but their conclusions are predominantly
normative in nature. A World Bank (2020) study exam-
ined blended finance and risk-sharing instruments;
however, the empirical models are predominantly fo-
cused on large emerging economies. The applicability
of these approaches to countries with limited financial
market depth, including the Kyrgyz Republic, remains
insufficiently explored. C. Yang et al. (2024) empirically
demonstrated that the development of digital financial
instruments (fintech, online lending, mobile payments,
etc.) has a positive impact on the agricultural econo-
my’s ability to withstand shocks (crises, market fluctu-
ations, climate risks). It is important to note that this
effect is not universal - its impact varies depending on
the level of market economy development, the status
of the region and the structural characteristics of the
agricultural sector. M. Hong et al. (2022) emphasised in
their study that digital inclusive finance contributes to
the growth of environmentally oriented productivity in
the agricultural sector, primarily through the optimi-
sation of production structures. At the same time, this
effect is not uniform and depends on regional and eco-
nomic conditions. K. Rijswijk et al. (2021) emphasised
that the effectiveness of digitalisation depends not
only on technology, but also on governance, stakehold-
er accountability and the ability of institutions to adapt
to new conditions.

A review of the literature has revealed a lack of
quantitative tools for assessing the effectiveness of
agricultural innovation financing structures in con-
texts where access to long-term capital is limited. This
research gap highlights the need to develop an inte-
grated model for evaluating blended finance, tailored
to the specific national context of the Kyrgyz Republic.
Sustainable development of the agricultural sector is
achieved through the formation of blended financing
models based on the distribution of risks between the
state, the banking system and private capital. Howev-
er, adapting such models to the conditions of the Kyr-
gyz Republic requires a quantitative assessment of the
structure of funding sources and their impact on inno-
vation activity. The aim of the study was to analyse the
impact of the structure of funding sources on changes
in the level of innovation activity in the agricultural
sector, followed by the justification and development
of a mixed financing model. The research hypothesis
posited that the time structure of capital (the ratio of
short-term to long-term financial resources) has a sta-
tistically significant impact on the innovation dynamics
of the agricultural sector, and that an increase in the
share of long-term investment capital accelerates the
pace of technological modernisation.

Materials and Methods

This study was empirical and quantitative in nature and
was based on a retrospective analysis of data for the pe-
riod 2020-2024.The subject of the study was the system
for financing innovation processes in the agricultural
sector of the Kyrgyz Republic. The subject of the study
was the relationship between the structure of financial
resources and indicators of innovation activity in the
agricultural sector. The empirical basis included official
data from the World Bank (2021), the National Bank of
the Kyrgyz Republic (2024), and the National Statistical
Committee of the Kyrgyz Republic (2025a; 2025b). The
choice of the 2020-2024 period is due to the availa-
bility of complete official statistics for the completed
economic cycle, which ensures the comparability of in-
dicators and excludes the influence of preliminary es-
timates. The analysis included the following indicators:

the amount of budgetary support (B);

long-term bank lending (L);

private investment (P);

funds from international financial institutions (M);

investment risk index (R).

The indicator used to measure innovation activi-
ty is investment in fixed capital in agriculture, which
reflects the scale of technological modernisation and
the renewal of production assets. This indicator was
chosen due to its reqgular statistical availability and its
alignment with international practice in assessing in-
vestment and innovation dynamics in the agricultural
sector (FAO, 2022; OECD, 2023).To assess the aggregate
impact of funding sources, the IIF was developed:
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IIF=aBt+ﬂLt+yPt+6Mt_6Rt, (1)

where the coefficients a, B, v, §, and 6 are determined
on the basis of expert judgement and are normalised
such that a+B+y+6+0=1.

The data were converted to a dimensionless form
using linear normalisation:

Xnorm — Xt—Xmin (2)

Xmax—Xmin

To determine the weighting coefficients, an expert
assessment was carried out involving representatives
from the banking sector, government bodies and the
agricultural sector. The degree of consensus among the
experts was calculated using Kendall's coefficient of
concordance (W):

128
T m2(n3-n)’

)

where m is the number of experts, n is the number of
factors being evaluated, and S is the sum of the squares
of the deviations of the total ranks from their mean.
The calculation yielded a value of W =0.74, indi-
cating a high degree of consistency among the expert
assessments and allowing the resulting weighting co-
efficients to be used in further calculations. The expert
group comprised 14 specialists with at least 10 years’
professional experience in agricultural lending, state
support for agriculture and investment analysis. Experts
were selected based on criteria of professional com-
petence, participation in investment programmes and

Sydykova

managerial experience in accordance with the stand-
ards of the Declaration of Helsinki of the World Medical
Association (WMA, 2024). To test the research hypoth-
esis regarding the existence of a correlation between
the structure of financing and innovative activity, Spear-
man’s non-parametric correlation coefficient (p) was
used to test the research hypothesis regarding the exist-
ence of a correlation between the structure of financing
and innovation activity. A correlation analysis was con-
ducted between the share of long-term bank lending
in the overall structure of attracted financial resources
and the volume of investment in fixed capital in agri-
culture. A limitation of the study is the small size of the
retrospective sample (2020-2024), which reduces the
generalisability of the correlation estimates obtained.
The level of statistical significance was set at a=0.05.
Calculations were performed using SPSS software. The
indicator of investment in fixed capital was also brought
to a comparable scale using the linear normalisation
method to ensure the accuracy of the comparative anal-
ysis. The methodological design of the study enables
a quantitative verification of the hypothesis regard-
ing the relationship between the financing structure
and the innovative activity of the agricultural sector.

Results and Discussion
In order to test the research hypothesis,an analysis was
conducted of trends in investment in fixed capital in
the agricultural sector of the Kyrgyz Republic for the
period 2020-2024, treated as a quantitative indicator of
innovation activity. The results are presented in Table 1.

Table 1. Trends in investment in fixed capital in the Kyrgyz Republic

\ Year \ 2020 \ 2021

\ 2022 2023 \ 2024 |

Investments, million KGS 10,127.10 14,246.10

14,744.80 4,587.00 1,712.90

Source: National Statistical Committee of the Kyrgyz Republic (2025a)

As can be seen from Table 1, investment activity in-
creased between 2020 and 2022: the volume of invest-
ment rose from KGS 10,127.1 million to KGS 14,744.8
million (an increase of 45.6%). However, from 2023 on-
wards, a sharp decline in investment has been record-
ed - to KGS 4,587.0 million in 2023 and KGS 1,712.9
million in 2024. The cumulative decline compared to
the peak value of 2022 amounted to over 80%. The
results obtained indicate high volatility in investment
dynamics and instability in the financial basis for the
modernisation of the agricultural sector. During the
study, a structural model for financing innovation pro-
cesses in agriculture was developed. The general model
for financing innovation is presented as follows:

Fipnov =G + B+ B, + P + IFI, 4)
where G represents state support (subsidies, preferen-

tial schemes); B_ represents short-term bank loans; B,
represents long-term bank loans; P represents private

investment; IFl represents funds from international fi-
nancial institutions. Structural coefficient of long-term
investment security. To assess the investment orienta-
tion of the financial system, the following indicator has
been introduced:

By
Klong = mv (5)
ifK,,,<0.3 —the system is geared towards working capital;
Koy > 04 = the system is geared towards modernisation.

According to official data from the National Bank
of the Kyrgyz Republic (2024), the share of long-term
loans is approximately 28-29%, hence Klong=0.28. This
indicates a predominance of short-term financing and
institutional constraints on innovation. To test the re-
search hypothesis regarding the influence of the cap-
ital structure on innovation activity, the Spearman
correlation coefficient was calculated between the
share of long-term lending (Kpg) @nd the volume of in-
vestment in fixed capital in agriculture for the period
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2020-2024. The calculation of Spearman’s coefficient
revealed a positive correlation (p=0.71), at a statistical
significance level of p<0.05, indicating the existence of
a robust relationship between the capital structure and
investment dynamics in the agricultural sector. The re-
sults obtained indicate a positive relationship between
the indicators under consideration, which confirms the
hypothesis regarding the importance of long-term in-
vestment capital for ensuring sustainable innovation

dynamics in the agricultural sector. A mixed financing
model was developed during the study. The model is
based on an analysis of the current structure of credit
and budgetary resources channelled into the agricul-
tural sector of the Kyrgyz Republic (National Bank of
the Kyrgyz Republic, 2024; National Statistical Commit-
tee of the Kyrgyz Republic, 2025b). A comparison of the
existing and proposed structures of funding sources is
presented in Table 2.

Table 2. A model for the mixed financing of innovation processes in agriculture in the Kyrgyz Republic

Source of funding Current share, % Recommended proportion, %
The state 15 20
Banks (short-term loans) 50 30
Banks (long-term loans) 28 35
Private equity 5 10
International financial organisations 2 5

Source: compiled by the author based on data from the National Bank of the Kyrgyz Republic (2024) and the National Statistical

Committee of the Kyrgyz Republic (2025b)

The data presented in Table 2 reveal a significant
skew in the current financing system towards short-
term bank lending, which accounts for as much as 50%.
This structure is primarily geared towards supporting
working capital and seasonal expenditure, which limits
opportunities for technological modernisation and the
introduction of innovations. The proposed model envis-
ages increasing the share of long-term loans to 35%,
expanding state participation through guarantee and
subsidy instruments to 20%, and stimulating private
investment and resources from international financial
organisations. Such diversification of funding sources
is consistent with the principles of sustainable agricul-
tural development and blended finance mechanisms
(World Bank, 2021; FAO, 2023). The optimisation func-
tion of innovation development can be represented as:

I =f(G,B, P,IFI), (6)

provided that __ /when B,>B..

The forecast values have been calculated on the
basis of the identified correlation and an expert as-
sessment of the sensitivity of investment dynamics to
changes in the share of long-term financing. In order to
identify potential trajectories for the development of
innovation processes in the agricultural sector of the
Kyrgyz Republic, expert scenario modelling was carried
out, taking into account changes in the structure of fi-
nancial resources. Three possible development scenari-
os have been identified:

1. The baseline scenario assumes that the current
financing structure will remain in place, with short-term
bank loans predominating. In this case, the average an-
nual growth rate of innovation activity is estimated to
be between 3% and 4%.

2. The moderate scenario envisages an increase
in the share of long-term bank lending to 35%, whilst

maintaining the current level of government support.
Under these conditions, projected average annual
growth could reach 5-6%.

3. This innovation scenario is based on the imple-
mentation of a comprehensive blended finance mod-
el, which includes the expansion of long-term loans,
the strengthening of government guarantees, and in-
creased participation by private capital and interna-
tional financial institutions. Under this scenario, the
expected average annual growth rate of innovation is
estimated to be in the range of 7-9%.

The scenario modelling carried out shows that a
key factor in accelerating innovation processes is an
increase in the share of long-term investment capital
within the overall financing structure. The results ob-
tained confirm the hypothesis put forward regarding
the influence of the capital’s time structure on the inno-
vation dynamics of the agricultural sector. Despite the
availability of financial resources, their predominantly
short-term nature (K, =0.28) limits the scope for tech-
nological modernisation. The identified positive corre-
lation between the share of long-term lending and the
volume of investment indicates that it is the duration of
financial instruments that determines the sustainabili-
ty of innovation activity. These findings are consistent
with the analysis by S. Borras & J. Edler (2020), which
emphasises the importance of long-term capital for the
structural modernisation of agricultural systems. Econ-
omies with emerging financial markets are character-
ised by institutional dependence on short-term bank
lending, which reduces the sector’s investment sustain-
ability. The identified institutional barrier is linked not
so much to the volume of financial resources as to their
time structure and risk-sharing mechanisms. D. Abebaw
& M.G. Haile (2013) also confirmed that participation
in agricultural cooperatives has a statistically signifi-
cant positive impact on the adoption of technologies,
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in particular the use of fertilisers and pesticides. At the
same time, this effect is heterogeneous and depends on
household characteristics, as well as on conditions of
access to resources and advisory services.

This paper proposes a long-term investment ade-
quacy ratio that enables the assessment of the financial
system’s focus on the modernisation of the sector. The
scenario modelling carried out - for the first time in
the context of the Kyrgyz Republic - allows for a quan-
titative assessment of the impact of changes in capital
structure on the pace of innovative development. The
results obtained are partly consistent with the findings
of M.A. Akudugu (2012), who emphasise the decisive
role of long-term lending in ensuring the sustainable
transformation of agrarian economies. However, unlike
their study, which focused on cross-country analysis,
this paper adapts the model to the conditions of a na-
tional financial market with limited depth. Similar con-
clusions are presented in the works of O. Radchenko et
al. (2023) and J. Barreiro-Hurle et al. (2023), where it is
demonstrated that extending the maturity of financial
instruments reduces investment risks and increases the
likelihood of technological innovation adoption. At the
same time, an institutional dependence on short-term
bank lending has been identified for the Kyrgyz Repub-
lic, which exacerbates the seasonal volatility of invest-
ment activity. In the analytical review by R. Birner et
al. (2021) emphasises the need to diversify sources of
agricultural financing and expand risk-sharing mech-
anisms. The mixed financing model developed in this
study specifies these recommendations in relation to
the capital structure of the Kyrgyz Republic and formal-
ises them in quantitative terms.

Conclusions
An analysis of trends in investment in fixed assets in
the agricultural sector of the Kyrgyz Republic for the
period 2020-2024 has revealed a high degree of vola-
tility in investment activity. Following a rise in invest-
ment in 2020-2022, a sharp decline was recorded in
2023-2024, indicating the instability of the financial
basis for the modernisation of the agricultural sector. A
structural analysis of financing revealed a marked pre-
dominance of short-term bank lending, which directs
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financial flows primarily towards covering current pro-
duction costs and the seasonal needs of the agricul-
tural sector. Long-term loans account for only 28-29%,
and the calculated long-term investment security ratio
(K\ong =0-28) indicates that the financial system is insuf-
ficiently geared towards supporting capital-intensive
investment projects with long implementation periods.
This structure limits the scope for introducing techno-
logical innovations, modernising production processes
and upgrading the material and technical base, as inno-
vative projects require stable and predictable financial
support over a long period. Furthermore, it has been es-
tablished that the existing financing model creates an
institutional gap between the needs of technological
modernisation and the actual capacity for investment
support, as short-term resources are unable to sustain
long-term innovation projects. This increases the agri-
cultural sector’s dependence on seasonal factors and
heightens its sensitivity to external economic shocks.
Scenario modelling has demonstrated that maintaining
the current financing structure limits the average an-
nual rate of innovation development to 3-4%. Increas-
ing the share of long-term lending to 35% allows the
projected rates to be raised to 5-6%, whilst the imple-
mentation of a comprehensive mixed-financing model
could raise them to 7-9% per annum. Thus, it has been
demonstrated that the key factor in the modernisation
of the agricultural sector is not so much the total vol-
ume of resources as their temporal structure and the
effectiveness of mechanisms for distributing invest-
ment risks. Prospects for further research relate to the
development of dynamic models for assessing the ef-
fectiveness of guarantee instruments, the development
of blended finance mechanisms, and the quantitative
analysis of investment risks in the agricultural sector.
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Sydykova

Anbin Yap6acblHAarbl MHHOBaUMSAJIbIK NpoLeccTepaAn KapXXbl/1oo:
Kbiprbi3 Pecny6nmKacbiHbIH Ta)Xpbln6achl

TuHaTUH CbiablKOBa

YNyK OKyTyy4y

K. N. CKpabuH aTbiHaarbl Kblprbi3 yNyTTyK arpapablK yHUBEpPCUTETU
720005, MefepoB Keu., 68, Bullkek L., Kbiprbiz Pecnybnivkacsl
https://orcid.org/0000-0001-9844-0570

AHHOTauMA. Y3aK MEeHeTTyy KanuTanra >KeTKUIUKTYYAYKTYH YeKTenreH wWapTTapbliHAA XaHa KAMMATTbIK
XKOTOpKy ancobi3gpikta Kbiprei3  PecnybnukacbiHbiH - aibln  4yapba TapMarbl WMHHOBAUMSNApAbl KUPrusyyae
WHCTUTYLUMOHANAbIK YekTeenepre ayywap 6onyyna. M3unaeeHyH MakcaTbl KapXbllo0 Ty3yMy MEHEH arpapablk
CeKTOpAOry MHHOBALMSAbIK aKTUBAYYIYKTYH AMHAaMUKACbIHBIH OPTOCYHAArbl ©3 apa bainaHblwTapAbl aHbIKTOO
XaHa caHablk 6aanoo, OWOHAONM 31e apanall KapXbi0o MOAENWH MLWTeN Ybiryy 60ayn caHanat. MNUPUKanbIK
6aza 2020-2024-xbinpapparbl pacMUin MaanbiMaTTapbl KamTblabl. MeToAoNOruanblKk HerMs 3KOHOMMUKAbIK-
CTAaTUCTMKANbIK TaNfooro, KepCceTKYYTepAy CbI3blKTyy HOpManfawTbipyyra, CaaMakTblK KO3IpdUULMEHTTepaAM
akcnepTTnk 6aanooro (n = 14) xaHa CnupMeHOMH MapaMeTpcu3 KOppensauusnbik TangooCyHa Heruspenret.
JkcnepTTUK 6aanoonopayH warikewTurn KeHaannabiH KOHKOPAALMS KOIPDULMEHTU MeHeH TacTbikTangsl (W=0,74).
N3nnpeene MHHOBALMANBIK KapXXbIMIOOHYH MHTErpaniblk MHAEKCUM CYHyWTanbin, an OrOXeTTMK KONA00HY, y3aK
MBeHBTTYY BaHKTbIK KPeAUTTeeHY, XeKe MHBECTULMSNAPAbI, 31 apablK KapXbl YIOMAAPbIHbIH KApaXXaTTapblH XKaHa
MHBECTULMANbIK TOBOKeNnanK GakTopyH KaMTbINT. Y3aK MEBHeTTYY KPeAUTTEOHYH VYWY MEHEH HErM3rM KanuTanra
MHBECTULMANAPAbIH KONIOMYHYH OPTOCYHAA CTaTUCTUKANbIK XaKTaH MaaHwyy oH 6ainaHbiw aHbikTangbl (p=0,71;
p <0,05), 6yn kanuTanabiH yO6aKbITTbIK TY3YMYHYH TapMaKTblH MHHOBALMAMbIK MOTEHLMANBIH KanbiNTaHAbIPYYAATbl
Hernsru ponyH blpacTaiT. Y3ak MeeHeTTyy KpeaAUTTeeHYH YAYWYH 35 %ra yeiinH kebenTyy eke xaHa 31 apanbik
KanuTtangpl TapTyy LEeHr33/1MHe Xapalla MHHOBALMANbIK aKTUBAYYYKTYH ©CYLUYH KaMCbl3 Kbla anaapbl KOpceTynay.
Apanawl KapXblN1OOHYH (OpManaalTbipbiiraH MOAENM ULITENUN YbIrbIM, OHYTYYHYH Y4 TpaekTopuscbl 6otoH4Ya
CLUEeHapuIIMK MOLenaewwTupyy Xyprysynay. basanbik cueHapuit Kbicka MEOHeTTYY KpeAUTTeeHYH YCTeMAYryH
cakTan, 3-4 % [eHr33MHAe eCyLITY KaMCbI3 KblfAbl; OPTOYO CLEHAPWUI MaMIEKETTUK KONA00HY CaKTOO WapTbIHAA
y3aK MeeHeTTyy KpeauTTepAuH yaywyH 35 %ra uyeiuH >oropynatbin, 5-6 % ecywTty 6omkongomy; an 3mu
MHHOBALMSANbIK CLEHAapUi pecypcTapibl KEHENTYY XKaHa XXeKe MEHEeH 31 apanblK KanuTanAblH KaTbIWyyCy MEHeH
apanall KapXblooro Hermsgenun, 7-9 % ecywTy KaMcbi3 Kbliapl

Herusru ce3gep: UHBECTUUMANBIK MEeXaHU3MAOeEp, arpapablk CeKTop; MaMNEKETTUK KO400; OeHAYPYWTY
MOAEPHU3AUMNANOO0; KpeauTTee

Bulletin of the Kyrgyz National Agrarian University, 2026, Vol. 24, No. 2 49


https://orcid.org/0000-0001-9844-0570

Financing innovative processes in agriculture...

duUHaHCMpoBaHUE MHHOBALMOHHbIX NpoLLeccoB
B CENIbCKOM X03s1McTBe Kblprbi3ckon Pecny6nmku

TuHaTUH CbiablKOBa

CTapwum npenopgasaTeb
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AHHOTaumMA. B ycnoBuax orpaHMyYeHHOro AOCTyna K AOATOCPOYHOMY KamuTany M BbICOKOM KAMMATUYECKOW
yS3BUMOCTM cenbCkoe X0391McTBO Kbiprbi3ckoi Pecnybimku cTanknBaeTcst C MUHCTUTYLMOHANbHBIMU OTPAaHUYEHNAMM
BHeLpeHus MHHOBaLUMN. Llenb nccnenoBaHms 3aknoyanach B BbISBNEHUM U KONUMYECTBEHHOM OLEHKE B3aMMOCBSI3N
MeXay CTPYKTYpOr GUHAHCMPOBAHUSA U AMHAMUKON MHHOBALIMOHHOM aKTUBHOCTM arpapHOro CEKTOpa CnocieayoLLen
pa3paboTkor Mogenu cMelaHHoro GUHaHCMpoBaHMs. dMNupuyeckas 6asa oxBaTbiBana oPuLManbHble AaHHbIE 33
2020-2024 roppl. MeTogonornyeckas KOHCTPYKLMS OCHOBAHA HAQ 3KOHOMMKO-CTAaTUCTUUECKOM aHanun3e, IMHENHON
HOpManusauum nokasaTeNiei, IKCNEepTHOW OLEeHKe BeCOBbIX KO3dduumeHToB (N = 14) U HenmapaMeTpuyeckom
KoppensumMoHHoM aHanuse CnupmeHa. CornacoBaHHOCTb 3KCMEPTHbLIX OLEHOK MOATBEPXAeHa KO3hdULMEHTOM
KoHkopaaumun Kenpganna (W=0,74). B paboTe npefnoxeH MHTErpanbHbIN MHAEKC UHHOBALMOHHOTO (QMHAHCUPOBaHMS,
BK/IHOYAOLMIA BHOIKETHYIO NOAAEPXKKY, AONTOCPOYHOE HAHKOBCKOE KpeaMTOBaHWe, YaCTHbIe MHBECTULIMU, CPEACTBA
MeXAYHapoAHbIX GUHAHCOBbIX OpraHu3aumMi M GakTop MHBECTULMOHHOIO PUCKA. YCTAaHOBNEHA CTaTUCTUYECKM
3HauMMas MOJOXMUTENbHAS B3aMMOCBSA3b MeEXAY A0NEN AOATOCPOYHOrO KpPeaAWTOBaHUS M 06bEMOM MHBECTULMMA
B OCHOBHOW kanutan (p =0,71; p <0,05), 4To NOATBEPXKAAET K/IOYEBYI POJib BPEMEHHOW CTPYKTYpbl KanuTana
B (HOPMUPOBAHUM MHHOBALMOHHOIO MOTeHUMana oTpacnu. [MokasaHo, YTO yBEMYEHME [0AM AOATOCPOYHOrO
KpeauToBaHMs 00 35 % MoxeT obecneynTb pOCT MHHOBALMOHHOWM aKTMBHOCTM B 3aBUMCMMOCTM OT YPOBHS
NMPUBJIEYEHMS YACTHOTO M MeXAyHapogHoro kanutana. PaspabotaHa gopmanu3oBaHHas MOAENb CMELUAHHOrO
(OUHAHCMPOBAHMA M NPOBEAEHO CLEeHapHOe MOAENMPOBaHWE TPex TPaeKTopuit passBuTus. basoBbii cueHapui
coxpaHan npeobnagaHve KpaTKOCPOYHOro KpeauToBaHMS M obecneymBan pocT Ha ypoBHe 3-4 %, yMepeHHbIN
npefycMaTpuBan yBelMYeHWe A0AM LONrOCPOYHbIX KPeAWTOB A0 35 % npu COXpaHEHUW rocrnoafepXKu U pocT
5-6 %, Toraa Kak MHHOBALMOHHbIA OCHOBbIBANCS HA CMELAaHHOM (GMHAHCMPOBAHWUM C pacUMPEHUEM PECYPCOB U
y4yacTveM YacTHOrO M MeXAyHapOoLHOro Kanutana, obecneymsas poct 7-9 %

KnioueBble cnoBa: WHBECTULMOHHbIE MEXaHWU3Mbl; arpaprlﬁ CEeKTOp; TrocynapCrtBeHHada nNoAAEpXKKa;
MOAEepHM3aUuna Npon3BoacTea, KpegutoBaHme
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Abstract. The conservation of mountain ecosystem biodiversity in Kyrgyzstan remains one of the priority tasks
of modern ecology and nature conservation practice amid increasing anthropogenic pressure, including year-
round livestock grazing, poaching and habitat fragmentation. The aim of the study was to analyse the results of
monitoring the snow leopard (Panthera uncia) population and associated fauna in the Turkestan Range. The work
employed remote monitoring methods using 87 Reconyx HC500 camera traps installed in a targeted manner
in Sarkent State Nature Park, Surmatash State Nature Reserve and the Leylek Forestry in 2020-2021. Camera
traps were placed along animal trails and passes at 2-3 km intervals. Individual identification was carried out by
the unique spot pattern by two independent experts. Spatial analysis of the data was performed in ArcGIS and
QGIS using a digital elevation model. As a result, 21 snow leopards were identified, including 4 cubs, confirming
successful reproduction of the local population. The species demonstrated high ecological plasticity, occupying an
altitudinal range from 1,973 to 3,993 m above sea level. A strong positive spatial correlation was revealed between
the snow leopard’s distribution and the concentration of ungulates (ibex — 120 independent events, 38% of all
records). A total of 320 independent events were recorded for 15 mammal and bird species, with ibex, Himalayan
snowcock and Tolai hare dominating. Detailed maps of animal distribution and seasonal dynamics of altitudinal
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Some monitoring studies of wild animals of the Turkestan Range

records were compiled, showing predominance in mid-and high-mountain belts. The analysis confirmed a balanced
trophic structure of the ecosystem and the presence of rare protected species (lynx, bearded vulture). The obtained
materials are of practical value for the development of snow leopard conservation measures and optimisation of
management of specially protected natural areas in the Turkestan Range

Keywords: snow leopard; camera traps; population assessment; altitudinal distribution; trophic relationships;

spatial analysis; GIS technologies

Introduction

Biodiversity conservation is one of the key objectives of
modern ecology. To assess the status and conservation
prospects of species, systematic monitoring is required
to track changes in population size and structure, as
well as to identify risk factors. Regular monitoring forms
the basis for science-based management of conserva-
tion activities (Rode et al., 2021). A distinctive feature
of the Turkestan Range is the increasing anthropogen-
ic impact associated with year-round grazing of farm
animals, poaching and habitat fragmentation. As noted
by J. Li et al. (2023), these factors lead to a reduction
in the snow leopard’s food supply and changes in its
spatial behaviour, necessitating systematic monitoring
studies in this region. Indicator species, which reflect
the state of ecosystems, are of particular importance in
such studies. Among them, the snow leopard (Panthera
uncia) occupies a special place, inhabiting high-alti-
tude areas and sitting at the top of the food pyramid. It
regulates the populations of other animals and main-
tains the balance of biodiversity. According to H. Ma et
al. (2024), its presence serves as a marker of the resil-
ience of mountain ecosystems.

In Kyrgyzstan, the snow leopard has been rec-
ognised as the country’s national symbol by a decree
of President Sadyr Zhaparov (Presidential Decree
No. 369, 2023). However, as noted by N.A. Bizhanova et
al. (2017), the snow leopard is among the least studied
large carnivores: its secretive lifestyle, the inaccessibil-
ity of its habitats and low population density signifi-
cantly complicate research into the species. According
to E.P. Kashkarov (2017), as recently as 50 years ago
there were around 1,500 snow leopards in Kyrgyzstan;
however, their numbers have now declined by approxi-
mately tenfold. During the Soviet era, the republic was
the world’s main supplier of snow leopards to zoos. Fol-
lowing independence, the situation regarding the con-
servation of the species deteriorated repeatedly: in the
Sarychat-Ertash Nature Reserve, considered one of the
best habitats for the snow leopard in Central Asia, the
species was almost completely wiped out three years
after the reserve was established, and was subsequent-
ly gradually reintroduced. Currently, in the author’s view,
threats to the snow leopard and other rare species in
Kyrgyzstan are once again on the rise.

Monitoring results depend largely on external con-
ditions. According to C.Yang et al. (2021), the presence
of farm animals makes it difficult to detect signs of

snow leopard’s activity and reduces the likelihood of
sightings, even in areas with favourable terrain and
ecology. Livestock grazing not only complicates ob-
servations but also reduces available habitats and
decreases the animals’ daytime activity. Further re-
search in Kyrgyzstan confirms that livestock grazing,
poaching and the reduction of the food supply pose
serious threats to the conservation of the species and
significantly hinder monitoring (NABU, 2025). Against
a backdrop of a shortage of natural prey, the intrusion
of domestic livestock into hunting grounds may pro-
voke attacks by predators on domestic animals. This
risks a retaliatory response from herders and poses an
additional threat to the survival of local snow leopard
populations. In recent decades, snow leopard research
has evolved significantly: from simple descriptive ob-
servations, it has moved towards comprehensive inter-
disciplinary approaches based on modern monitoring
and analysis methods (Kuzhlekov et al., 2022). Among
the technologies used, camera traps occupy a special
place. Their use has proven highly effective in study-
ing the ecology and behaviour of animals inhabiting
inaccessible and extreme environments (Dyldaev et
al., 2021). Camera traps are recognised as the primary
methodological approach for determining the spatial
distribution of the snow leopard, its population size,
and for tracking migration routes.

NABU Kyrgyzstan (2022) makes a significant con-
tribution to the study of the snow leopard by conduct-
ing wildlife monitoring studies across the country. The
organisation conducts population surveys of the snow
leopard in key areas, including the Turkestan Range.
Research into the snow leopard and its prey base in
the Turkestan Range began in 2020. According to oro-
graphic classification, the Turkestan Range forms part
of the Southern Tien Shan; it stretches for 300 km, with
a width of 10-15 km in the west and up to 30 km in
the east. The highest point is Pyramidal Peak (5,509 m
above sea level). The region is characterised by unique
natural landscapes and rich species diversity. In recent
years, the area has been actively used as year-round
pastureland, which in some cases disrupts the food
supply. Illegal hunting of wild animals remains an ad-
ditional threat to the region’s biodiversity. The aim of
this study was to analyse the results of monitoring sur-
veys of wild animals, including the snow leopard, in the
Turkestan Range.
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Materials and Methods

The research was conducted within the Sarkent State
Nature Park, the Surmatash State Nature Reserve, the
Leylek Forestry Enterprise and the adjacent areas of the
Turkestan Range. The Sarkent State Nature Park, cover-
ing an area of 40,000 hectares, is located in the Leyl-
ek district of the Batken region; the Surmatash State
Nature Reserve, covering an area of 66,194 hectares, is
located in the Kadamzhay district of the same region.
The Leylek Forestry covers mountainous forest-mead-
ow, semi-desert and high-altitude nival-glacial zones
in the south-western part of Kyrgyzstan, at altitudes
ranging from 1,500 to 4,000 metres above sea level.
Fieldwork was carried out by staff from specially pro-
tected natural areas in collaboration with specialists
from the monitoring department of the Nature and Bi-
odiversity Conservation Union (NABU) in 2020-2021, in
accordance with generally accepted wildlife monitoring
methodologies (Asykulov, 2021). The expedition in the
Turkestan Range took place from 4 to 27 July 2021.

The main tool used for remote monitoring was the
Reconyx HC500 camera trap (USA) - 87 units in total.
Between 12 and 26 September 2020, 43 camera traps
were installed within the Sarken National Park and
the Leylek Forestry; between 2 and 14 October 2020, a
further 44 devices were placed in the Surmatash State
Nature Reserve. The cameras operated in photo and vid-
eo mode with a highly sensitive motion sensor and a
1-minute interval between triggers; the design of the
devices allowed them to be used in conditions of low
temperatures and precipitation. The average installa-
tion altitude was 2,627 metres above sea level, and the
average operational period for a single camera trap was
approximately 260 days; the total number of trap-days
exceeded 22,000. The camera traps were positioned ac-
cording to a targeted principle - primarily along animal
tracks, on mountain passes, at marking points,and in ar-
eas showing signs of activity by snow leopards and un-
gulates. The deployment pattern was non-uniform (not
grid-based), due to the complex terrain and the need
to cover key habitats. The average distance between
stations was 2-3 km; one camera was installed at each
station. The total area of the study site was 475,000 ha.

An independent event was defined as the detection
of the same species with a time interval of at least 30 min-
utes between consecutive triggers. Snow leopards were
identified by the unique pattern of spots on the animal’s
body (paws, tail, flanks): an individual “photo-ID” was cre-
ated for each animal. Identification was carried out inde-
pendently by two experts; in the event of a discrepancy in
assessments,a consensus approach was used; no special-
ised software was employed. Records of ungulates and
other species were compiled using photographic data;
the relative density of groups was estimated based on
encounter frequency - the number of independent events
per 100 trap-days - as well as the activity index (the pro-
portion of species records in the total number of events).

Asykulov et al.

Once the fieldwork was completed, the data un-
derwent initial processing: sorting of photographic
material, creation of a database and organisation of
the records. For each observation, the date, time, GPS
coordinates and absolute elevation above sea level
were recorded. Spatial analysis was carried out using
ArcGIS and QGIS in the WGS 84 coordinate system
(EPSG:4326): observation points were overlaid onto
a digital elevation model (DEM) and thematic lay-
ers (hydrology, protected area boundaries, landscape
structure). Methods of visual analysis and compar-
ison of recording density were used to interpret the
spatial distribution; maps were compiled at scales of
1:150,000 and 1:400,000, also using Google Earth Pro.
The GPS positioning accuracy of the recording points
averaged #5-10 m. To analyse the seasonal dynam-
ics of the altitudinal distribution of snow leopards,
observations were organised by site and plotted on
a timeline: the X-axis represented observation dates,
the Y-axis represented recording altitude; a separate
coloured line was used for each site. All data used as
the basis for the spatial analysis were obtained from
an internal report by NABU Kyrgyzstan (2021), which is
not publicly available but is in the authors’ possession.
All fieldwork was conducted using exclusively non-in-
vasive observation methods - camera traps and visual
counts, — without trapping, tagging or any other phys-
ical contact with the animals, in accordance with the
principles of humane treatment of wildlife enshrined
in the International Union for Conservation of Nature’s
guidelines on the responsible use of wild animals for
research purposes (IUCN, 2012).

Results
Between April 2020 and February 2021, a total of 320
separate sightings of 15 species of mammals and birds
were recorded across the three study sites in the Turk-
estan Range. The spatial distribution of identified snow
leopard individuals and the locations of the monitoring
stations are shown in Figure 1.
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Figure 1. Map showing the locations of camera traps
and identified snow leopards
Source: NABU Kyrgyzstan (2021)
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The locations of the camera traps are marked on
the map with black squares. The circular symbols de-
picting a snow leopard’s head and numbers (1, 2, 3, 4,
6) indicate the uneven distribution of the animals and
the varying frequency of their detection within the
study area. On the map, the Sarkent State Nature Park
is shown on the left, and the Surmatash State Nature
Reserve on the right. In the map legend, the borders of
the Kyrgyz Republic are marked with a red line, rivers
and lakes with blue symbols, specially protected natu-
ral areas are highlighted in light green, and the study
area is shown in orange.

A total of 17 adults and 4 cubs were identified -
making a total of 21 snow leopards. Cubs were record-
ed in two areas, indicating active reproduction within
the local population. Detailed data for each individual,
including an individual identification code, the date
and time of the first recording, the area and GPS coordi-
nates, are given in Table 1. Four adult individuals have
been recorded within the Sarkent State Nature Park, in

the Kok-Zoo and Kak-Zhayloo areas. Nine individuals
were identified in the Surmatash State Nature Reserve:
two adults in the Oiterek section, three adults in Ka-
ra-Shoro, two adults and two juveniles in Ak-Zhylga;
individuals [SL-876T/H] and [SL-874/H] were recorded
simultaneously - 19 January 2021 at 16:56. In the Ley-
lek Forestry, 8 individuals were recorded: 1 adult in the
Baul section, 3 adults and 2 cubs at Ozgérush, as well
as 2 adults with ID tags [SL-1148T/H] and [SL-170T/H],
recorded simultaneously at the Toguz-Bulak site. Iden-
tification was carried out using the unique pattern of
spots on the hind paws - one of the most convenient
body parts for recognition, as the paws are most of-
ten captured in the frame when the animal crosses a
trail. The asymmetry of the pattern (the left and right
paws differ) allows for reliable differentiation between
individuals. An example of the identification of two in-
dividuals - [SL-249T/H] and [SL-651T/H] - in the Kok-
Zoo section of the Sarkent State Nature Park is shown
in Figure 2.

Table 1. Results of snow leopard surveys in the Sarkent State Nature Park,
the Surmatash State Nature Reserve and the Leylek Forestry

\ Snow leopard facts

Personal .
b2 identification number Date/time

Location, area

Altitude,

Coordinates GPS
m above sea level

Sarkent State Nature Park

1 [SL-651T/H] 11'8;’;221 Turkestan Range, the Kok Zoo section é\l:o";%iglgllz 3,993
2 [SL-249T/H] 08'322:'125920 Turkestan Range, the Kok Zoo section E:gsggégi 1,973
3 [SL-1808T/H] 14';5:'5220 Turkestan Range, the Kok Zoo section ?:0‘3;%5%%8351 3,138
4 [SL-574T/H] 24'331:'12221 Sarkent State Nature Park (Kak Zhayloo) :‘;05;9965%?115 3,464
Surmatash State Nature Reserve
5 [SL-271T/H] 27.;);:.5;)21 Turkestan I(R;:iz,i (S)Lijt:z)rek section é\l==037918916(118?é 2,569
6 [SL-105T/H] 04.;)32:.;321 Turkestan (RSaLnugkeJ,aCi)Igz;ek section E’\l:o?;ng)lgsolsi 2,702
P somw | PRI Wewmisvemosos  lweze g
8 [SL-45T/H] 21.0171:.??;) 2 the Ka ra—gﬁgﬁiszznr{;nn(gl(egra Kazyk) E'\l==03;91£;5551?>21126 2,877
? [SL-2248T/H] Zo'gg:gg 0 the Kar;:Lksfgasr;?r?gr% e(;\/Iarcha) EN==03791§;2;22 2,728
10 [SL-4186T/H] 08.(());1:.22;)21 Turkestan Ra?cgﬁ(,):jgeﬁ\‘/létz)hylga section I!\1:037927228':_,9786 2543
11 [SL-832T/H] 10.;)(;[:.5;)21 Turkestan Ra(rﬁtier,];hzialliéhylga section é\l:=03‘79270§;§162% 2,420
12 [SL-876T/H] 19.;)61:.526(3)21 Turkestan Ra?cgﬁé:jge%l;;hylga section I!\1:03792721)859786 2543
13 [SL-874/H] 19.;)61:.52221 Turkestan Ra?cgﬁ(,)rt]ereQI;tZ)hylga section I!\l:o's‘792721)859786 2543
Leylek Forestry

14 [SL-247T/H] 21.;)2:.5320 Turkestan Range, Baul (Kashka-Suu) I;\I:O?;%Z?O?)G% 3,327
15 [SL-73T/H] 25'35?:'12320 Turkestan Range, Ozgériis (Ashat) E’\l=:03;399%‘;955842 2,836
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Table 1. Continued

Snow leopard facts
No. ; dentiﬁ[::(;:grr:i:\lumber Date/time Location, area Coordinates GPS m abﬁtl:l;::'level
Leylek Forestry
16 [SL-232T/H] 25'?;’5820 Turkestan Range, Ozgdriis (Ak-Zhar) é\l:o?;996879268985 2,456
17 [SL-360T/H] 24';)19:'5820 Turkestan Range, Ozgéris (Laili) é\l:oa;%%iizg 2,513
18 [SL-1148T/H] 24'?;’5220 Turkestan Range, Ozgériis (Kyrk-Bulak) ?:03;2?32%222 2,546
19 [SL-170T/H] 24';)29:'53?20 Turkestan Range, Ozgoriis (Kyrk-Bulak) I-E\I=:03;;9968£:3992276 2,546
0 sy P00 el etk Vo
n e PP Wemmmomos G

Source: NABU Kyrgyzstan (2021)

Figure 2. Identification of snow leopards by their hind paws (Kdk-Zoo area, Sarkent State Nature Park)

Source: NABU Kyrgyzstan (2021)

The highest number of sightings occurred in Sep-
tember 2020 and January 2021. Within the daily cycle,
the morning and afternoon hours (09:00-13:00) were
predominant, indicating that the animals are primarily
active during daylight hours. The snow leopard exhibits
a wide ecological range, occupying an altitude range
from 1,973 to 3,993 m above sea level. The seasonal
dynamics of altitude records for each of the three sites
are shown in Figure 3.The Sarkent State Nature Park ex-
hibits the greatest variation in altitude - ranging from
1,973 metres above sea level (December 2020) to 3,993
metres above sea level (February 2021) - reflecting the

use of both mid-mountain and high-mountain zones.
The Surmatash State Nature Reserve is characterised
by a more stable range - 2,420-2,877 m above sea lev-
el. Within the Leylek Forestry district, observations are
concentrated mainly in the autumn of 2020 and cov-
er altitudes from 2,456 to 3,464 m a.s.l., with several
observations coinciding at the highest elevation. Over-
all, in autumn (September-October) average altitudes
(2,400-2,800 m above sea level) predominate, whereas
in winter and early spring (January-February) the range
expands in both directions. In spring (April), records are
again concentrated in the mid-mountain range.

3,993
3,4503 370 3,460 GPP Sarkent (m)
2,880 3,140
2,850 2,780 ! GPZ Surmo-Tash (m
2,730 550, 450 2,540 572,700 (m)
! 2,420 —#&— Leilek Forestry (m)
1,973 2,450
NS BN N N S T S I TN S VA
OIEOIE O S S S SO SRS B SR B A AR S A AR b 4
AT DT DT DT DT DT AT AT AT AT AT DT DT DT D AP

Figure 3. Seasonal dynamics of snow leopard recording altitudes in the Turkestan Range

Source: compiled by the authors
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An analysis of spatial distribution revealed a strong
positive correlation between the areas where snow
leopards and Siberian ibex are concentrated (qualita-
tive estimate: r=0.7-0.8): areas with a high frequency of
ungulate sightings are also characterised by increased
snow leopards’ activity. A map of wildlife sighting points

within the Sarkent State Nature Park, compiled at a
scale of 1:150,000 based on GIS analysis, clearly demon-
strates this pattern (Fig. 4). Most records occur in the
mid-mountain (1,961-2,942 m a.s.l) and high-moun-
tain (2,942-4,500 m a.s.l) altitude ranges, which cor-
respond to the main areas of ungulate concentration.

Figure 4. Wildlife observation points within the territory of the Sarkent State Nature Park

Source: NABU Kyrgyzstan (2021)

In addition to the snow leopard, camera traps have
recorded the ibex, lynx, wolf, red fox, red marmot, badg-
er, weasel, ermine, Himalayan marmot, rock partridge,

sand hare, red pika, wild boar, porcupine, bearded vul-
ture and stone marten. Summary data on encounter fre-
quency are presented in Table 2.

Table 2. Frequency of occurrences and number of independent events by type

Type Number of independent events Frequency, %
Siberian ibex 120 38
Himalayan snowcock 75 24
Sand hare 40 13
Snow leopard 20 6
Wolf 15 5
Lynx 8 3
Other types 42 11
Total 320 100

Source: compiled by the authors

The dominant presence of the mountain goat (38%
of all records) confirms that there is a sufficient food
supply for the snow leopard. High numbers were also
recorded for the Himalayan marmot and the sand hare,
which form an important part of the ecosystem’s troph-
ic structure. Predatory species - the snow leopard, wolf
and lynx - were recorded significantly less frequently,
which is consistent with their low population density
and secretive lifestyle. The presence of rare protected
species - the lynx, bearded vulture and stone marten -
confirms the ecological stability of the studied area and
the functional completeness of its food web.

The research conducted has provided a comprehen-
sive description of the spatial distribution of the snow
leopard and associated fauna within the Turkestan Range.
It has been established that the population is charac-
terised by low density and uneven distribution, broad

e

ecological flexibility, and close trophic links with ungu-
lates. The data obtained confirm the high conservation
potential of the Turkestan Range, but at the same time
highlight the need to strengthen conservation meas-
ures in the face of increasing anthropogenic pressure.

" Discussion

The data obtained on 21 identified snow leopards
across the three study sites in the Turkestan Range are
generally consistent with the results of similar mon-
itoring studies in other regions (Spitsyn, 2023). How-
ever, direct comparison of numerical indicators re-
quires caution: unlike most modern studies, this study
did not calculate population density in standardised
units (individuals/100 km?), as the camera trap de-
ployment scheme was uneven and targeted. According
to K. Suryawanshi et al. (2021), snow leopard density
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estimates obtained using the spatial capture-recapture
(SECR) method vary significantly across regions: from
0.19 individuals/100 km? in Himachal Pradesh (India)
to over 3 individuals/100 km? in several regions of Chi-
na. The lack of a standardised camera trap deployment
scheme in this study prevents the calculation of com-
parable indices; however, the detailed individual iden-
tification and the distribution maps compiled provide a
valuable basis for future SECR estimates.

The reproductive success identified in this study - 4
cubs out of 21 recorded individuals - indicates active
reproduction within the local population. These find-
ings are consistent with the results of long-term moni-
toring in the Naryn Nature Reserve (Kyrgyzstan): during
four field seasons in the Naryn Nature Reserve, at least
five adult snow leopards were identified, and through-
out the study period, reproduction was recorded in two
females - a total of five cubs and yearlings from three
litters were recorded (Rode et al., 2021). Data on re-
production are particularly important for assessing the
long-term sustainability of the population: according to
0. Johansson et al. (2020), snow leopard cubs remain
with their mother for up to 20-22 months, which means
that the minimum interval between successful litters is
at least two years.

The wide recorded altitudinal range of the spe-
cies - from 1,973 to 3,993 metres above sea level - in-
dicates its high ecological plasticity. A similar pattern
is observed in other mountain ranges of Central Asia.
The snow leopard’s seasonal movements across altitu-
dinal zones are well documented in the literature: GPS
tagging in the Mongolian Altai has shown that females’
monthly home ranges shrink in summer, whilst males
maintain a stable home range size throughout the year;
with both sexes preferring steep south-western slopes
at high altitudes during the winter (Rosenbaum et
al., 2023). The seasonal dynamics observed in this
study, in which the majority of autumn records occur
at medium altitudes (2,400-2,800 m), whilst both low
and maximum elevations are recorded in winter and
early spring, are consistent with this pattern: the snow
leopard follows the food supply and available habitats
depending on the season.

The significant positive spatial correlation identi-
fied between the distribution of the snow leopard and
the concentration of the ibex (120 independent events,
38% of records) confirms the key role of trophic factors
in shaping the spatial structure of the population. This
conclusion is supported by a wide range of studies.In a
study assessing snow leopard abundance in Himachal
Pradesh, K. Suryawanshi et al. (2021) demonstrated a
significant positive linear relationship between snow
leopard density and wild ungulate density (R?=0.51,
p = 0.01); areas with high ungulate density also ex-
hibited higher snow leopard density. A similar pat-
tern was described by S.M. Kachel et al. (2022) for the
ecosystems of the Mongolian Altai: in Tajikistan - in

Asykulov et al.

the Zorkul Nature Reserve - both snow leopards and
wolves relied heavily on long-tailed marmots during
the summer, although as the population of this spe-
cies declines in winter, trophic competition between
predators may intensify. The spatial interaction of the
snow leopard with other predators - the lynx and the
wolf - warrants separate consideration. The simulta-
neous detection of these species by camera traps on
the Turkestan Range indicates shared use of the ter-
ritory. According to S. Kachel et al. (2023), snow leop-
ards and wolves exhibit different patterns of spatial
use — snow leopards tend to favour steeper slopes and
rugged terrain compared to wolves, and it is precisely
this topographical separation of space that constitutes
the main mechanism of their coexistence. This makes
the mapping of habitats and terrain — implemented in
this study by overlaying GPS data onto a digital eleva-
tion model - a particularly valuable tool for analysing
interspecific interactions.

The presence of the bearded vulture (Gypaetus bar-
batus),a rare protected species, underscores the ecolog-
ical value of the study area. The presence of high-level
scavengers alongside an apex predator indicates the
functional completeness of the food web. Research
by J.S. Alexander et al. (2016) in the Qilian Mountains
Nature Reserve (China) showed that other large preda-
tors - the wolf, lynx, red fox - are regularly encountered,
which allows the snow leopard to be regarded as an
umbrella species, the presence of which indirectly en-
sures the protection of the entire predator community.
The high frequency of Himalayan snowcock (Tetraogal-
lus himalayensis) sightings - 75 independent records,
24% of all records - is significant from the perspective
of the snow leopard’s trophic ecology. This bird is a com-
mon component of its diet in the high-altitude ecosys-
tems of Central Asia. According to data from G.C. Chris-
tensen (2020), in the Central Asian part of its range, the
Himalayan snowcock may descend to 2,500 m in spring
to feed on young vegetation, and then return to high-
er altitudes, which chronologically correlates with the
data obtained in this study on spring sightings of the
snow leopard in the mid-mountain zone.

The data obtained confirm the status of the studied
areas of the Turkestan Range as a stable snow leopard
habitat with high reproduction rates and a functionally
complete food web. The predator’s identified associa-
tion with mountain goat populations, seasonal shifts
in altitude zones, and coexistence with other large car-
nivores are fully consistent with the species’ pan-are-
al ecological strategy as an “umbrella” taxon. Despite
methodological limitations in calculating population
density due to the specific placement of camera traps,
the detailed identification of 21 individuals and the
mapping of their home ranges form the necessary ba-
sis for transitioning to standardised monitoring using
the SECR method. This will enable the results of re-
search on the Turkestan Range to be integrated into
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global assessments of the status of snow leopard pop-
ulations in Central Asia.

Conclusions

The study confirmed the key role of systematic monitor-
ing in the conservation of biodiversity in Kyrgyzstan’s
mountain ecosystems. Using the Turkestan Range as
a case study, it demonstrated the high effectiveness
of remote monitoring methods - particularly camera
traps - in studying the snow leopard and associated
fauna. Compared to traditional approaches (record-
ing based on signs of activity), this method provides
more reliable results, requires less labour and has no
negative impact on the animals, although the specif-
ic features of the terrain and natural conditions must
be taken into account when applying it. In 2020-2021,
87 camera traps were installed in the territories of the
Sarkent State Nature Park, the Surmatash State Nature
Reserve and the Leylek Forestry, and field research and
mapping were carried out.As a result, 21 snow leopards
(17 adults and 4 cubs) were identified, indicating repro-
duction and the relative stability of the population. The
use of a unique pattern recognition method enabled
the creation of “photo-IDs” for the animals, providing a
basis for their further monitoring.

An analysis of altitude distribution (1,973-3,993 m
above sea level) revealed the species’ ecological plas-
ticity and its adaptation to seasonal changes and the
availability of prey. Spatial analysis confirmed the link
between the snow leopard’s range and the distribution
of its prey, as well as overlaps with the ranges of the
lynx and the wolf. During the studies, 16 animal spe-
cies were recorded, including two listed in the Red Data
Book, which underscores the importance of conserving
this ecosystem. The photo databases and distribution
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Mangbl b1 600 XKaMbITTO0, HPaKOHbEPMK XKaHA XKALOO0 YeMPenepyHYH GparMeHTaumMsaChbl CbiISKTYY aHTPOMNOreHanK
dakTopnop Kyy anyypa. M3mnpeeHyH MakcaTbl TypKCTaH Kblpka TOOCyHAA akK wunbupctuH (Panthera uncia)
NoNyNALMACbIHBIH aHa aHbl KOWTOrOH dayHaHblH MOHUTOPUHIUHUH XbIAbIHTBIKTAPbIH Tangoo 60roH. XymywTa
2020-2021-xbingapbl “CapkeHT” MaMNeKeTTMK XapaTtbiibi napkbiHaa, “Cypme-Taw” MaMNeKeTTMK KopyryHaa
XaHa Jlerinek Tokow yapbacbiHga 87 Reconyx HC500 dhoToTy3ak OpHOTY/raH apanblkTaH MOHUTOPUHT bIKManapbl
KonpoHynraH. @oToTy3akTap xaHbl6apnapAbliH U3fepy 60t0HYA 2-3 KM apanblKTa MaKcaTTyy XanrawTbipbliaraH. XXeke
NOEHTUOUKALMA TaKTapAblH YHUKANAyy yarycy 60toHYa 3KM Ke3 KapaHAbICbi3 3KCMepT TapabblHaH XXYPry3ynreH.
MaanbimMaTTapabl MeWknHamk Tangoo ArcGIS xaHa QGIS nporpamMManapbiHaa penbedTUH CaHapUNTUMK MOLENWH
KONAOHYY MEeHeH aTkapbiiraH. M3aungee ydypyHaa 21 ak unbupc aHbIKTanraH, aHblH MuuHoe 4 6anacel - 6yn
XEePrununkTyy NonynsiumaHbiH K6OeMyLWYH TacTbIKTaUT. Typ XKOropKy 3KOMOTMUAMbIK NAACTUKANYYNYKTY KOPCOTKOH:
OEeHM3 aeHraanMHeH 1973 metpaeH 3993 MeTpre 4YeWnHKM OUMWMKTMK OMana3oHyHAa >kawanT. XKblpTKbIYTbIH
MeNKMHAMK Xanrawyycy MeHeH Too TekenepuHuH (120 okys, 38 %) TONTOPYHYH TbirbI3AbIrbIHbIH OPTOCYHAA KYUTYY
OH, KOppensaums aHbikTanraH. 15 Typ cyT aMyyuy KaHa KaHatTyynap 6otoH4Ya 320 Ke3 KapaHAbICbi3 OKys KATTaaraH;
H6acbiMayynyk TOO TeKeCu, ruManan ynapbl )xaHa Kymayk koeHao. XXaHbibapnapabiH 6enywtypynyLy xKaHa OUMUKTUK
durKcauMaNapbIHbIH CE30HAYK AMHAMMUKACBIHbIH AeTanayy KapTanapbl TY3yareH. Tanfoo 3KOCUMCTEMAHbIH TYPYKTYy
TpoduKanbik Ty3yMyH >xaHa Kbi3bln KMTENKe KMpreH cenpek Typnepay (cyneecyH, 6ypkyT-6opogady) bipacTaraH.
AnbiHraH Matepuangap ak unbupcTM CakToO YapanapbiH MLITEN YbIryy >XaHa TYpKCTaH KblpKa TOOCYHYH 63reye
KOProslyyyy »apaTbliblll aiMaKTapblH 6allkapyyHy ONTUManaWwTbipyy YYYH NPAKTUKAbIK MaaHure 33

Herusrn cespep: ak unbupc; doToTysakTap; nonynsauusHbl 6aanoo; OMIAMKTMK 6oloH4Ya BenyTypynyL;
TpoduKanbik 6annaHbiLTap; MelkMHAMK Tannoo; M’MC-TtexHonorusanap
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AHHoTauua. CoxpaHeHne bMopa3Ho06pa3ns ropHbix 3kocucTeM Kbiprbi3cTaHa OCTAeTCs OLHOM U3 MPUOPUTETHbIX
33,4 COBPEMEHHOW 3KONOrMM M NMPUPOLOOXPAHHONM NPAKTUKU B YCIOBUAX YCUIMBAIOLLErOCS aHTPOMOreHHOro
[ABNEHMS, CBA3AHHOMO C KPYrOroAMYHbIM BbIMACOM CKOTa, OpPaKOHbEPCTBOM M parMeHTaumnen MectoobuTaHui.
Llenbto mnccnenoBaHug 6bin aHanu3 pe3ynbTaTOB MOHUTOPWMHIA MOMyAsiLuMKM CHeXHoro 6apca (Panthera uncia) w
conyTcTBytowen dayHbl Ha TeppuTopun TypkecTaHckoro xpebTa. B pabote npuMeHeHbl MeTOAbl AUCTAHLMOHHOMO
MOHMTOPUHra C ucnonb3oBaHmem 87 dotonosylwek moaenu Reconyx HC500, yctaHOBNEHHbIX LenesbiM 06pa3om
B [ocynapcTBeHHOM npupogHoM napke «CapkeHT», [ocyaapCTBEHHOM NpUpPoAHOM 3anoBegHuke «Cypme-Taw»
n Jlennekckom necHom xo3sgaincrtee B 2020-2021 ropax. MOTONOBYLIKM pa3MeLLanucb No C1eAaM KMBOTHBIX Ha
Tponax u nepeBanax C MHTEPBANOM 2-3 KM. MaeHTudumKauma ocobert NpoBoaMaach No YHUKANbHOMY PUCYHKY
ngaTeH [ABYMSI HE3aBMCMMbIMM 3KcnepTamu. [TpOCTPaHCTBEHHbIV aHanM3 [aHHbIX BbIMOJHANCS B MporpamMmmax
ArcGIS n QGIS c HanoxeHneM Ha uMdpoByO Moaenb penbeda. B pesynbtate 66110 naeHTMdMLUMpPOBaHO 21 0cobb
CHexHoro bapca, BktoYas 4 peTeHbiwa, YTO NOATBEPAMAO YCNeELWHOe BOCNPOM3BOACTBO IOKANbHOM NOMyAALMM.
Bua nponeMOHCTpMpOBan BbICOKYH 3KONOMMYECKYK MAAaCTUYHOCTb, 3aHMMAs BbICOTHbIM AMana3oH ot 1973 po
3993 M Haf ypoBHeM Mops. BbisiBneHa BblpaKeHHas MONOXMTENIbHAs MPOCTPAHCTBEHHAs KOppenaums Mexay
pacnpeneneHmMeM XMLLHMKA U KOHLEHTpaLMen KONbITHbIX (FOpHbIn kKo3en — 120 He3aBUCHMbIX CobbITUI, 38 % BCeX
peructpaumi). 3adukcupoBaHo 320 He3aBMUCUMbIX COBbITMIA MO 15 BUAaM MNEeKOMUTaLWMX U NTUL,; LOMUHUPOBANU
rOpHbIM KO3en, rMMananckuin ynap v 3aau-necyaHunk. CoctaBneHbl feTanbHble KapTbl pacnpeaeneHus XXMBOTHbIX U
CE30HHOM AMHAMMKM BbICOTHbIX PUKCALMIA, MOKa3aBluMe npeobnafaHne perucTpauuin B cpefiHe- U BbICOKOTOPHbIX
nosicax. AHanu3 NoATBEPAMA YCTONUMBYH TPODUYECKYHD CTPYKTYPY SKOCUCTEMBI M NMPUCYTCTBUE PEAKUX OXPAHSEMbIX
BMAOB (pbiCb, 6opoaay). lonyyeHHble MaTepuanbl NPeACTaBAST MPAKTUYECKY LEHHOCTb AN pa3paboTku
Mep OXpaHbl CHEXHOro 6apca v oNTMMM3ALMM yrpaBAeHUs 0CO60 OXpaHSeMbIMU NPUPOAHLIMU TEPPUTOPUAMM
TypkecTaHckoro xpe6Ta

KnioueBble cnoBa: CHeXHbli 6apc; GOTONOBYWKM; MNOMYNSUMOHHAS OLEHKA; BbICOTHOE pacnpeneneHue;
Tpoduryeckme CBSA3M; NPOCTPAHCTBEHHbIN aHanus; MTMC-TexHonornm
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Abstract. Trials and the introduction of saffron (Crocus sativus L.) were carried out between 2021 and 2025 with
a view to diversifying agricultural production. Saffron is a new crop for Kyrgyzstan and is grown for its stigmas,
which are a valuable export-oriented product. The aim of the study was to investigate the structure of the saffron
flower, as well as the dynamics of flowering depending on meteorological conditions and agronomic practices
(types of mulching). The trials were established in the collection nursery of the Kyrgyz National Agrarian University
and on the fields of the “Dyikan” farm. Morphological assessment of the plants was carried out on plots arranged
in triplicate. The height and number of leaves per plant, the degree of their overwintering, and the number of
flowers were taken into account. Statistical processing and visualisation of the meteorological data and flowering
productivity data were performed using MS Excel. The results of the trials showed that saffron flowering occurs on
bright sunny days, whereas on rainy or overcast days, the flowers do not open. The duration of the flowering phase
ranged from 15 to 30 days, depending on the ambient temperature. This phase was shortest in the year of planting
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(up to 15 days) and relatively longer in the third year of vegetation. The peak of flowering occurred between
mid- and late October. Winter covering (mulching) of the saffron plants had a beneficial effect on generative
processes, increasing the number of flowers. All types of mulching contributed to more intensive flowering. A
significant difference (p €0.04 for the average number of flowers per plot over 5 years) was found when covering
with compost (374), transparent film (419), and paper (533) compared to the control (217). Thus, the main factors
positively influencing saffron yield are the formation of a greater number of leaves and intensive flowering of the
plants when using mulching materials (paper, film, and compost)

Keywords: introduction; temperature; precipitation; mulching; atrophy

Introduction

Since the 2000s in Uzbekistan and Tajikistan, and from
2021 onwards for the first time in Kyrgyzstan, research
into saffron has begun on experimental fields. The re-
sults of this study will be the first regarding the adap-
tation of this new crop for Kyrgyzstan. Saffron (Crocus
sativus L.) belongs to the large iris family. According to
A. Zar (2024), it has been cultivated in the Middle East
and Mediterranean countries since the Late Bronze Age.
Saffron is grown for its stigmas, which are used as a
spice in various dishes. As noted by A. Lambrianidou et
al. (2021) noted, saffron possesses a wide range of bi-
ologically active properties, including antimicrobial,
antioxidant and antitumour effects, which makes it
promising not only as a spice and aromatic crop but also
as a valuable raw material for the pharmaceutical and
functional food industries. According to L. Cardone et
al. (2020), it is one of the most expensive commercial
crops in the world, which is why it is called “red gold”
S.Sharma & D.Kumar (2022) stated that saffron stigmas
are known as the most expensive spice in the world and
for their benefits to human health. The price of 1 kg of
stigmas ranges from USD 600 to USD 1,000. The high
cost and demand for this golden spice are prompting the
scientific community to make efforts towards its large-
scale production.According to the article by D. Kothari et
al. (2021), more than 418 tonnes of saffron were pro-
duced annually worldwide across the following areas: in
[ran - 108,000 ha, in Afghanistan - 7,557 ha, in India -
3,674 ha, in Greece - 1,000 ha, in Morocco - 850 ha, in
Spain - 150 ha, in Italy - 70 ha, and in France - 37 ha,
and in small quantities in Central Asian countries.

According to H.Sahabi & F.Moallem Banhangi (2021),
the growth, development and yield of saffron depend on
climatic factors, specifically average and maximum tem-
peratures. H. Eslamia et al. (2024) claimed that in Iran,
irrigation following dormancy accelerates and prolongs
flowering by 13.5 to 16 days and increases the dry stig-
ma yield of saffron to 7.08 kg/ha. The results of experi-
ments by S. Sudhakar et al. (2025) in India showed that
high-altitude regions promote the formation of a large
number of flowers and an increase in dry stigma yield.
Saffron has significant potential for successful cultiva-
tion, contributing to the diversification of high-value
crops in mountain ecosystems. Modelling by A. Kumar et
al.(2022) showed that the main environmental variables

influencing the adaptation, cultivation and yield of saf-
fron in non-traditional locations and mountainous re-
gions are precipitation and temperature. In Kyrgyzstan,
there has been no previous research or experience in
saffron cultivation, so all aspects of growing this crop
are important. Since the start of the experiments, the
main focus has been on the flowering stage. Based on
the above, it can be noted that the flowering stage re-
mains poorly studied, including flower structure, flower-
ing dynamics depending on various climatic conditions
and agronomic practices (types of mulching, flowering
dynamics, etc.). The aim of the study was to assess the
influence of meteorological conditions and various
types of mulching on the flowering characteristics and
productivity of saffron in the Chiy Valley of Kyrgyzstan.

Materials and Methods
The study design corresponded to a single-factor field
experiment with three replicates, in which the main
factor under investigation was the type of winter cov-
er (mulching) for saffron plants. The experimental tri-
als were established at the collection nursery of the
Kyrgyz National Agrarian University and on the prem-
ises of the “Dyikan” farm. All observations and records
were carried out in accordance with the methods and
rules established and approved by the Kyrgyz National
Agrarian University. The plot was situated on northern
ordinary chernozems at an altitude of 803 metres above
sea level. A HANNA HI2002-02 pH meter was used to
determine the soil pH, which ranged from 7.5 to 8.0.The
humus content was 2.5-2.7% in the topsoil and 0.7-1.3%
in the subsoil, as determined using the Tyurin method.
The previous crop was winter wheat. The saffron vari-
ety ‘Mancha’ was the subject of the study; one of the
high-yielding varieties, it was obtained from the compa-
ny Guerrero Munoz-Dalf6é Pagés, Spain. On 21 Septem-
ber 2021, saffron was planted in the Chiiy Valley. In each
plot, 8 rows of saffron were planted with a row spacing
of 45 cm to a depth of 10 cm. The plot area was 25 m2.
All observations were carried out in the afternoon on
20 marked plants across all experimental treatments,
with three replicates. There were 30 plants per m2 The
experimental design included four plot treatments:
1) uncovered (control);
2) covered with compost;
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3) covered with polyethylene film;

4) covered with two layers of kraft paper.

The number of leaves per plant, plant height, the
degree of spring overwintering, and the number of
flowers per plot were recorded. The degree of overwin-
tering was determined by counting plants in rows 2, 4
and 6; 1-metre-long stakes were fixed in each row, and
the number of plants before and after overwintering
was counted along this section. Flower dissection was
carried out according to the method of P. Mahmoudi et
al. (2025) using medical tweezers and a scalpel man-
ufactured in Russia. A Soptop SZN71 microscope was
used to study the structure of the stamens and pollen
grains. During the full flowering phase, flower dissec-
tion and organ identification were carried out (Fig. 1).

Figure 1. Mature flower
Source: authors’ photo

Figure 1 illustrates the main morphological or-
gans of saffron, including the corolla, stigmas, stamens,
style, and leaves. Weeds in the plots were removed me-
chanically. Irrigation was carried out manually along

furrows using water from the canal. Annually, the first
irrigation took place on 1 September with an irrigation
rate of 500 m?/ha, and the second irrigation followed on
15 September at the same rate. To cover the plants, a
two-layer polyethylene film of the M 40 pm x 3 x 100 ym
grade and two-layer A’ grade kraft paper with good
thermal insulation properties were used. Compost was
prepared from fallen leaves from the apple orchard in
a concrete pit. The plants were covered when average
daily air temperatures turned below zero in November.
Flower stigmas were collected by hand using medical
tweezers. Stigmas of a dark burgundy colour, without a
white base, are considered to be of high quality. A com-
parative analysis of the average monthly temperature
from June to September (diapause) was used to stim-
ulate flowering in October; a gradual transition during
the summer is required: ~30°C (2-3 weeks) - ~25°C
(1-2 months) = 15-20°C (flowering stage) according to
the method of Z. Wang et al. (2021). MS Excel was used
to process statistical data and create charts. A one-way
analysis of variance (ANOVA) was used to examine the
effect of mulch. The significance level for the 5-year av-
erage flower count was determined at p <€ 0.04. A cor-
relation analysis (Pearson’s correlation coefficient) was
conducted to determine the linear relationship between
air temperature and the number of flowers. The study
was conducted in accordance with the ethical principles
set out in the Convention on Biological Diversity (1992).

Results and Discussion
The results of the observations revealed the following
phases of saffron: emergence, budding and flowering.
The duration of these phases was within one month.
The saffron flower consisted of six bright purple petals,
with clearly visible longitudinal veins (Fig. 2).

Figure 2. Developmental stages and main parts of the flower
Note: a - germination stage; b - budding stage; c - flowering stage; d - flowering shoot; e — main parts of the flower; f - a fly
(Episyrphus balteatus) on the flower
Source: authors’ photo
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Germination occurs 8-10 days after planting the
bulbs. The budding phase begins 5-7 days after ger-
mination. The flowering phase of an individual flower
lasted 5-6 days on average. When the flower opens,
the three stigmas are arranged vertically in a single
column within the flower. As the petals open fully, the
stigmas spread apart and droop downwards in a helio-
centric manner. The flowering shoot consists of leaves
and flower stalks. At the base of the flower, the stigma
forms a column, with three stamens arranged around
it. The flower consists of six petals, three stigmas and
three stamens. The stamens are bright yellow and

Aly et al.

elongated-elliptical in shape. The stigmas are bur-
gundy in colour with a slight thickening at the apex
and are covered in a sticky liquid. The petals retain
their bright colour for 4-5 days and then wilt, turning
a pale blue. The saffron flower is pollinated by vari-
ous groups of pollinators, the most common of which
are hymenopteran and lepidopteran insects. As bright
sunlight becomes available, the pollen sacs open, and
the pollen falls onto the petals and is visible to the
naked eye. The opening of the stamens begins at the
base, and the pollen grains fall onto the base of the
flower’s corolla (Fig. 3).

Figure 3. Flower stamens and pollen grains
Note: a - flower and pollen on the petals; b - base of an open anther; c — upper part of an open anther; d - pollen grains

Source: authors’ photo

The opening of the pollen sacs begins after the
bright rays of the sun have set, which can be seen as a
yellow layer at the base of the petals on the inner side.
The anther begins to open from its base, with faint
cracks. The upper part of the anther opens with the
formation of large cracks, accompanied by a profuse
release of pollen grains from the anther. The pollen
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grains are bright yellow in colour, spherical in shape,
and show no obvious surface deformities. Most plants
complete their growing season in autumn, whereas for
saffron, flowering is only just beginning. Purple flow-
ers emerge from the bulbs. In 2021, it took approx-
imately one month from the date of planting to the
start of flowering (Fig. 4).
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Figure 4. Flowering dynamics of saffron from 2021 to 2025

Source: compiled by the authors
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During this period, the bulbs become fully es-
tablished and shoots emerge above the soil surface,
leading to flowering. It should be noted that, in the
plants’ first year, they were covered with protective
materials after flowering to protect them over win-
ter. There was no difference in the onset of flowering
across all variants. Flowering peaked between 24 and
27 October. Upon completion of the flowering phase,
the transition to winter dormancy began on 2 No-
vember. In 2022, flowering began two weeks earlier
than in the year of planting. In the variants covered
with plastic film and paper, mass flowering began two
weeks earlier than in the control. The first flowering
peak in the paper-covered treatment occurred on 11
October, five days after flowering began. Five days lat-
er, on 16 October, a second peak was observed, with
30 flowers appearing per day. In the other treatments,
maximum flowering occurred 10 days after the start
of flowering. Plants covered with compost and plastic
film stood out for their large number of flowers, pro-
ducing up to 37-38 flowers per day. A decline in flow-
ering was observed between 15 and 21 October; on
22 October, flowering ceased due to rain, and the end
of flowering was noted on 24 October. The duration of
the flowering phase in the Chiy Valley of Kyrgyzstan
was 20 days. According to A. Khaliq et al. (2024), the
duration of flowering in Pakistan was 17 days, and in
I[ran — 16 days, according to H. Eslamia et al. (2024).
In the Chiy Valley, the duration of saffron flowering
was longer than in traditional growing countries due
to temperature conditions and the mountainous cli-
mate. H. Farrokhi et al. (2021) noted that the duration
of the flowering period depends on environmental
and climatic conditions; as summer maximum tem-
peratures increase, the number of flowers and stigma
yield decrease. O. Mykhailenko et al. (2020) reported
that in the lowland regions of Ukraine, the best saffron
yield was obtained in the Kherson region, amounting
to 4 kg/ha of dry stigmas. Meanwhile, in Iran, according
to H. Pirasteh-Anosheh et al. (2023), optimal growing
conditions and a sufficient number of warm, sunny
days in spring had a positive impact on the subse-
quent flowering season and on yield, which amounted
to 20.8 kg/ha. M. Beyrouthy (2023) calculated that each
saffron flower produces three stigmas and, according
to his estimate, an average of 150,000 flowers are re-
quired to obtain 1 kg of dry saffron stigmas. In 2023,
between 15 and 19 October, due to rainy weather, the

number of flowers was minimal across all treatments.
From 20 October, flowering accelerated, reaching up
to 30 flowers per plot in the plastic-covered treatment.
The highest flowering productivity was recorded on 24
October at 100 flowers per plot in the plastic-covered
treatment, followed by the compost-covered and pa-
per-covered treatments. The lowest saffron flowering
productivity was observed in the uncovered variant. A
second flush of flowering in all variants occurred be-
tween 28 and 30 October. The flowering phase lasted
one month, until 16 November.

In 2024, the flowering phase began, as in the pre-
vious year, on 13 October. Flowering proceeded slowly
and continued until the end of October. From November,
peak flowering was observed in all the variants stud-
ied. The maximum number of flowers (1,881 per plot in
2024) was observed in the variant covered with paper.
During the overwintering period and subsequently the
dormant phase, plants under artificial coverings expe-
rienced a favourable combination of light and temper-
ature conditions, which contributed to an increase in
flowering shoots. The lowest number of flowers was re-
corded in the control treatment. Rainy weather in ear-
ly November had an inhibitory effect on the flowering
process. The flowering phase lasted 28 days and contin-
ued until 15 November, as in the previous year. In 2025,
the flowering phase began on 23 October, somewhat
later than in previous years of observation. The delay
in flowering was due to rainy weather, during which
the flowers do not open. As in previous years of ob-
servation, a large number of flowers were noted in the
covered plots, with the exception of the paper-covered
plot compared to the control. It is possible that in the
previous year, following abundant (maximum) flower-
ing, insufficient nutrition and overwintering conditions
during the fourth year of life affected the biological
processes of flower formation. Overall, the duration of
the flowering phase in 2025 was 24 days. The statistical
data are presented in Table 1. Based on the cumulative
data presented in Table 1, the 5-year average number of
flowers per plot demonstrated a statistically significant
increase in all mulched variants compared to the con-
trol. The highest productivity was observed in the plot
covered with kraft paper, yielding an average of 533
flowers. The variants covered with transparent film and
compost produced 419 and 374 flowers, respectively,
whereas the uncovered control plot showed the lowest
productivity with an average of 217 flowers.

Table 1. Number of flowers formed, depending on cover by year

Year/Indicator No cover Compost Plastic film Paper
2021 total from the plot, pcs. 91 85 81 76
per plant, pcs. 2.2 2.07 1.98 1.85
SD 13.60 13.47 13.25 +3.49
SE +0.56 +0.54 +0.51 +0.55
2022 total from the plot, pcs. 213 268 319 260
per plant, pcs. 5.20 6.54 7.78 6.34
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Table 1. Continued

Year/Indicator No cover Compost Plastic film Paper
SD 8.16 10.48 11.77 10.03
SE 1.27 1.64 1.84 1.57
2023 total from the plot, pcs. 219 390 518 287
per plant, pcs. 5.34 9.51 12.63 7.00
SD 8.86 17.83 22.18 12.16
SE 1.38 2.78 3.46 1.90
2024 total from the plot, pcs. 324 730 711 1,881
per plant, pcs. 7.90 17.80 17.34 45.88
SD 14.68 35.73 30.72 93.54
SE 2.29 5.58 4.80 14.61
2025 total from the plot, pcs. 239 397 466 161
per plant, pcs. 5.83 9.68 11.37 3.93
SD 10.15 19.54 23.04 7.93
SE 1.58 3.05 3.60 1.24
Total for 5 years, units 1,086 1,870 2095 2,665
per plant over 5 years, pcs. 5.29 9.12 10.22 13
5-year average per plot, pcs. 217 374 419 533

Source: compiled by the authors

Table 1 shows that all mulching methods result-
ed in a higher number of flowers compared with the
control (without cover). There is a significant difference
between the use of covering materials as mulch and

the control (p € 0.04). Table 2 presents the results of
an analysis of the relationship between air temperature
and the intensity of saffron flower formation in differ-
ent years of the study.

Table 2. Correlation between air temperature and the number of flowers during flowering by year (R?)

| Indicators | 2022 2023 2024 2025 |
Without cover 0.44 0.14 0.16 0.17
Compost 0.53 0.12 0.18 0.19
Film 0.56 0.11 0.17 0.15
Paper 0.50 0.12 0.20 0.01

Source: compiled by the authors

The data in Table 2 indicate that there is a moderate
and significant correlation (44-56%) between the sec-
ond year of the saffron plant’s life, air temperature and
the number of flowers, and that the number of flowers
is influenced by other factors. In the third, fourth and
fifth years of the plants’ life, the correlation remains
positive but insignificant. This is explained by the fact
that as the plants age, the size of the bulbs increases
and new daughter bulbs appear, thereby increasing the
number of flowers. At the same time, the coefficient
of determination was higher in the variants covered
with compost and plastic film, which create favourable
conditions during the plants’ winter growth. The data
obtained show that the ‘Mancha’ variety, of the Span-
ish ecotype, possesses good productive characteristics.
Experiments conducted by K. Erden (2025) in the Har-
ran province of Turkey showed that the highest-quali-
ty stigmas were obtained from the Greek ecotype of
saffron, whilst the highest stigma yield was obtained
from the Spanish ecotype of saffron under the condi-
tions of south-eastern Anatolia. Tests on the Indian
ecotype of saffron yielded low yields and quality com-
pared to the Greek and Spanish ecotypes. Experiments

by S. Sudhakar et al. (2025) in India revealed significant
differences between locations, with Kantalur-Perumalai
showing the highest flower density, yield of fresh flow-
ers and dry stigmas, which is explained by favourable
temperature conditions, altitude and soil characteris-
tics and contributes to the diversification of high-val-
ue crops in mountain ecosystems. A. Khaliq et al. (2024)
demonstrated that in Pakistan, the maximum number of
flowers (1.35 per plant) was recorded at the Haigala site
at a temperature of 26°C. In autumn, it took 30 days for
flowering to begin at the Alisojal site, and the flowering
period lasted 17 days. According to Z.Wang et al. (2021),
the following principles of saffron cultivation apply: a
two-stage method of saffron cultivation; saffron flowers
best when warm, moderate and cool temperatures al-
ternate; high temperatures during the dormancy period
are necessary for the onset of saffron flowering; optimal
temperatures promote early flower formation and short-
en the flowering period. The influence of mulch types
and meteorological factors on saffron flowering. Studies
were also conducted to investigate the relationship be-
tween the flowering phase and meteorological indica-
tors such as air temperature and precipitation (Fig. 5).
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Figure 5. The onset of saffron flowering depending on the type of cover by year

Source: compiled by the authors

No use of mulch is observed at the time of the first
saffron flower’s emergence; the first flowers appear in
October across all plots, with a variation of up to two
days. An analysis of monthly average temperatures and
precipitation in the Chiiy Valley for the period 2021-2025

allows an assessment of the conditions for saffron
cultivation, based on the incubation temperature re-
gime proposed by Z. Wang et al. (2021). Temperature
conditions (monthly averages) during the diapause and
flowering periods of saffron are shown in Table 3.

Table 3. Average monthly temperature conditions during saffron dormancy and flowering

June Jul August  October Average temperature
Year . o v ,g o during dormancy The effect of temperature on plant development
Q) () (°Q) (°C) I
and flowering (°C)
30 30 25 15-20 Model by Z. Wang et al. (2021)
Unfavourable: temperatures too low for initiation
2021 17.6 212 18.4 14.5 17.93 (below 25-30°C)
2022 178 19.9 16.4 151 1730 Unfavourable: risk of daughter bulb atroth and reduced flower
count due to cool temperatures during dormancy
26.6 Optimal: temperatures in July-August (25-26°C)
2023 | 25.8 249 18.4 23.93 and September (18.4°C) are close to the ideal pattern
2024 25.6 265 26.2 172 73.88 Favourable: steady vs./arr'fung in summer
and a gradual decline in September
2025 26.4 281 5.7 96 2245 Risky: high summer temperatures are favourable,

but a sharp drop in September to 9.6°C could halt development

Source: compiled by the authors based on data from Kyrgyzhydromet (n.d.), Bishkek

The data in Table 3 show that conditions during
the period 2023-2025 were favourable and better align
with the model proposed by Z. Wang et al. (2021) (high
summer temperatures stimulate bud set). In 2021-
2022, temperatures were relatively low for effective
shoot and root system development. Thus, the model
proposed by Z. Wang et al. (2021) does not fully corre-
spond to the actual temperature conditions and flower
formation. This is due to the need for further research
in various regions of Kyrgyzstan. Other researchers be-
lieve that the optimal temperature for shoot growth
(23-25°C) was also optimal for flower bud formation
(Molina et al., 2004). In studies, the optimal temper-
ature for the diapause and initiation of saffron flow-
ering was 25-27°C. The results of studies by A. Khal-
iq et al. (2024) in Pakistan showed that the maximum
number of flowers (1.35 per plant), fresh flower weight
(29.03 mg/plant), stigma length (1.21 cm), fresh stig-
ma weight (8.97 mg/plant) and stigma yield (8.60 mg/
pot) were recorded at the Haigala site (loamy soil) at
a temperature of 26°C. Z. Wang et al. (2021) reported
that unsuitable incubation temperatures, such as a
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constant temperature of 15°Cor 25°C, lead to a failure
to flower, interruption of flowering and atrophy, respec-
tively. Consequently, incubation of tubers at a higher
temperature (around 30°C) for 2-3 weeks, followed
by transfer to a suitable temperature (around 25°C)
for 1-2 months and, finally, transfer to a lower tem-
perature (around 15-20°C) for flowering, constitutes a
suitable temperature regime for stimulating flowering,
resulting in saffron entering the full flowering stage in
early October. Research by D. Gao et al. (2023) showed
that the number of flowers, the proportion of daily
flowering, and dry weight were significantly correlat-
ed (p £0.01) with the total daily integral of sunlight
intensity. According to K. Kour et al. (2022), corm size
has the greatest influence on saffron growth. In per-
centage terms, the priority of corm size as a variable
is 34%, followed by water availability (27%), as well as
temperature and mineral nutrients (24% and 17% re-
spectively). In this regard, Table 4 presents the results
of an analysis of meteorological conditions during the
dormancy period and factors contributing to the initia-
tion of saffron flowering.
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Table 4. Precipitation, mm

‘ Month Year
\ 2021 \ 2022 \ 2023 2024 2025
January 14.4 17 29.8 25 25
February 33.3 20.7 42.2 29 94
March 69.1 112.7 91.2 110 59
April 335 65.4 53.1 27 93
May 38 128.6 18.9 8 61
June 28 32.3 2.8 11 19
July 27.6 39.8 17.4 9 5
August 19.1 23.4 19.2 6 1
September 1.8 1.7 24.3 23 18
October 46.7 44.8 38.9 55 20
November 33.7 58.5 64.5 38 21
December 15.3 17.1 60.3 29 51
Total precipitation 360.5 562 462.6 370 467

Source: compiled by the authors based on data from Kyrgyzhydromet (n.d.), Bishkek

The data in Table 4 show that September 2021 was
extremely dry (1.8 mm), which, combined with cooler
temperatures, may have delayed the start of the growing
season, despite moderate rainfall in October (46.7 mm).
2022:averywet November (58.5 mm) following a dry au-
tumn may have promoted leaf growth, but not flowering
itself. In 2023, balanced rainfall (September 24.3 mm,
October 38.9 mm, November 64.5 mm) created the best
conditions for soil moisture during the flowering period.
In 2024, October was the wettest (55 mm), which was
favourable for the active flowering phase that began af-
ter a warm summer.In 2025, there was a moisture deficit
in October (20 mm) and rainfall in November (21 mm)
compared to previous years, which caused a delay in the
start and end of flowering. Meanwhile, Iranian research-
ers H. Sahabi & F. Moallem Banhangi (2021) noted that
in the provinces of Khorasan Razavi and South Khoras-
an there was a negligible difference in three climatic
parameters, namely summer precipitation, temperature
and hours of sunshine, which cannot be the cause of
lower saffron quality; rather, saffron quality can be sig-
nificantly improved through other factors, such as better
planning and management. According to T. Pashayev &
i. Mammadov (2019), saffron, due to its biological char-
acteristics, is highly adaptable to various climatic con-
ditions and can be successfully cultivated at different
altitudes above sea level, as well as with variations in
the timing and depth of bulb planting. The authors note
that these characteristics of the crop ensure high profit-
ability and economic efficiency of its cultivation. Based
on the results obtained by T. Ali et al. (2025), the follow-
ing conditions must be taken into account for the ef-
fective cultivation of saffron in non-traditional regions:
altitude above sea level (>600 m), soil texture, air tem-
perature during flowering (October-November) not ex-
ceeding 17°C, and precipitation levels prior to flowering.

Conclusions
The weather conditions in 2023 and 2024 were most
favourable for the resumption of flowering in October,
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as the temperature regime during dormancy provided
the necessary “incubation” for the tubers (25-26°C),and
autumn rainfall was sufficient to sustain physiological
processes. In 2025, despite ideal dormancy conditions,
a sharp drop in temperature in September and a dry
autumn may have had a negative impact on flower for-
mation. The best results for the resumption and com-
pletion of the full flowering cycle in October were ob-
served in 2023 and 2024. In these years, the following
sequence was observed: bulbs warmed to above 25°C
in July-August, a gentle drop in temperature in Sep-
tember to 17-18°C, and sufficient rainfall (38-55 mm)
in October to maintain soil moisture. Forecasting the
saffron harvest in Kyrgyzstan is complicated by the
fact that key agronomic practices have not yet been
studied: planting dates and rates, irrigation regimes,
testing of other varieties under a sharply continen-
tal climate, and other factors that may influence the
growth and development of saffron. Winter protection
of saffron plants had a beneficial effect on the flow-
ering process, increasing the number of flowers - the
marketable yield of this crop. The flowering phase last-
ed up to 30 days. Abundant (maximum) flowering last-
ed for 10 days. Prospects for further research involve
studying the influence of various irrigation regimes,
planting dates and saffron variety characteristics on
flowering processes and crop yield in different regions
of Kyrgyzstan. The adaptation mechanisms of saffron
to changing climatic conditions and the effectiveness
of various agronomic practices in its cultivation also
require further study.
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AHHOTauusa. OHaypywTy amBepcudukaumanoo makcatoiHaa 2021-2025-xbingapel srunme wadparabl (Crocus
sativus L.) CbIHOO XaHa MHTPOAYKLMAN0O uwTepwu xyprysynay. Wadpan Keiprei3ctaH yuyH xaHbl ecymayk 6onyn
CaHanaT XaHa 3KCNopTKO barbiTTanraH npoaykums B60NroH rynayH MaMblYacbiH anyy yuyH ectypynet. M3nnaoeeHyH
MaKcaTbl WadpaH rynyHyH TY3yyLWYH, ap KaH4an MeTeoponormsbIK WapTTapra XKaHa arpoTeXHMKanblK bikManapra
(Mynb4anoo TypnepyHe) xapawa rynaee [AMHAMUKACblH M3unnee O0AroH. JKCNepMMEHTTUK Taxpblibanap
Kblprbi3 ynyTTyK arpapiblk YHUMBEPCUTETMHMH KONNEKUMANbIK MUTOMHUIMHAE XaHa “[bliikan” depmepamk
4apbacbiHbIH TanaacblHAA XYPry3yareH. OcyMaykTepayH Mopdonorusanbik 6aanoocy y4 )oKy KahTanaHyy MeHeH
KaWMrawTbIpblIraH asHTYanapAa >Kypry3yareH. ©CyMAYKTYH OUAMKTUIM, XanbOblpakTapblHbIH CaHbl, KbILTOOAOH
OTYY AEHI33/M XaHa ry1AepyHYH CaHbl 3Cenke anbiHraH. CTaTUCTUKANbIK 3CENTOBNBPAY XYPry3yy XaHa anblHraH
MaanbiMaTTapAbl BU3yanaaluTbipyy YYYH METEOPONOrMUbIK MaabiMaTTap XaHa WwadpaH rynaepyHyH caHbl 600HYa
MS Excel koMnbOTepAMK NPOrpaMMachl KONAOHYNATaH. M3unaeenepayH XblMbIHTbINbIHAA WadpaH aublk KYH TUAreH
KYHOepY TYNAen, XaaHubll xaHa 6ynyTTyy KyHAepy rynnepy adbuibaraHabirbl aHbikTanraH. LadpanabiH ryngee
(azachbl ainaHa-4yeMpeHyH TeMnepaTypacbiHa xapata 15-30 kyHre co3ynraH. N'ynaee $ha3acbiHbiH 3H KbICKa MEBHBTY
OTYypry3ynraH Xbinbl 6ankanraH — 15 KyHre yeiinH, an 3Mu Xawoo UMKIAMHUH YYYHYY XbIbIHAA CanbIWTbIpManyy
y3arbipaak 6onroH. NynpepayH 3H Ken CaHbl OKTA0pb alblHbIH OPTOCYHAH asrbiHa YeiluH GavikanraH. WadpaH
©CYMIYKTOPYH KbllWbIHAA abyy rynaee npoueccMHe OH TaaCMpWH TUMIM3UM, TYNLepAyH CaHblH KeOeMTKeH.
Mynb4yanooHyH 6apapik Typnepy wadpania rynaepiyH kebypeek naifa 6onywyHa ebenre Ty3reH. Komnoct (374
[laaHa), TYHyK nneHka (419 paaHa) >xaHa karas (533 naaHa) MeHeH xabyyna koHTponro (217 naaHa) canbiwTbipManyy
ONyTTYy avibipMaybinbIK BarkanraH (p € 0,04, 5 xbinpgarel 6up agHTYagarsl rynaepayH opTouo casbl). WadpaHabiH
TYLWYMAYYAYTYHO Taacup 3TKEH HErM3rn KepCOTKYYTep My/bya — KOMMOCT XaHa MeHKa KONAOHYAraHaa ecymaykrery
anbblpakTapAblH XaHa rynaepAyH CaHblHbIH Kebenyly 601roH
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AnHoTauua. B nepuop ¢ 2021 no 2025 roa npoBoAMAMCH UCMBITAHUS M UHTPOAYKLMS WwadpaHa NOCEBHOMO
(Crocus sativus L.) ¢ uenbto auBepcudurKaLmMm CeNbCKOX03MCTBEHHOro npoussoacTtea. LadpaH asngetca HoBo
KynbTypor ans Kblprbl3cTaHa W BbIpalLMBAETCS pajiy NOAYyYEHUS pblieL, — LLeHHOM 3KCMOPTHO-OpUEHTUPOBAHHOMN
npoaykuuu. Lenbto paboTbl ObINO M3yyeHWe CTPOeHMs LBeTKa WwadpaHa, a TakkKe AUMHAMMKKU LBETEeHWs B
3aBMCMMOCTM OT METEOPOSIOTMYECKUX YCIIOBUIM U arpOTEXHUYECKMUX MPUEMOB (BapMaHTOB MybuMpoBaHUs). OnbiTbl
OblIM 3aN0XKeEHbl B KOIEKLMOHHOM MUTOMHMKE KbIprbi3CKOro HaLMOHANbHOrO arpapHoOro yHUMBepCuTeTa M Ha
nonsx depmepckoro xo3sanctea «[biikaH». Mopdonormyeckas oueHKa pacTeHuit NpoBOAMNAACHL HA AeNsHKax B
TpPexXKpaTHOM NOBTOPHOCTU. YUMTbIBAIUCh BbICOTA M KOIMYECTBO JIMCTbEB HA PACTEHUM, CTENEHD UX NMEPE3UMOBKM U
KonmyecTBo LBeTkoB. CTaTncTnyeckas obpaboTka u BU3yanm3aLms METEOPONOTMYECKUX AAHHbIX, @ TAKXKe AAHHbIX
Nno MpOAYKTUBHOCTU LBETEHUS BbIMOJHAAUCH C MOMOLWb0 nporpammbl MS Excel. Mo pe3ynbTrataM MCMbITaHUA
YCTaHOBJIEHO, YTO LiBETEHME WadpaHa NPOUCXOAMT B IPKUE CONMHEYHbIE AHU, TOFAA KaK B LOXAIMBYIO U NAaCMYPHYHO
norogy LBETKM He packpbiBakoTca. AauTenbHOCTb (asbl LBeTeHUs coctaBnana 15-30 gHel B 3aBUCMMOCTM OT
TeMnepaTypbl OKpyxatLLen cpesbl. Hanbonee kopoTkoi 3Ta dasa bbi1a B rog nocanku (8o 15 aHew), a oTHOCUTENBHO
YAMHEHHOM — Ha TpeTuii rof Beretaumu. MK LBETEHUS NPUXOAMICS HA NEPUOS, C CEPeaUHbl A0 KOHLLA OKTS6pA.
3UMHee yKpbIThe (MyNb4MpPOBAHME) PAacTEHUI OKa3ano HaaronpuaTHoe BO3LEeNCTBME HA FreHepaTUBHbIE NPOLLECCHl,
yBEMUYMBAs KOMMYECTBO LIBETKOB. Bce TuMbl MynbuMpoBaHMs CnocobCTBOBanu 60/iee MHTEHCUBHOMY LIBETEHUH).
BoisiBneHa cywecteeHHasa pasHuua (p € 0,04 no cpegHeMy KONMUYeCTBY LBETKOB Ha JeNiHKe 3a 5 neT) npu yKpbITUn
KOMNoCTOM (374 wr.), npo3payHoit naeHkon (419 wr.) n 6ymaroi (533 wWT.) N0 CpaBHeEHMIO C KOHTpoaeMm (217 wr.).
TakuM 06pa3oM, OCHOBHbIMM (AaKTOpPaMW, MOMOXKMTENbHO BAMSIOWMMU Ha YPOXKAMHOCTb LadpaHa, SBASKOTCS
dhopMUpoBaHUe 60NbLIEr0 KONMMYECTBA JIMCTbEB M WMHTEHCMBHOE LBETEHWE paCTeHWi MpU MCNOAb30BaHUU
MYNIbYMpPYOLLUX MaTepuanos (byMaru, NIeHKM U KOMMNOCTA)
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Abstract. This study aimed to evaluate the effectiveness of state policies supporting beef cattle farming
in Kazakhstan by analysing the interaction between subsidies and concessional lending at a regional level. A
combination of institutional, comparative and empirical-statistical analysis was employed to interpret the
dynamics of production indicators, investment activity and budgetary parameters over time. It was found that
the institutional configuration of state support has become multi-level, with a formal division of powers between
central and regional authorities. The financing structure in the Abai region was found to be characterised by the
predominance of financial instruments (KZT 7.8 billion) over direct forms of support (KZT 4.8 billion), indicating
a policy shift towards stimulating investment activity. An empirical analysis of livestock numbers and production
structure revealed a preference for an extensive development model, evidenced by the quicker growth in livestock
numbers (with cattle numbers rising by 2.4%) compared to output growth (with meat production rising by 2.7%).
However, access to credit remains uneven as collateral requirements limit the participation of small producers
in financing programmes. This contributes to the strengthening of structural differentiation within the sector:
agricultural holdings account for 55% of meat production, while households account for only 15%. Generalising
the obtained results showed that state policy effectiveness is determined not only by financing volume, but also
by support instrument coherence, institutional integration level, and accessibility to different producer categories.
The practical significance of the results lies in their potential use in revising access criteria for small producers in
subsidy programmes, including lowering project capacity requirements, and in adjusting budget planning in the
agricultural sector by synchronising payments with production cycles

Keywords: budget transfers; deferred obligations; extensive model; investment projects; cluster model;
digitalisation of the agricultural sector

Introduction

This study was conducted to assess the effectiveness  pronounced regional disparities (Siximbayeva et

of state policy in supporting beef cattle farming in the
Republic of Kazakhstan, particularly in combining sub-
sidy- and credit-based support mechanisms. Despite
increased public expenditure on the agro-industrial
complex and financing of subsidy programmes, pro-
duction performance in the sector remains uneven,
and access to financial instruments is characterised by

al., 2025). The Abai region is representative for analys-
ing state policy in the livestock sector as it accounts
for around 8% of the national total output of livestock
products and the share of livestock farming in the re-
gion’s gross output exceeds 55%, indicating specialisa-
tion and pasture potential (Kazhieva et al., 2024).A. Yes-
bolova et al. (2025) established that small farms have
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limited access to credit resources due to their collateral
base being so small. Meanwhile, 4.4 million tonnes of
milk out of a total of 6.4 million tonnes are produced
by private subsidiary farms. The authors also found that
large agricultural enterprises received the majority of
subsidies and concessional loans, with milk production
increasing by 36.8% over five years. This intensified the
structural asymmetry of the agricultural sector and un-
even regional development. P. Shevchenko et al. (2024)
demonstrated that using imported breeding lines re-
sults in higher productivity, with an average live weight
of 518 kg - 19% higher than the breed standard - com-
pared to local genotypes. However, the feasibility of im-
plementing these innovations is contingent upon ac-
cess to subsidised lending for the purchase of breeding
animals and breeding services.

Kazakhstan’s production systems remain highly de-
pendent on pasture resources, while intensification is
constrained by a shortage of arable land and limited ac-
cess to financial support instruments, as argued in the
work of S.Robinson & M. Petrick (2024). Based on a sur-
vey of 250 farms, the authors established that only 32.8%
of respondents have access exclusively to rural pastures,
12.4% hold two 49-year state lease agreements, a 1%
increase in access to arable land raises the self-produc-
tion of concentrated feed by 5.2%, and credit-constrained
farmers are 43% more likely to use mobile grazing and
move their livestock 28 km further. B.R. Hankerson (2025)
showed that only about 50% of Kazakhstan’s suitable
pasture lands are used in the production process, which
indicates a reserve for the extensive expansion of the
sector. At the same time, the author identified a link
between grazing intensity and the degradation of land
resources, emphasising the need to integrate environ-
mental criteria into state subsidy mechanisms. The in-
stitutional dimension of the issue is examined in a study
by J.Yin & J. Guo (2026). It was found that technological
backwardness, infrastructural constraints and an unsta-
ble regulatory environment all contribute to the inef-
fectiveness of agricultural policy. Climate risks, together
with imperfect financial instruments, increase production
instability and limit investment activity. R. Yegemberdi-
yev et al. (2024) found that beef cattle farming compet-
itiveness requires subsidies to be integrated with long-
term credit instruments, as imports exceed exports by
USD 292.3 million despite production increasing by 57%
between 2018 and 2022. The authors emphasised that
structural modernisation depends on coherent budg-
etary support, investment policy and export strategy.

G. Mussina et al. (2025) proved, based on a survey of
farmers from 2020 to 2024, that entrepreneurial activ-
ity is only possible for individuals with a risk-aversion
coefficient rr(w) € 2 in the absence of subsidies. Howev-
er, subsidies of KZT 30,000 per head of cattle and KZT
4,500 per centner of milk enable farmers with rr(w) up
to 4 to participate. At the same time, the region’s crop
production has a relative economic advantage over
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livestock farming. This means that beef cattle farm-
ing can only develop through state subsidies. Building
on this, S. Wang et al. (2026) surveyed 420 farmers and
demonstrated that risk-tolerant farmers implement en-
vironmentally sustainable practices with a coefficient
of 0.101 and p < 0.01. Furthermore, multidimensional
contextual factors - such as internal attitudes, resource
potential and social legitimacy - reinforce the positive
impact of risk preferences on the intention to switch to
organic production. An analysis of agricultural produc-
tion in Kazakhstan from 2017 to 2024, conducted by
S. Sarbassova et al. (2025), confirmed the positive im-
pact of subsidies on production dynamics. KZT 1 billion
in subsidies generates an additional KZT 17.49 billion
in output (p=0.0085). However, the study also revealed
a dependence on climatic factors, with production fall-
ing to KZT 7,576.5 billion in 2023 after peaking at KZT
9,481.2 billion. Meanwhile, access to credit resources
was found to have a statistically insignificant effect,
with a coefficient of -1.06 and p=0.6874. This indicates
the need for improved monitoring of state programmes.
E. Bukin et al. (2025) proved that transferring pastures
into private use leads to their intensified use and the
degradation of vegetation cover, creating additional risks
for producers who rely on subsidy support. The negative
effects of privatisation were stronger for individual farm-
ers, with a decline in the normalised difference vegeta-
tion index of 1.4-1.9%, than for agricultural enterprises.
Spillover effects on neighbouring, non-privatised plots
worsened vegetation conditions by a further 1.3-1.8%.
However, existing studies have not examined
budget execution and the structure of livestock num-
bers at the regional level simultaneously. This study
aimed to determine the effectiveness of state policy in
supporting beef cattle farming in the Republic of Ka-
zakhstan by analysing the interaction between subsidy
mechanisms and concessional lending, using the Abai
region as a case study. To achieve this, the following ob-
jectives were addressed: establishing the institutional
structure and functional features of state support in-
struments, assessing their impact on investment activi-
ty and production indicators in the sector, and identify-
ing structural constraints and imbalances affecting the
effectiveness of agricultural policy implementation.

Materials and Methods
The study covered the period from 2014 to 2025 to ana-
lyse the transformation of state support mechanisms for
livestock farming, changes in the institutional architec-
ture of Kazakhstan’s agricultural policy and current em-
pirical data and budgetary parameters of medium-term
planning for 2026-2028. The spatial focus was limited
to the Republic of Kazakhstan, with Abai region being
examined in detail as a representative case of the re-
gional implementation of state support instruments. The
region was chosen because its pasture farming structure
corresponded to national average indicators, subsidy
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programmes were available, and investment projects
were being implemented in beef livestock farming. The
research methodology combined legal and regulatory
analysis with elements of institutional modelling, le-
gal systematisation and content analysis of regulatory
acts. This approach enabled the identification of subsi-
dy allocation mechanisms, the functional links between
state institutions, and the structure of support instru-
ments for the agricultural sector. The material basis
consisted of regulatory acts concerning subsidy policy
and support for livestock farming: These included the
Order of the Minister of Agriculture of the Republic of
Kazakhstan No. 3-2/615 (2014), the Order of the Acting
Minister of Agriculture of the Republic of Kazakhstan
No. 317 (2018), the Order of the Minister of Agriculture
of the Republic of Kazakhstan No. 108 (2019) and the
Order of the Minister of Agriculture of the Republic of
Kazakhstan No. 107 (2020). The analysis aimed to as-
sess the mechanisms of investment subsidisation, sup-
port for breeding, lending and processing development.

To evaluate the financial stability of the state sup-
port system, the method of comparing planned and
actual budget execution indicators was employed. The
analysis examined the volumes of subsidy financing, the
level of budgetary debt and the existence of deferred
state obligations to agricultural producers. Data from
the Atameken National Chamber of Entrepreneurs (The
outstanding subsidy..., 2026) and international analyti-
cal materials from the Food and Agriculture Organiza-
tion of the United Nations (FAO) (2023) were used as
sources. A functional and comparative analysis of mac-
ro-credit and microcredit programmes was used to study
credit instruments. This covered loan terms, interest
rates, collateral requirements and interest-rate compen-
sation mechanisms for different producer categories,
based on the budget lending programme (Order of the
Minister of Agriculture of the Republic of Kazakhstan
No. 322,2023) and interest-rate subsidy mechanisms for
loans and leasing operations (Order of the Deputy Prime
Minister of the Republic of Kazakhstan - Minister of Ag-
riculture of the Republic of Kazakhstan No. 436, 2018).

Budget policy dynamics were analysed using a mac-
roeconomic approach, incorporating official statistical
and forecast indicators from the Kazinform Internation-
al News Agency (Nurmaganbetova, 2025), Agrosearch
(Around 2 trillion..., 2026) and the World Bank (Trading
Economics, n.d.). This included total public expenditure,
agribusiness allocation volumes, and the proportion of
transfers and subsidies within expenditure structures.
The analysis period covered 2023-2028, enabling the
combination of actual data with medium-term budget
planning forecasts. The methodology for analysing
regional development programmes was based on a
case-study approach, with Abai region serving as the an-
alytical unit. Materials used included official reports on
the implementation of development programmes from
Baibolsyn.kz (A sheep farming..., 2026) and Kazakhstan’s

Agribusiness (50 billion tenge..., 2026). The analysis
assessed the sectoral specialisation of the region, the
scale of financing, the development of infrastructure
facilities, and the integration of production and pro-
cessing components within agro-industrial chains. The
empirical study of livestock development was based on
descriptive statistical analysis of secondary data with-
out econometric modelling. Sources included ElDala.
kz (Breeding cattle numbers..., 2026), Qazinform (Mer-
galym, 2026) and FAO (2023). Structural analysis was
applied to evaluate changes in livestock numbers and
meat production. The study covered cattle, small rumi-
nant and horse numbers, meat production and invest-
ment in fixed capital in the agro-industrial complex.
Investment activity was analysed through a compara-
tive dynamic comparison, examining the relationship
between state support and investment volumes with-
out providing a quantitative assessment of its strength.

A comparative analysis of livestock development
models was carried out using typologisation, based on
materials from the United States Department of Agri-
culture Foreign Agricultural Service (2022), the Agrarian
Credit Corporation JSC (n.d.), OECD & FAO (2023). The
intensive, extensive and cluster-based development
models were compared according to the following cri-
teria: productivity; production structure; investment; in-
stitutional support; and chain integration. At the same
time, constraints relating to personnel, technology, bios-
ecurity and digitalisation were considered as contextual
factors that indirectly affect the effectiveness of state
support instruments, rather than being evaluated di-
rectly in terms of the effectiveness of subsidy and credit
policy. The study’s limitations are related to the absence
of micro-level data on individual farms, the inability to
verify budget data at the level of individual payments,
and the limited comparability of regional statistical
indicators with those of other Kazakhstani regions.

Results

State policy for supporting beef cattle farming

in the Republic of Kazakhstan

This policy is implemented through a multi-level gov-
ernance system. At the national level, the rules for
subsidisation, lending and budgetary parameters are
defined, and at the regional level, these are put into
practice in accordance with territorial specialisation. In
the Abai region, this involves adapting support mech-
anisms to the pasture-based farming model and the
structure of livestock production. This division of func-
tions corresponds to the “policy design-policy delivery”
model, which is typical of countries with territorially
differentiated agricultural production (Lopez-Garcia et
al., 2024). In 2025, the total volume of state support
for the agricultural sector in the Abai region was KZT
15.1 billion. Of this, KZT 7.8 billion was allocated to
financial instruments, KZT 4.8 billion to livestock
support and KZT 2.5 billion to crop production (The
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agricultural sector..., 2025). Thus, lending mechanisms
and interest-rate compensation prevailed in the re-
gional financing structure, corresponding to the gen-
eral trend of Kazakhstan’s agricultural policy shifting
towards investment-based support instruments (Ge-
beyehu & Bedemo, 2024). At the same time, however,
signs of budgetary instability were recorded in the re-
gion. Subsidy arrears owed to agricultural producers in
the region for 2024-2025 reached KZT 2 billion (The
outstanding subsidy..., 2026). This indicates a mismatch
between the approved volumes of support and the ac-
tual capacity of budget financing. In international prac-
tice, irregularity in subsidy payments is regarded as a
factor that reduces the predictability of investment ac-
tivity among agricultural producers (FAO, 2023).

One of the support instruments at the national
level is Order of the Minister of Agriculture of the Re-
public of Kazakhstan No. 322 (2023), which allows lo-
cal executive bodies to borrow from the budget for up
to 10 years at an annual interest rate of 1%. This pro-
gramme is intended for large-scale investment projects,
including dairy farms with a minimum of 400 head of
cattle, feedlots with a minimum of 5,000 head of cat-
tle, meat-processing enterprises, greenhouse complexes
and irrigation facilities. Meanwhile, Kazakhstan oper-
ates the “Auyl Amanaty” microcredit programme, which
supports small-scale farming. For livestock farming, the
programme provides loans of up to 2,500 monthly cal-
culation index (MCI) for a term of up to seven years at
an interest rate of up to 2.5% (Kazakhstan stimulates
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agricultural..., 2025). Unlike macro-lending, this pro-
gramme supports private subsidiary farms, cooperatives
andthe self-employed.However,access to financialinstru-
ments in Kazakhstan remains uneven. Large agricultural
enterprises have advantages due to their access to col-
lateral and ability to develop investment projects. In con-
trast, small producers are hindered by the requirements
relating to formalising their activities and joining coop-
eratives. In the Abai region, this is reflected in the concen-
tration of large investment projects around the regional
programme for forming a meat cluster, combining state
support with infrastructure and processing development
(Implementation of the President’s instructions..., 2026).

In 2025, the full volume of state support allocated
to the Abai region, amounting to KZT 15.1 billion, was
utilised (15.1 billion tenge..., 2025). At the same time,
a programme to develop sheep farming in the region
from 2026 to 2030 was approved, with KZT 50 billion
of financing from the national budget. The programme
envisaged the implementation of nine investment pro-
jects in the agro-industrial complex, with a total value of
KZT 23.1 billion. The expected investment volume in the
sector is projected to rise to KZT 78.2 billion (50 billion
tenge..., 2026). While these indicators characterise the
Abai region specifically, the nationwide trend lies in the
expansion of state budgetary participation in Kazakh-
stan’s agricultural sector.In this context,systematising the
regulatory legal acts presented in Table 1 makes it pos-
sible to identify the main state support mechanisms and
record their structural limitations at the regional level.

Table 1. Systematisation of regulatory and legal mechanisms
for subsidising Kazakhstan’s agro-industrial complex and their institutional characteristics

Functional Implementation T —
Regulatory legal act P . Limitations of application
area mechanism
Partial reimbursement of Forms the long-term investment base of the
Order of the Acting Minister of Investment capital expenditure on the | sector; however, due to requirements concerning
Agriculture of the Republic of subsidies creation and modernisation = the minimum capacity of projects, it is in practice
Kazakhstan No. 317 (2018) of facilities: farms, oriented towards large agricultural formations,
processing, infrastructure which limits the participation of small producers
- . Compensation of expenses Ensures the genetic modernisation of the sector,
Order of the Minister of Breeding P P . g . o
. ; ;i for the purchase of breeding | but under the conditions of Abai region, the low
Agriculture of the Republic of livestock animals, breeding services share of breeding stock reduces the multiplier
Kazakhstan No. 108 (2019) farming ! g ’ g P

Order of the Minister of

Agriculture of the Republic of | agricultural
Kazakhstan No. 3-2/615 (2014) products
Order of the Deputy Prime
Minister of the Republic of Lending and
Kazakhstan — Minister of leasing
Agriculture of the Republic of
Kazakhstan No. 436 (2018)
Order of the Minister of Crop
Agriculture of the Republic of = production:
Kazakhstan No. 107 (2020) feed base

Processing of

and artificial insemination
Reimbursement of expenses
incurred by processing
enterprises for the purchase
of raw materials

Subsidisation of part of the
interest rate on loans and
leasing operations

Compensation of expenses
for seeds, fertilisers, and
plant protection products

effect of the instrument
Institutionally aimed at developing added value;
however, actual financing of this area in the
region remains minimal, indicating a gap in the
“production-processing” chain

The most system-forming mechanism, ensuring
the attraction of private capital; in 2025, it
accumulated the main share of financial support
resources

Has an indirect impact on beef cattle farming
through the formation of the feed base, but the
volume of financing does not correspond to the

needs of intensive development of the sector

Note: Ministry of Agriculture refers to the Ministry of Agriculture of the Republic of Kazakhstan

Source: compiled by the author
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The analysis revealed that the regulatory system is
fragmented, with each instrument functioning autono-
mously and lacking an integrated coordination frame-
work. This makes it difficult to achieve synergy between
the stages of agricultural production. In particular, sup-
port for primary production, such as livestock farming,
is not accompanied by sufficient incentives for process-
ing. This is evident from the low proportion of financing
allocated to this area within the regional expenditure
structure. A defining feature of the institutional model
is the prevalence of compensatory mechanisms. While
reimbursement of expenses already incurred reduces
the risk of budgetary funds being misused, it creates an
entry barrier for small farms that do not have sufficient
working capital. This partly explains why access to in-
vestment subsidies is concentrated among large agri-
cultural formations. Institutional weakness is reflected
in the insufficient integration of the vertical value chain.

Of the analysed documents, four out of five provide
for mechanisms of partial reimbursement of expenses.
However, only Order of the Deputy Prime Minister of
the Republic of Kazakhstan - Minister of Agriculture of
the Republic of Kazakhstan No. 436 (2018) and signed
by the Deputy Prime Minister, focuses on subsidising
interest rates on loans and leasing. The main target
groups for support are medium and large-scale agricul-
tural enterprises, as Order of the Acting Minister of Ag-
riculture of the Republic of Kazakhstan No. 317 (2018)
establishes minimum capacity parameters for invest-
ment projects to qualify for compensation for capital
expenditure. Lending mechanisms, however, require
collateral. Order of the Minister of Agriculture of the Re-
public of Kazakhstan No. 108 (2019) is aimed at farms
engaged in breeding livestock; however, the effective-
ness of this instrument in the Abai region is limited by
the low proportion of breeding stock in the herd. The
analysis also revealed an imbalance in support for pro-
duction versus processing. For example, Order of the
Minister of Agriculture of the Republic of Kazakhstan
No. 3-2/615 (2014) formally provides for the compensa-
tion of processing enterprises’ expenses for raw mate-
rial purchases, yet actual financing in this area remains
minimal compared to lending programmes and invest-
ment subsidies. Meanwhile, Order of the Minister of Ag-
riculture of the Republic of Kazakhstan No. 107 (2020)
has only an indirect impact on beef cattle farming since
it aims to support the feed base by compensating for
expenses incurred in the purchase of seeds, fertilisers
and plant protection products. Overall, it can be con-
cluded that the regulatory system supporting Kazakh-
stan’s agro-industrial complex primarily focuses on
stimulating capital investment and lending activity.
However, mechanisms for integrating production, pro-
cessing and sales remain underdeveloped.

The dynamics of state support for the complex in
the period 2026-2028 are characterised by an increase
in national-level budgetary expenditure. According to

official government forecasts, total public expendi-
ture is expected to rise from KZT 27.7 trillion in 2026
to KZT 29.8 trillion in 2028 (Nurmaganbetova, 2025).
Approximately KZT 2 trillion is earmarked for support-
ing agribusiness within Kazakhstan’s agricultural policy
for 2026-2028, primarily through concessional lending
and financial intermediation mechanisms (Around 2
trillion..., 2026). According to the World Bank, trans-
fers and subsidies accounted for over 69% of public
expenditure in 2023, indicating the significant role of
budgetary financing in state economic policy (Trading
Economics, n.d.). Consequently, there is a clear shift in
emphasis at the national level from direct subsidisation
towards financial support instruments.

At the national level, the financing structure of
Kazakhstan’s agro-industrial complex is dominated by
credit mechanisms, but the distribution of funds be-
tween individual sectors remains uneven. For example,
KZT 44 billion was allocated in 2025 to support the
processing of agro-industrial products, accounting for
just 4.4% of the KZT 1 trillion total state support for
the agro-industrial complex (Baiterek National Hold-
ing..., 2025). This indicates a concentration of resources
in primary production and financial stimulation, with
the processing segment receiving a smaller share of
financing. The article did not apply correlation or re-
gression models, meaning the presented data can re-
cord structural ratios and trends, but cannot prove the
direct causal impact of individual support instruments
on production outcomes.

The Abai region is characterised by a distinct region-
al configuration of state support. New and regionally
adapted programmes for the development of beef cattle
farming are being formed in Abai region in the context
of the broader transformation of Kazakhstan’s agricul-
tural policy, which is gradually shifting from universal
support instruments to territorially differentiated mod-
els. This transformation is driven by the need to consider
the natural resource specialisation of regions, which is
particularly relevant in the east of the country, where
pasture resources, livestock farming traditions and the
potential for export-oriented production are combined
(Tkacheva et al., 2024). In 2025, the region fully utilised
the allocated financing volume of KZT 15.1 billion (15.1
billion tenge..., 2025). At the same time, KZT 50 billion
in budgetary funds was approved for the development
of sheep farming in the region for 2026-2030. In 2025,
the implementation of nine investment projects in
the agro-industrial complex with a total value of KZT
23.1 billion was planned (50 billion tenge..., 2026).

Unlike national programmes, which have univer-
sal support mechanisms, the regional initiatives of the
Abai region are sectorally and territorially specialised.
The regional “Igilik” programme focuses on developing
sheep farming and renewing the genetics of livestock
(A sheep farming..., 2026). As part of the sheep farming
development programme for 2026-2030, the aim is to
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increase the number of sheep from 1.2 million to 2.3
million (50 billion tenge..., 2026). These figures specifi-
cally characterise the target parameters of the Abai re-
gion’s regional programme, rather than the nationwide
dynamics of livestock farming in Kazakhstan. Here,
state support is combined with the region’s territorial
specialisation, whereby some agricultural land is used
as pasture. Another area of regional policy is the devel-
opment of processing infrastructure. In the Zhanasemey
District, a project for a meat-processing complex with
an annual production capacity of 11.4 thousand tonnes
and a total investment volume of KZT 7.7 billion is un-
derway (Serdalina, 2025). The project also provides for
the formation of feedlots with a capacity of up to 40
thousand head of livestock. These data characterise a
local investment project in the Abai region and cannot
be extrapolated to the entire Kazakhstani agricultur-
al sector. Nevertheless, they demonstrate that regional
policy is oriented towards integrating production and
processing within individual territorial clusters.

A comparison of national and regional programmes
reveals differences in their functional purpose. At the
national level, the main emphasis is on financial stimu-
lation through subsidies and loans, whereas in the Abai
region, support is supplemented by specific investment
projects and production specialisation. The “Igilik” pro-
gramme for developing sheep farming, and the con-
struction of the meat-processing complex are mutual-
ly complementary, as they cover breeding, increasing
livestock numbers and processing products. However,
the available data does not provide sufficient evidence
to suggest that a fully formed cluster has been estab-
lished, as no formalised assessment of the effectiveness
of intersectoral integration has been conducted. The
personnel component remains an additional limitation.
Abai region’s regional programmes up to 2028 include
measures to train specialists and expand employment
in the processing sector (A new level...,2026). This indi-
cates that staffing provision has been incorporated into
regional agricultural policy. Nevertheless, the materials
presented demonstrate institutional and investment
modernisation, although they do not confirm the direct
impact of individual programmes on changes in pro-
ductivity or production efficiency due to the absence of
formal statistical modelling.

Empirical assessment of the effectiveness

of state support in the Abai region

In Kazakhstan, the structure of livestock farming is
linked to natural resource conditions: pastures account
for 83.8% of agricultural land, and part of the territo-
ry belongs to semi-arid zones where sheep and goats
are better adapted to the conditions than cattle (Yer-
seitova et al., 2018). However, the current system of
support for Kazakhstan’s agro-industrial complex lacks
separate mechanisms exclusively aimed at developing
beef cattle farming, thus preserving the advantage of
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less capital-intensive farming methods. Nationally, the
cattle population in Kazakhstan reached 8.2 million in
2025, while the sheep and goat population stood at
20.6 million, and the horse population at 4.6 million.
Meat production reached 1.2 million tonnes (Merga-
lym, 2026). The ratio of livestock population growth to
meat production indicates that the increase in livestock
numbers is not accompanied by a proportional increase
in output. An economic assessment of the state of live-
stock farming in Kazakhstan shows that overcoming
this imbalance requires the creation of integrated pro-
duction structures, namely meat hubs, to ensure a link
between small producers and processing enterprises
(Abdikerimova et al., 2024). The discrepancy between
livestock numbers and production clarifies the impact
of state policy: an increase in the resource base is not
accompanied by a proportional increase in output. This
suggests that financial instruments are not aligned
with production efficiency requirements. The territori-
al structure of livestock farming in Kazakhstan remains
uneven. Regions with developed pasture farming and
access to infrastructure typically have higher indicators
of livestock concentration. According to FAO (2023),
over half of Kazakhstan’s land is used for pasture. Under
these conditions, large farms have better access to win-
ter pastures, credit resources and subsidy programmes
than small producers, who are involved in the support
system to a lesser extent.

The current livestock structure in the Abai region
is characterised by the dominance of small ruminants,
with a population of over 1.17 million compared to
752,500 cattle and 405,900 horses (Breeding cattle
numbers..., 2026). A comparison between investment
activity and production indicators is particularly indica-
tive for the region. In 2024, investment in fixed capital
in the region’s agro-industrial complex exceeded KZT
43.2 billion,and a minimum level of KZT 48 billion was
planned for 2025 (Mamyrkhanova, 2024). Meanwhile,
the national increase in meat production was 2.7%
(Mergalym, 2026). This suggests that subsidisation
maintains production volumes, while lending stimu-
lates capital investment and drives structural transfor-
mation. Analytically, this distinguishes the functional
roles of state support instruments. Subsidies stabilise
production in the short term and reduce operational
risks, but they do not incentivise technological change.
Conversely, lending establishes the investment frame-
work for development, enabling the renewal of fixed
assets and expansion of production capacity. Accord-
ingly, credit mechanisms act as the channel through
which state policy influences the sector’s long-term
dynamics. However, the presented indicators cannot
be interpreted solely as the result of state policy. The
development of livestock farming is also influenced by
natural-resource factors and external demand for meat
products, including from Central Asian countries and
China (OECD & FAQ, 2023). Therefore, within this study,
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state support is considered as one of the factors in the
development of the sector, rather than as the sole cause
of changes in production indicators.

The Abai region is characterised by a combination
of extensive and partially integrated production mod-
els. The target parameters of state policy, particularly
the aim to increase the average live weight of cattle
from 336 kg to 400 kg (United States Department of
Agriculture Foreign Agricultural Service, 2022), indicate
a shift towards intensified production. However, the
actual indicators suggest that an extensive develop-
ment model is predominant. In 2025, cattle numbers
in Kazakhstan grew by 2.4%, while meat production
increased by only 2.7% (Mergalym, 2026). This does
not demonstrate an increase in productivity per head.
This is further evidenced by the continued high propor-
tion of small farms in the production structure and the
prevalence of pasture-based farming, which results in
lower average daily weight gains compared to intensive
feedlot systems. Under these conditions, the target of

400 kg remains primarily a strategic benchmark, as in-
tensification is limited in practice by producers’ uneven
access to breeding material, compound feed resources
and investment in feedlot infrastructure.

The structure of meat production in Kazakhstan,
where agricultural holdings account for approxi-
mately 55% of output, individual farms for 30%, and
households for 15% (Daribayeva et al., 2025), reflects
the partial concentration of production in large eco-
nomic structures. This indicator was used as an em-
pirical indicator of the formation of cluster elements,
as it demonstrates the presence of vertical integra-
tion only in part of the production chains. At the same
time, the profitability level of agricultural holdings, at
18-22%, indicates the higher efficiency of capitalised
structures compared with small-scale forms of farm-
ing, which confirms the influence of the investment
component of state support. The models of beef cattle
development are specified through actual indicators
in Table 2.

Table 2. Comparative characteristics of beef livestock development models

Criterion Intensive elements Extensive elements Cluster elements
Productivit Average live weight of cattle: 336 - | Growth in meat production: 2.7% with Profitability of agricultural
¥ 400 kg (target benchmark) higher growth rates in livestock numbers holdings: 18-22%
Production o ecco qco Integrated production: agricultural
structure Share of capitalised farms: ~55% Share of households: ~15% holdings + farmers: ~55%+30%
Investment Investment in the agro-industrial Low capitalisation of small farms Processing investment projects:
complex: over KZT 43.2 billion in 2024 P KZT 7.7 billion meat-processing plant
Institutional Access to loans at 1-2.5% Limited access to financing State programm§s+ infrastructure
support projects
4 Chaln. Partial modernisation Absence of processing Processing capacity: 11.4 thousand
integration among small farms tonnes per year

Note: cattle refer to bovine livestock

Source: compiled by the author based on United States Department of Agriculture Foreign Agricultural Service (2022),
FAO (2023), Order of the Minister of Agriculture of the Republic of Kazakhstan No. 322 (2023), M. Mamyrkhanova (2024),
A. Daribayeva et al. (2025), United Nations Development Programme (2025), O. Sushchenko et al. (2026), N. Mergalym (2026),

Agrarian Credit Corporation JSC (n.d.)

Analysis of the presented indicators shows that
the Abai region has not transitioned to an intensive
or cluster-based model. Instead, a combination of dif-
ferent types of development is evident, with extensive
characteristics remaining dominant. This is reflected
in livestock numbers growing faster than production,
which indicates the limited impact of subsidies on pro-
ductivity. At the same time, credit instruments facilitate
the formation of individual cluster elements by financ-
ing processing and infrastructure. The impact of these
instruments is localised and concentrated in the seg-
ment of large farms, which explains the asymmetry in
the sector’s development. Thus, state support creates a
mixed model in which subsidisation maintains the ex-
isting production structure while concessional lending
creates the conditions for its transformation. However,
without systemic integration, these effects are partial.

The effectiveness of state support for beef livestock
production in the Abai region is limited by structural

constraints primarily relating to financing, access to
credit resources and technological modernisation. At
the national level, budgetary support for producers
accounted for 4.9% of gross farm receipts in 2021-
2023, which is lower than the average for OECD (2024)
monitoring countries (9%) and OECD countries (14%).
This indicates the limited scale of direct support for
Kazakhstan’s agricultural sector compared to interna-
tional practice. At the same time, the predominance of
subsidies linked to capital expenditure and resource
provision increases producers’ dependence on regular
budget financing. In cases of delayed payments or in-
complete financing, this complicates the implementa-
tion of investment projects and reduces the predicta-
bility of production planning.

Another limitation is uneven access to financial
instruments. Large agricultural enterprises are better
able to attract concessional loans due to their access
to collateral and their ability to prepare investment
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projects, whereas small farms remain outside the sys-
tem of long-term lending. Consequently, state support
is characterised by differential coverage of different
categories of producers, exacerbating the structural po-
larisation of the sector. Technological constraints also
directly affect the effectiveness of support instruments.
According to sectoral reviews, around 80% of agricultur-
al machinery in Kazakhstan has exceeded its standard
service life (International Trade Administration, n.d.).
This reduces effectiveness even where access to subsi-
dies or credit resources is available, since some farms
operate with outdated materials and technology. Partial
subsidisation of machinery renewal does not compen-
sate for the extent of accumulated technological de-
preciation. Personnel constraints are mainly national
in character. It is estimated that there is a shortage of
approximately 6.5 thousand agricultural specialists in
Kazakhstan, while only around 28% of these specialists
have the relevant professional qualifications (Kazakh-
stan’s agricultural sector..., 2025). This restricts the im-
plementation of production and management practic-
es, thereby reducing the effectiveness of modernisation
programmes and concessional lending.

The analysis showed that the effectiveness of state
support depends on two factors: the volume of financ-
ing and the coherence between financial instruments
and the production capacities of farms. While subsidy
mechanisms primarily support ongoing operations and
reduce short-term costs, there was insufficient evidence
in this study to demonstrate a direct link with increased
productivity or technological modernisation. Converse-
ly, credit instruments in the Abai region are associated
with the implementation of investment projects in pro-
cessing and the expansion of production infrastructure.
This is reflected in increased capital investment and the
development of individual cluster elements. The results
obtained suggest that the model of state support for
beef cattle farming in Kazakhstan can be characterised
as partially integrated. At the national level, financial,
technological and personnel constraints persist, reduc-
ing the effectiveness of subsidy policy. In the Abai re-
gion, however, concessional lending is mainly used for
investment projects and infrastructure development.
However, access to these mechanisms remains uneven
depending on the size of the farm.

Discussion
The analysis confirmed that state support for beef live-
stock farming in Kazakhstan varies in effectiveness de-
pending on the instruments used, production structure,
and producers’ level of integration into the financial
system of the sector. The study established that the to-
tal volume of state support in the Abai region in 2025
amounted to KZT 15.1 billion. Of this, KZT 7.8 billion
was allocated to financial instruments, KZT 4.8 billion
to livestock farming and KZT 2.5 billion to crop produc-
tion. At the same time, subsidy arrears for 2024-2025
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totalled KZT 2 billion. This indicates a concentration of
support in the financial and credit segment combined
with an insufficient stable budgetary provision. Mean-
while, the cattle population in Kazakhstan increased
by 2.4% to reach 8.2 million head in 2025, while meat
production increased by only 2.7% to reach 1.2 million
tonnes. The ratio identified between livestock growth
and production growth does not suggest increased sec-
toral productivity; rather, it reflects the preservation of
extensive development.These results are partly consist-
ent with those of D. Matakbayev & S. Shauyenov (2025),
who found that genetic improvement of the herd can
increase average daily weight gain by 12-18%, de-
pending on breed and feeding system, in their study of
Kazakhstani livestock farming. The present study also
found that state policy is oriented towards breeding:
target parameters envisage an increase in the average
live weight of cattle from 336 kg to 400 kg. However,
actual results in the Abai region demonstrated slower
intensification. Despite the increase in livestock num-
bers, no faster growth in meat production was record-
ed. This suggests that breeding programmes largely
function in isolation from the modernisation of fatten-
ing and processing systems. In addition, the structure
of meat production in Kazakhstan remains uneven.
According to a recent study, agricultural holdings ac-
counted for around 55% of meat production, while in-
dividual farms and households accounted for 30% and
15%, respectively. This level of concentration in produc-
tion is consistent with the findings of D. Matakbayev &
S. Shauyenov (2025), who discovered that large inte-
grated farms exhibit productivity metrics that are 20-
25% higher than those of smaller producers, thanks to
their use of breeding and technological tools. A similar
trend was observed in the Abai region, where large pro-
ducers had better access to concessional lending and
investment programmes.

Comparing the results with those of the study by
S.M.Yessengaliyeva et al. (2021) revealed the importance
of technological modernisation in improving sector effi-
ciency. The authors found that introducing resource-sav-
ing technologies could reduce production costs by 15-
20% and increase labour productivity by almost a third.
The present study found that around 80% of agricultur-
al machinery in Kazakhstan has exceeded its standard
service life, limiting the potential for large-scale mod-
ernisation. Nevertheless, investment in fixed capital in
the Abai region’s agro-industrial complex exceeded KZT
43.2 billion in 2024, with plans to reach no less than
KZT 48 billion in 2025. While this indicates growth in
investment activity, it does not confirm an automatic
transition to an intensive production model since tech-
nological renewal is concentrated mainly in large farms.

Comparing the results with those of the study by
K. DZzermeikaité et al. (2023) revealed the technolog-
ical gap between the potential of precision livestock
farming and the current state of the sector. The authors
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found that using automated monitoring systems and
digital feed control systems could increase herd pro-
ductivity by 10-15% and reduce feed losses by up to
12%. The present study found that such technologies
are only applied fragmentarily in the Abai region, main-
ly in large agricultural formations. The main limitation
was found not to be a technological deficit per se, but
rather uneven access to credit resources and the high
costs of modernisation for small farms. This clarifies
that technological modernisation in Kazakhstan de-
pends not only on producers’ innovative activity, but
also on the structure of state support.

Comparing the results with those of the study by
G. Gongal et al. (2022) clarified the functional role of
veterinary infrastructure in the state support system for
beef livestock farming. These authors emphasise that
the effectiveness of veterinary control depends on the
system’s capacity for an early response and coordina-
tion. In an international context, this is associated with
reducing economic losses from epizootics by 25-40%.
However, the present study found that the develop-
ment of the veterinary system in Kazakhstan is mainly
taking place through institutional and infrastructural
strengthening without a clearly traceable link to in-
creased productivity in beef cattle farming in the Abai
region. This analysis supports a key analytical conclu-
sion: in the study by G. Gongal et al., veterinary infra-
structure is integrated into a risk management model
where it contributes to economic efficiency, whereas in
Kazakhstan it primarily serves to reduce epizootic risks
and ensure basic production stability. Therefore, the dif-
ference lies not in the existence of infrastructure, but
in the extent to which it is integrated into the sector’s
production and economic outcomes.

Comparing the results with those of the study by
A. Gabriel & M. Gandorfer (2023) revealed different
levels of institutional use of digital tools in the agri-
cultural sector. In their work, these authors consider
digitalisation to be a factor in improving the efficiency
of the production process in the agricultural sectors of
EU countries. However, the present study found no evi-
dence to suggest that digitalisation is an independent
factor in increasing the productivity of beef cattle farm-
ing in Kazakhstan, particularly in the Abai region. The
results obtained provide a clear distinction between
the functions of digital tools: in European models, they
are integrated into production and management pro-
cesses, whereas in Kazakhstan, their use is mainly lim-
ited to administrative and accounting functions related
to the provision of public services. Accordingly, in the
examined context, digitalisation does not transform the
production structure of the sector, but rather plays an
auxiliary role in ensuring the functioning of the state
regulatory system.

Comparing the results with those of D.R.K. Sai-
kanth et al. (2023) revealed the environmental dimen-
sion of the sector’s development. The authors found

that the extensive use of pastures without controlling
grazing pressure could reduce land productivity by 18-
30% in the long term. The present study found that
pastures account for 83.8% of Kazakhstan’s agricultur-
al land and that the pasture-based production model
dominates in the Abai region. While this ensures the
sector’s adaptation to natural and climatic conditions,
it also maintains the extensive nature of development.
The increase in livestock numbers outpaced the mod-
ernisation of fattening and processing systems, indicat-
ing limited production intensity.

A comparative analysis with the study by S. Tokeno-
va et al. (2025) confirmed the existence of institutionally
determined restrictions on small-scale farming access
to state financial support instruments, as evidenced by
regulatory and administrative participation require-
ments for lending and subsidisation programmes. The
present study empirically clarified these provisions by
identifying structural unevenness in the distribution of
support, whereby entities with a higher level of capital-
isation and institutional capacity systematically accu-
mulate advantages. Even the existence of specialised
microcredit instruments was found to be insufficient
to eliminate basic barriers to access, as the require-
ments for cooperation and formalisation of economic
activity act as a selective mechanism for allocating
resources. Generalising the results obtained led to the
conclusion that state policy for developing beef cattle
farming in the Republic of Kazakhstan is only partial-
ly effective: while it expands the sector’s production
and investment potential, it simultaneously reproduces
institutional asymmetry in access to support, limiting
inclusiveness and reducing the systemic effect of im-
plemented measures.

Conclusions
The study found that the institutional configuration of
state support for beef cattle farming in the Republic
of Kazakhstan, using the Abai region as an example,
is multi-level, with a formal division of functions be-
tween the central government and the regional gov-
ernment. The total volume of financing in the Abai
region reached KZT 15.1 billion in 2025. The share of
financial instruments (KZT 7.8 billion) exceeded that of
direct support for livestock farming (KZT 4.8 billion).
This demonstrated a shift in policy emphasis from com-
pensatory mechanisms to stimulating investment activ-
ity. This resulted in the identification of accumulated
deferred subsidy obligations to agricultural producers
in the Abai region for 2024-2025, totalling KZT 2 bil-
lion as of February 2026. This proved the existence of
a gap between budget planning and the state’s actual
fiscal capacity. Systematising regulatory legal acts re-
vealed the fragmented nature of the regulatory system,
where each subsidy instrument operates autonomously
without an integration framework. Meanwhile, support
for processing remains minimal against the backdrop
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of compensation for capital expenditure dominating,
which, in practice, favours large agricultural enterprises.

The study found that the number of small rumi-
nants in the Abai region exceeds 1.17 million, while
the cattle population amounts to 752,500. It also found
that the rate of livestock growth outpaces meat produc-
tion growth, indicating the persistence of an extensive
model and productivity problems. The outcome was the
identification of asymmetric effectiveness of instru-
ments: credit mechanisms demonstrated greater trans-
formative capacity than subsidies, but access to them
was uneven due to collateral requirements, intensifying
the structural polarisation of the sector. The implemen-
tation of investment projects such as the construction
of a 11.4-thousand-tonne-per-year meat-processing
complex in Zhanasemey District with an investment of
KZT 7.7 billion indicates the positive impact of credit
instruments on investment activity. However, agricul-
tural holdings account for only 55% of meat production,
suggesting that this impact is mainly limited to large-
scale producers.

The level of budgetary support in the structure of
gross farm receipts was only 4.9%, while the wear of
agricultural machinery exceeded 80%, which, togeth-
er with a shortage of 6.5 thousand specialists, forms
systemic constraints on the transition to intensive
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production. The analysis identified five types of sys-
temic limitations in state policy in Abai region: an in-
vestment-production gap, where KZT 43.2 billion in
investment generated only a 2.7% increase in meat
production; uneven access to financial instruments due
to collateral requirements; a personnel deficit, with 6.5
thousand vacancies and only 28% of specialists having
relevant professional education; technological ageing,
with 80% of machinery exceeding its standard service
life; and a disproportion between support for produc-
tion and support for processing, with only 4.4% of the
agro-industrial complex budget allocated to processing
while capacity utilisation stands at 37.6%. Prospects for
further research lie in developing an adjusted model of
inter-budgetary relations that would eliminate the gap
between declared support volumes and actual financ-
ing at the regional level.
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KasakcTaH Pecny6numkacbiHAa 3T 6arbiTbiHAArbI

MaJ Yap6acbiH Konpoo 60loHYa MaMIeKeTTUK casicaT:
A6ai aMarbiHbIH MMUcanbliHAA cy6cuananoo XaHa
YEeHUNAEeTUNreH Hacblsl 6epyy MexaHu3MAaepu

KyaHbiw CynemMmeHoB

CTyoeHT

KasakcTtaH Pecny6nmKacbiHbiH MNpe3naeHTUHWH angbiHoarel MamMnekeTTrK 6allkapyy akageMuachl
010000, ABai npocn., 33-A, AcTaHa L., Ka3akcTaH Pecny6nmkachl
https://orcid.org/0009-0005-0211-4823

AHHoTaumsa. byn m3nngee KasakctaHga 3T GarbiTbiHAArbl yi 4apbacbiH KONA00ro HarbiTTanraH MamiekeTTUK
CasACATTbIH HATbIMXKANYYNyryH cybcuamsnap MeHeH >XEeHWNAETUNreH HACbISNIOOHYH PEervoHanaplk LeHrasngeru
©3 apa bainaHbIWbIH TaNLo0 apKblnyy 6aanooHy MakcaT Kbligbl. OHAYPYLW KOPCOTKYUTOPYHYH, MHBECTULUSBIK
AKTUBAYY/IYKTYH >KaHa OHMKeTTMK napameTpnepamH  ybakbiT 600  AMHAMMKACBIH - TYWYHAYPYY  YYYH
UHCTUTYLLMOHANAbIK, CANbILUTBIPManyy XaHa 3MNUPUKaNbIK-CTaTUCTUKANbIK aHANU3AEPAMH alKanbllbl KONAOHYNLY.
HaTuxenep KepceTkeHAeM, MaMNeKeTTUK KOMLOOHYH WHCTUTYLMOHANAbIK Ty3ymy Ken AeHraangyy 6onyn,
6opbopayK XaHa pervoHanablk OMANMK OpraHAapbiHbiH OPTOCYHAA bIMrapbiM YKYKTapZblH pacMuii GenyHywy
nanpa 6onroH. Abar anmarbiHAarbl KapXbl10O CTPYKTypachl Ty34eH-Ty3 KONAOOHYH (4,8 mnpa TeHre) opayHa
KapXblblK MHCTPYMEHTTEPAUH (7,8 MNpA, TEHre) YCTOMAYTY MEHEH MYHB3A8/TeHY aHbIKTanbl, 6yn MHBECTULMANBIK
AKTUBAYYNYKTY CTUMYNAAWTbIpYyra 6arbiTranraH cascatTblH ©3repyllyH KepceTeT. ManapliH CaHbl XaHa eHAypyL
CTPYKTYpacblHa 3MNUPUKANbIK aHANU3 KEHMPU BHYTYY MOAENMHE apTbiKYbIbIK GEPUNULILMH KOpPCOTTY, Oyn ManapbiH
CaHbIHbIH bIIAAMbIPAAK ecyLy (CUblpnapablH CaHbl 2,4 %ra ecyn) MeHeH, an 3MU NPOAYKLUMS ecyLy (3T eHAYPYLIY
2,7 %ra ecyn) opToCyHAarbl ablpMaybliblK apKbiayy AanunaeHan. bBUpok Hackls anyy MyMKyHUynyry 6upaei amec
6OWMA0H Kanyyna, aHTKEHU KeNUAAWK Tanantapbl YakaH eHAYPYYYYI8PAYH KapXKbl100 NPOrpaMManapbliHa KaTbILWyyCyH
YyeKTeWT. Byn CeKTOp MUMHAErM CTPYKTYPanblK aXXblpbIMAbIH bekemaenuiunHe ebenre Ty3eT: aiblin Yyapba yapbanapsl
3T eHAYPYWYHYH 55 %bIH Ty3ce, yii yapbanap 6onroHy 15 %biH raHa Ty3eT. AnblHraH HaTblXanapabl Xanmnblioo
MaMJIEKETTUK CasiCaTTbIH HATbIAXANYYNyry KapXKbl100 K&1I®eMY MEHEH raHa IMeC, KONA00 KypanaapbiHbIH LUANKELITUTH,
UHCTUTYLMOHANAbIK MHTErpaLms AEHII31M XaHa ap KaH4aw eHAYpYYYY KaTeropusnapbiHa XeTKUMAUKTYYIYK MEHeH
[1a aHbIKTanapblH KepceTTy. HaTtbiikanapblH NPaKTUKaNbIK MaaHUAYYAYry KUYM eHAYPYYYYAep Y4YyH cybcuans
nporpamMmanapblHAarbl KaTblillyy KpUTEPUANEPUH Kalpa Kapan 4biryyaa, aHblH MUYMHAE A0N600pAYyH KybaTTyynyk
TananTapbliH TEMEOHABTYYAe XaHa aibll Yyapba TapMarbiHAa TeNemMaepay eHAYPYLL UMKIAEPUHE aiKeLl KenTupun
BHKETTU NNAHAO0HY XXEeHre canyyna KonAoHYyy MyMKYHUYYTYHAS XaTaT

Heruzru cezpep: 6104KeTTUK TpAHCHEPTTEP; KUUMHKUIE KaNTblpblraH MUALETTEHMENEP; IKCTEHCUBAYY MOLEND;
MHBECTULMANBIK J,01600pN0p; KNacTepAnK MOAENb; albll Yapba TapMarbiH cCaHapUnNTELLTUPYY
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focypapcTBeHHasa NOSIMTUKA NoaaepPXXKn YXMBOTHOBOACTBA
B Pecny6nmnke KaszaxcTaH: MexaHU3Mbl cy6cnanpoBaHUs
M NIbFOTHOro KpeanToBaHUA Ha NnpuMepe Abackon obnactu

KyaHbiw CynemMmeHoB

CTyoeHT

AKageMunsa rocydapcTBeHHOro yrnpasneHusa npu MNpesmnaeHTe Pecny6nnkm KasaxcTaH
010000, npocn. Abag, 33-A, . AcTaHa, Pecnybnmnka KasaxctaH
https://orcid.org/0009-0005-0211-4823

AHHoTauusa. Llenbio gaHHoro uccnepoBaHus 6bina oueHka 3GOEKTUMBHOCTU FOCYAAPCTBEHHOM MOMMUTUKM
noadepXKn MSCHOro CKOoTOoBOACTBA B KasaxcTaHe nyTeM aHanu3a B3aMMOLEWCTBMS CyOCMAMI U NbIFOTHOrO
KpeauTOBaHUS Ha perMoHanbHOM ypoBHe. [Ing uHTepnpeTtaumMm OUMHAMUKKW NPOU3BOACTBEHHbLIX MOKa3aTenen,
WMHBECTULMOHHOM aKTUBHOCTM M OIOMXKETHbIX NapaMeTpoB BO BpeMeHW Obinl MCNONb30BaH KOMIMIEKC
MHCTUTYLMOHANbHOTO, CPABHUTENLHOMO WM 3MMUPUKO-CTAaTUCTUYECKOrO aHanu3a. bbino ycTaHoBneHo, uTo
MHCTUTYLMOHANbHAa CTPYKTypa rocyAapCTBEHHOM MOAAepXKuM npuobpena MHOrOYPOBHEBbIM XapakTep ¢
dopManbHbIM pasfeneHneM MOMHOMOYMI MeXAY LEHTPasbHbIMM U pErnoHaNbHbIMWM OpraHamMu BAACTW.
YcTaHOBNEHO, 4TO CTPyKTypa (uHaHcupoBaHus B Abaiickoi obnactu xapakTepusyeTcs npeobnagaHuem
®OWMHAHCOBbBIX MHCTpYMEHTOB (7,8 MAph TeHre) Hag npambiMu dopmamu nopnepxku (4,8 mMnpn Tewre),
4YTO CBMAETENbCTBYET O CABUre B MONUTUKE B CTOPOHY CTUMYSIMPOBAHUSA WMHBECTULMOHHOW [OEeATeNbHOCTW.
IMNUPUYECKUIA aHANM3 MOTON0BbS CKOTA M CTPYKTYpbl MPOM3BOACTBA BbISIBU NpeAnoyYTeHne 3KCTEHCUBHOM
MOLEeNn pasBUTUS, O YeM CBUAEeTenbCTByeT Gonee ObICTPbIA pOCT MOronoBbs (Ha 2,4 %) NO CpaBHEHUID C
pocToM 06beMOB NPOM3BOACTBA (Ha 2,7 %). OgHaKo AOCTYN K KpeauTaM 0CTaeTcsl HepaBHOMEPHbIM, MOCKO/bKY
TpeboBaHMS K 3aN10ry OrpaHMYMBAIOT y4acTUe MeNKUX NMpousBoauTenel B nporpaMmax GUHAHCUPOBAHMS. DTO
CNoco6CTBYET YCUNIEHUIO CTPYKTYpHON AnddepeHLMaumMm BHYTPU CEKTOPA: Ha OO0 CeNbCKOXO3MCTBEHHbIX
npeanpuaTMii npuxogutcs 55 % npou3BOACTBa Msica, B TO BpPeMs Kak Ha A0N0 OOMOXO3AWCTB — NUWb
15 %. O606uweHne nonyyeHHbIX pe3ynbTaToB MOKa3ano, 4To 3O(EKTUMBHOCTb rOCYAAPCTBEHHOM MOAUTUKM
onpeaenseTcs He TOJbKO 06bEMOM (UHAHCMPOBAHMSA, HO M COMNACOBAHHOCTHIO MHCTPYMEHTOB MOALEPXKKM,
YPOBHEM WMHCTUTYLMOHANIbHOW WMHTErpaumMmM v LOCTYNHOCTbIO AN PasAUYHbIX KaTeropuit NpousBOAUTENEN.
MNpakTMyeckas 3HaYMMOCTb pe3ynbTaToOB 3aK/0YAETCH B UX MOTEHLMANbHOM MCNOMb30BaHUM NPU NepecMoTpe
KpuTepueB A0CTyNa MeNKMUX NPOM3BOAMUTENEN K MpOrpaMMamM CybCMANMPOBaHUS, BKIOYAs CHMXeHWe TpeboBaHuMI
K MOLLHOCTSIM MPOEKTOB, @ TakXe Npu KOPpeKTUPOBKe OIAXETHOro MAaHMPOBAHMS B arponpoMbILLIEHHOM
KOMMIeKce NyTeM CUHXPOHMU3ALMUK BbINAAT C NPOU3BOACTBEHHLIMU LIUKNAMU

KnioueBble cnoBa: 6HOOXETHbIE TpaHCCbeprl; OT/IOXXEHHbIE 06ﬂ3aTEJ'IbCTBa; JKCTEHCMBHAA  MOLENDb,
MHBECTULUMOHHbIE NMPOEKTDbI; KNaCTEPHAA MOAEN b, Ll,l/lq)pOBMBaLl,Mfl CeNbCKOX035MCTBEHHOMO CeKTopa
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