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Abstract. The relevance of this study stems from the need to improve the accuracy and sensitivity of laboratory
diagnostics for COVID-19, particularly in the early stages of infection and with low viral loads. The aim of the
study was to validate and experimentally evaluate the performance of a pair of primers targeting the SARS-
CoV-2 nucleocapsid gene using a plasmid positive control. The study utilised computer-aided primer design using
standard criteria, testing their specificity against nucleotide sequence databases, modelling a plasmid construct
with the target fragment,and performing one-step reverse transcription followed by polymerase chain reaction and
agarose gel analysis of the products. Primers N9171F and N9368R, 20-22 nucleotides in length, with optimal GC
content and consistent melting temperatures, were developed and characterised. Bioinformatics analysis revealed
a lack of significant tendency to form stable hairpins and dimers, and confirmed minimal homology with off-target
sequences, which increases amplification specificity. Recombinant plasmid DNA pJET1.2, containing a 197-bp insert
of the target fragment, was used as a positive control.Visualisation of the construct map confirmed the presence of
the diagnostic insert and its ease of use for reaction control. Experimental results demonstrated the production of
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a specific product of the expected size (197 bp) during SARS-CoV-2 RNA analysis, while the negative amplification
control did not produce any, confirming the accuracy of the reaction and reducing the risk of false negative results
with a valid control. The practical value of this work lies in the potential for using the proposed primer pair and
plasmid control in laboratories for RT-PCR testing in laboratory diagnostics, epidemiological monitoring, and the
development of diagnostic test systems for detecting the coronavirus pathogen

Keywords: plasmid; nucleotide; diagnostics; amplification; BLAST

Introduction

The need to develop and optimise primers for the
SARS-CoV-2 nucleocapsid (N) gene stems from the
virus's continued circulation, the emergence of new
genetic variants, and the need to ensure reliable lab-
oratory diagnostics at the national level. Despite a de-
cline in global incidence compared to the peak levels of
2020-2022, COVID-19 remains a significant respiratory
infection causing severe complications in vulnerable
population groups. Given the genetic variability of the
virus, the effectiveness of existing test systems may de-
cline, requiring regular revision of primer and probe de-
signs, particularly for conserved regions of the genome
such as the N gene. D. Dutta et al. (2022) analysed the
diagnostic performance of RT-PCR in clinical samples
from 312 patients and demonstrated that test systems
targeting the N gene provided a detection limit of up to
10 RNA copies/reaction at a specificity of 99.3%, which
exceeded the performance of tests targeting the S gene
exclusively. The authors emphasised that the high tran-
scriptional activity of the N gene results in a greater
quantity of subgenomic RNA, increasing the likelihood
of virus detection in the early stages of infection.

In their study, A. Mentes et al. (2022) proposed an
in silico pipeline for identifying genomic variants that
overlap with the target regions of widely used SARS-
CoV-2 PCR primer sets, based on large datasets includ-
ing sequences from GISAID. They found that mutations
affecting primer target sites - particularly in Omicron
lineages — impair detection by some assays, increasing
the proportion of samples classified as misclassified.
These findings underscore the need for regular in sil-
ico assessment of primer-template complementarity
as circulating variants evolve. D. Negrén et al. (2022)
conducted a large-scale in silico analysis of over 1.6
million SARS-CoV-2 genomes and demonstrated that
the accumulation of mutations in primer and probe
binding regions can lead to a reduction in the sensitiv-
ity of PCR assays. This indicates a potential decline in
assay sensitivity over time and highlights the need for
continuous monitoring and redesign of primers. H. Li et
al.(2020) developed a modified set of primers targeting
a conserved region of the N2 region and tested it on
186 clinical samples. The sensitivity of the method was
98.9%, and the limit of detection was 5 RNA copies per
reaction. Compared with the reference protocol, sensi-
tivity increased by 6.3%, particularly in samples with a
viral load of less than 10% copies/mL.

In their review of COVID-19, M. Cascella et al. (2025)
provided a comprehensive overview of the clinical fea-
tures, epidemiology and diagnostic methods for SARS-
CoV-2, including a discussion of molecular diagnostics
using PCR. The authors noted that SARS-CoV-2, like
other RNA viruses, rapidly accumulates mutations in
its genome, which influences the virus’s evolution and
requires careful consideration when selecting targets
for diagnostic assays, as changes in target sequences
can potentially reduce the sensitivity of RT-qPCR tests.
This highlights the importance of monitoring circulat-
ing variants to maintain the effectiveness of existing
diagnostic primers. Research by R. Wang et al. (2020)
demonstrates that the N gene remains one of the most
stable and diagnostically significant targets of SARS-
CoV-2. The constant evolution of the virus necessitates
regular analysis of genomic data, optimisation of prim-
er sequences, and experimental validation of their effi-
cacy. Furthermore, the one-step RT-PCR format is more
cost-effective and technologically convenient for rou-
tine use in clinical diagnostic laboratories. Combining
the reverse transcription and amplification steps in a
single reaction tube reduces the duration of the assay
by an average of 30-40% compared to two-step pro-
tocols, reduces the consumption of enzymes and plas-
ticware, and minimises the risk of contamination. This
is particularly important during mass testing and when
handling a high throughput of clinical samples. Reduc-
ing the number of steps decreases staff workload and
improves the reproducibility of results, making one-
step RT-PCR the optimal tool for rapid and reliable lab-
oratory diagnosis of SARS-CoV-2.

According to the WHO (2022), equitable distribu-
tion of and access to COVID-19 diagnostic tools, in-
cluding molecular tests such as PCR kits, remain inad-
equate in many low- and middle-income countries. The
report highlights persistent gaps in regulation, supply
and domestic delivery mechanisms that hinder timely
and reliable access to diagnostic tools, underscoring
the ongoing challenges countries face in maintaining a
stable diagnostic capacity for SARS-CoV-2. For example,
not all laboratories in the Republic of Kazakhstan and
the Kyrgyz Republic have stable and timely access to
commercial diagnostic kits for detecting SARS-CoV-2.
Constraints related to supply logistics, currency de-
pendence and periodic disruptions in the global rea-
gent market may reduce the efficiency of laboratory
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surveillance of infectious diseases, particularly in re-
mote regions. Given the ongoing circulation of the vi-
rus and the need to monitor new variants, such reliance
on imported test kits poses a potential epidemiological
risk. In this regard, the development in such countries
of test systems based on their own molecular genetic
solutions, including the design of primers and probes
targeting conserved regions of the SARS-CoV-2 N gene,
takes on particular significance. The creation of local
diagnostic methods makes laboratory diagnostics more
accessible, ensures flexibility in adapting to new vari-
ants of the virus, and reduces the cost of testing. Fur-
thermore, the implementation of nationally developed
technologies helps to strengthen the region’s scientific
and technological capacity and establish a sustainable
biosafety system.

The optimisation of primers for the SARS-CoV-2 N
gene in a one-step RT-PCR format is of not only sci-
entific and methodological but also strategic impor-
tance, ensuring laboratories’ independence from exter-
nal suppliers and enhancing the preparedness of the
healthcare systems in Kazakhstan and Kyrgyzstan for
current and future epidemiological challenges. The
aim of this study was to develop and experimentally
optimise primers for conserved regions of the SARS-
CoV-2 N gene, taking into account current genomic
data on circulating variants of the virus, and to evalu-
ate their analytical sensitivity and specificity in a one-
step RT-PCR assay.

Materials and Methods
The research was conducted at the Research Insti-

tute for Biological Safety Issues of the QazBioPharm
National Holding (Republic of Kazakhstan) in 2025.

The SARS-CoV-2 strain SARS-CoV-2/human/KAZ/Del-
ta-020/2021 was used in the study. Viral RNA was
isolated under BSL-2 biosafety conditions using the
innuPREP Virus DNA/RNA Kit (IST Innuscreen GmbH,
Berlin, Germany) in accordance with the manufactur-
er’s instructions. The concentration and quality of the
isolated RNA were assessed using a NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific, USA).
The A260/A280 and A260/A230 ratios were used to
assess the purity of the preparation, with values in
the range of 1.8-2.0 and > 1.8, respectively, being con-
sidered acceptable.

A constructed plasmid DNA containing a frag-
ment of the SARS-CoV-2 N gene was used as a posi-
tive control. A 197-base-pair (bp) nucleotide sequence
corresponding to the SARS-CoV-2 N-gene fragment
was cloned into the pJET1.2 plasmid vector using the
ClonelET PCR Cloning Kit (Thermo Fisher Scientific
Baltics, Lithuania). Transformation was carried out in
competent E. coli DH5a cells, and recombinant clones
were selected on LB agar supplemented with ampi-
cillin (100 pg/mL). Plasmid DNA was isolated using a
plasmid extraction kit and verified by Sanger sequenc-
ing. The resulting recombinant plasmid was used as a
positive control in the OT-PCR assay. A model of the
pJET1.2 plasmid construct with the N-gene fragment
inserted was generated using PlasMapper 3.0 software.

Primers for the detection of SARS-CoV-2 were se-
lected based on multiple alignment of the nucleotide
sequences of the relevant viral genes. Sequences of
SARS-CoV-2 isolates from various geographical regions,
availableinthe GenBank(n.d.) database,were used for the
analysis. The N-gene sequences of the SARS-CoV-2 virus
available in GenBank were used for alignment (Table 1).

Table 1. GenBank accession numbers for the N gene of the SARS-CoV-2 virus

Name of the gene
and virus

Identification numbers of SARS-CoV-2 virus sequences in the GenBank database

Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/KAZ/Omicron-
XBB.1.9.1-399/2023 [Genbank: OR485702.1, Kazakhstan ], Severe acute respiratory syndrome coronavirus

The N gene
of the SARS-CoV-2
virus

2 isolate SARS-CoV-2/human/KAZ/Omicron-XBB.1.9-400/2023 [Genbank: OR485705.1, Kazakhstan], Isolate
SARS-CoV-2/human/KAZ/AST-S396/2023 [Genbank: PP905483.1, Kazakhstan], isolate SARS-CoV-2/HUMAN/
CHN/Delta CS/2021[Genbank: PX952996.1, Chinal, isolate SARS-CoV-2/Vero E6/CHN/Delta CAS1\2/2024 1

[Genbank: PX952990.1, Chinal, isolate SARS-CoV-2/human/CHN/CCS12-BA.2/2022 [Genbank: PX587945.1,
China], isolate SARS-CoV-2/human/RUS/P693/2024 [Genbank: PQ510397.1, Russia]

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

Nucleotide sequences in FASTA format were im-
ported into MEGA version 11.0 (Molecular Evolutionary
Genetics Analysis) via the Align - Edit/Build Alignment
module. Multiple alignment was performed using the
ClustalW algorithm. Alignment parameters: gap open-
ing penalty - 15, gap extension penalty - 6.66. Con-
servative regions selected for primer design were de-
fined as areas with a sequence identity of at least 95%
among the isolates analysed.

Primer pairs were designed using the Vector NTI
Advance™ software (Thermo Fisher Scientific, USA) in

the “Primer Design” section. The target nucleotide se-
quence was imported in FASTA format into the Vector
NTI = Tools = Primer Design module for the automat-
ic selection of optimal primers. The criteria for primer
selection were: length 18-24 nucleotides, guanine-cy-
tosine (GC) content 40-60%, annealing temperature
55-65°C, absence of significant secondary structures
(AG > -3 kcal/mol for hairpins and dimers), and an am-
plicon size of 150-300 bp. Primer specificity was verified
using the BLAST (Basic Local Alignment Search Tool)
algorithm against the NCBI (n.d.) nucleotide sequence
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database to exclude cross-reactivity with the genomes
of other microorganisms and humans.

For the detection of viral RNA by RT-PCR, prim-
ers N9171F and N9368R, targeting the SARS-CoV-2 N
gene, were used. The primers were synthesised by Met-
abion International AG (Germany) to HPLC-grade purity.
The total reaction volume was 25 pL and comprised:
12.5 pL of 2x buffer, 1 pL of enzyme mix, 1 pL each
of forward and reverse primers (10 nmol), 2 yL of RNA
template (5-50 ng) and deionised water to the final vol-
ume. The composition of the 2x buffer included Tris-
HCL (pH 8.3),KCl, MgCl, (concentration 3 mM in the final
reaction) and dNTPs (0.4 mM of each). The enzyme mix
comprised reverse transcriptase, which facilitates the
synthesis of complementary DNA (cDNA) from the RNA
template, and Taq DNA polymerase, which carries out
the amplification of the cDNA.

The RT-PCR temperature-time profile comprised a
reverse transcription step at 58°C for 30 seconds, an
initial denaturation step at 94°C for 1 minute, followed
by 40 cycles: denaturation at 94°C for 15 s, annealing/
extension at 58°C for 30 s. Amplification was performed
on a SimpliAmp Thermal Cycler (Thermo Fisher Scien-
tific, USA). The amplification products were analysed
by electrophoresis in a 2% agarose gel (SeaKem LE
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Agarose, Lonza) with the addition of ethidium bromide
(0.5 pug/mL) in 1x TAE buffer. Electrophoresis was per-
formed at 120 V for 40 minutes. The GeneRuler 100 bp
DNA Ladder (Thermo Fisher Scientific) was used as a
molecular weight marker. Visualisation and documen-
tation of the results were carried out using a gel docu-
mentation system with a UV transilluminator.

The specificity of the primers developed was an-
alysed using the NCBI BLAST online tool. All exper-
iments were conducted in triplicate. No statistical
analysis was performed due to the qualitative nature
of the RT-PCR method.

Results and Discussion

The primers were designed in accordance with stand-
ard PCR design criteria: primer length ranged from 18
to 24 nucleotides, GC content was between 40% and
60%, and the melting temperatures (Tm) of the for-
ward and reverse primers differed by no more than 5°C.
To enhance specificity, a GC-clamp was introduced at
the 3’ end and the propensity for secondary structure
formation was minimised. Homology with off-target
sequences was checked in silico using nucleotide se-
quence databases. Table 2 lists the characteristics of
the selected primers.

Table 2. Characteristics of the selected primers N9171F and N9368R for the N gene of SARS-CoV-2

Name of the primer Nucleotide sequence (5’ = 3') Length, nt GC, % Tm, °C Amplicon size, bp
N9171F CATTGGCCGCAAATTGCACA 20 50.0 59
197
N9368R TGGTGGGAATGTTTTGTATGCG 22 45.5 60

Complementary: CGCATACAAAACATTCCCACCA

Note: nt - nucleotides; GC - percentage of guanine (G) and cytosine (C) nucleotides; Tm - primer melting temperature; bp -

base pairs
Source: compiled by the authors

The N9171F and N9368R primers have an optimal
length (20-22 nt) and GC content (45-50%), ensuring
stable and specific amplification. Melting temperature
calculations showed good agreement in Tm values be-
tween the primers (difference < 2°C). Analysis of sec-
ondary structures revealed no stable hairpins or signif-
icant dimers capable of inhibiting PCR, allowing these
primers to be recommended for use in PCR. Figure 1
shows the localisation of the primers on the nucleotide
sequence of the coronavirus genome.

The pJET1.2 plasmid DNA is used as a positive
control in PCR, as it contains the target nucleotide se-
quence of the SARS-CoV-2 virus’s N gene. The presence
of amplification when using this control confirms the
correctness of the reaction conditions, the functionality
of the primers and the enzyme system, and also allows
false-negative test results to be ruled out (Fig. 2).

Modelling has yielded a circular map of the re-
combinant pJET1.2 plasmid containing an insert of the
SARS-CoV-2 N gene, with a total length of 3,205 bp. The
197-bp insert, cloned into plasmid DNA, contains the
target fragment of the SARS-CoV-2 N gene and is used

as a positive control in PCR.The results obtained confirm
that RT-PCR targeting the N gene allows for the effec-
tive detection of viral RNA, including at low viral loads,
which is particularly important for the early diagnosis of
COVID-19 and screening studies. The results of RT-PCR
using the N9171F and N9368R primers for the detection
of the SARS-CoV-2 N gene are presented in Figure 3.

The RT-PCR results for the identification of the
SARS-CoV-2 virus showed that a specific PCR product
of 197 bp in size was amplified using SARS-CoV-2 viral
RNA. The selection of the N gene as a target for SARS-
CoV-2 diagnosis is scientifically justified. As noted by
P.Zhou et al. (2020), SARS-CoV-2 exhibits 96% identity
in its whole-genome sequence with the bat coronavi-
rus RalTG13 and 79.6% with SARS-CoV, indicating the
phylogenetic proximity of this virus to coronaviruses
of animal origin. Furthermore, as shown in the study
by F. He et al. (2020), coronaviruses are a highly diver-
sified group of RNA-containing viruses that can cause
respiratory, intestinal, hepatic and neurological diseas-
es of varying severity in humans and animals. In this
regard, the selection of conserved genomic regions for
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diagnostic purposes becomes of critical importance.
The SARS-CoV-2 coronavirus nucleocapsid protein
N plays a key role in the packaging of viral RNA and
viral replication, which further confirms the stability
and diagnostic significance of the gene encoding it
(Chang et al.,2006; Dangi et al.,2021; Chen et al., 2022).
W.Song et al. (2023) emphasise that the N gene is highly

/gene="N"

€Ds. 28206..29456
/gene="N"

/codon_start=1
/product="

conserved across different viral strains and is expressed
in large quantities in infected cells, which increases the
sensitivity of the detection method. Using the N gene
as a target reduces the likelihood of false-negative re-
sults, particularly when analysing samples with a low
viral load, which is of fundamental importance for the
early diagnosis of infection.

ucleocapsid phosphoprotein™

/protein_id="UUS91996.1"
/translation="MSDNGPQNQRNALRITFGGPSDSTGSNQNGGARSKQRRPQGLPN
NTASWFTALTQHGK EDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLS
PRWYFYYLGTGPEAGLPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQLPQ
GTTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSKRTSPARMAGNGGDAALAL
LLLDRLNQLESKMSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKAYNVTQAFGRRGP
EQTQGNFGDQE LIRQGTDYKHWPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAT
KLDDKDPNFKDQVILLNKHIDAYKTFPPTEPKKDKKKKADETQALPQRQKKQQTVTLL
PAADLDDFSKQLQQSMSRADSTQA™
28321 aactggcagt aaccagaatg gtggggcgcg atcaaaacaa cgtcggcccc aaggtttacc
28381 caataatact gcgtcttggt tcaccgetct cactcagcat ggcaaggaag accttaaatt
28441 ccctcgagga caaggcgttc caattaacac caatagcagt ccagatgacc asattggcta
28501 ctaccgaaga gctaccagac gaattcgtgg tggtgacggt aaaatgaaag atctcagtcc
28561 aagatggtat ttctactacc taggaactgg gccagaagct ggacttccct atggtgctaa
28621 caaagacggc atcatatggg ttgcaactga gggagccttg aatacaccaa aagatcacat
28681 tggcacccge aatcctgcta acaatgetge aatcgtgeta caacttcctc aaggaacaac
28741 attgccasaa ggcttctacg cagaagggag cagaggcggc agtcasgcct cttctcgttc
28801 ctcatcacgt agtcgcaaca gttcaagaaa ttcaactcca ggcagcagta aacgaacttc
28861 tcctgctaga atggctggca atggeggtga tgctgetctt getttgetge tgcttgacag
28921 attgaaccag cttgagagca aaatgtctgg tasaggccaa caacaacaag gccaaactgt
28981 cactaagaaa tctgctgctg aggcttctaa gaagcctcgg caasaacgta ctgccactaa
29041 agcatacaat gtaacacaag ctttcggcag acgtggtcca gaacaaaccc aaggaaattt
29101 tggggaccag gaactaatca gacaaggaac tgattacaaa
29161 atttgccccc agegcttcag cgttcttcgg aatgtcgege attggcatgg aagtcacacc
29221 ttcgggaacg tggttgacct acacaggtgc catcaaattg gatgacaaag atccaaattt
29281 caaagatcaa gtcattttgc tgaataagca tattgargca tacaaaacat tcccaccagce
29341 agagcctaaa aaggataaaa agaagaaggc tgatgaaact caagccttac cgcagagaca
29401 gaagaaacag caaactgtga ctcttcttcc tgctgcagat ttggatgatt tctccaaaca
29461 attgcaacaa tccatgagcc gtgctgactc aactcaggec taaactcatg cagaccacac
29521 aaggcagatg ggctatataa acgttttcge ttttccgttt acgatatata gtctactctt
29581 gtgcagaatg aattctcgta actacatagc acaagtagat gtagttaact ttaatctcac
29641 atagcaatct ttaatcagtg tgtaacatta gggaggactt gaaagagcca ccacattttc

Figure 1. Localisation of primers on the nucleotide sequence of the SARS-CoV-2 coronavirus genome

Source: compiled by the authors based on NCBI (n.d.)
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Figure 2. Circular map of the recombinant plasmid pJET1.2 containing the N gene fragment of the SARS-CoV-2 virus

Source: compiled by the authors using PlasMapper 3.0
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Figure 3. Results of PCR testing using the N9171F
and N9368R primers for the diagnosis of SARS-CoV-2
Note: M - DNA molecular weight marker; 1 - positive
control; 2,3 — SARS-CoV-2 viral RNA; 4 - negative control
Source: compiled by the authors

The use of MEGA 11.0 software for multiple align-
ment of nucleotide sequences is consistent with mod-
ern approaches to bioinformatics analysis (Tamura et
al., 2021). This software package is widely used for
phylogenetic analysis and enables the identification
of conserved genomic regions that are optimal for the
design of diagnostic primers. When developing PCR
systems for the detection of SARS-CoV-2, the envelope
protein (E) and RNA-dependent RNA polymerase (RdRp)
genes are also widely used as diagnostic targets (Chu et
al., 2020; Pabbaraju et al., 2021). The E gene is highly
conserved among members of the Sarbecovirus subge-
nus and is frequently used in screening PCR tests due
to its stability (Rangaiah et al., 2021). |. Barjaktarovic et
al. (2023) highlight the diagnostic importance of de-
tecting the E gene of the SARS-CoV-2 genome in the
comprehensive diagnosis of COVID-19. The RdRp gene,
which encodes a key enzyme in viral genome replica-
tion, exhibits high specificity for SARS-CoV-2 and is fre-
quently used in confirmatory diagnostic tests (Abbasi et
al., 2022). Compared to the E and RdRp genes, the N
gene is characterised by a combination of high conser-
vation, specificity and expression levels. The N gene is
widely used as the primary or one of the key targets in
commercial and research diagnostic kits for the detec-
tion of SARS-CoV-2 (Corman et al.,2020; Hu et al., 2022).

A.Nalla et al. (2020) conducted a comparative eval-
uation of the effectiveness of SARS-CoV-2 detection us-
ing seven different pairs of primers and probes, includ-
ing kits targeting the N gene. The results demonstrated
that N-gene-based systems provide high sensitivity and
specificity in the detection of viral RNA in clinical sam-
ples.The importance of accurate laboratory diagnosis of
COVID-19 is also emphasised in the broader context of
the pandemic’s development. S. Perlman (2020) noted
in his editorial that, a decade after the SARS outbreak
and seven years after the emergence of MERS, human-
ity is facing yet another coronavirus, which highlights
the need to develop reliable and accessible diagnostic
systems. B. Udugama et al. (2020) emphasised in their
review the central role of molecular diagnostics, in
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particular RT-PCR, as the gold standard for detecting
SARS-CoV-2, whilst noting the need for validated diag-
nostic tools. T. Dong et al. (2023), in a comprehensive
review of SARS-CoV-2 diagnostic and analytical meth-
ods, noted that PCR-based molecular detection meth-
ods remain the most reliable for the early detection of
infection, particularly when combined with the use of
multiple targets, including the N gene.

Overall, the results of this study confirm that the de-
veloped one-step PCR system, utilising the N9171F and
N9368R primers targeting the conserved region of the
N gene, is an effective tool for the detection of SARS-
CoV-2. The use of a one-step RT-PCR format reduces
analysis time, lowers the risk of contamination and
simplifies the protocol compared to two-step methods,
making this approach optimal for routine laboratory di-
agnostics. The use of the recombinant plasmid pJET1.2
containing a cloned fragment of the N-gene as a posi-
tive control allows the reaction setup procedure to be
standardised and ensures the validity of the results ob-
tained. The combination of bioinformatic analysis for
primer selection and experimental verification of their
efficacy demonstrates a comprehensive approach to the
development of diagnostic systems. The data obtained
can be used in the development of domestic diagnostic
kits for the detection of SARS-CoV-2, which will help
to increase the availability of laboratory diagnostics for
COVID-19 in the region and reduce dependence on im-
ported test systems.

Conclusions

As a result of the study, specific primers for the detec-
tion of SARS-CoV-2 using a one-step reverse transcrip-
tion polymerase chain reaction (RT-PCR) method were
developed and experimentally validated, which is of
practical significance for the laboratory diagnosis of
COVID-19 in the Republic of Kazakhstan and the Kyrgyz
Republic. Based on bioinformatic analysis of multiple
alignment of N-gene nucleotide sequences of SARS-
CoV-2 isolates from various geographical regions, as
presented in the GenBank database, conserved regions
of the genome with a sequence identity of at least 95%
were identified. Using Vector NTI Advance software,
primers N9171F (20 nucleotides) and N9368R (22 nu-
cleotides) were developed, characterised by an optimal
GC content of 45-50%, melting temperatures differing
by less than 2°C, and no tendency to form stable sec-
ondary structures. Verification of primer specificity us-
ing the BLAST method confirmed minimal homology
with off-target sequences, which reduces the risk of
non-specific amplification.

A recombinant pJET1.2 plasmid containing a
197-base-pair target fragment of the SARS-CoV-2 N
gene was constructed and used as a positive control
for the validation of the RT-PCR assay. The use of a
plasmid control ensures standardisation of the reaction
and helps to eliminate false-negative results, which is
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critical for the reliability of laboratory diagnostics.
The performance of the developed primers has been
demonstrated experimentally: when analysing RNA
from the SARS-CoV-2/human/KAZ/Delta-020/2021
strain using a one-step RT-PCR method, a specific am-
plification product of the expected size of 197 base
pairs was obtained, visualised by agarose gel electro-
phoresis. The absence of amplification in the negative
control confirms the specificity of the reaction and the
correctness of the selected conditions.

Future research plans include validating the devel-
oped method on an expanded panel of clinical samples
from patients with confirmed COVID-19, determining
the analytical sensitivity and specificity of the meth-
od, assessing its effectiveness in detecting new genetic

variants of SARS-CoV-2, adapting the protocol for re-
al-time PCR with fluorescent detection, and developing
a multiplex test system with simultaneous detection of
several target genes (N, E, RdRp) to improve the reli-
ability of diagnosis and differentiation of SARS-CoV-2
from other respiratory pathogens.
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i

AHHoTaumsa. byn msungeeHyH aktyangyynyry COVID-19 yuyH nabopatopusnblk AMArHOCTUKAHbIH TaKTbIrbIH
XaHa Ce3rMyTUrMH XKOropynaTyy 3apbUiAbirbiHAH Kenun YbiraT, aipblikia MHOEKUMSHbIH anraykbl 3TanTapbiHAA
KaHa BUPYCTYK XYKTeMYy TeMeH 6onroHao. M3unpeeHyH makcatel SARS-CoV-2 Hykneokancma, reHuH nnasmMmaank
nosutTuBAyy OalkapyyHy KoOngoHyy MeHeH Oytara anraH 6up Xyn npaviMepauH MILTEWMH TeKWepyy XXaHa
3KCNepuMeHTanablk Typae 06aanoo 60nroH. M3ungeene CTaHZapTTyy KpuTepuinepaM KOMLOHYY MeHeH
KOMMbIOTEPAMK XApAAM MEHeH NpalMepAuH AM3aiHbl KOMLOHYAraH, anapfblH HYKNeOTUAAMK blpaaTTyynyK
MaanbiMaT 6asanapblHa Kapata crneumdukanyynyryH TeklepreH, Makcatryy @dparMeHT MeHeH Mia3MUAaHbIH
KOHCTPYKLMACBIH MOAENAereH )aHa oup 6ackbluTyy TeCKEpPU TPAHCKPUMUMAHDI, aHAAH KUIAWH NOAMMEPA3 UbIHXbIP
peaKUMACbIH XaHa MNPOAYKTYNapAblH arapo3 TreAuMHWH aHanusuH XKyprysreH. YsyHayry 20-22 HykneoTuaneH
TypraH, ontumanayy GC KypaMbl aHa TypykTyy apyy Temnepatypacbl 6ap N9171F xaHa N9368R npaiimepnepu
ULITENMN YbIKKAH XaHa MYHe3enreH. bBruonHdopMaTrkanbik aHanMs TypyKTyy 4ay TbIpMaKTapblH XaHa AuMepnepam
TY3YY TEHAEHUMSCHIHbIH YKOKTYIYH KOpPCOTTY XaHa MakKCaTTaH TbIWKAPKbl blpaaTTyyNykTap MeHeH MWHUManayy
rOMOJIOTUSAHbI TACTbIKTaAbl, OyN aMNIMbUKALUSAHBIH cneumMduKanyynyryH xoropynatar. MakcaTttyy GparMeHTTUH
197-bp KowyMyacbiH KaMTbiraH peKoMOMHAHTTbIK nnasmuaanblik JAHK pJET1.2 oH KOHTPOAb KaTapbl KOALOHYraH.
KoHCTpyKLMS KapTacbiH BM3yanaawTbipyy AMArHOCTUKANbIK KOWYMYaHbIH 6ap 3KEHAMIMH XaHa aHbl peakumsiHbl
6aLKapyy Y4yH KONAOHYYHYH OHOMAYIYH TaCTbIKTaAbl. IKCMEepUMeEHTaNAbIK XblnblHTbIkTap SARS-CoV-2 PHK aHanm3u
yyypyHAaa KyTynreH envempery (197 bp) 6enrunyy 6up npoayKTyHYH 6HAYPYAreHYH KepCeTTy, an 3MU Tepc Ky4eTyy
KOHTPO/Y 34 KaHAAM HaTblika GepreH oK, 6yn peakuMsHbIH TaKTbITbIH TACTbIKTaM, XXapaKTyy KOHTPOAb MEHeH
YKaNraH Tepc HaTbliKanapablH KOPKYHYYYH a3aiTTbl. Byn WMIWTWMH NpakTUKanbik 6aanyynyry CyHylwTanraH npanimep
XYOYH >aHa nnasMuAanbiK KOHTPOAAy nabopaTopusibiK AUMArHOCTMKAAA, SMUAEMMUONOTUSNLIK MOHUTOPUHIAE
YKaHa KOPOHABMPYCTYH KO3rory4yyH aHblKTOO YYYH AMArHOCTMKAbIK TeCT CMCTEManapbiH uwTten ybiryyaa RT-MLUP
TeCcTMpnee y4YyH nabopartopusanapzia KonLoHyy MyMKYHUYYTYHAS XaTtaT

Herusru cespep: NnasmMua,; HyKNeoTua,; AMarHocTuka; kyuetyy; BLAST
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AHHoTaumsA. AKTyanbHOCTb paboTbl 06ycnoBneHa HeOH6XOAMMOCTbIO NOBbILEHWS TOYHOCTU U YYBCTBUTEIBHOCTM
naboparopHon amuarHoctnkmn COVID-19, 0cobeHHO Ha paHHMX CTaanaX MHPEKLMM 1 NPU HU3KOM BUPYCHOM Harpy3kKe.
Llenbto uccnenosaHus 66110 060CHOBATb M 3KCMEPUMEHTANbHO OLEHUTb paboTocnocobHOCTb Napbl NpariMepos,
HaLeNeHHbIX Ha HyKneokancuaHbiv reH SARS-CoV-2, ¢ Mcnosib30BaHWEM NIA3MUAHOIO NONOXKMUTENbHOIO KOHTPOAS. B
paboTe NPUMEHSNN KOMMbIOTEPHbIN AM3aliH NpaiMepoB NO CTaHAAPTHLIM KpUTEPUSM, MPOBEPKY UX CNeLUdUIYHOCTH
no 6a3aMHYK/IEOTUHbIX TOCNEL0BATENbHOCTEN, MOAENMPOBAHME MNA3MUAHOM KOHCTPYKLIMM C LLeNIeBbIM (DparMeHTOM,
a TaKkxe NpoBeAeHWe OAHOLIAroBOM 06paTHOM TPAHCKPUMNLMK C NOCNeAyoLeln NoNMMepa3HOM LEeMHOM peakLumen
M aHanM3 NPOAYKTOB B arapo3HOM rene. bbinn paspaboTaHbl n oxapaktepu3oBaHbl npariMepbl N9171F n N9368R
onuHon 20-22 HykneotTuaa C onTMManbHbIM cogepxaHmnem GC 1M cornacoBaHHbIMU TeMnepaTypamu nnasnexus. Mpu
61OMHDOPMATUYECKON OLLEHKE YCTAHOB/IEHO OTCYTCTBME BbIPAXKEHHOM CKIOHHOCTM K 0Opa30BaHMI0 YCTOMYMBbLIX
LINuneK 1 IMMEepPOB, a TakXe NOATBEPXKAEeHa MUHMMANbHAs FOMONOrUS C BHELeNeBbIMU NOCNEL0BATENIbHOCTAMMU, YTO
NOBbILWAET cneuudUUHOCTb aMnanduKaumm. B kauectse N0NOXKUTENBHOTO KOHTPO/IS UCMOb30BAaHA PEKOMOUHAHTHAA
nnasmuaHas AHK pJET1.2, copepxkallas BCTaBky Lenesoro gparmeHTa aimMHon 197 nap ocHoBaHMWI; BU3yanusaums
KapTbl KOHCTPYKLMM NOATBEPXKAANA HANMYME AMArHOCTUYECKOM BCTAaBKU U YA06CTBO ee NpUMEHEHUS LS KOHTPONS
MOCTaHOBKM peakLUuu. IKCNEePUMEHTANIbHO NMOKA3aHo NnosyyeHue cneumduyeckoro NnpoaykTa 0XXmMaaeMoro pasmepa
197 nap ocHoBaHui npu aHanuse PHK SARS-CoV-2, Torga kak oTpuuaTeNbHbli KOHTPOIb aMNANPUKaLMM He aaBar,
YTO CBMAETENbCTBYET O KOPPEKTHOCTU PeaKLMU U CHUKAET PUCK TOXKHOOTPULLATENbHbIX pe3ybTaToB NPy BaNULHOM
KOHTpone. MNpakTuyeckas LeHHOCTb paboTbl 3aK/HYAETCS B BO3MOXHOCTU MCMOMb30BAHUS MpPeAIOKEHHOM napsbl
npaMepoB U NIA3MUAHOrO KOHTpons B nabopatopuax ana npoeepeHus OT-TLP-metona B nabopatopHoi
[MArHOCTUKe, INUAEMMONOTMYECKOM MOHUTOPUHIE U MPU CO3AaHMUM AUArHOCTUYECKMX TECT-CUCTEM ANS BbISBNEHUS
BO30yauTENS KOPOHABMPYCHON MHpEKLMM

KnioueBble cnoBa: NiasMuaa; HyKNeotua,; AMarHoctuka; amnandukaums; BLAST
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Abstract. In the context of the digitalisation of the economy of the Kyrgyz Republic, the transformation of
the land resource management system has become strategically important, as the efficient use of the national
land fund is directly linked to ensuring the sustainable development of the agricultural sector, increasing the
investment attractiveness of territories, and improving public regulatory mechanisms. The purpose of this study
was to assess the role of artificial intelligence technologies and the national spatial data infrastructure in
enhancing the efficiency of land resource management in the Kyrgyz Republic. The methodological framework
of the study was based on system analysis, comparative analysis, economic and statistical methods, as well as
geoinformation modelling and spatial data analysis. The research included a comprehensive assessment of
the current state of digitalisation in the country’s land resource management system and identified the main
institutional and technological constraints, including fragmented information resources, insufficient integration
of digital platforms, limited access to spatial data, and a shortage of qualified specialists in geoinformation
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technologies. The findings demonstrated that the implementation of artificial intelligence tools improves the
accuracy of land resource monitoring, automates spatial data processing, supports forecasting of land-use
changes, and enhances the validity of managerial decision-making. The results also indicated that integrating
geographic information systems with intelligent algorithms increases the transparency of land resource
management, reduces the risks of inefficient land use, and optimises government control and regulatory
processes. Priority directions for the development of the national spatial data infrastructure had been identified,
including the standardisation of information flows, integration of digital services, expansion of interagency
cooperation, and improvement of access to geospatial information resources. The practical significance of the
study lay in the possibility of applying its findings in the development and implementation of national digital
strategies for land resource management in the Kyrgyz Republic

Keywords: geographic information systems; digital cadastre; intelligent data analysis; land relations; territorial

monitoring; management automation

Introduction
Against the backdrop of the digital transformation of
the economy and mounting global challenges linked to
climate change, land degradation and the need to en-
sure food security, the issue of improving the efficiency
of land resource management is becoming particularly
pressing. For the Kyrgyz Republic, with its limited land
resources and high dependence on the agricultural
sector, effective management of the land fund is be-
coming a key factor in sustainable socio-economic de-
velopment. In this context, the introduction of digital
technologies, including artificial intelligence and spa-
tial data infrastructure, is seen as a strategic approach
to modernising the land resource management system
and enhancing the transparency of decision-making.
Recent research confirms the significant potential of
artificial intelligence in the management of natural re-
sources and agriculture. I. Bhat et al. (2025) emphasise
that the use of machine learning algorithms enables
the optimisation of data analysis and yield forecast-
ing processes. A study by A. Mana et al. (2024) found
that the integration of artificial intelligence with ge-
ographic information systems enables more accurate
monitoring of land resources and improves the quality
of management decisions. P.Ruksar et al. (2025) demon-
strated that the use of big data analytics and artificial
intelligence can significantly improve the accuracy of
decision-making in agriculture, particularly in the face
of climate uncertainty.Y.Yang & Y. Sun (2025) point out
that digital platforms and spatial data play a key role
in the development of sustainable agricultural systems.
A study by S. Satpati (2026) highlights the need to de-
velop inclusive artificial intelligence-based solutions
tailored to smallholder farms, which is particularly rel-
evant for countries with developing economies. At the
same time, K. Chowdhury et al. (2025) note that one of
the main barriers to the adoption of artificial intelli-
gence is the inadequate level of digital infrastructure
and limited access to high-quality data. A. Atapattu et
al. (2024) highlight the problem of a lack of represent-
ative datasets, which reduces the effectiveness of arti-
ficial intelligence models in local contexts. Despite the

rapid development of digital technologies, the scien-
tific literature does not devote sufficient attention to
the integration of artificial intelligence specifically into
the land resource management system and the devel-
opment of the national spatial data infrastructure in
the Kyrgyz Republic. The lack of comprehensive studies
that take regional characteristics into account limits
the scope for the effective implementation of digital
solutions and reduces their practical significance.
Recent research confirms the growing role of ar-
tificial intelligence in the development of digital ag-
riculture and spatial analysis systems. For instance,
A. Adewusi et al. (2024) note that artificial intelligence
technologies make it possible to significantly improve
the efficiency of spatial data processing by automating
the analysis of satellite imagery, monitoring agricultur-
al land and forecasting the state of natural resources.
The authors concluded that the application of intelli-
gent algorithms helps to improve the sustainability of
agricultural production and optimise the use of land
resources. In the study by L. Chen et al. (2023), it was
established that artificial intelligence is an important
tool for adapting to climate change, as it enables the
modelling of land degradation scenarios, the analysis
of the impact of natural factors, and the improvement
of environmental risk management. The authors em-
phasise that digital technologies are becoming a key
prerequisite for sustainable territorial development
in countries experiencing high climate vulnerability.
C. Ge et al. (2025) devote considerable attention to the
application of artificial intelligence technologies in ag-
riculture; they have established that the development of
intelligent management systems helps to improve the
accuracy of land monitoring, optimise water use and re-
duce production risks. The researchers emphasise that
the most effective results are achieved by combining
remote sensing, big data analysis and machine learn-
ing. K.Wu et al. (2025) reach similar conclusions, noting
that the development of digital land resource manage-
ment platforms is impossible without the integration
of spatial data and intelligent analytical systems. Of
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particular significance to this study are the findings of
the FAO (n.d.), according to which the digitalisation of
the agricultural sector in the Kyrgyz Republic is at an
advanced stage of development; however, the level of
integration of spatial data and the adoption of intel-
ligent technologies remains limited. The report em-
phasises the need to strengthen digital infrastructure,
improve the digital literacy of professionals and refine
mechanisms for managing agricultural resources.

Despite a significant increase in the number of
studies devoted to the application of artificial intelli-
gence in the agricultural sector, an analysis of the sci-
entific literature shows that most studies focus primar-
ily on precision farming, the automation of agricultural
production and yield forecasting. At the same time, the
issues surrounding the comprehensive use of artifi-
cial intelligence technologies in the development of
the national spatial data infrastructure and the digital
transformation of the land resource management sys-
tem remain under-researched, particularly as they re-
late to the conditions in the Kyrgyz Republic. The aim of
the study was to conduct a comprehensive analysis of
the potential for the digital transformation of the land
management system in the Kyrgyz Republic, based on
the development of a national spatial data infrastruc-
ture and the implementation of artificial intelligence
technologies aimed at improving the effectiveness of
management decision-making.

Literature Review
In recent years, the digital transformation of the land
management system has been regarded as one of the
most promising avenues for improving the efficiency
of public administration, ensuring sustainable land use
and minimising the negative impact of climate change
on the agricultural sector. Advances in artificial intel-
ligence, geographic information systems (GIS), remote
sensing, big data analysis and the national spatial data
infrastructure (NSDI) are creating new opportunities
for land monitoring, forecasting degradation process-
es and improving the quality of management decisions.
In contemporary academic literature, research on the
digitalisation of land management is primarily devel-
oping along several lines: the application of artificial
intelligence in the agricultural sector, the use of spatial
data and geoinformation technologies, the integration
of decision-support systems, and the institutional and
infrastructural constraints on digital transformation.
Research into the application of artificial intelli-
gence in the agricultural sector confirms the significant
potential of digital technologies to improve the effi-
ciency of natural resource management. For instance,
l. Gryshova et al. (2024) point out that the introduction
of intelligent technologies helps to enhance the sus-
tainability of agricultural production by automating
information processing, optimising resource use and
improving the adaptability of agricultural systems to

climate change (Wu et al., 2025). The authors empha-
sise that the use of analytical algorithms not only im-
proves the efficiency of agricultural production but also
minimises environmental risks. A similar view is held by
[.Bhat et al. (2025), who regard artificial intelligence as
a strategic tool for agribusiness management.According
to the researchers, the use of machine learning algo-
rithms significantly improves the analysis of spatial and
production data, enabling the prediction of changes in
crop yields, the identification of potential risks and the
reduction of uncertainty in management decision-mak-
ing (Srikanthnaik, 2024). At the same time, the author
notes that the effectiveness of such technologies de-
pends directly on the quality of the data and the lev-
el of digital maturity of the institutional environment.
A.Mana et al. (2024) pay particular attention to the dig-
italisation of the agricultural sector; in their research,
they analyse the integration of artificial intelligence
with geoinformation technologies. The researchers
concluded that the use of intelligent algorithms in con-
junction with spatial data makes it possible to signifi-
cantly improve the accuracy of land monitoring, identify
changes in land use and develop more effective mecha-
nisms for territorial management. P. Ruksar et al. (2025)
emphasise that the combination of machine learning
and GIS technologies opens up new opportunities for
the rational management of land resources. L. Chen et
al. (2023) have made an important contribution to re-
search into the sustainable use of land resources, view-
ing artificial intelligence as a tool for adapting to cli-
mate change. The authors demonstrate that forecasting
algorithms enable the modelling of land degradation
scenarios, the analysis of desertification risks, and the
assessment of the impact of climate change on the
productivity of territories. According to the researchers,
the application of intelligent systems is becoming par-
ticularly important for countries characterised by high
natural and climatic vulnerability.

A separate area of research concerns the use of
spatial data and the development of a national spa-
tial data infrastructure. M. Nehrey (2023) notes that the
digital transformation of land management is impos-
sible without the integration of cadastral, statistical,
environmental and geospatial databases into a single
digital ecosystem. The author points out that the frag-
mentation of information systems significantly limits
the scope for comprehensive analysis of territories
and reduces the effectiveness of public administra-
tion of land resources. Continuing this line of research,
K.Wu et al. (2025) emphasise that the effectiveness of
land management depends directly on the quality of
spatial information and the level of development of
digital platforms. The researchers conclude that the
integration of artificial intelligence technologies into
spatial analysis systems enables the automatic pro-
cessing of large volumes of data in real time, there-
by significantly improving the quality of management
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decisions. A. Adewusi et al. (2024), who note that the
use of satellite data in combination with artificial in-
telligence enables the automation of agricultural land
monitoring processes, the identification of changes
in soil condition and the prediction of potential risks
of land degradation. The authors emphasise that in-
telligent image-processing systems provide greater
analytical accuracy compared with traditional obser-
vation methods. Similar conclusions are presented in
the work by S. Saha et al. (2024), which focuses on the
use of neural networks in processing images obtained
from unmanned aerial vehicles. The researchers note
that modern computer vision technologies enable the
effective analysis of spatial changes, the identification
of land parcel boundaries, and the high-precision mon-
itoring of land conditions. At the same time, A. Atapat-
tu et al. (2024) acknowledge that technical limitations
remain at present regarding the automated recogni-
tion of complex natural features.

Research focusing on big data analytics and deci-
sion support systems is of considerable interest. P.Ruk-
sar et al. (2025) demonstrated that the application of
big data analytics in combination with artificial intel-
ligence can significantly improve the accuracy of fore-
casting under conditions of climate uncertainty. The
authors note that intelligent platforms are capable of
taking into account a multitude of interrelated factors,
which makes land resource management more adap-
tive and sustainable. Similar results are demonstrated
by Y.Yang & Y. Sun (2025), who view digital platforms
as the foundation for the development of sustainable
agricultural systems. The researchers concluded that
spatial data and artificial intelligence algorithms can
improve the efficiency of land resource management
by creating a more transparent decision-making sys-
tem that takes economic, environmental and social fac-
tors into account. At the same time, the limitations on
the implementation of artificial intelligence technol-
ogies are widely discussed in contemporary academ-
ic literature. For instance, K. Chowdhury et al. (2025)
note that digital inequality, caused by limited access to
technological infrastructure and an insufficient level of
digital literacy among specialists, remains one of the
key barriers. The researchers emphasise that without
the development of the digital environment and en-
suring access to high-quality data, the effectiveness of
intelligent systems is significantly reduced. This view
is supported by A. Atapattu et al. (2024), who highlight
the problem of a shortage of representative datasets
for training intelligent models. According to the au-
thors, most algorithms demonstrate high effectiveness
in developed countries; however, their application in
local contexts requires adaptation to take account of
the natural, climatic and institutional characteristics of
specific territories.

Issues relating to digitalisation are of particu-
lar relevance to the Kyrgyz Republic. According to the
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findings of the FAO (n.d.), the digital transformation
of Kyrgyzstan’s agricultural sector is gradually gaining
momentum; however, the level of adoption of spatial
platforms and smart systems remains insufficient. The
organisation emphasises the need to modernise the in-
formation infrastructure, improve the digital literacy of
specialists and integrate spatial data into the manage-
ment of the agricultural sector. Furthermore, D. Sakkar-
aeva & M. Kumashev (2024) note that the develop-
ment of the agricultural sector in the Kyrgyz Republic
is hampered by a number of institutional constraints,
including fragmented statistical data, limited digital
platforms and insufficient integration of information
systems. According to the researchers, these problems
significantly limit the capacity for the operational man-
agement of the land fund and reduce the effectiveness
of land resource monitoring.

Despite the significant body of research devoted
to the application of artificial intelligence in agricul-
ture and the digitalisation of the agricultural sector,
an analysis of the scientific literature shows that the
majority of studies focus primarily on precision farm-
ing, the automation of production processes and yield
forecasting (Ye et al., 2024). At the same time, issues
relating to the comprehensive integration of artificial
intelligence technologies into the land resource man-
agement system and the development of a national
spatial data infrastructure - particularly as they apply
to the conditions in the Kyrgyz Republic - remain un-
der-researched. There is a limited number of studies
in the scientific literature dedicated to assessing the
effectiveness of the interaction between spatial data,
digital platforms and intelligent algorithms within the
state land resource management system, which high-
lights the need for further scientific analysis in this area
(Polwaththa et al., 2024). For their part, A. Hamrani et
al. (2025), in analysing the application of robotic and
intelligent technologies in the agricultural sector, note
that the combination of robotics, sensor systems and ar-
tificial intelligence algorithms contributes to the devel-
opment of fully digitalised agricultural land manage-
ment systems. The authors emphasise that intelligent
technologies enable a shift from traditional control
methods to continuous, real-time monitoring of land
resources. Analysing the prospects for the development
of smart systems in the agricultural sector, G. Gupta &
S.Pal (2025) concluded that the use of artificial intelli-
gence is most effective when remote sensing technol-
ogies, cloud computing and geoinformation platforms
are fully integrated. The researchers emphasise that it
is spatial data that is becoming a key element of digital
land management, as it enables the continuous updat-
ing of information on the state of the land resources.

Thus, an analysis of the current scientific literature
shows that artificial intelligence technologies, spatial
data and digital platforms are regarded as key tools for
modernising the land resource management system. At
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the same time, the majority of existing studies focus
primarily on precision farming, increasing crop yields
and the automation of specific agricultural processes.
Issues relating to the comprehensive integration of ar-
tificial intelligence into the land management system,
the development of a national spatial data infrastruc-
ture and the establishment of digital decision-making
mechanisms within the context of the Kyrgyz Republic
remain under-researched. The lack of comprehensive
studies that take into account regional characteristics,
institutional constraints and the country’s level of dig-
ital readiness highlights the need for further research
into this issue and underlines the scientific significance
of this study.

Materials and Methods

The study employed a comprehensive interdisciplinary
approach, combining methods of economic and statisti-
cal analysis, geoinformation modelling, spatial analysis
and artificial intelligence algorithms to assess the ef-
fectiveness of land resource management in the Kyrgyz
Republic in the context of digital transformation. The
study was conducted between 2015 and 2024 and cov-
ered agricultural areas in the Chui, Osh and Issyk-Kul
regions, characterised by varying land-use speciali-
sations, natural and climatic conditions, and levels of
digitalisation of agricultural processes. The total area
of the study sites amounted to over 120,000 hectares
of agricultural land, comprising arable land, permanent
crops, pastures and irrigated areas.

The study was based on official statistical and spa-
tial data from the state authorities of the Kyrgyz Re-
public,as well as international information sources. The
regulatory framework comprised the provisions of Law
of the Kyrgyz Republic No.153 (1998), as well as regula-
tory documents governing the maintenance of the state
land cadastre, the digitisation of land records and the
development of the national spatial data infrastructure.
Statistical data were obtained from materials provided
by the National Statistical Committee of the Kyrgyz Re-
public, the State Agency for Land Resources, Cadastre,
Geodesy and Cartography, and open digital platforms
(Open Data Portal of the Kyrgyz Republic, n.d.). In ad-
dition, analytical materials from the FAO (n.d.) were
used, containing data on the state of land resources,
levels of digitalisation in the agricultural sector and the
prospects for the introduction of smart technologies in
Kyrgyzstan’s agriculture.

Geoinformation modelling methods based on the
use of remote sensing data were applied to analyse
the spatial characteristics of land resources (Bhat et
al., 2025). The study utilised multispectral satellite
imagery from Sentinel-2 with a spatial resolution of
10 m and Landsat 8 with a spatial resolution of 30 m.
These platforms were selected due to their high avail-
ability, regular image updates and the ability to analyse
changes in land use over time. To minimise seasonal

and atmospheric distortions, images acquired pre-
dominantly during the growing season (April-Septem-
ber) with cloud cover of less than 10% were used. The
pre-processing of spatial data involved the stages of
atmospheric correction, georeferencing, normalisation
of spectral indices and noise removal. The processing
was carried out using QGIS 3.28, ArcGIS Pro and the
Google Earth Engine cloud analytics platform, which
enabled the automation of work with large volumes of
spatial data. Thematic GIS layers were generated from
satellite imagery, including land-use types, the Normal-
ised Difference Vegetation Index (NDVI), the level of
land degradation, the degree of soil moisture, and the
intensity of agricultural use. To identify spatial changes
in land-use patterns, an overlay analysis method was
applied, involving the sequential overlay of thematic
maps from different time periods (Mana et al., 2024).
This approach made it possible to identify changes in
the area of agricultural land, pinpoint areas of land
degradation and determine zones of intensive land use
(Rudoy et al., 2023).

Artificial intelligence and machine learning algo-
rithms were utilised for the automated processing of
spatial data. In particular, the Random Forest algorithm
was applied to classify land cover types and identify
agricultural areas. This algorithm was chosen due to
its high resistance to noise, its ability to process large
datasets, and its high accuracy in classifying multidi-
mensional spatial features. The input parameters used
included spectral indices from satellite imagery, vege-
tation indices, and data on topography, soil types and
land-use characteristics.

The model training procedure involved dividing the
dataset into a training sample (70%) and a test sam-
ple (30%). Pre-annotated spatial features, identified
using cadastral data and satellite imagery, were used
for training. The model’s robustness was verified using
cross-validation, which ensured the reproducibility of
results and minimised overfitting errors. Convolution-
al Neural Networks (CNNs) were used to segment ag-
ricultural fields and identify the spatial boundaries of
land parcels. The algorithm was used for the automatic
detection of land parcel boundaries in high-resolu-
tion satellite imagery. The neural network model was
trained using a pre-annotated dataset of satellite imag-
es containing information on land-use types and land
parcel characteristics. The quality of the classification
was assessed by analysing the error matrix, the accura-
cy coefficient and the Fl-score, which enabled an ob-
jective evaluation of the algorithms’ effectiveness.

An economic and statistical analysis was carried
out using correlation and regression modelling meth-
ods to assess the impact of digitalisation on the effi-
ciency of land resource management. The dependent
variable (Y) was an integrated indicator of the effi-
ciency of land resource use, comprising indicators of
crop yield, land productivity and the economic return
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on agricultural production. The independent variables
were derived from statistical data and included: X, -
the level of digitalisation in land resource manage-
ment (proportion of digitalised cadastral processes,
%); X, — intensity of land resource use (level of agri-
cultural pressure per 1 ha); X; - investment in digital
technologies (volume of financial investment in digital
infrastructure, million KGS).

Geoinformation modelling involved conducting an
overlay analysis to identify changes in land-use pat-
terns, classifying land parcels by land-use type, and
assessing degradation processes. Machine learning al-
gorithms were used for the automated processing of
spatial data. In particular, the Random Forest algorithm
was used for land cover classification, whilst convolu-
tional neural networks (CNNs) were used to segment
agricultural fields based on satellite imagery. Classifi-
cation accuracy was assessed using the accuracy coef-
ficient and an error matrix. An economic and statistical
analysis was carried out based on indicators of crop
yields, production costs, and the use of water and land
resources. To assess the impact of digital technologies
on the effectiveness of land resource management, a
multiple regression model was applied:

Y=1254+0.68X,+0.43X,+057X,+g, (1)

where Y is the indicator of land resource utilisation ef-
ficiency; X, is the level of digitalisation of management
processes; X, is the intensity of land resource utilisa-
tion; X, is investment in digital technologies; € is the
random error of the model.

The results of the regression analysis demonstrated
the statistical significance of the model: the coefficient
of determination was R2=0.84, indicating a high level
of explanation of the variation in the dependent var-
iable. A p-value of <0.05 confirmed the statistical sig-
nificance of the model and the independent variables.
The digitalisation level indicator had the greatest influ-
ence on the efficiency of land resource use (3, =0.68),
confirming the positive impact of digital technologies
on the quality of land management. The Random For-
est algorithm was applied for land-use classification,
with n = 200 trees and a model depth of 15 levels.
The training sample comprised 1,250 spatial objects.
The model’s accuracy was 91.4%, and the F1-score was
0.89. A convolutional neural network (CNN), trained on
3,200 images, was used to process the satellite images,
achieving a final classification accuracy of 93.2%. Re-
gression modelling yielded a coefficient of determina-
tion of R2=0.84 and an RMSE of 0.18.

To test the model’s robustness, diagnostics for mul-
ticollinearity were carried out, along with an analysis
of the residuals and an assessment of the statistical
reliability of the parameters. Statistical data process-
ing was performed using the SPSS, Python (Scikit-learn,
TensorFlow) and Microsoft Excel software packages. In
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addition, the study employed the SWOT analysis meth-
od, which enabled an assessment of the strengths and
weaknesses of introducing artificial intelligence into
land resource management, as well as the identification
of institutional, technological and economic constraints
on digital transformation. Logical modelling was used
to systematise the results; on this basis, a conceptual
model was developed for the integration of artificial
intelligence technologies into the land resource man-
agement system and the national spatial data infra-
structure of the Kyrgyz Republic (National Statistical
Committee of the Kyrgyz Republic, n.d.).

A comparative analysis was carried out between
traditional and digital approaches to land resource
management based on the following criteria: yield (kg/
ha), water consumption (m?3/ha), production costs (KGS/
ha) and the level of digitalisation of processes (%). Ag-
gregated data on more than 50 indicators for the period
under review were used for the analysis. In addition, the
SWOT analysis method was applied to assess the insti-
tutional, technological and economic factors involved
in the implementation of artificial intelligence. To sum-
marise the results, a logical modelling method was
used, which enabled the development of a conceptual
model for the integration of artificial intelligence into
the land resource management system and the national
spatial data infrastructure of the Kyrgyz Republic. Thus,
the proposed methodology ensures the reproducibility
of the research, enables a comprehensive analysis of
spatial and statistical data, and allows for an objective
assessment of the potential for the digital transforma-
tion of the land resource management system based on
artificial intelligence technologies.

Results and Discussion

The results of the study indicate that the implementa-
tion of artificial intelligence technologies has a multi-
faceted impact on the effectiveness of land resource
management in the Kyrgyz Republic. Analysis of spatial
and statistical data has shown that the use of intelli-
gent algorithms improves the accuracy of monitoring
changes in land use, speeds up the processing of spatial
information and reduces the error rate in cadastral reg-
istration. It has been established that the application
of machine learning algorithms helps to improve the
accuracy of yield forecasting by 12-15%, whilst simul-
taneously reducing the consumption of water resources
and fertilisers, which is particularly important given the
scarcity of natural resources. The results of applying the
Random Forest algorithm showed an increase in land-
use classification accuracy to 91.4%, as confirmed by a
high F1-score (0.89). The use of a CNN enabled satellite
image recognition accuracy of 93.2% to be achieved,
particularly in the identification of degraded land. The
regression model for yield forecasting demonstrated a
high explanatory power (R2=0.84), which indicates that
the forecast results are reliable.
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The results obtained are consistent with the re-
search by I. Bhat et al. (2025), who demonstrated that
the use of artificial intelligence improves the accuracy
of yield forecasting and contributes to a more rational
use of natural resources. Similar conclusions are pre-
sented by A. Mana et al. (2024), who highlight the ef-
fectiveness of integrating Al with geographic informa-
tion systems (GIS) for analysing changes in land use.
A. Adewusi et al. (2024) confirm that the automated
processing of satellite data significantly reduces the
time required to analyse agricultural areas and im-
proves the accuracy of monitoring. In turn, D. Akhma-
tova (2023) points out that the low level of digital

maturity in the countries of the Eurasian Economic Un-
ion is due to institutional constraints, whilst D. Sakkar-
aeva & M. Kumashev (2024) emphasise the need to
modernise the digital infrastructure of Kyrgyzstan’s
agricultural sector. Through the use of intelligent algo-
rithms, it has been possible to increase the accuracy of
yield forecasts by 12-15%, as well as to reduce water
and fertiliser consumption. This result demonstrates
the high effectiveness of digital technologies when
natural resources are limited. To assess trends in land
use and the level of digitalisation in the Kyrgyz Repub-
lic, an analysis of statistical data for the period 2015-
2024 was carried out (Table 1).

Table 1. Trends in land use in the Kyrgyz Republic (2015-2024)

Indicator 2015 2020 2024

Area of agricultural land, thousand hectares 10,650 10,720 10,830

Irrigated land, thousand hectares 1,020 1,045 1,060

Degraded land, thousand hectares 1,200 1,350 1,500
Proportion of land recorded digitally, % 25 45 65

Source: authors’ calculations based on data from the National Statistical Committee of the Kyrgyz Republic (n.d.)

An analysis of the data presented in Table 1 reveals
a steady upward trend in the area of agricultural land,
which is linked to the incorporation of new territories
into agricultural use. At the same time, there has been
an increase in the area of degraded land from 1,200
to 1,500 thousand hectares, which points to persistent
environmental problems and inefficient land man-
agement. A significant development is the increase in
the level of digital land registration from 25% to 65%,

reflecting the gradual development of the national spa-
tial data infrastructure in the Kyrgyz Republic. However,
despite this positive trend, the level of digitalisation re-
mains insufficient to ensure comprehensive monitoring
and management of land resources. To quantitatively
assess the effectiveness of the implementation of dig-
ital technologies and artificial intelligence, a compara-
tive analysis of traditional and digital methods of land
resource monitoring was carried out (Table 2).

Table 2. Effectiveness of land resource monitoring (traditional vs digital approach)
Indicator Traditional approach GIS+Al Change
Accuracy of change detection 70-75% 85-95% +15-20%
Data processing time 10-15 days 1-3 days -80%
Data update frequency Once a year Monthly ™
Cadastral data errors 15-20% 5-10% -50%

Note: GIS - geographic information systems; Al - artificial intelligence
Source: authors’ calculations based on analysis of Sentinel-2 satellite data and FAO (n.d.)

As can be seen from Table 2, the use of geograph-
ic information systems and artificial intelligence algo-
rithms makes it possible to significantly improve the ac-
curacy of identifying land-use changes - from 70-75%
to 85-95%. At the same time, there is a significant re-
duction in data processing time - by up to 80% — which
is critical when analysing large areas. There is also a
reduction in errors in cadastral data of approximately

50%, confirming the effectiveness of automated meth-
ods for processing spatial information. The results ob-
tained indicate that digital technologies enable a shift
from sporadic land monitoring to systematic and con-
tinuous monitoring. In order to identify systemic issues
limiting the development of digital land resource man-
agement, an analysis of institutional and technological
factors was carried out (Table 3).

Table 3. Key challenges in land resource management in the Kyrgyz Republic

Challenge

Manifestation

Consequences

Data fragmentation

Disparate departmental databases

Poor coordination

Lack of standards

GIS incompatibility

Analytical errors
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Table 3. Continued

Challenge

Manifestation

Consequences

Staff shortages

Shortage of GIS specialists

Limited implementation of Al

Restricted access to data

Closed databases

Reduced transparency

Land degradation

Erosion, salinisation

Reduced crop yields

Note: GIS - geographic information systems; Al - artificial intelligence

Source: developed by the authors

The data in Table 3 show that the key barriers are
data fragmentation and the lack of uniform standards
for data processing. This leads to inconsistencies be-
tween government bodies and reduces the effective-
ness of geoinformation systems. Another significant
problem is the shortage of qualified specialists in the
fields of GIS and artificial intelligence, which limits the
adoption of modern technologies. Furthermore, the

issue of land degradation is highlighted, which requires
the implementation of monitoring systems based on
satellite data and intelligent analysis. Thus, the iden-
tified constraints are complex in nature and require a
systematic approach to their resolution. A SWOT anal-
ysis was carried out to assess the strategic prospects
for the implementation of artificial intelligence in land
resource management (Table 4).

Table 4. SWOT analysis of the implementation of Al in land resource management in the Kyrgyz Republic

Strengths (S) Weaknesses (W)
Improved monitoring accuracy Shortage of specialists
Automation of the land register High costs
Improved data analysis Limited data
Opportunities (O) Threats (T)
Development of the National Spatial Data Infrastructure (NSDI) Cyber risks

Attracting investment

Technological dependence

Digitalisation of management

Social inequality

Note: NSDI - National Spatial Data Infrastructure
Source: developed by the authors

The results of the SWOT analysis show that the
main advantages of implementing artificial intelligence
are improved monitoring accuracy and the automation
of data processing. At the same time, the weaknesses
relate to the high cost of implementing the technology
and a shortage of skilled personnel. Opportunities for
development include the digitalisation of public ad-
ministration and the integration of the National Land

Use Plan, which could significantly improve the trans-
parency and efficiency of land resource management.
However, risks relating to cybersecurity and technologi-
cal dependence remain, necessitating the development
of a comprehensive strategy for Al implementation. A
comparative analysis was carried out to contrast tradi-
tional and modern approaches to land resource man-
agement (Table 5).

Table 5. Comparison of traditional and digital land resource management systems

Criterion Traditional system Digital (GIS +Al)
Data management Paper-based/disparate Centralised
Monitoring Manual Automated
Accuracy Average High
Processing speed Low High
Decision-making Intuitive Data-driven

Note: GIS - geographic information systems; Al — artificial intelligence

Source: developed by the authors

An analysis of Table 5 shows that a digital man-
agement system based on the use of geoinformation
technologies and artificial intelligence significantly
outperforms traditional methods across all key pa-
rameters. In particular, process automation enables

faster data processing and improves the quality of de-
cision-making. Furthermore, digital systems provide
a higher level of accuracy and transparency, which
is particularly important for public land manage-
ment. This confirms the need to transition to digital
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management platforms. To assess the potential for ap-
plying artificial intelligence in the land management

system, a model of the impact of digital technologies
was developed (Table 6).

Table 6. Potential impact of Al technologies on land resource management in the Kyrgyz Republic

Indicator Without Al With Al Change
Accuracy of change monitoring 70-80% 85-95% +15-25%
Data processing time 100% 10-30% -70-90%
Errors in cadastral data 100% 40-60% -40-60%
Data update speed Low High ™
Identification of land degradation Limited Automated Significant improvement

Note: Al - artificial intelligence

Source: authors’ calculations based on the Open Data Portal of the Kyrgyz Republic (n.d.), National Statistical Committee of

the Kyrgyz Republic (n.d.)

As can be seen from Table 6, the implementation of
artificial intelligence technologies enables the accuracy
of land-use change monitoring to be increased by 15-
25%, which significantly improves the quality of spatial
data analysis. The most significant benefit is a 70-90%
reduction in data processing time, enabling a rapid re-
sponse to changes in land use. There is also a 40-60%
reduction in errors in cadastral data, which increases
the reliability of information and reduces the risks as-
sociated with management decisions. Furthermore, the
use of Al enables the automated detection of land deg-
radation, which is an important tool for the sustainable
management of natural resources (Skvortsov, 2020).
Furthermore, the analysis carried out has shown that
the application of artificial intelligence technologies in
the land resource management system of the Kyrgyz
Republic has significant potential, but requires system-
atic implementation within the framework of the na-
tional spatial data infrastructure. In particular, the use
of satellite data and machine learning algorithms ena-
bles the automation of processes for identifying chang-
es in land use, including illegal land use, soil degrada-
tion and changes in the structure of agricultural land
(Srinivasu et al., 2026).

It has been established that the integration of ar-
tificial intelligence into cadastral systems helps to im-
prove data reliability through the automatic verification
of information and the identification of inconsistencies.
This is particularly important in the context of data
fragmentation and the absence of a unified digital plat-
form. Furthermore, the use of predictive models makes
it possible to forecast the risks of land degradation and
optimise land resource management processes based
on the analysis of spatial and statistical data. Unlike
traditional methods based on periodic monitoring, the
use of intelligent algorithms ensures continuous, re-
al-time analysis of the state of land resources. This en-
ables more timely management decision-making and
reduces the incidence of human error (Eze et al., 2025).

Particular attention should be paid to the identified
opportunities and limitations of Al applications, includ-
ing an analysis of their strengths and weaknesses, as

well as potential threats and prospects, which is con-
sistent with the findings of I. Gryshova et al. (2024) and
P.Srinivasu et al. (2026). For example, a case study anal-
ysis shows that artificial intelligence helps to increase
productivity and product quality, whilst reducing pro-
duction costs (Likhota, 2025). Nevertheless, the wide-
spread adoption of Al faces a number of constraints,
such as slow rates of technology adoption, which high-
lights the need for further study of these limitations
(Skvortsov, 2020). Research points to the need to de-
velop institutional support and improve financial and
credit mechanisms to stimulate the adoption of inno-
vations in the agricultural sector of the Kyrgyz Republic
(Sakkaraeva & Kumashev, 2024). It is important to note,
however, that the use of Al not only improves agricul-
tural production through real-time crop monitoring,
but also opens up new opportunities for the digital
transformation of agriculture, including the optimisa-
tion of resource use and increased profitability (Bhat et
al., 2025). In this context, Al enables agricultural enter-
prises to monitor climate change and fluctuations in
market demand in real time, whilst optimising resource
utilisation and inventory management through mod-
elling, forecasting and intelligent analytics (Zhang et
al., 2026). Furthermore, the capabilities of Al include
the ability to self-learn, which is particularly relevant
for recognising uncalibrated objects or building mod-
els of agricultural development that depend on various
factors (Skvortsov et al., 2020). Furthermore, the inte-
gration of Al with the loT and robotic systems enables
the automation of processes, reduces labour costs and
minimises environmental impact (Lebid et al., 2023;
Shevchenko et al., 2024).

Artificial intelligence applied to the sustainable de-
velopment of agricultural systems encompasses a wide
range of technologies, such as satellite data, soil sen-
sors and weather data, enabling the precise manage-
ment of farms (Bhat et al., 2025). In particular, systems
based on machine learning and deep neural networks
help to improve the accuracy of yield forecasting and
optimise irrigation schedules, which is critically im-
portant for water-stressed regions (Bachu et al., 2024).
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Such technologies also deliver significant reductions
in fertiliser use of up to 28% and water use of 22%,
whilst increasing crop yields by up to 25%, as noted
by 0. Ugwu et al. (2025). Such intelligent systems make
it possible to identify the optimal time for harvesting,
minimise waste and effectively monitor soil and crop
conditions (Mana et al., 2024). Consequently, Al helps to
improve the adaptability of agricultural systems to cli-
mate change through the introduction of new plant va-
rieties resistant to weather anomalies and the applica-
tion of precision irrigation methods (Perekhodoyv, 2025).
The integration of Al with Internet of Things and ma-
chine vision tools enables the collection and analysis
of large volumes of data, allowing farmers to make
more informed decisions regarding resource manage-
ment and risk minimisation (Akintuyi, 2024). The use
of machine learning algorithms to predict crop behav-
iour under various environmental conditions, based on
the analysis of large volumes of data generated by loT
sensors and climate information systems, contributes
to a significant improvement in the efficiency of agri-
cultural production (Yparraguirre et al., 2026). These
intelligent systems can also analyse data to optimise
business models within agri-food systems, thereby re-
ducing their carbon footprint and enhancing their over-
all sustainability, as noted by D. Olawade et al. (2024).
However, in order to generate instructions, information,
forecasts and support for decision-making, Al requires
data from its computing environment, which is most of-
ten provided via loT sensors, satellites and weather sta-
tions (Assis et al., 2024). Furthermore, Al can be used to
reduce the use of herbicides, pesticides and other fertil-
isers by 25-35%, whilst increasing crop yields by 3-4%.
These figures highlight the significant potential of Al
in achieving more sustainable and productive agricul-
ture, particularly in the context of resource constraints
and the need to adapt to changing climatic conditions
(Sherstiuk, 2025). Al also enables the optimisation of
fertiliser application by analysing soil composition, nu-
trient levels and historical yield data, thereby helping
to reduce environmental impact and improve econom-
ic efficiency (Adewusi et al., 2024; Truflyak & Ragoz-
in, 2025). The use of Al also allows for more precise
application of pesticides, targeting only affected areas,
which significantly reduces the overall chemical load
on the ecosystem and preserves biodiversity (Lebid et
al., 2023; Polwaththa et al., 2024). Such technologies
enable a differentiated approach to field management,
minimising losses and maximising the efficiency of
every resource invested (Gryshova et al., 2024; Cok-
kizgin et al., 2025). Furthermore, the integration of In-
ternet of Things (loT) sensors with artificial intelligence
systems is transforming precision farming, enabling
intelligent monitoring and adaptive management of
agricultural processes, as noted by V. Eze et al. (2025).
This enables farmers to obtain continuous data on soil
conditions, crop growth and environmental conditions,
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which, combined with advanced machine learning al-
gorithms, facilitates predictive analytics and real-time
decision-making to optimise resource use (Wei et
al., 2024). Thanks to its predictive analytical capabili-
ties, Al is becoming the ‘cornerstone’ of decision-sup-
port systems, analysing historical data, weather condi-
tions and crop-specific parameters, thereby providing
valuable insights for resource optimisation and con-
tributing to the long-term sustainability of agricultural
systems (Truflyak & Ragozin, 2025). The use of Al also
facilitates more accurate forecasting of plant diseases
and pests, enabling a rapid response to minimise crop
losses and reduce the need for pesticides, as noted by
O.Lebid et al. (2023). For example, the use of Al systems
to identify and predict the spread of pests makes it pos-
sible to reduce pesticide use by more than 50%, there-
by minimising environmental damage (Ye et al., 2024).
K.Polwaththa et al. (2024) also argue that this approach
not only enhances the efficiency of agricultural produc-
tion but also contributes significantly to achieving the
Sustainable Development Goals by conserving natural
resources and biodiversity. This transition to an Al-driv-
en agricultural model promises significant benefits for
both agricultural productivity and environmental sus-
tainability, as traditional farming methods often result
in the inefficient use of resources.

A study by L. Chen et al. (2023) has shown that the
implementation of artificial intelligence has a positive
impact on the efficiency and sustainability of agricul-
tural systems. The study’s findings indicate that intelli-
gent algorithms can improve the accuracy of crop yield
forecasts by 12-15%. Furthermore, their use enables a
significant reduction in resource consumption: water
use is reduced by 22%, and fertiliser use by 28%. An
increase in crop yields of 20-25% was also observed.
This is due to more precise management of agricultur-
al processes and rapid decision-making based on data
analysis. Through the use of machine learning, loT sen-
sors and predictive analytics, it is possible to monitor
soil conditions, plant health and weather conditions in
real time (Yparraguirre et al., 2026). A study by P. Perek-
hodov (2025) also identified key areas where Al can be
effectively applied in agriculture. These include irriga-
tion management, soil condition monitoring, forecast-
ing climate-related risks, and the automation of plant
protection processes. The findings confirm that Al is a
valuable tool for increasing crop yields and the sus-
tainability of agriculture. However, there are constraints
hindering the large-scale adoption of these technolo-
gies. The most significant of these include a lack of dig-
ital infrastructure, limited access to reliable data, and
low levels of digital skills among agricultural producers
(Sakkaraeva & Kumasheyv, 2024).

Research by A. Adewusi et al. (2024) confirms the
high effectiveness of using artificial intelligence in
agriculture, and the results obtained are fully consist-
ent with these findings. Increased yields and reduced
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resource costs point to a transition towards a more sus-
tainable and economically viable model of agriculture
(Mana et al., 2024). However, the limitations identified
highlight the need for a comprehensive approach to
the implementation of Al. To this end, it is necessary
to develop digital infrastructure, create agricultural da-
tabases and enhance staff skills (Wu et al., 2025). Only
by addressing these challenges will it be possible to
fully realise the potential of digital technologies. The
convergence of artificial intelligence with Internet of
Things technologies and big data analytics systems
opens up new opportunities for the creation of smart
agricultural systems. Such systems are capable of
adapting to climate change and market fluctuations.
This is particularly important for the Kyrgyz Republic,
where agriculture is of strategic importance for ensur-
ing food security. The study has shown that artificial
intelligence plays a key role in the digital transforma-
tion of the agricultural sector. However, the successful
implementation of Al requires institutional support,
investment and the development of tailored solutions
that take into account the specific characteristics of ag-
riculture in different regions.

Conclusions
The study conducted has established that the digital
transformation of the land management system in the
Kyrgyz Republic is a prerequisite for improving the effi-
ciency of land use and ensuring sustainable socio-eco-
nomic development. The findings revealed that the
existing management system is characterised by data
fragmentation, insufficient integration of information
resources and a limited level of digitalisation, which
significantly reduces the quality of monitoring and man-
agement decision-making. Analysis of spatial data and
the results of geoinformation modelling has confirmed
that the implementation of artificial intelligence tech-
nologies makes it possible to significantly improve the
accuracy of land-use change monitoring (by 15-25%),
reduce data processing time (by 70-90%) and lower the
error rate in cadastral information (by 40-60%). This
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AHHoTaums. Kbiprbi3 Pecny6/MKacbiHbIH 3KOHOMMKAChIH CaHAPUMTELITUPYY WApPTTapbIHAA Kep pecypcTapbiH Halukapyy
CUCTEMACBIH TPAHCHOPMALIMSNOO CTpaTerusnbik MaaHure 33 6oyyaa, aHTKeHM xkep (GOHAYH HaTblikanyy nainanaHyy
arpapiblk CEKTOPAYH TYPYKTYY ©HYTYLUYH KaMCbi3 Kblyy, aiiMaKTapblH MHBECTULMSBIK XKarbiMAYYayryH Koropynatyy
KaHa MaM/EKETTUK XKOHe Canyy MeXaHU3MAEPWH OpKYHAOTYY MeHeH Ty34eH-Ty3 GaiinaHbIwTyy. M3unaeeHyH Makcartbl
»KacasiMa MHTENNEKT TEXHOMOMUSNAPbIHbIH XaHa YNYTTYK MEeMKMHAMKTMK MaanbiMaTTap MHGpPacTpyKTypacbiHbiH Kbiprbi3
PecnybnuKacbiHbIH Xep pecypcTapblH GallKapyyHYH HaTbliKanyynyryH >Koropynatyyparbl posyH 6aanoo 60/roH.
M3unneeHyH METOLONOMMANbBIK HEMM3UH CUCTEMANIK, CANbILLTbIPMaKaHa SKOHOMMKasIbIK-CTAaTUCTUKANbIK TaA00 biIKManapbl,
OLLOHAOW 3/1e reoMaanbIMaTTbiK MOAENAO80 XKaHa MEMKMHAMKTUK MaanbiMaTTapabl TaNL00 bIkManapbl Ty3ay. M3unneeHyH
KYPYLLUYHIA® ©NKenery »ep pecypcTapbiH 6allikapyyHy CaHapUMTELUTUPYYHYH ydypaarbl abasbiHa KomniekcTyy 6aa
6epunum, Heru3ru MHCTUTYLIMOHANBIK YKaHa TEXHOMOMUSUIbIK YeKTeeep aHbIKTanAbl. Aapra MaanbIMaTTbiK pecypctapapiH
GONYHYM-KapbiNbilbl, CAaHAPUNTMK MAaThOpManapabiH  MHTErPAUMSCbIHBIH  KETULLCU3  AEHIE3M, MENKUHOMKTUK
MaasibiMaTTapra KeTKUIUKTYYIYKTYH YEKTENMLLM XKaHa reoMaabIMaTTbIK TEXHONMOTMSAP JKaaTbiHAAMb! KBAIMBUKaLMANYy
a[MCTEPOMH KETULLCU3OUTM KMPET. XKacanMa MHTENNEKT MHCTPYMEHTTEPUH KMPrU3yy Xep pecypcTapbiHa MOHUTOPWHT
KYPry3YYHYH TaKTbIrbIH KOropy/naTyyra, MeMKMHAMKTUMK MaanbiMaTTapapl MLITETYY MPOLLECCTEPUH aBTOMATTAWITbIPYYra,
Xep naiifanaHyynarbl e3repyynepay 60/K0NA00ro KaHa balkapyyyynyk YedMMAepaMH HEMM3AYYAYTYH XKOropynaTtyyra
ebenre Ty3epy aHblKTangpl. M3unaeeHyH >KbIMbIHTbIKTApbl KOPCOTKOHASM, reoMaanbiMaTTblk CUMCTEManapipl KaHa
MHTENNEKTYanaplK anropuTMAEPAM UHTETPALMSNOO XKep pecypcTapbiH GaLlKapyyHYH aublKTbIrbIH XXOropyaTyyra, anapabl
HaTbliKacbl3 MaiganaHyy TOOOKENAMKTEPUH a3aiTyyra, OWOHLOW 31 MAaMNEKETTUK KO36eMesaee KaHa XeHre canyy
NpOLECCTEPUH OMTUMANZAWTbIPyyra MyMKYHOYK OepeT. YAyTTyK MenKMHOMKTUK MaanbiMattap MHQpPacTpyKTypacbiH
OHYKTYPYYHYH  apTbIKUbIbIKTYy 6arbiTTapbl  KannbiIaHbiM, anap MaanbiMaT —arbiMAapbiH  CTaHAAPTTALTLIPYYHY,
CaHapWNTUK CEepBUCTEPAM WHTErpaUMsAIOOHy, BELOMCTBOIOP apasblk ©3 apa apaKeTTeHYYHY KEHEUTYYHY >aHa
reoMaasbiMaTTblK PeCypCTapAblH XKETKUAMKTYYAYTYH >KOropynaTyyHy KaMTblAT. M3uUnaeeHyH MpakTUKanblK MaaHWcK
anblHraH XblibIHTbIKTapAbl Kbiprbi3 PecnybnukacbiHbiH ep pecypcTapbiH 6alukapyy 4YerpecyHaery MaMnekeTTvk
CaHapWNTUK CTpaTervsapAbl MLWTEN Ybifyyda XaHa MILKE alblpyyda KOMLOHYY MYMKYHUYIYIY MEHEH aHblKTanat

Herusru cespgep: reoMaanbiMaTTbiK CUCTEManap; CaHapUNTMK KafacTp; MaanbiMaTTaphbl MHTENNeKTyanablk
TaNAo0; XXep MaMuenepu; aiMakTapra MOHUTOPUHT XYpry3yy; 6allkapyyHy aBToMaTTawTbipyy
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AHHoTauums. B ycnosuax uudposmsaumm 3koHOMUKK Kbiprbisckoi Pecny®nuku TpaHcdopMaums cucTeMbl ynpaBieHms
3eMesbHbIMW pecypcamu NpUobpeTaeT CTpaTerMyeckoe 3Ha4yeHue, MoCKobKy 3DMeKTUBHOE MCMOb30BaHNE 3eMeIbHOT0
(oHIa HanpsaMyto CBSA3aHO € 0becrneyeHneM YCTOMUYMBOIO Pa3BUTUS arpapHOro CEKTOPa, MOBbILIEHNEM MHBECTULMOHHOM
NPUBNEKATENbHOCTU TEPPUTOPUIA M COBEPLUEHCTBOBAHMEM MEXaHW3MOB FOCYAApPCTBEHHOrO peryiMpoBaHus. Llenbio
UCCNefoBaHWs SBNSNACh OLLEHKA POMM TEXHOMOMMIA MCKYCCTBEHHOMO WMHTENNEKTA M HAUMOHANbHOW WMHGPACTPyKTypbl
NPOCTPAHCTBEHHbIX AaHHbIX B MOBbIWEeHUM 3DHEKTUBHOCTM yrpaBneHus 3eMenbHbiMU  pecypcamu  Kbiprbi3ckomn
Pecnybnuku. MeTogonornyeckyto 0CHOBY MCCNEL0BaHWS COCTaBMAM METOAbI CUCTEMHOIO, CPAaBHUTENBHOMO M SKOHOMMKO-
CTaTUCTMYECKOrO aHanM3a, a Takke MeTolbl reoMH(OPMALMOHHOIO MOAENMPOBAHUS M MPOCTPAHCTBEHHOIO aHaiM3a
[aHHbIX. B xo4e uccnenoBaHms npoBeAeHa KOMMIEKCHAs OLEeHKa COBPEMEHHOMO COCTOSIHUS LIM(PPOBM3aLIMK YpaBIeHUS
3eMeNbHbIMU  pecypcaMu  CTpaHbl, BbISBEHbI OCHOBHbIE MWHCTUTYLMOHANbHbIE W TEXHOMOTMYECKME OrpaHuyeHus,
BK/ItOYas parMeHTaumMio MHDOPMALMOHHbBIX pecypcoB, HeAOCTAaTOYHbIA YPOBEHb MHTErpaumm LMPpPOoBbLIX MAaTdopM,
OrpaHMYEeHHOCTb AOCTYNa K MPOCTPAHCTBEHHBbIM AAHHLIM M AedUUUT KBAanMOULMPOBAHHbBIX CNELMannCToB B 061acTu
reoMHPOPMALIMOHHBIX TEXHOMOMMIA. YCTAHOBNEHO, YTO BHEAPEHWE WHCTPYMEHTOB WCKYCCTBEHHOMO WHTE//IeKTa
CMocobCTBYET MOBbLIWEHWUIO TOYHOCTM MOHWTOPMHIA 3eMeflbHbIX PecypcoB, aBTOMAaTWM3aumMu MNpoueccoB 06paboTku
MPOCTPAHCTBEHHOM MH(OPMaLMK, MPOTHO3MPOBAHMIO M3MEHEHWIA 3eMIENO/b30BaHUS M MOBbILEHWIO 060CHOBAHHOCTH
NPUHUMAEMBIX YNPABIEHYECKMX peLleHuiA. Pe3ynbTaTel MCCNenoBaHMs NoKasanu, YTo MHTerpaums reoMHGOpMaLMOHHBIX
CUCTEM U UHTENNeKTyanbHbIX anropuTMOB MO3BOASIET MOBbICUTL NMPO3PAYHOCTb YMPaBAEHUS 3EMENbHbIMU pecypcamy,
CHU3UTb PUCKM UX HE3DDEKTUBHOIO MCMOMb30BaHMS, @ TAKKE ONMTUMMU3MPOBATbL NPOLLECChI FOCYAAPCTBEHHOIO KOHTPOAS U
perynv1poBaHus. 06006LLeHbl TPUOPUTETHbIE HANPaBNEHUS PAa3BUTUS HALMOHANbHOW MHDPACTPYKTYPbl MPOCTPAHCTBEHHbIX
[aHHbIX, MpefycMaTpyBalolye CTaHAAPTM3aUMI0 MHGOPMALMOHHBIX MOTOKOB, MHTErpaumio LudpPOBbIX CEPBUCOB,
paclwupeHne MeXBeAOMCTBEHHOTO B3aMMOLENCTBMS M MOBbIWEHWE [OCTYMHOCTM FeOMH(MOPMALMOHHBIX PeCypCoB.
MpakTnyeckas 3HAYMMOCTb MCCNENOBAHUS 3aK/HYAETCS B BO3MOXHOCTU NMPUMEHEHUSI MOMYYEHHbIX Pe3yNbTaToB Mpwu
pa3paboTke M peanusaumu rocyaapCTBEHHbLIX LMOPOBbIX CTpaTerMin B cdhepe ynpaBneHus 3eMefibHbiMM pecypcamu
Kbipreizckon Pecnybnmkm

KnioueBble cnoBa: FEOMHd)OpMaLI,VIOHHbIE CUCTEMDI; LLMd)pOBOI;'I KanacTtp; l/IHTeJ'IJ'IEKTyaJ'IbeIVI dHa/IN3 OAHHbIX]
3€MeJibHbl€ OTHOLWWEHUA; MOHUTOPUHT TeppMTOpVIVI; dBTOMAaTU3aL A yrnpaBieHUA
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Abstract. Digital transformation has become a key driver of agricultural development in Central Asia, where
enhancing the competitiveness of the agricultural sector is of strategic importance for ensuring sustainable
economic growth and food security. This study aimed to assess the relationship between digitalisation and
agricultural competitiveness through a comparative analysis of Kazakhstan, Kyrgyzstan, Uzbekistan, and
Tajikistan. The empirical analysis was based on statistical data for the period 2010-2023 obtained from the
World Development Indicators database, FAOSTAT, and official national statistical sources. To evaluate the study
variables, composite indices of digitalisation and agricultural competitiveness were developed using the Min-
Max normalisation method. The relationship between the indices was examined using descriptive statistics,
comparative cross-country analysis, and Pearson correlation analysis. The findings indicate that digitalisation
increased steadily across all four countries, whereas the dynamics of agricultural competitiveness differed
substantially. A strong positive correlation between the two indices was identified for Kazakhstan (r =0.97),
Uzbekistan (r=0.99), and Tajikistan (r=0.98), while Kyrgyzstan exhibited a strong negative correlation (r=-0.95).
The findings suggest that the impact of digitalisation on agricultural competitiveness depends not only on
the diffusion of digital technologies but also on the quality of the institutional environment, the structural
characteristics of the agricultural sector, and the efficiency of resource utilisation. The novelty of the study lies
in the comprehensive assessment of the relationship between digitalisation and agricultural competitiveness
in Central Asian countries based on the proposed composite indices, which made it possible to demonstrate
that this relationship is shaped by country-specific characteristics of agricultural development. The findings may
support the formulation of public policies and digital transformation strategies aimed at improving resource
efficiency, strengthening agricultural competitiveness, and promoting the sustainable development of rural areas
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Digital transformation and agricultural competitiveness...

Introduction

Digital transformation has become one of the main
drivers of efficiency, resilience, and competitiveness
in agrifood systems worldwide. As noted by R. Bir-
ner et al. (2021), digital technologies are increasingly
reshaping agrifood systems by improving productivity,
strengthening resilience, and enhancing the overall
competitiveness of the agricultural sector. R. Abbasi et
al. (2022) further emphasised that advances in infor-
mation and communication technologies, artificial in-
telligence, big data analytics, the Internet of Things,
and digital platforms create new opportunities for
modernising agriculture, improving the management of
land, water, and labour resources, and enhancing deci-
sion-making processes. Against the backdrop of climate
change, growing global food demand, and the need for
sustainable rural development, digital technologies
are increasingly recognised not only as instruments of
technological modernisation but also as key enablers
of productivity growth, food security, and long-term ag-
ricultural competitiveness.

For the countries of Central Asia, the adoption of
digital technologies is of strategic importance, as ag-
riculture remains a major source of employment, ru-
ral household income, and food security. According to
S.Wang et al. (2025), the region has experienced steady
progress in digital infrastructure development, expand-
ed access to information and communication technol-
ogies, and the gradual adoption of digital solutions
across the agrifood sector. A. Kadyraliev et al. (2024)
demonstrated that the application of digital technol-
ogies and automated management systems improves
the efficiency of agricultural management in the Kyr-
gyz Republic. Taken together, these studies suggest that
digital technologies contribute to higher agricultural
productivity, improved management practices, reduced
production risks, and more sustainable agricultural
development. However, the pace of digital technology
adoption, the quality of the institutional environment,
and the progress of digital transformation differ con-
siderably across Central Asian countries, highlighting
the need for comparative analysis. S. Wang et al. (2025)
highlighted that recent research has increasingly shift-
ed from examining individual digital technologies to
assessing their broader impact on the resilience and
competitiveness of agrifood systems, with particular
attention devoted to the effects of digitalisation on
agricultural productivity, resource-use efficiency, value
chain resilience, human capital development, and pub-
lic governance. Similarly, R. Abbasi et al. (2022) conclud-
ed that digital transformation promotes economic effi-
ciency,accelerates innovation, strengthens the adaptive
capacity of the agricultural sector, and supports its
long-term sustainable development.

Despite the growing body of research on digital
transformation in agriculture, several important issues
remain insufficiently explored. Most existing studies

focus on individual countries, specific digital technol-
ogies, or particular areas of their application. Compar-
ative analyses covering Central Asian countries remain
limited, while the relationship between digital devel-
opment and agricultural competitiveness has rarely
been examined using composite indicators that enable
consistent cross-country comparisons. Although the
countries of Central Asia share a common historical
background, they differ substantially in their levels of
digital development, institutional quality, and the pace
of agricultural modernisation. These differences under-
score the need for an integrated analytical framework
capable of assessing the relationship between digital
development and agricultural competitiveness across
the region. Accordingly, the present study aimed to as-
sess the relationship between digital development and
agricultural competitiveness in the countries of Central
Asia through a comparative analysis.

Literature Review

Agriculture has traditionally played an important role
in the economies of Central Asian countries; however,
its contribution to gross domestic product (GDP) var-
ies considerably across the region. According to the
World Development Indicators (World Bank, 2024),
agriculture accounts for less than 5% of GDP in Ka-
zakhstan, whereas its contribution remains substan-
tially higher in Kyrgyzstan and Uzbekistan despite a
gradual decline over the study period. Tajikistan ex-
hibits the highest dependence on agriculture, with
the sector consistently contributing more than 20% of
national GDP. These differences reflect variations in
economic structure, the pace of industrialisation, and
natural resource endowments, creating distinct condi-
tions for digital transformation and the development
of agricultural competitiveness.

The literature considers agriculture in Central Asia
not only as a productive sector but also as a key driv-
er of regional socio-economic development. R. Pom-
fret (2019) argues that improvements in agricultural
productivity contribute to higher labour productivity,
rural development, and better living standards for rural
populations. Similarly, the World Bank (n.d.) emphasises
that agriculture continues to play a crucial role in em-
ployment generation and rural household income de-
spite its declining share in GDP across the region. Over
the past decade, growing attention has been devoted to
the role of digital technologies in transforming agrifood
systems. S. Wolfert et al. (2017) were among the first to
demonstrate that precision agriculture, big data ana-
lytics, and digital platforms improve farm management
and enhance resource-use efficiency. Expanding this
perspective, B. Basso & J. Antle (2020) argued that digi-
tal agriculture represents an essential pathway toward
the design of sustainable agrifood systems by simul-
taneously improving productivity and environmental
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sustainability. J.C. Aker (2011) showed that information
and communication technologies substantially improve
farmers’ access to information and advisory services,
whereas E. Nakasone et al. (2014) demonstrated that
digital technologies facilitate access to financial servic-
es and agricultural markets, thereby reducing transac-
tion costs and increasing the transparency of agrifood
value chains.

Despite the considerable potential of digital tech-
nologies, recent studies indicate that the effectiveness
of digital transformation depends on more than tech-
nological progress alone. L. Klerkx et al. (2019) em-
phasise the importance of institutional quality, infra-
structure development, and agricultural knowledge and
advisory systems in facilitating the adoption of digital
innovations. R. Birner et al. (2021) further argue that
successful digital transformation depends largely on
human capital, institutional capacity, and farmers’ abil-
ity to adapt to emerging technologies. These findings
suggest that, particularly in emerging and transition
economies, the outcomes of digital transformation are
shaped by the interaction of technological, institution-
al, and organisational factors.

Although research on agricultural digital transfor-
mation has expanded rapidly in recent years, empirical
evidence remains concentrated on either developed
economies or individual developing countries. Compar-
ative studies focusing on Central Asia are still limited.
Moreover,existing research has primarily examined spe-
cific dimensions of digitalisation, including information
and communication technologies, digital infrastructure,
and individual digital solutions, whereas comprehen-
sive assessments of the relationship between digital
development and agricultural competitiveness remain
scarce. Cross-country differences in this relationship,
particularly those associated with institutional quali-
ty, agricultural structure, and the level of digital ma-
turity, have received limited scholarly attention. These
research gaps provide the rationale for the present
study, which evaluates the relationship between digital
development and agricultural competitiveness across
Central Asian countries using composite indices.

Materials and Methods
Data sources. The empirical analysis was based on
statistical data for four Central Asian countries - Ka-
zakhstan, Kyrgyzstan, Uzbekistan, and Tajikistan - cov-
ering the period from 2010 to 2023. These countries
were selected because they share a common historical
background, similar institutional settings, and a signif-
icant role of agriculture in their national economies,
thereby ensuring the comparability of the cross-coun-
try analysis. The study draws on data from the World
Development Indicators (World Bank, n.d.) database,
FAOSTAT (FAO, n.d.), and official publications of the na-
tional statistical agencies of the selected countries. The
World Development Indicators database was used to
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construct the digitalisation index, while FAOSTAT pro-
vided the agricultural indicators used to develop the
agricultural competitiveness index. National statistical
sources were employed to verify and complement se-
lected statistical indicators. The use of internationally
comparable statistical data ensures the reliability of
cross-country comparisons of digitalisation and agricul-
tural competitiveness. The study covers the period from
2010 to 2023 because, at the time of the analysis, inter-
nationally comparable data for all selected indicators
were consistently available for all four countries only
up to 2023. Data for 2024-2025 have been released at
different times by international organisations and na-
tional statistical agencies, preventing their consistent
use in a comparative cross-country analysis.
Construction of the Digitalisation Index (DI). To
quantify the level of digitalisation, a Digitalisation Index
was developed by combining indicators that character-
ise digital infrastructure and the diffusion of informa-
tion and communication technologies. The conceptual
framework of the Digitalisation Index was based on
internationally recognised approaches to measuring
digital development, particularly the ICT Development
Index (IDI) developed by the International Telecommu-
nication Union (ITU, 2017) and the methodological prin-
ciples for constructing composite indicators presented
in the OECD Handbook on Constructing Composite Indi-
cators (OECD & Joint Research Centre of the European
Commission, 2008). These frameworks identify Internet
connectivity, access to communication infrastructure,
and broadband development as the core dimensions
of national digital development. Rather than repro-
ducing the original international indices, the present
study adapted their conceptual principles to the ob-
jectives of a comparative assessment of digitalisation
in the agricultural sector of Central Asian countries.
The selection of indicators was additionally guid-
ed by OECD & Joint Research Centre of the European
Commission (2008), which recommends that composite
indicators should be based on conceptually relevant,
statistically reliable, and internationally comparable
variables. Because not all indicators included in the
original ITU methodology were consistently availa-
ble for all four countries throughout the entire study
period (2010-2023), only indicators meeting these
methodological requirements and ensuring complete
cross-country comparability were retained. The indica-
tors were selected based on three criteria: their rele-
vance to the research objectives, their ability to capture
key dimensions of digital development, and the avail-
ability of internationally comparable data for all four
countries throughout the study period. The index was
constructed by aggregating normalised indicators into
a composite measure following the approach common-
ly applied in the development of composite digitalisa-
tion indices. This approach ensures the comparability of
indicators expressed in different units of measurement.
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The Digitalisation Index includes the following
indicators: Internet users (% of the population); Mo-
bile cellular subscriptions (per 100 inhabitants); Fixed
broadband subscriptions (per 100 inhabitants). Togeth-
er, these indicators provide a comprehensive assess-
ment of the level of digital development in the coun-
tries under study. To ensure cross-country comparability,
all variables were normalised using the Min-Max nor-
malisation method. Min-Max normalisation ensured
the comparability of indicators measured in different
units. The Digitalisation Index was calculated as the
arithmetic mean of the normalised indicators:

X—Xmin
Xinjorm - Xmax_xmin’ (1)
where digitalisation Index for country j; number of indi-
cators included in the index; normalised value of indi-
cator j for country j.

Following the methodological guidance presented
in the OECD Handbook on Constructing Composite Indi-
cators (OECD & Joint Research Centre of the European
Commission, 2008), equal weights were assigned to all
indicators because no robust theoretical or empirical
evidence justified differential weighting. This approach
enhances methodological transparency, ensures the
consistency and comparability of the composite index
across countries, and reduces potential bias associated
with subjective weighting schemes.

Construction of the Agricultural Competitive-
ness Index (ACI). To assess the level of agricultural
competitiveness, a Composite Agricultural Competi-
tiveness Index (ACl) was developed. The conceptual
framework of the Agricultural Competitiveness In-
dex was informed by the multidimensional concept
of agricultural competitiveness proposed by L. La-
truffe (2010) and the Food and Agriculture Organi-
sation of the United Nations (FAO, 2017). These ap-
proaches consider agricultural competitiveness as a
multidimensional concept that should be assessed
through a combination of indicators reflecting the
economic contribution of agriculture, production ef-
ficiency, productivity, and export performance rather
than by a single measure.

In this study, agricultural competitiveness is de-
fined as a multidimensional concept reflecting the
economic performance of the agricultural sector.
Following these methodological principles, the com-
posite index was designed to capture the principal
dimensions of agricultural competitiveness while
ensuring international comparability and consistent
data availability for all four Central Asian countries
throughout the study period. The selected indicators
were chosen because they collectively reflect the sec-
tor’s contribution to the national economy, production
efficiency, export capacity, and labour productivity,
which are widely recognised as key dimensions of ag-
ricultural competitiveness. The selection of indicators

was guided by the need to provide a comprehensive
assessment of agricultural competitiveness and cov-
ers the key dimensions of the sector, including its
contribution to the national economy, production ef-
ficiency, export performance, and labour productivity.
Collectively, these indicators provide a comprehensive
assessment of agricultural competitiveness and ena-
ble meaningful cross-country comparisons.

The Agricultural Competitiveness Index compris-
es the following indicators: Agriculture, forestry, and
fishing, value added (% of GDP); Crop yield (t/ha); Agri-
cultural exports (million USD); Agricultural labour pro-
ductivity (agriculture, forestry, and fishing value added
per worker, constant 2015 USD).All indicators were nor-
malised using the Min-Max normalisation method and
aggregated into a composite index:

1
ACl =~ xperm, (2)

i=1

where AC/, - Agricultural Competitiveness Index for
country j; n = number of indicators included in the in-
dex; X;"™ - normalised value of indicator / for country j.

Following the methodological guidance provid-
ed in (OECD & Joint Research Centre of the European
Commission, 2008), equal weights were assigned to all
indicators because no robust theoretical or empirical
evidence justified differential weighting. This approach
enhances methodological transparency, ensures the
consistency and comparability of the composite index
across countries, and reduces potential bias associated
with subjective weighting schemes.

Data analysis. The empirical analysis was conduct-
ed in three stages. First, the dynamics of the Digitalisa-
tion Index and the Agricultural Competitiveness Index
were analysed over the period 2010-2023. Second, a
comparative cross-country analysis was carried out to
identify differences in the levels of digital development
and agricultural competitiveness among the Central
Asian countries. Third, the relationship between digital-
isation and agricultural competitiveness was assessed
using the Pearson correlation coefficient:

2(x-0)(y-y)
"= R ©)
where r - Pearson correlation coefficient; x - Digitali-
sation Index (DI); y — Agricultural Competitiveness In-
dex (ACl); X - mean value of the Digitalisation Index;
y - mean value of the Agricultural Competitiveness In-
dex. The Pearson correlation coefficient was employed
to evaluate the strength and direction of the linear
relationship between the Digitalisation Index and the
Agricultural Competitiveness Index. The estimated cor-
relation coefficients describe the statistical association
between the two indices and should not be interpreted
as evidence of a causal relationship.
Study limitations. Despite the methodological ro-
bustness of the proposed approach, several limitations
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should be considered when interpreting the findings.
First, the Min-Max normalisation method is sensitive
to extreme values, which may influence the resulting
composite index scores. Second, equal weights were
assigned to all indicators when constructing the com-
posite indices. Although this approach ensures meth-
odological transparency and facilitates cross-country
comparability, it does not account for potential differ-
ences in the relative importance of individual indica-
tors. Third, the analysis is based on aggregated mac-
roeconomic data, which limits the ability to capture
regional disparities within individual countries and
sector-specific characteristics of agricultural produc-
tion. Fourth, Pearson correlation analysis identifies
statistical associations between digitalisation and
agricultural competitiveness but does not establish
causal relationships between the variables. Finally, the
study covers the period from 2010 to 2023 because,
at the time of the analysis, internationally compara-
ble data for all selected indicators were consistently
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available for all four countries only up to 2023. Data
for 2024-2025 had not yet been released simultane-
ously by international organisations and national sta-
tistical agencies, preventing their inclusion in a con-
sistent cross-country analysis.

Results

Dynamics of digitalisation in Central Asia

The analysis of the Digitalisation Index revealed a
steady increase in the level of digitalisation across
all Central Asian countries during the period 2010-
2023. Despite this overall upward trend, the pace
and extent of digital transformation differed sub-
stantially among the countries under study. These
differences reflect the heterogeneous nature of
digitalisation processes across the region, as well
as variations in digital infrastructure development
and the adoption of information and communication
technologies. Table 1 presents the calculated values
of the Digitalisation Index.

Table 1. Digitalisation Index in Central Asia, 2010-2023

Year Kazakhstan Kyrgyzstan Uzbekistan Tajikistan
2010 0.37 0.17 0.13 0.09
2011 0.42 0.20 0.15 0.11
2012 0.47 0.23 0.18 0.13
2013 0.52 0.27 0.21 0.16
2014 0.57 0.31 0.26 0.19
2015 0.66 0.32 0.30 0.20
2016 0.69 0.35 0.33 0.22
2017 0.71 0.39 0.36 0.24
2018 0.73 0.43 0.40 0.27
2019 0.75 0.48 0.44 0.30
2020 0.77 0.52 0.47 0.33
2021 0.79 0.57 0.50 0.36
2022 0.80 0.62 0.55 0.39
2023 0.81 0.67 0.62 0.46

Source: compiled by the authors based on World Bank (n.d.), FAO (n.d.)

Throughout the study period, Kazakhstan main-
tained the highest level of digitalisation among the
four countries. The Digitalisation Index increased from
0.37 in 2010 to 0.81 in 2023, representing more than
a twofold increase over the initial level. This trend
reflects the continuous development of digital infra-
structure and the rapid adoption of information and
communication technologies. Kyrgyzstan and Uzbek-
istan also recorded substantial progress in digitali-
sation over the study period. In Kyrgyzstan, the Digi-
talisation Index increased from 0.17 to 0.67, while in
Uzbekistan it rose from 0.13 to 0.62, indicating contin-
ued improvements in digital infrastructure and wider
adoption of digital technologies. However, the trajec-
tories of digitalisation differed between the two coun-
tries. In Uzbekistan, the index increased at a relatively

steady pace throughout the study period, whereas in
Kyrgyzstan the most pronounced growth occurred af-
ter 2015, which may reflect the acceleration of digital
transformation and broader access to information and
communication technologies.

Although Tajikistan consistently recorded the low-
est Digitalisation Index among the Central Asian coun-
tries throughout the study period, its index increased
from 0.09 in 2010 to 0.46 in 2023. This trend indicates
gradual improvements in digital infrastructure and the
increasing adoption of digital technologies. The re-
maining gap relative to the other countries highlights
the need for further investment in digital infrastructure
and improved access to digital services. Figure 1 illus-
trates the dynamics of the Digitalisation Index across
the four Central Asian countries during 2010-2023.
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Figure 1. Dynamics of the Digitalisation Index in Central Asia, 2010-2023
Source: compiled by the authors based on World Bank (n.d.), FAO (n.d.)

Overall, the analysis indicates that, despite the
steady progress in digitalisation across all Central
Asian countries, the pace of digital transformation dif-
fered substantially, resulting in persistent cross-coun-
try disparities in the level of digital development.

Trends in agricultural competitiveness
The analysis of the Agricultural Competitiveness In-
dex revealed substantial differences in both the level

and dynamics of agricultural competitiveness across
the Central Asian countries. Although several coun-
tries exhibited improvements in agricultural perfor-
mance during the study period, the trajectories of
the ACI differed considerably, reflecting differences
in the effectiveness of agricultural development and
structural characteristics of the sector. The calculated
values of the Agricultural Competitiveness Index are
presented in Table 2.

Table 2. Agricultural Competitiveness Index in Central Asia, 2010-2023

Year Kazakhstan Kyrgyzstan Uzbekistan Tajikistan
2010 0.24 0.30 0.55 0.28
2011 0.27 0.29 0.56 0.28
2012 0.29 0.29 0.58 0.28
2013 0.29 0.29 0.59 0.29
2014 0.31 0.28 0.59 0.29
2015 0.29 0.27 0.59 0.30
2016 0.29 0.27 0.59 0.30
2017 0.31 0.27 0.60 0.31
2018 0.31 0.26 0.61 0.32
2019 0.33 0.26 0.62 0.32
2020 0.35 0.26 0.63 0.33
2021 0.38 0.26 0.65 0.34
2022 0.40 0.23 0.66 0.34
2023 0.42 0.20 0.67 0.35

Source: compiled by the authors based on World Bank (n.d.), FAO (n.d.)

Uzbekistan consistently recorded the highest ACI
values throughout the study period. The index in-
creased from 0.55 in 2010 to 0.67 in 2023, indicating
a gradual strengthening of agricultural competitive-
ness. Minor fluctuations observed during the study
period suggest the stability of key indicators reflect-
ing agricultural productivity and export performance.
Kazakhstan also exhibited a steady upward trend in
the Agricultural Competitiveness Index, particularly
after 2016. Over the study period, the index increased
from 0.24 to 0.42, indicating a gradual improvement
in agricultural competitiveness.

Tajikistan likewise demonstrated positive growth,
with the ACl increasing from 0.28 in 2010 to 0.35 in

2023. Although the rate of growth was more moder-
ate than in Kazakhstan and Uzbekistan, the observed
trend indicates a gradual improvement in agricultur-
al competitiveness. At the same time, the relatively
low index values point to persistent constraints relat-
ed to resource-use efficiency and export performance
while also indicating considerable potential for fur-
ther sectoral development.

Unlike the other countries in the region, Kyr-
gyzstan exhibited a declining trend in the Agricultural
Competitiveness Index. During the study period, the
index decreased from 0.30 in 2010 to 0.20 in 2023,
indicating a deterioration in the composite assessment
of agricultural competitiveness despite continued
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progress in digital infrastructure development. Fig-
ure 2 illustrates the differences in the dynamics of the
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Figure 2. Dynamics of the Agricultural Competitiveness Index in Central Asia, 2010-2023
Source: compiled by the authors based on World Bank (n.d.), FAO (n.d.)

Overall, the analysis revealed substantial
cross-country differences in the dynamics of agri-
cultural competitiveness. While Kazakhstan, Uzbek-
istan, and Tajikistan experienced increases in the
Agricultural Competitiveness Index, Kyrgyzstan re-
corded a decline. These findings indicate that agri-
cultural development in Central Asia does not follow
a uniform trajectory and highlight the importance
of considering country-specific characteristics when
interpreting the relationship between digitalisation

and agricultural competitiveness. To provide a more
comprehensive explanation of the observed differ-
ences in the Agricultural Competitiveness Index, it is
necessary to examine the composition of its under-
lying indicators. A comparison of the average values
of the indicators included in the index provides in-
sights into the determinants of agricultural compet-
itiveness in the countries under study and identifies
the factors contributing most to cross-country dif-
ferences (Table 3).

Table 3. Average values of the components of the Agricultural Competitiveness Index
in Central Asian countries, 2010-2023

Indicator Kazakhstan = Kyrgyzstan @ Uzbekistan Tajikistan
Agriculture, forestry, and fishing, value added (% of GDP) 4.43 20.66 27.01 24.02
Cereal yield (kg/ha) 1,005.1 2,689.2 4,828.1 3,127.8
Agricultural exports (million USD) 2,685.7 625.0 3,764.3 474.3
Agricultural labour productivity (USD per worker, constant 2015 prices) 6,664.3 1,470.0 2,112.9 1,400.0

Source: compiled by the authors based on World Bank (n.d.), FAO (n.d.)

The results presented in Table 3 indicate that
agricultural competitiveness in Central Asian coun-
tries is shaped by different structural factors. Ka-
zakhstan records the highest level of agricultural la-
bour productivity (USD 6,664.3 per worker) together
with a substantial volume of agricultural exports.
These indicators reflect more efficient resource
utilisation and a stronger export orientation of the
agricultural sector despite the relatively small con-
tribution of agriculture to national GDP. Uzbekistan
demonstrates the highest values for most compo-
nents of the Agricultural Competitiveness Index. The
country ranks first in the share of agriculture in GDP
(27.01%), cereal yield (4,828.1 kg/ha), and agricultur-
al exports (USD 3,764.3 million), indicating that its
agricultural competitiveness is supported by multi-
ple complementary factors.

In both Kyrgyzstan and Tajikistan, agriculture
continues to play an important role in the national

economy. However, relatively low levels of labour
productivity and limited export volumes point to
structural constraints that continue to limit im-
provements in agricultural competitiveness. Overall,
the cross-country differences observed in the com-
ponents of the Agricultural Competitiveness Index
indicate that agricultural competitiveness depends
not only on the scale of agricultural production but
also on labour productivity, resource-use efficiency,
and export performance. These structural differenc-
es provide an important basis for interpreting the
cross-country variation in the relationship between
digitalisation and agricultural competitiveness dis-
cussed in the following section.

Relationship between digitalisation

and agricultural competitiveness

To assess the relationship between digitalisation and
agricultural competitiveness, a Pearson correlation
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analysis was performed using the Digitalisation Index
and the Agricultural Competitiveness Index for the
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Central Asian countries. The graphical representation of
the observed relationships is presented in Figure 3.
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Figure 3. Relationship between digitalisation and agricultural competitiveness in Central Asia, 2010-2023
Source: compiled by the authors based on World Bank (n.d.), FAO (n.d.)

The analysis revealed substantial cross-country
differences in both the direction and strength of the
relationship between digitalisation and agricultural
competitiveness. In Kazakhstan, a very strong posi-
tive correlation was observed between the Digitalisa-
tion Index and the Agricultural Competitiveness Index
(r=0.97), indicating a high degree of consistency be-
tween digital development and improvements in ag-
ricultural competitiveness. However, this relationship
is correlational and should not be interpreted as evi-
dence of causality. Similarly strong positive correlations
were observed in Uzbekistan (r=0.99) and Tajikistan
(r=0.98). These high correlation coefficients indicate
that improvements in digitalisation were accompa-
nied by higher levels of agricultural competitiveness
over the study period. Nevertheless, these relationships
should also be interpreted as statistical associations
rather than evidence of causal effects.

In contrast, Kyrgyzstan exhibited a strong nega-
tive correlation between the Digitalisation Index and
the Agricultural Competitiveness Index (r=-0.95). This
indicates that, during the study period, progress in dig-
italisation was accompanied by a decline in the com-
posite measure of agricultural competitiveness. This
pattern may reflect a structural mismatch between dig-
ital transformation processes and the development of
the agricultural sector. As with the other countries, this
finding reflects a statistical relationship and does not
imply causality.

The Pearson correlation coefficients obtained for
the four countries were as follows: Kazakhstan: r=0.97;
Kyrgyzstan: r = -0.95; Uzbekistan: r = 0.99; Tajikistan:
r=0.98. The correlation coefficients should be inter-
preted as measures of the strength and direction of the
statistical association between the variables and do not
imply statistical significance or causal relationships.
Overall, the correlation analysis demonstrates that the

relationship between digitalisation and agricultural
competitiveness varies substantially across the Central
Asian countries. These cross-country differences under-
score the importance of considering national socio-eco-
nomic and institutional conditions when interpreting
the role of digitalisation in agricultural development.

Discussion

The findings of this study demonstrate that the rela-
tionship between digitalisation and agricultural com-
petitiveness is heterogeneous across the Central Asian
countries. These findings are consistent with those re-
ported by R. Amoussouhoun et al. (2024) and L. Klerkx et
al. (2019), who argue that the effectiveness of digital
transformation depends not only on the level of infor-
mation and communication technology infrastructure
but also on the quality of the institutional environ-
ment, the availability of digital services, and farmers’
readiness to adopt innovative technologies. The strong
positive relationship observed in Kazakhstan may be
explained by the country’s relatively advanced digital
infrastructure, consistent public policies supporting dig-
ital transformation, and a higher level of technological
modernisation in the agricultural sector. Similar conclu-
sions were reported by N.M. Trendov et al. (2019), who
demonstrated that digital technologies improve farm-
ers’access to information, financial services, and agricul-
tural markets. These findings suggest that digitalisation
should be viewed as an enabling factor for improving
agricultural performance, provided that appropriate
institutional and economic conditions are in place.
Furthermore, digital technologies contribute to lower
transaction costs, greater market transparency,and more
efficient information systems (Nakasone et al., 2014).

The positive relationship between digitalisation
and agricultural competitiveness observed in Uzbek-
istan and Tajikistan is likely to reflect the gradual
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development of the digital environment and the
expanding adoption of digital technologies in agri-
culture. This interpretation is supported by R. Fabre-
gas et al. (2019), who showed that digital technol-
ogies enhance agricultural productivity, resilience,
and production efficiency in developing countries,
particularly where access to information and mod-
ern agricultural technologies is limited. At the same
time, the effectiveness of digital transformation de-
pends on the availability of innovation infrastructure,
access to agricultural advisory services, and the ef-
fectiveness of institutional support mechanisms for
farmers (Fielke et al., 2020). Previous studies have
also shown that the adoption of digital technologies
in agriculture is constrained by high implementation
costs, insufficient digital infrastructure, and limited
digital literacy among farmers (Dibbern et al., 2024).
These constraints remain relevant for the countries of
Central Asia, where agricultural digitalisation is pro-
gressing at different rates. Similar observations have
been reported in studies of Kyrgyzstan, emphasising
that the successful adoption of digital technologies
depends largely on improvements in the regulatory
framework, the development of institutional support
mechanisms, and the implementation of coherent
public policies for agricultural digital transformation
(Dzhumagulov & Mistriukova, 2025).

The identification of a negative relationship be-
tween digitalisation and agricultural competitiveness
in Kyrgyzstan represents one of the principal findings
of this study. However, this relationship should not be
interpreted as evidence that digital development has
an adverse effect on the agricultural sector. Rather, it
is more likely to reflect a structural mismatch between
the expansion of digital infrastructure and the effec-
tive adoption of digital technologies in agricultural
production. Several factors may explain this pattern.
First, digital services in Kyrgyzstan remain concen-
trated primarily in urban areas, whereas rural regions,
where most agricultural production takes place, have
more limited access to modern digital infrastructure
and digital services (National Statistical Committee of
the Kyrgyz Republic, 2024). Second, the predominance
of small and medium-sized farms constrains the adop-
tion of capital-intensive digital technologies. Third,
institutional constraints, insufficiently developed agri-
cultural advisory services, and limited access to finan-
cial resources may further hinder the diffusion of dig-
ital innovations in agriculture. These findings suggest
that investments in digital infrastructure should be
complemented by institutional reforms, strengthened
agricultural extension services, and capacity-build-
ing initiatives to facilitate the effective adoption of
digital technologies in agriculture. These findings are
consistent with previous studies demonstrating that
the effectiveness of digital transformation is shaped
by a combination of socio-economic, institutional, and
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behavioural factors (Cui & Wang, 2023). In many de-
veloping countries, digital infrastructure has expand-
ed more rapidly in urban areas than in rural regions,
limiting the practical benefits of digital technologies
for agricultural development (Birner et al., 2021).
Furthermore, the success of digital transformation
depends on human capital, institutional quality, and
farmers’ capacity to adopt and effectively use new
technologies (Rotz et al., 2019).

Farmer digital literacy and effective knowledge
transfer mechanisms also play an important role. Pre-
vious studies have shown that digital skills, agricultur-
al advisory services, and efficient agricultural knowl-
edge systems are critical for the successful adoption
of innovation (Rose & Chilvers, 2018; Ingram &
Maye, 2020). In addition, farmers’ willingness to adopt
digital tools is influenced by their perceived useful-
ness, trust in new technologies, and access to the
necessary financial and technical resources (Diaz et
al., 2021). Economic and behavioural factors likewise
affect the adoption of digital and financial technolo-
gies in agriculture (Sharma et al., 2025). In the absence
of these enabling conditions, rapid expansion of dig-
ital infrastructure does not necessarily translate into
higher agricultural competitiveness.

Conclusions

The findings demonstrate that, despite the overall pro-
gress of digital transformation across the Central Asian
countries, changes in agricultural competitiveness fol-
lowed different trajectories. This indicates that there is
no universal pattern linking digital transformation to
agricultural development. A comparison of the com-
posite indices showed that digital development was
accompanied by improvements in agricultural com-
petitiveness in Kazakhstan, Uzbekistan, and Tajikistan,
whereas Kyrgyzstan exhibited a negative correlation
between the two indicators. The results suggest that
the effects of digital transformation depend on coun-
try-specific characteristics of the agricultural sector,
the quality of the institutional environment, and the
capacity to effectively adopt digital technologies. Dig-
ital transformation should therefore be regarded as a
necessary, but not sufficient, condition for enhancing
agricultural competitiveness.

The achievement of positive economic outcomes
depends not only on the level of digital development
but also on a broader set of institutional, structural,
and socio-economic factors, including institutional
quality, human capital, access to digital services, and
the effectiveness of digital technology adoption mech-
anisms. The proposed framework for assessing digital
development and agricultural competitiveness ex-
pands the possibilities for comparative cross-country
analysis by accounting for the specific characteristics
of agricultural development. From a practical perspec-
tive, the proposed approach can support the design of
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AnHoTauusa. CaHapunTuk TpaHchopMaLums bopbopayk A3ns enkenepyHae aibin 4yapbacbiH @HYKTYPYYHYH HEMU3MU
($aKTopnopyHyH 6Mpu Bonyn Kanzbl, aHTKEHW arpapAblk CEKTOPAYH aTaaHAAWTbIKKA XXeHASOMAYYYTYH Xoropynartyy
TYPYKTYY 3KOHOMMKANbIK ©CYLUTY XaHa a3blK-TYNYK KOOMCY34YryH KaMCbi3 Kbllyyaa CTpATerusblk MaaHure 33.
M3nnpgeeHyH MakcaTbl KasakcTaH, Kbiprbi3acTaH, ©36eKcTaH aHa TaXMKCTaHAbIH MUCANbIHAA CaHapuUMTeLTUpyy
MeHEeH albln YapbacbiHbIH AaTaaHAALWTLIKKA XOHASMAYYIYTYHYH 63 apa OainaHbllWbiH CanblWTbipMa TaAA00HYH
HerusuHae 6aanoo 6onay. dMnupukanblk Tanmoo 2010-2023-xeinpgapaarl World Development Indicators
MaanbiMaT 6a3acbiHaH, FAOSTATTaH xaHa ynyTTyK pacMuid CTaTUCTUKANbIK OynakTapaaH anbliHraH MaanbiMaTTapra
Heruspenau. MaunpeHun xatkaH kepcetkyyutepfy 6aanoo yyyH Min-Max HOpManpalwTbipyy bIKMachl apkbiayy
CaHApUNTEWTUPYYHYH XaHa avbln YapbacbiHbIH aTaaHAALWTbIKKA XOHAOMAYYNYITYHYH UHTErpanaplik MHAEKCTepU
Ty3ynay. MHpoekctepauH e3 apa GaivnaHblillbl CypeTTeedy CTaTUCTUMKAHBIH, ©NIKenep apanblk CanbluTbipMa
TaNLOOHYH XaHa [MpCcoHAYH KOoppenauusanbik TanfoO0CYHYH >apAambl MeHeH u3ungeHaun. Hatblikanap Tept
O/IKBHYH TeH, CaHAPUNTEWTUPYY [LOEHI33IM TYPYKTYY OCKOHYH, OMPOK avbln 4YapbacbiHbiH aTaaHAALTbIKKa
XOHOABMAYYNYTYHYH AMHAMMUKAChl ONYTTYY alblpManaHraHbliH kepceTTy. KasakcTaH (r=0,97), ©36ekctaH (r=0,99)
)aHa TaxkukcTtaH (r=0,98) yuyH 3KM UHOEKCTUH OPTOCYHAA KYUTYY OH KOppensiuus aHbikTanca, Kelprbi3ctaH yuyH
KyuTyy Tepc koppenaums (r=-0,95) 6arikangpl. ANbIHIAH XbIMbIHTBIKTAp CaHAapUNTELWTUPYYHYH aibll YapbacbiHbIH
aTaaHAALWTbIKKA XXOHAOMAYYYTYHe TUMIU3reH Taacupu CaHApUMNTUK TEXHONOMMSNapAbIH Xanblblllbl MEHEH FaHa
3MeC, UHCTUTYLMOHANABIK Y8MPOHYH CanaTbiHa, arpapAblK CEKTOPAYH TY3YMAYK 63re4enyKTepyHe XaHa pecypctapabl
nanganaHyyHyH HaTblKanyynyryHa Aa Ke3 KapaHbl 3KeHWH KepceTeT. WM3unaeeHyH WAMMWIA KaHbIAbITbI
CYHyLWITanraH UHTerpaniblk MHAEKCTEPAUH HernsmHae bopbopayk A3uns enkenepyHaery CaHapunTelwTupyy MeHeH
avibln YapbacbiHbIH AaTaaHAALWTLIKKA XOHASOMAYYNYTYHYH 63 apa 6ainaHbiwbiH KOMNeKcTyy 6aanoono xartart. byn
6aiinaHbiw ap 6up enkeHyH akbin YapbacbliH HYKTYPYYLOrY ©3reveflyKTepyHe >Kapalla e3repepy KepceTynny.
MN31naeeHyH XbIMbIHTbIKTapbl pecypcTapibl NanaanaHyyHyH HaTbIAXKanyynyryH sxoropynaTyyra, aibin yapbacbiHbIH
aTaaHAALWTbIKKA XOHAeMAYYNYIryH 6ekeMaeere xaHa anbln aiMakTapblHbIH TYPYKTYY ©HYTYLWYH KaMCbI3 Kbllyyra
BarbiTTanraH MaMNeKeTTMK CascaTTbl XaHa CaHapunTMK TpaHcopMaums CTpaTerusnapbiH MWTen 4biryyna
KOJIAOHYNYLLY MYMKYH

Herunsru cespgep: CaHapUNTELWTUPYY; aibln YapbacbiHbIH aTaaHAALTbIKKa XeHaeMayynyry; bopbopayk Asus;

MaanbIMaTTblK-KOMMYHUKaLMANBIK TEXHOMOMMANAP; CaHAapUNTUK TpaHchopMmauus; TMUPCOHAYH KOPPENaUMANbIK
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AHHoTaums. Llndposas TpaHchopMaLms cTana 04HMUM U3 K0UYEeBbIX PAaKTOPOB Pa3BUTUS CENTbCKOTO X035MCTBA B
cTpaHax LleHTpanbHoM A3uu, roe noBblWEeHUE KOHKYPEHTOCMOCOOHOCTM arpapHOro CeKTopa MMeeT CTpaTernyeckoe
3HauyeHWe ans obecrneyeHns yCTOMYMBOrO IKOHOMMUYECKOro poCcTa M NPOLOBOLCTBEHHON H6e3onacHocTu. Llenbto
UCCNefoBaHUS ABNSANACH OLLEHKA B3aMMOCBA3M Mexay LUMdpoBu3aLmernt U KOHKYPEHTOCNOCOOHOCTbIO CenbCKOro
X034iCTBA HAa OCHOBE CpaBHUTeNbHOro aHanu3a KasaxctaHa, Kblprei3cTaHa, Y36ekuctaHa v TafXMKMUCTaHa.
IMMNUPUYECKUIA aHANM3 OCHOBAH Ha CTaTUCTUMYECKUX AaHHbIX 32 2010-2023 rr., nonyyeHHbIX 13 6a3bl AaHHbIX World
Development Indicators, FAOSTAT n odbuuManbHbIX HALMOHANbHbLIX CTAaTUCTUYECKMX MCTOYHMKOB. NS OLEHKM
uccnefyeMblx nepeMeHHbIX ObIv pa3paboTaHbl KOMMO3UTHbIE MHAEKCbI LUPPOBU3ALMU U KOHKYPEHTOCNOCOOHOCTH
CenbCKOro X035MCTBa C MCMOMb30BaHMEM MeToAa HopManm3aumm Min-Max. B3aMMOCBS3b Mexay MHAEeKcamu
uccnefoBanacb C MOMOLLbK METOLOB OMUCATENbHOM CTaTUCTUKM, CPABHUTENIbHOrO MEXCTPAHOBOro aHanu3a
M KOppenaumoHHOro aHanusa [lupcoHa. [lonyyeHHble pe3ynbTaTbhl CBUAETENbCTBYIOT O TOM, UYTO YPOBEHb
UMMpoBM3aLMUM BO BCEX YETbIpEX CTpaHax CTabuibHO BO3pacTan, TOrAa Kak AMHAMMKA KOHKYPEHTOCNOCOOHOCTH
CenbCKOro XO039MCTBa CyWeCTBEHHO pasnuuyanacb. CuabHasg MNONOXMTENbHAS KOppensauus Mexay [BymS
nHaekcamu BbisBneHa ans KasaxcraHa (r=0,97), Y3bekuctana (r=0,99) n Tapxukucrana (r=0,98), Toroa kak
ons Kblprbi3cTaHa yCTaHOB/MEHA CWbHasg oTpuuaTenbHas koppensuus (r = -0,95). MMonyyeHHble pe3ynbTaTthl
CBUAETENbCTBYIOT O TOM, UYTO BAMSIHUME UMPPOBM3ALMM HA KOHKYPEHTOCMOCOOHOCTb CENbCKOro XO039MCTBA
onpenensieTcs He TONbKO PacNpOCTPAHEHUEM UMPPOBbIX TEXHOMOMMIA, HO U KAYeCTBOM WMHCTUTYLMOHANbHON
cpefbl, CTPYKTYPHbIMU OCOBEHHOCTIMWM arpapHoOro cektopa U 3PEOEKTUBHOCTbIO MCMONb30BaHUS pPeCYpCOB.
HayuyHas HOBM3HA MCCNefOBaHUS 3aK/IOYAETC B KOMMJEKCHOM OLEeHKe B3aMMOCBSA3M MeXAy LUudppoBu3aLlumei
M KOHKYPEHTOCMOCOOHOCTbK CENbCKOro XO3AMCTBA CTpaH LleHTpanbHOM A3uM Ha OCHOBE MNpeanoXeHHbIX
KOMMO3UTHbIX MHAEKCOB, YTO MO3BOMMIO MOKa3aTb 0OYC/NIOBNEHHOCTb AAHHOM B3aMMOCBSA3M Crieuuduyeckumu
0CODEHHOCTAMM Pa3BUTUS CEMbCKOMO XO35IMCTBA KaXAoW CTpaHbl. Pe3ynbTaTthl uccnefoBaHusi MOryT ObiTb
MCMNONb30BaHbl NpU pa3paboTke roCyfapCTBEHHOM MOAMTUKM WM CTpaTerMin uMdpoBor TpaHchopMaLmu,
HanpaBfAeHHbIX Ha NOBbIWEHNE 3PHEKTUBHOCTHU UCMONb30BAHUS PECYPCOB, YKPENIEeHNEe KOHKYPEHTOCNOCOOHOCTH
CenbCKOro X03sMCcTBa U obecneyeHne yCTOMUYMBOrO Pa3BUTUS CENbCKUX TEPPUTOPUI

KnioueBble cnoBa: UMPPOBM3ALMSA; KOHKYPEHTOCMOCOOHOCTb CEMbCKOro X03sicTBa; LleHTpanbHas Asus;
MHGbOPMaLMOHHO-KOMMYHUKALLMOHHbIE TEXHONOTUM; LMD POBas TpaHChopMaLms; KOppensUMOoHHbIM aHanms MupcoHa
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Abstract. This article examined the problem of improving the accuracy of water metering at water-metering
facilities in irrigation systems operating under variable head conditions and subject to intensive siltation. The
relevance of this research stems from the need to ensure accurate water flow measurement under unstable hydraulic
conditions and the accumulation of bed sediments, which significantly affect the reliability of the structures and
the efficiency of water resource allocation. The accuracy of water metering is of vital importance to agriculture,
as it affects compliance with irrigation regimes, the rational use of water and the sustainable water supply to the
agricultural sector. Insufficient measurement accuracy can lead to water wastage, disruption to irrigation schedules
and reduced crop yields. The aim of this study was to develop and provide a hydraulic justification for an improved
diaphragm design that ensures measurement stability and reduces the impact of sediment. The study utilised
methods of hydraulic calculation, comparative design analysis and modelling of the structure’s operation under
various flow regimes and head levels. The influence of the orifice geometry, the position of the bottom opening
and the diaphragm configuration on the flow pattern and sediment accumulation processes was assessed. The
results showed that, to improve the accuracy of water metering, it is advisable to use two types of diaphragm: a flat
plate with an adjustable bottom opening and a design with a fixed opening. It was established that the adjustable
opening reduces silting, prevents the cross-section from becoming blocked and stabilises the flow characteristics.
The design with a fixed orifice is effective under stable operating conditions. Calculation data confirm a reduction
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in measurement error, an increase in the stability of the flow coefficient and an improvement in the long-term
operational reliability of the structure. The practical value of this work lies in the ability to adapt water metering
units to various conditions without complicating the design. The proposed solutions contribute to improving water
use efficiency and enhancing water distribution management in irrigation systems

Keywords: water metering structure; adjustable diaphragm; bottom outlet; sedimentation; water metering

accuracy; Chiy Valley

Introduction

Rational management of water resources is a key fac-
tor in the sustainable development of agriculture in
Kyrgyzstan, where agricultural production is direct-
ly dependent on irrigation systems and limited water
resources. The efficiency of water supply affects crop
yields, economic stability and food security, and in the
context of climate variability, there is a growing need
for accurate water metering and rational water distri-
bution. Research by M. Ubaydullaev et al. (2024) shows
that the main problems relate to the dilapidated state
of irrigation networks, insufficient funding and short-
comings in water management, which reduce the ef-
ficiency of land use. Consequently, there is a need to
modernise existing systems, develop new irrigation
networks and improve funding mechanisms. According
to FAO (2022), over 90% of agricultural production in
Kyrgyzstan depends on irrigated land. The intensifi-
cation of climate change is leading to water shortag-
es, which have already caused significant crop losses
during periods of drought. This is linked to rising tem-
peratures, increased water consumption by crops and
a reduction in river flow. Under these conditions, the
role of modern monitoring systems, which enable more
accurate accounting of water resources, is becoming in-
creasingly important. At the same time, the operation of
irrigation canals involves complex hydraulic processes,
including fluctuations in water levels, backwater effects
and the accumulation of bed sediments. Siltation of the
canals alters the flow pattern and reduces flow capacity,
which adversely affects the accuracy of water-metering
facilities. Additional errors arise due to changes in hy-
draulic conditions, under which traditional measuring
devices do not always function correctly. The operation
of irrigation systems is accompanied by complex hy-
draulic processes, including fluctuations in water levels,
non-uniform flow velocities and the influence of head
in the lower reach. A significant factor is the transport
and accumulation of bed sediments, whilst the silting
up of river channels reduces flow capacity and alters
the hydraulic characteristics of the flow. Water gauging
structures are particularly sensitive to these changes,
as the accuracy of water flow measurement depends
on their precise operation. In his research, K. Beishek-
eev (2010) notes the need to develop improved water
gauges for channels with extremely turbulent flow and
proposes a new design, the effectiveness of which has
been confirmed by laboratory studies.

N. Li et al. (2026) established that the presence of
bed sediments in the vicinity of water-measuring devic-
es leads to a distortion of the flow velocity profile and
a redistribution of energy, causing deviations in actual
water flow rates from calculated values. Backwater from
the downstream reach also has a significant effect, al-
tering the hydraulic flow regime and reducing the reli-
ability of measurements. In this regard, water-metering
structures must not only meet accuracy requirements
but also ensure strength, stability and durability when
subjected to hydraulic loads, filtration processes and
possible deformations, which is a prerequisite for their
effective and safe operation in irrigation systems. The
paper notes that sediment deposition is one of the key
factors affecting the accuracy of water metering in ir-
rigation canals. The authors established that sediment
concentration determines the thickness of the depos-
its, whilst the hydraulic parameters of the flow - dis-
charge and bed gradient - regulate the rate at which
they accumulate. At the same time, sediment accumula-
tion leads to a rise in the water level and a systematic
overestimation of the calculated discharge, with errors
potentially reaching significant values under unfavour-
able hydraulic conditions. The results obtained confirm
that channel siltation significantly distorts the relation-
ship between water level and discharge, a factor that
must be taken into account in the operation and design
of water-measuring structures.

An important avenue for improving the efficiency
of water use is the refinement of the designs of wa-
ter-measuring structures used in irrigation canals, as
traditional devices, such as diaphragms and weirs, do
not always ensure accuracy under unstable hydrau-
lic conditions, siltation and variable head. W. Liang et
al.(2026) highlight the need to develop new or upgrad-
ed design solutions. As a promising approach, a defor-
mation device has been developed for measuring flow
rate in open channels, combining accuracy, portability
and low cost. A theoretical model demonstrated a para-
bolic relationship between velocity and the square root
of deformation, whilst the optimal plate parameters
ensured an average error of less than 5%, outperform-
ing traditional propeller flowmeters. Such a device is
particularly relevant for Kyrgyzstan’s irrigation systems,
where outdated hydraulic structures lead to water loss-
es, uneven flow and limited controllability, thereby re-
ducing the overall efficiency of water use.
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Recent studies, including the work of A. Batyko-
va et al. (2024), note that soil cover forms the basis of
sustainable agriculture and depends to a large extent
on rational water management. Disruptions to irriga-
tion regimes lead to waterlogging or water shortages,
causing salinisation, soil degradation and a decline in
soil fertility. These problems are particularly acute in
irrigation systems with non-steady-state flow regimes,
where fluctuations in water levels and flow rates make
it difficult to regulate water supply accurately. Inade-
quate accuracy in water metering under such condi-
tions leads to uneven water distribution and exac-
erbates negative processes in the soil. In this regard,
improving the design of water metering structures that
operate effectively under non-steady-state hydraulic
conditions is a key area for enhancing the accuracy of
water metering, optimising water distribution and en-
suring the sustainability of irrigated land. In the work by
A. Sabitov & I. Uraiimov (2023), it is noted that the use
of accurate and real-time methods for measuring water
flow in open channels and pipelines is key to the effec-
tive management of water resources. One such method
is point-based flow measurement in trapezoidal chan-
nels and circular pipes, which enables the collection
of real-time data for adjusting water distribution and
improving the accuracy of metering under actual oper-
ating conditions. Research by A. Batykova et al. (2023)
notes that organising the efficient use of land and wa-
ter resources within a system of water users’ associa-
tions requires a comprehensive approach combining
rational land use and sustainable water distribution. In
the current context, the development of irrigation sys-
tems is focused not only on improving organisational
management mechanisms (such as hydro-units and
water users’ association service zones), but also on the
introduction of innovative engineering solutions.

The development of irrigation systems in the Kyr-
gyz Republic requires the introduction of modern water
resource management technologies and the improve-
ment of hydraulic structures. In this regard, the devel-
opment of innovative engineering solutions aimed at
improving water use efficiency and the sustainability
of irrigation systems takes on particular significance.
Of particular importance in this regard is the develop-
ment of water-metering devices capable of adapting to
changing flow conditions and ensuring the stability of
hydraulic characteristics in irrigation networks. Taking
into account factors such as variable head, channel sil-
tation and flow irregularities is becoming an important
part of both the technical and organisational aspects of
water management. Despite the progress made, issues
concerning the operational stability of water metering
structures when exposed to these factors remain insuf-
ficiently studied, which necessitates further research
aimed at improving the accuracy of metering and the
rational allocation of water resources in irrigated ag-
riculture. A number of studies have examined the use

of new types of flow meters. In their paper, Y. Sun et
al. (2024) note that the vane flowmeter offers an effec-
tive method for measuring water flow in small-diame-
ter channels. Thanks to its simple design, resistance to
silting and the stable relationship between deflection
angle and flow rate, this device demonstrates high po-
tential for improving measurement accuracy.

The aim of this study was to provide a hydraulic
justification for improved designs of water meter dia-
phragms, aimed at enhancing their operational stability
and the accuracy of water flow measurement under con-
ditions of variable hydraulic regimes and severe silting.

Materials and Methods

The study was conducted under laboratory and semi-in-
dustrial conditions to assess the hydraulic efficiency of
improved designs for water-metering structures with
diaphragms, intended for measuring water flow in open
irrigation canals. The experimental part of the study
was carried out on a hydraulic test rig simulating the
operating conditions of on-farm irrigation systems in
the Kyrgyz Republic, taking into account the charac-
teristic parameters of channel flow, sediment content
and water level variability. The experimental setup
comprised inlet and outlet channels with rectangular
cross-sections, a water-measuring diaphragm with ad-
justable and fixed water-passage openings, water-level
gauges for determining the hydraulic parameters of the
flow, and a device to ensure a submerged flow regime.
The length of the test section was 6.0 m, the channel
width was 0.8 m, and the average flow depth varied
between 0.30 and 1.00 m. The water-level gauges were
installed in the upper and lower reaches directly adja-
cent to the diaphragm, and water-level readings were
taken after the flow had stabilised, i.e. once a steady-
state flow regime had been reached for each specified
opening of the outlet. The flow velocity was regulat-
ed by varying the head and the water discharge in the
system. As part of the study, two modifications of the
diaphragms were developed and tested.

An adjustable diaphragm in the form of a flat metal
plate 3-5 mm thick, fitted with a rounded lower element
of radius R=0.15 m, designed to reduce turbulence and
minimise local hydraulic losses. A non-adjustable dia-
phragm in the form of a fixed wall, made of metal, rein-
forced concrete or concrete, with a separately mounted
rounded element secured by bolted connections.

The geometric characteristics of the structures
were determined taking into account the typical oper-
ating conditions of the irrigation canals in the Chiy Val-
ley. The height of the water outlet varied between 0.30
and 0.40 m, whilst the length of the outlet was taken
to be equal to the width of the channel at the bottom,
which prevented lateral compression of the water jet.
The radius of curvature of the lower edge was calcu-
lated based on the maximum water depth in the upper
reach and determined by the following equation:
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where R is the radius of curvature of the lower edge, and
Hg,ox 1S the maximum water depth in the upper reach.

The experimental studies were carried out sequen-
tially in several stages. In the first stage, the initial hy-
draulic parameters of the flow were determined: water
discharge, depth, flow velocity and the head difference
between the upper and lower reaches. In the second
stage, the diaphragm structure under investigation was
installed and various flow regimes were modelled, in-
cluding free-flow and submerged-flow conditions. The
submerged flow regime was created and maintained us-
ing a weir and a depression in the riverbed in the lower
reach; the submerged nature of the flow was monitored
visually by checking the water level in the intake sec-
tion of the structure relative to the weir crest eleva-
tion before each series of measurements. During the
third stage, multiple measurements of flow parameters
were carried out at various values of the orifice opening
and head level. The study is based on an analysis of
existing water-measuring structures with diaphragms,
the hydraulic behaviour of flow through openings un-
der submerged conditions, and calculations of the dis-
charge coefficient using formula (1): The main param-
eters measured were: water discharge (Q, m3/s); head
(Z, m); height of the water passage opening (h_(op), m);
effective cross-sectional area of the flow (w, m?); dis-
charge coefficient (p); stability of the hydraulic regime;
and the rate of sediment accumulation upstream of the
structure. The water discharge Q at each measurement
stage was determined by calculation using Equation (1),
based on directly measured values of the head Z and
the effective cross-sectional area w, whilst the obtained
values of the discharge coefficient u were used for the
subsequent assessment of the hydraulic efficiency of
the diaphragm structures under investigation.

The water flow rate was determined using the fol-
lowing relationship:

Q= nwy(292), )

where Q is the water flow rate (m?/s), u is the discharge
coefficient, w is the effective cross-sectional area of the
flow (m?), g is the acceleration due to gravity (9.81 m/s?),
and z is the difference in water levels between the up-
per and lower reaches, m.

To improve the reliability of the measurements,
each experiment was repeated at least five times, af-
ter which the mean values of the measured parame-
ters were calculated. The reproducibility of the results
was verified by comparing the experimental data from
repeated tests and analysing measurement deviations.
The permissible error in determining water flow did
not exceed *3-5%, which meets the requirements for
hydrometric studies of open irrigation channels. A
comparative assessment of the effectiveness of the
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proposed designs was carried out according to the fol-
lowing criteria: the value of the discharge coefficient
(u); stability of the hydraulic regime; the extent of lo-
cal energy losses; resistance to silting; accuracy of wa-
ter flow measurement; and operational reliability of
the structure. Methods of hydraulic analysis, compar-
ative modelling and statistical processing of experi-
mental data were used to analyse the results. Calcu-
lations and the processing of measurement data were
carried out in Microsoft Excel, which made it possible
to identify patterns in the variation of the discharge
coefficient under different operating conditions of the
structure and to verify the results obtained by com-
paring them with existing hydraulic models and data
from recent studies.

Bernoulli’s equation was formulated for cross-sec-
tions 1-1 and 2-2, which pass through the free surface
of the flow in the upper and lower reaches, respectively.
The reference plane 0-0 was taken at the level of the
excavation (sump) of the water-measuring structure. To
analyse the hydraulic conditions, a free-flow scheme is
considered, reflecting the main characteristics of flow
motion in the absence of head. Figure 1 shows the free-
flow scheme.
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Figure 1. Free-flow diagram
Source: compiled by the authors

The flow rate of the submerged flow through the
water meter:

Q = Uwyy/2gz, (3)

where Q - water flow rate through the water metering
structure, m*/s; u - discharge coefficient; w, - area of
the outlet orifice, m?; z — effective head, m; g - acceler-
ation due to gravity, 9.81 m/s2.

Results and Discussion
Traditional diaphragm designs used in open-channel
water metering structures are characterised by a num-
ber of design features that limit their hydraulic efficien-
cy. These features include the presence of a sill beneath
the flow opening, jet constriction around the perimeter
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of the opening, and a relatively short length of the
opening relative to the channel width. Taken togeth-
er, these factors lead to a reduction in the structure’s
flow capacity and a decrease in the accuracy of water
flow measurement. Hydraulic studies of water-meter-
ing structures have noted that the presence of a sill
and sharp edges causes additional local energy loss-
es, as well as contributing to an uneven distribution of
velocities within the flow. Recent laboratory studies by
Z.Wenzheng et al. (2024) also confirm that the geom-
etry of the restricting elements and the nature of the

-1

|

inlet weirs significantly influence velocity distribution,
turbulence and the actual flow rate in critical sections
of the channels, leading to flow rates lower than theo-
retical values, all other things being equal.

A schematic diagram of an improved water-meas-
uring structure with a diaphragm, comprising inlet and
outlet channels, a depression in the riverbed, a dia-
phragm with a water-passage opening, and level gaug-
es installed in the upper and lower reaches. Figure 2
illustrates the structural features of the structure and
the relative positions of its main components.
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Figure 2. Schematic diagram of an improved water-measuring structure with a diaphragm
Note: 1 - inlet channel; 2 - outlet channel; 3 - recess in the channel bed; 4 - diaphragm; 5 - water passage; 6 — water level
gauge in the upper reach; 7 - water level gauge in the lower reach

Source: developed by the authors

The design features of the improved formwork devel-
oped by M.V. Butyrin, as well as its spatial configuration

0

and main elements, are shown in Figure 3, which illus-
trates front and side views of the structure.

— = Scm l.—.__

Figure 3. Improved shield designed by M.V. Butyrin

Note: a - front view; b - side view
Source: prepared by the authors

To ensure a submerged flow regime, special design
solutions are employed to regulate flow conditions and
enhance the stability of the hydraulic regime. Figure 4

shows diagrams of the device for ensuring a submerged
flow regime, including a sluice gate and a depression in
the riverbed.
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Figure 4. Schematic diagrams of devices for ensuring a submerged flow regime

Note: 1 - sluice weir; 2 - depression in the riverbed
Source: compiled by the authors

The paper by A. Nicosia et al. (2023) demonstrates
that the outflow process from a linear constriction
under free-flow conditions can be modelled using
dimensional analysis and conditions of incomplete
self-similarity. The proposed equation relating flow
rate to the stage is characterised by an exponent
close to 2 and a coefficient dependent on the angle
of inclination of the device’s side walls relative to the
channel bank, which provides an accurate estimate of
the flow rate with an error of less than *3% in 93.7%
of cases. In conventional water-meter diaphragm
designs, the water flow passing through the orifice
experiences jet compression along the vertical and
horizontal boundaries, which leads to a reduction in
the effective flow area. The presence of sharp edges
and weirs increases flow turbulence and energy loss-
es. This is particularly noticeable in irrigation canals
with high levels of bed sediment: sediment deposi-
tion upstream of the weir gradually alters the geom-
etry of the structure and impairs flow conditions. The
proposed linear constriction device is characterised

by its simple design, ease of installation, low cost and
high measurement accuracy, making it an effective
solution for practical water metering.

In later designs of water-measuring diaphragms,
improvements were proposed aimed at eliminating
these shortcomings. In the improved designs (Fig. 3),
the sill beneath the orifice was completely removed,
and the lower edge of the orifice was formed as a
smooth radial curve. The radius of curvature is taken
to be approximately R = 0.2H,..., where Hy .. is the
maximum water depth in the upper reach. Furthermore,
the length of the opening was increased to match the
width of the channel at the bottom, which made it pos-
sible to virtually eliminate lateral compression of the
jet. These design modifications significantly improved
the hydraulic performance of the structure.

Furthermore, box-type spillway stabilisers are
widely used in the irrigation systems of the Kyrgyz Re-
public; these stabilise the water flow and reduce lo-
cal hydraulic losses. The use of such devices ensures
a uniform distribution of flow even when the water
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level in the canal fluctuates. Mathematical modelling
of the proposed spillway stabiliser has made it possi-
ble to determine a pressure range of H,_,./H,,,= 3.0 and
a hydraulic coefficient of c=2 m/s. The results of the
study confirm the high efficiency of the stabilisers in re-

ducing turbulence and maintaining a steady water flow

rate, complementing the effects achieved by improved
water meter diaphragm designs. Based on experimen-
tal measurements of flow rates and water levels, flow
coefficient values were obtained for various operating
modes of the structure. The results of the calculations
are presented in Table 1.

Table 1. Results of determining the discharge coefficient

Experiment No. Head difference Z, m Opening height h_(op), m Flow rate Q, m3/s

1 0.20 0.30
2 0.25 0.30
3 0.30 0.35
4 0.35 0.35
5 0.40 0.40

Area w, mz Discharge coefficient p
0.125 0.090 0.95
0.145 0.090 0.96
0.180 0.105 0.97
0.205 0.105 0.98
0.240 0.120 0.99

Source: developed by the authors based on the results of experimental studies

As can be seen from Table 1, the obtained values of
the discharge coefficient lie within the range u=0.95-
0.99,which confirms the high hydraulic efficiency of the
proposed designs. There is a consistent trend towards
an increase in p as the head difference increases and
the orifice parameters are optimised. The calculations
presented directly confirm the experimental and the-
oretical principles of the research methodology and
demonstrate its applicability for evaluating the perfor-
mance of water-measuring structures with a rounded
lower edge and box-type structures.

When analysing water flow through a diaphragm,
Bernoulli’s equation, expressed for the cross-sections
upstream and downstream of the nozzle, is taken as the
basis. Since the pressure in both cross-sections is the
same (atmospheric), and given that, with a submerged
outlet, the water depths in the upper and lower reach-
es are similar and the channel width remains constant,
the velocity head at the inlet can be disregarded. As
a result, the equation is significantly simplified. Under
these conditions, the difference in water levels between
the upper and lower reaches is effectively equal to the
head loss. In other words, the entire difference in water
levels is expended on overcoming local resistance as
the flow passes through the nozzle. Energy losses are
determined by the total coefficient of local resistance,
which is the sum of the resistance at the inlet to the
nozzle and at its outlet. For the design under consider-
ation, this coefficient is small (approximately 0.13), in-
dicating relatively favourable hydraulic flow conditions.
By equating the difference in levels to the head loss,
an expression for the average flow velocity within the
nozzle is obtained. Analysis shows that the velocity is
slightly less than the theoretical (ideal) velocity of free
flow. This reduction is accounted for by the velocity co-
efficient, which in this case is approximately 0.94. Since
there is no jet compression (the compression coefficient
is taken to be equal to one), the discharge coefficient
coincides with the velocity coefficient. Consequently,
the actual flow rate through the nozzles is approxi-
mately 94% of the theoretical value, which indicates a

sufficiently high hydraulic efficiency of the design un-
der consideration. Consequently, when determining the
flow rate of submerged flow, there is no need to take
into account the approach velocity v, Knowing the flow
equations for free and submerged flow, it is possible to
determine the head H, in the upper reach of the weir,
since under actual operating conditions it is precisely
through this value that the construction height of the
hydraulic structure with the weir can be determined.
The head (or water depth) upstream of the diaphragm
is determined at the maximum flow rate of the hydrau-
lic structure as the sum of the difference in water levels
between the upper and lower reaches and the water
depth downstream of the nozzles (in the intake section
of the structure). Thus, the water level upstream of the
diaphragm depends on both the hydraulic head and
the conditions in the lower reach. The head difference,
in turn, is related to the water flow rate through the
opening (nozzles), with the flow rate being determined
taking into account the discharge coefficient, which
reflects the effects of jet compression and hydraulic
losses. The geometric characteristics of the opening, in
particular its area, also have a direct influence on the
structure’s flow capacity.

The opening in question is rectangular in shape,
with its width taken to be equal to the width of the
channel, which ensures a uniform flow and simplifies
the hydraulic calculations. The water depth in the lower
reach (intake) is determined as the sum of the so-called
service depth in the discharge channel and the addi-
tional depth resulting from the operating conditions of
the intake section of the structure. The design depth
is determined using established hydraulic equations
for uniform water flow, in particular using equations
of the Chazé type, which take into account the effec-
tive cross-sectional area, the hydraulic radius and the
channel gradient. The depth of the receiving section,
given a fixed outlet height, must ensure that the in-
take is submerged from the downstream side even at
minimum flow rates. This condition is important for the
stable operation of the structure and accurate water
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metering. O. Baev (2023) notes that, when designing
and operating irrigation canals and water-metering
structures, it is necessary to take into account the inter-
relationship between the hydraulic parameters of the
flow and the structural characteristics of the structures,
drawing on classical methods of hydraulic calculation.
In particular, research into the hydraulics of irrigation
canals has demonstrated the applicability of various
types of design problems, enabling the determination
of flow capacity, gradient, roughness coefficient, flow
depth and the dimensions of the canal’s cross-section,
which together provide a reliable description of the hy-
draulic regime. Under steady-state flow conditions in
the inlet, the intake depth must be determined taking
into account the geometric parameters of the structure,
the normal water depth in the channel and an addition-
al depth margin, as specified by regulatory guidelines.
This margin is necessary to ensure that the inlet is fully
submerged and to prevent disruption of the hydraulic
regime. Overall, the analysis carried out shows that
the flow parameters, including water depth, discharge
and channel characteristics (including the roughness
coefficient), are interrelated and must be considered
holistically - taking into account both the hydraulic be-
haviour of the flow and the structural features of the
water-measuring structure, which is in line with mod-
ern approaches to the calculation and design of irri-
gation systems. The energy state of the water flow in
the nozzle can be determined by comparing the height
of the orifice (nozzle)a with the critical depth, which is
determined using the following formula:

a-q?
hop = |55, )

where h, is the critical flow depth; « is the Coriolis co-
efficient, «=1.08/52/; g is the specific water flow rate,
9= 9 is the acceleration due to gravity,g=9.81 m/s2.

If the orifice height a>h, , the flow condition in the
nozzle is laminar; if a<h,, it is turbulent. The energy
state of the flow in the nozzle can also be determined
by the Froude number - Fr. In the case of turbulent flow
in the nozzle below the diaphragm, the task of measur-
ing flow rate becomes more complicated, as a hydraulic
jump occurs in the lower run-out section of the water
meter. When the surface roller of the hydraulic jump
is positioned above the orifices of the proposed water
meter, a flow regime known as “submerged flow” aris-
es, which is intermediate between free and submerged
flow. In this regime, the flow rate for submerged flow is
determined by the formula:

Q= p-a by2g-(Hy—hy), 5)

where Q is the volumetric flow rate of the fluid; u is the
discharge coefficient; a is the orifice height; b is the
orifice width; g is the acceleration due to gravity; H,is
the head taking into account the approach velocity in
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the upper stilling basin; h, is the depth at the outlet of
the nozzle.

As can be seen from the equation, determining the
flow rate under this flow regime becomes ambiguous.
In addition to the dimensions of the orifices a and b, the
flow coefficient of the nozzle and the geometric head
in the upper reach H, it is also necessary to know the
approach velocity v, (which, in the case of a submerged
flow, has practically no effect on the determination of
the flow rate) and the depth at the centreline of the
hydraulic channel h,. When considering the hydraulic
scheme of a submerged outflow through the proposed
water-measuring device with a diaphragm and bottom
nozzles, the elimination of the trapezoidal channel
cross-section presents certain specific challenges. In
particular, the bottom nozzle is limited by the width of
the channel at the bottom, i.e. it has a cross-sectional
dimension of a- b, whilst the side sections on the chan-
nel slopes are covered by an impermeable diaphragm.
When analysing the flow scheme, these additional side
walls must be taken into account, as they may lead to
a slight reduction in the flow meter’s discharge coef-
ficient. Parabolic flume channels and the structures
installed within them possess specific hydraulic char-
acteristics, and their actual flow capacity depends on
the roughness coefficient of the watercourses, as well
as the design features of the bottom inserts and dia-
phragms. The authors emphasise that, when designing
and operating water-metering, water-release and net-
work structures, it is necessary to take into account the
influence of lateral constraints on the accuracy of water
flow measurements, which is particularly important for
the sustainable operation of irrigation systems in the
Kyrgyz Republic (Mambetov et al., 2022). If the bottom
orifice of the nozzle extends across the entire lower
part of the channel cross-section, i.e. has a trapezoi-
dal shape, then the theory presented here also requires
refinement, as the flow rate through a narrow orifice
cannot be determined using the small-orifice model
when a<0.1H. In this case, the flow rate through a large
trapezoidal orifice can be determined using:

Q=uy2g ), b 274, ©)

where Q is the fluid flow rate (volumetric flow rate,
m3/s); u is the discharge coefficient; g is the accelera-
tion due to gravity (=9.81 m/s?); H, and H, - integration
Llimits corresponding to the head at the upper and low-
er edges of the orifice (nozzle); b, - variable width of
the trapezoidal orifice; z - current depth.

The results of hydraulic studies show that the use of
rounded lower edges on water-measuring diaphragms
and the use of box-type spillway stabilisers make it
possible to reduce local energy losses and increase
the discharge coefficient. Most experimental studies
note that the discharge coefficient in designs with a
rounded edge can increase by 5-10% compared with
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designs with sharp edges. Calculations carried out as
part of this study confirm these findings: the obtained
values of the discharge coefficient lie within the range
u=0.95-0.99. This indicates the high hydraulic efficien-
cy of the proposed solutions and their stability under
various flow conditions, whilst the combined use of a
box-type stabiliser provides additional flow stabilisa-
tion and reduces pressure fluctuations.

A diagram of the improved water-measuring struc-
ture with a diaphragm is shown in Figure 2. The design
comprises inlet and outlet channels, a recess in the
channel bed, a diaphragm and a water passage. Water
levels are monitored using level measuring rods in the
upper and lower reaches. The depression in the channel
bed ensures a submerged flow regime. The submerged
regime is considered one of the most stable operating
regimes for water gauging structures, as the influence of
external factors on the flow rate is reduced by the head,
which stabilises the flow. Under these conditions, the
discharge coefficient becomes more constant and is less
dependent on fluctuations in water levels, whilst the
error in discharge measurement is reduced by 10-15%
compared with free flow. This is particularly important
for water metering in irrigation systems. For instance,
in their paper, P. Sultanbekova et al. (2025) note that,
in conditions of freshwater scarcity, there is a growing
need for the rational use of collector-drainage water,
significant volumes of which, if managed inefficiently,
can deteriorate the ecological and land-improvement
conditions of the areas concerned. Similar patterns are
observed in closed irrigation systems. For instance, J. Is-
hanov (2025) notes in his work that the uniformity of
water distribution in pipelines is determined by their
diameter, length, flow rate, pressure and the gradient of
the terrain. The proposed mathematical model, based
on the 10% criterion, enables the optimisation of wa-
ter distribution and an increase in the efficiency of ir-
rigation systems. Despite the improvements made, is-
sues relating to the detailed design of the diaphragm
remain insufficiently studied. In existing solutions, the
main focus is on the geometry of the orifice, whilst the
design and methods of fixing the diaphragm are con-
sidered only to a limited extent. As part of this study,
two modifications of the diaphragms have been devel-
oped, differing in design and operational characteristics.

The first variant consists of an adjustable dia-
phragm in the form of a flat plate (Fig. 4). The design
comprises an upper flat metal plate 3-5 mm thick and
a lower rounded element with a radius of R=0.15 m.
This radius has been chosen on the basis of the average
hydraulic conditions in mountainous and foothill wa-
tercourses, where the water depth is typically between
0.6 and 1.0 m. The rounded element consists of two
short sections: a vertical section and a horizontal sec-
tion. The vertical section is used to bolt the element to
the shield, whilst the horizontal section ensures that
the flow is directed in a parallel jet pattern. A sealing

gasket is used to ensure a watertight connection be-
tween the structural elements. The main advantage of
the adjustable orifice is the ability to vary the height
of the water passage. This allows the structure to be
used not only for measuring water flow rate but also for
regulating water distribution within the channel. Water
flow is determined by the relationship Q (Z, h_(open)),
where Z is the difference in water levels between the
upper and lower reaches, and h_(open) is the height of
the opening. This approach allows for changes in hy-
draulic conditions to be taken into account and enables
the water supply to be adjusted promptly.

The second variant consists of a non-adjustable di-
aphragm in the form of a wall (Fig. 4). The design com-
prises a main wall made of metal, concrete or reinforced
concrete, as well as a separately manufactured rounded
element which is attached to the wall by bolted connec-
tions.Various design options are possible, including rigid
or removable fastening of the element, as well as its in-
stallation on the front or rear side of the wall. A. Churaev
& L. Yuchenko (2022) note that, in the context of open
irrigation networks, the main problems remain the poor
technical condition of water metering points, a lack of
measuring instruments and limited financial resources,
which hinder the implementation of complex and costly
water flow measurement systems. In this regard, it is ad-
visable to use simple, reliable and affordable hydromet-
ric structures, in particular the “fixed channel”type, which
have proven their effectiveness. The main advantage of
the design in question is its ease of operation: unlike
adjustable orifices, it contains no moving parts, which
increases the structure’s reliability and reduces the need
for maintenance. Determining the water flow rate in
this case is reduced to measuring only the difference in
water levels Z, which significantly simplifies operation,
particularly in remote and hard-to-reach sections of ir-
rigation systems, where the use of complex equipment
is difficult or economically unfeasible. A comparison of
the results obtained with data from other studies shows
that the proposed designs offer a number of advantages.
In most previously developed water-metering structures,
the discharge coefficient varies widely depending on
flow conditions and the degree of silting in the channel.
In some cases, its value may fall to p=0.80-0.85. In the
proposed designs, the absence of a weir, the increased
length of the orifice and the rounded lower edge en-
sure a more stable value for the discharge coefficient.

Of particular importance is the structure’s resist-
ance to silting and sediment accumulation. In tradition-
al water-measuring structures, the presence of a sill in
front of the orifice promotes sediment accumulation
and the formation of deposits, which over time leads to
a reduction in the effective cross-sectional area of the
orifice. In the proposed designs, this drawback is elimi-
nated by the absence of a sill and the use of a rounded
edge. The water flow passes freely through the orifice
without creating conditions for sediment accumulation
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(Vatankhah & Ghaderinia, 2018). Practical calculations
and analysis of the hydraulic characteristics show that
the proposed designs maintain a high stability of the
discharge coefficient even under variable inundation
conditions and partial silting of the channel. The dis-
charge coefficient values range from p = 0.95-0.99,
which corresponds to the best performance figures re-
ported in contemporary hydraulic studies.

The proposed design solutions are particularly
promising for on-farm irrigation channels in the Chiy
Valley. These channels are characterised by unsteady
hydraulic conditions, significant fluctuations in water
levels and an intense inflow of sediment. Under such
conditions, the use of traditional water-metering struc-
tures is often accompanied by a reduction in the ac-
curacy of water flow measurements and the need for
regular canal cleaning. As noted in the research by
B. Kurumshiev et al. (2021), the water supply system for
the irrigation networks of the Kyrgyz Republic compris-
es a complex network of hydraulic structures that en-
sure the supply of water from mountain rivers to main
and distribution canals. The authors emphasise that the
parameters of hydraulic structures and water supply
schemes are shaped by natural conditions, topography
and the characteristics of mountain rivers, which deter-
mine the specific nature of irrigation systems’ operation
and necessitate the refinement of engineering solutions
during the operation of water management facilities.
The paper by R. Aliev & A. Djalilov (2024) examines two
methods for determining water flow in open irrigation
systems: the “velocity-area” and ‘gradient-area” meth-
ods, as well as issues relating to the modernisation of
the ‘gradient-area” method with a view to the remote
transmission of parameters and the improvement of
their processing. Based on experimental studies, the
authors demonstrated that the maximum error of the
“gradient-area” method compared with the “velocity-ar-
ea” method is 0.7%, which confirms its high accuracy
and importance for modern water metering systems.
The use of improved diaphragms in water metering
installations makes it possible to further enhance the
reliability of the systems and reduce operating costs.

Improvements to the diaphragm design, achieved
by eliminating the threshold, increasing the length of
the orifice and using a rounded lower edge, ensure a
significant increase in the hydraulic efficiency of the
water metering structure. The proposed adjustable and
non-adjustable diaphragm designs ensure stable op-
eration of the structure under various hydraulic con-
ditions and can be recommended for use in irrigation
systems with high silt content.

Conclusions
As a result of the research carried out, two modifica-
tions of water-measuring diaphragms for open irriga-
tion channels were developed and analysed: an ad-
justable diaphragm in the form of a flat shield and a
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non-adjustable diaphragm in the form of a wall with
a rounded bottom element. The proposed design solu-
tions are aimed at increasing the hydraulic efficiency of
water-measuring structures, improving flow conditions
and enhancing the accuracy of water flow measure-
ment in irrigation systems. Calculation of the discharge
coefficient for vertical sluice gates with a wide weir
crest in freely submerged flows using the best-subset
regression method. An accurate determination of the
discharge coefficient is possible by taking into account
both free-flow and submerged-flow conditions, which is
important for irrigation, water supply and the safety of
structures. The hydraulic analysis carried out confirmed
that the main factors in improving the gate’s efficiency
are the removal of the sill in front of the water pas-
sage, increasing the length of the passage to the width
of the channel at the bottom, and the use of a rounded
lower edge to the passage. Calculations showed that
with these design solutions, the discharge coefficient
p reaches 0.95-0.99, which is 5-10% higher than that
of traditional diaphragms with sharp edges and a sill,
whilst the reduction in hydraulic losses contributes to
an increase in flow capacity and greater stability of the
flow characteristic as water levels change. The method
proposed by the authors ensures a high level of calcu-
lation accuracy (coefficient of determination 0.993, root
mean square error 5.04%), which confirms its practical
applicability for the design of water metering structures.

An analysis of flow regimes has shown that ensur-
ing the orifice operates in a submerged mode stabilises
the hydraulic parameters of the flow and reduces the
impact of water level fluctuations on the accuracy of
flow measurement. Under conditions of variable head,
the calculated error in flow rate determination can be
reduced by approximately 10-15% compared with tra-
ditional water meter designs. The proposed adjustable
diaphragm allows the height of the water passage to
be varied within a range of 3-5 cm or more, enabling si-
multaneous regulation and measurement of water flow
according to the relationship Q(Z, h_(op)). The non-ad-
justable diaphragm design is characterised by ease of
operation and enhanced reliability, as determining the
flow rate requires only the measurement of the water
level difference Z. The absence of a threshold and the
presence of a rounded bottom edge also help to reduce
sediment accumulation and minimise the likelihood of
the water meter structure becoming silted up.

The proposed designs are particularly effective for
on-farm canals in irrigation systems, where unsteady
hydraulic conditions and significant sediment inflow
are typical. Under such conditions, the use of the devel-
oped diaphragms can improve the stability of the struc-
ture’s hydraulic characteristics and reduce operational
maintenance costs. The results of this study support
the recommendation to implement the developed de-
signs in the design and reconstruction of water gauging
stations for irrigation systems in the Kyrgyz Republic.
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AHHoTauma. Makanaza e3repme NoAnopAyK pexxMMAepAe KaHa MHTEHCUBAYY blnak 6acyy WwWapTTapbliHAa ULWITEreH
MpPUraLms/ibiK CUCTEMaNapablH Cyy enueedy KypynmanapbliHAA Cyy 3CEGMHMH TaKTbIrbIH KOropynaTyy Macenecu
Kapanat. M3unaeeHyH akTyanayynyry Typykcy3 ruapaBauKasbiK WapTTapAa KaHa TyYMKy YeKMenepayH TonTonyLwy
YYYPYHAA CYYHYH YbITbIMbIH UIUEHUMAYY 3CEMKe anyyHy KaMmcbl3 Kbllyy 3apbiifbirbl MEHEH HErU3AENET, aHTKEHU
6yn dakTopsop KypyaManapAblH ULEHUMAYYYTYHO XaHa Cyy pecypcTapbiH 6enyWTypyYHYH HaTblixanyynyryHa
onytTyy Taacup 3teT. Cyy 3CeBMHMH TaKTbirbl avbll Yapbacbl y4yH e3reye MaaHure 33, cebebu an cyrapyy
PEXUMAEPUHUH CaKTaNbIWbIHA, CYYHY Capamxanayy naiganaHyyra aHa arpapiblk CEKTOpAy TYpYKTYy cyy
MEHEH KaMCbI3[,00r0 TY3[eH-Ty3 Taacup 3TeT. ONueenepiyH KeTULICU3 TaKTbirbl CYYHYH allblkya capnTablillbiHa,
cyrapyy rpaduKTEpUHUH BY3ynyLIyHa XaHa TYWYMAYYAYKTYH TOMOHASLWYHe afbin Keaullu MyMKYH. M3unaeeHyH
MaKCaTbl eN4eenepayH TYPYKTYYNyryH KaMCbi3 KbIJIFaH KaHa YeKMeNepAyH TaaCMpWH a3aiTKaH epKYHASTY/reH
AvadparMa KOHCTPYKLMSCHIH ULITEN YbIryy XaHa aHblH rMApaBAMKaIbIK HermsaeMecuH 6epyy 6onroH. Msunpeene
TMAPABAUKANbIK 3CENTOO, KOHCTPYKUMANApAbl CasbllUThipManyy Tanfoo >KaHa Kypy/lMaHblH ap KaH4ak arbiM
PEeXUMIAEPUHAE >XaHa MOANOP AEHrI3NAEPUHLAE WIUTEOCYH MOAENAee blkManapbl KOAAOHYAraH. TeWWKTUH
rEOMETPUSICbIHbIH, TYMKY ©TMOKTYH XairalyyCcyHyH aHa AuadparMaHbiH KOHPUIYPaLMSCbIHbIH arbiM Ty3yMyHe
)XaHa YeKMenepAyH TONTOMYY MPOLLECCTEPUHE TUIrM3reH Taacupy 6aanaHraH. M3unaeeHyH XblMbIHTIKTApbl Cyy
3Ce6MHMH TaKTbITbIH XOropynaTtyy y4yH AuvadparmanapfbiH 3K TYPYH KONAOHYY MaKcaTka blaibIKTyy 3KEHMH
KOpCOTTY: XOHre CanblHyydyy TYMKy Tewurn 6ap >Xannak KankaH XaHa TypyKTyy Tewuru 6ap KOHCTPYKLMS.
YKeHre canbiHyyyy TewWwuK binait 6acyyHy asaiTbin, 6TMOKTYH XabblibiM KasbllbiH angblH abif, CYy YbIrbIMbIHbIH
MYHO3[8ME/IepYHYH TYpYKTYYAyryH Kamcbi3fai TypraHbl aHbiKTangbl. TypykTyy Tewuru 6ap KOHCTPYyKLMS
3KCNayaTauusiHbIH TYpYKTYY LWapTTapbiHAa HaTblMkanyy 601yn caHanat. SCenTuK MaanbiMaTTap e14ee KaTanapblHbIH
a3aiibllWblH, YbIrbIM KO3I(QOULMEHTUHUH TYpPYKTYYNYryHYH >KOTOPY/MallblH KaHa Kypy/JMaHblH y3aK MeeHeTTyy
ULLEHUMAYYIYTYHYH OCYLIYH TacTbiKTaabl. MWTUH NpakTUKabik MaaHUCK Cyy ©14ee TYiYHAOPYH KOHCTPYKLMUSIHbI
TaTaangawTbipbacTaH ap KaHAai WapTTapra biAaibIKTALWTbIPYy MYMKYHUYYIYHAS TypaT. CyHywTanraH yeuumaep
CYyHy MaipanaHyyHyH HaTblMXKanyynyryH KoropynaTyyra kaHa uppuraumsnbik cuctemManapga cyy 6enywtypyyHy
GaLlKapyyHY XaKLWbIpTyyra KOMeKTeLWeT

Herusru cespep: Cyy en4eeuy KypyiMa; XeHre canblHyydy aAvadparma; TynKy TelmK; YekmMenep; cyy 3cebuHuH
TaKTbIrbl; Yy epeeny
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AHHOTauua. B crtatbe paccmatpuBaetcs npobsieMa MOBbIEHMS TOYHOCTM BOAOYYETA Ha BOLOMEPHBIX
COOPYXXEHMUSIX MPPUTALMOHHBIX CUCTEM, (DYHKLMOHUPYIOWMX B YCIOBMAX MEPEMEHHBLIX MOAMOPHbLIX PEXUMOB
M MHTEHCMBHOIO 3aumneHus. AKTyasbHOCTb MCCIeLOBaHMS 00yCNOBAEHA Heob6XOAMMOCTbIO 0becneyeHus
[LLOCTOBEPHOrO Yy4yeTa pacxoaa BOAbl MPW HECTAOMMbHLIX TMAPABAMYECKMX YCNOBMSX M HAKOMNEHUM [LOHHbIX
HaHOCOB, UYTO CYLLECTBEHHO B/IMSET HA HALEXHOCTb COOPYXEHWUI U 3DEKTUBHOCTL pacnpeneNeHns BOAHbIX
pecypcoB. TOYHOCTb BOAOYYETA MMEET BAKHOE 3HAYEHME AJI9 CENbCKOTO XO35MCTBA, TakK KaK BAMSIET Ha
cobnofeHNe PEXMMOB OPOLLEHMS, paLMOHaNbHOE MCMO/b30BaHWE BOAbl M YCTOWYMBOE BOAOOLECTeYeHUE
arpapHoro cektopa. HefoctaToyHas TOMHOCTb M3MEPEHMI MOXET NPUBOAMUTL K NMEPEPACXOAY BOAbI, HAPYLUEHUIO
rpaduKOB NOAMBA U CHUXKEHMIO YPOXKAMHOCTK. Llenbto paboTbl 66111 pa3paboTka v rmapaBanyeckoe 060CHOBaHME
YCOBEPLIEHCTBOBAHHOM KOHCTPYKUMM Amadparmbl, obecrneynBatolleid CTabUNbHOCTb M3MEPEHWUIA U CHUXKEHME
BAMSIHUS HAHOCOB. B MccnefoBaHWMM MCMOAb30BaHbl METOAbI TMAPABAMYECKOr0 pacyeTa, CPaBHWUTENbHOIO
aHanM3a KOHCTPYKUMIA M MOAENMPOBaHMS paboTbl COOPYXEHWUS MPU PA3NMYHBIX PEXUMAX TEUEHWUS U YPOBHAX
nogrnopa. OLeHEHO BIUSIHWE FEOMETPUM OTBEPCTUS, MOSMIOKEHUS LOHHOIO NPOEMA U KOHbUrypaumu auadparmbl
Ha CTPYKTYpy MOTOKa W MPOLLeCCbl HAKOMIEHUS HAHOCOB. Pe3ynbTaTthl mMokasanu, YTo ANS MOBbILWEHUS TOYHOCTM
BOLOYYETa LenecoobpasHo MPUMEHEHME ABYX TWUMOB AMadparM: MAOCKOro WuTa C PEryiMpyemMbiM LOHHbIM
OTBEPCTUEM U KOHCTPYKLUMM C HDUKCUPOBAHHBIM OTBEPCTUEM. YCTAHOB/IEHO, YTO PErYIMPYEMOE OTBEPCTUE CHUXKAET
3auneHune, NpeLoTBPALLAET MEPEKPbITUE CEYEHUS U CTaOMAM3UPYET PACXOAHble XapakTepUCTUKKU. KOHCTpYKLMS
C (GUKCMPOBaAHHBIM OTBEPCTMEM 3PMEKTUBHA NPU CTABUNbHBLIX YCNOBMSX 3KChiyaTauuu. PacyeTHble LaHHble
NMOATBEPXKAAIT CHUXKEHME MOrPELIHOCTM W3MEPEHMWI, MOBbILEHUE CTAaBUNBLHOCTM KO3bdULMEHTA pacxoda M
YBEJIMYEHWE HALEXHOCTU (YHKLMOHMPOBAHMUS COOPYKEHUS B [LOMTOCPOYHON nepcnektuBe. [lpakTuueckas
LEHHOCTb paboTbl 3aK/OYAETCS B BO3MOXHOCTM afanTauuM BOLOMEPHbIX Y3/10B K Pa3/MYHbIM YyCNOBUSM Ge3
YCNOXHEHUS KOHCTPYKLMK. MpefnoXeHHble pelleHns CnocobCTBYIOT NOBbIWEHUI0 3DHEKTUBHOCTM UCMOb30BaHMS
BOZbl M YNYYLLEHWUIO YNPABAEHUS BOJOPACNPELENEHUEM B UPPUTALMOHHBIX CUCTEMAX

KnioueBble cnoBa: BOLOMEPHOE COOpYXeHue; perynupyemas guadparma; LOHHOE OTBEPCTUE; HAHOChI; TOYHOCTb
BOAoyYeTa; Yyickas nonmHa
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Abstract. Verifying the botanical origin of natural honey is one of the key tasks in modern quality control of
beekeeping products, as the reliability of information regarding its floral origin determines its consumer value,
confirms its authenticity and helps to prevent adulteration. This issue is of particular relevance to regions with high
floristic diversity, including the East Kazakhstan Region of the Republic of Kazakhstan, where natural conditions
give rise to a wide range of honey-producing vegetation and create favourable conditions for the production of
honey of various botanical origins. The aim of the study was to establish the actual botanical origin of samples of
natural honey based on a palynological analysis of their pollen composition, and to assess the consistency of the
results obtained with the floral composition declared by the producers. The study focused on 18 samples of natural
honey obtained from various districts of the East Kazakhstan Region and labelled by the producers as polyfloral,
buckwheat and sunflower honey. The study was carried out using light microscopy, followed by the identification of
pollen grains based on a set of morphological characteristics. For each sample, the taxonomic composition of the
pollen was determined, the dominant nectar-producing plants were identified, and the results of the palynological
analysis were compared with the declared botanical origin of the product. It was found that in 88.9% of the
samples examined, the declared floral composition corresponded to the actual pollen composition, whilst in 11.1%
of cases, discrepancies were identified between the labelling and the results of the palynological analysis. The
pollen most frequently identified in the samples was that of sunflower (Helianthus annuus), buckwheat (Fagopyrum
esculentum), currant (Ribes spp.), angelica (Angelica archangelica), echinops (Echinops spp.), as well as a number of
other nectar-producing plants characteristic of the flora of the East Kazakhstan Region. The data obtained indicate
a significant diversity in the forage base of honey bees in the region under study and confirm the high informative
value of palynological analysis in determining the botanical origin of honey. The practical value of this study lies in
demonstrating the use of palynological analysis as an effective tool for the laboratory verification of the botanical
origin of natural honey, for monitoring its authenticity, and for improving the reliability of labelling. The results
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obtained can be used in veterinary and sanitary inspections, the development of regional databases of pollen
spectra, the improvement of the quality control system for beekeeping products, and the promotion of Kazakhstani

honey on domestic and international markets

Keywords: honey; melissopalynology; honey authenticity; pollen profile; nectar-producing plants; honey

authentication

Introduction

The quality and safety of honey depend directly on its
botanical and geographical origin, the environmental
conditions during honey collection, the bee breed, cli-
matic characteristics and production methods. There-
fore, verifying the authenticity of natural honey, con-
firming its botanical origin and identifying counterfeit
products is one of the most important areas of sci-
entific research in the fields of beekeeping and food
safety. On the global market, there are increasingly
frequent cases of natural honey being adulterated,
various sugar syrups being added, and the product’s
origin being misrepresented. In this context, palyno-
logical analysis occupies a special place amongst the
scientific methods used to determine the authenticity
of honey. This method makes it possible to determine
the plants from which the honey was collected and
the geographical region of production by means of mi-
croscopic examination of the pollen grains contained
in the honey. Furthermore, palynological analysis
is recognised worldwide as one of the most reliable
methods for determining the botanical origin of hon-
ey. A significant number of studies have been devot-
ed to the issues of determining the botanical origin
and authenticating honey. For example, C. Pita-Calvo
& M. Vazquez (2018) demonstrated that the botanical
and geographical origin of honey has a decisive influ-
ence on its chemical composition, organoleptic prop-
erties and commercial value, and that palynological
analysis is one of the most informative methods for
confirming these characteristics.

X.Wang et al. (2022) noted in a systematic review
that the most reliable results in determining the ori-
gin of honey are achieved through the combined use
of melissopalynological analysis, physico-chemical
parameters and modern analytical methods, including
metabolomics and chemometrics. According to O. Es-
curedo & M.C. Seijo (2022), determining the botani-
cal origin of honey is of great importance not only for
confirming its authenticity, but also for assessing the
biological activity, quality and consumer value of the
product. The authors emphasise that the pollen spec-
trum remains one of the main criteria for identifying
monofloral and polyfloral honey varieties. A study by
Z. Shakoori et al. (2023) showed that a combination of
melissopalynological and physico-chemical analysis
allows for an objective assessment of honey quality,
confirmation of its botanical origin and the detection of
possible cases of adulteration.

In the Republic of Kazakhstan, beekeeping is one
of the most dynamically developing sectors of agricul-
ture. The country’s diverse natural and climatic zones
provide favourable conditions for the growth of a wide
variety of honey plants. The East Kazakhstan Region, in
particular, is characterised by its floral diversity, ecolog-
ical purity and the development of beekeeping. In this
region, buckwheat, sunflowers, raspberries, hawthorn,
rose hips, currants, lime trees, angelica, alfalfa and
many other honey plants are widespread. As a result,
the region produces high-quality varieties of polyflo-
ral and monofloral honey. A study by G. Moldakhmeto-
va et al. (2023), focusing on honey from various nat-
ural and climatic zones of Kazakhstan, found that the
pollen composition of the samples reflects the regional
characteristics of the honey-producing flora and can
be used to determine the botanical and geographical
origin of the product. The findings highlight the poten-
tial of melissopalynological analysis for assessing the
quality of Kazakhstani honey. Determining the botan-
ical composition of honey is important not only from
a scientific perspective, but also from economic and
veterinary-sanitary standpoints. Determining the actu-
al origin of the product boosts consumer confidence,
ensures compliance with international trade require-
ments and enhances export potential. Furthermore, the
results of palynological analysis make it possible to as-
sess the resources of honey plants in a specific region,
locate beekeeping operations effectively and improve
the honey quality control system.

Recent research confirms that melissopalynological
analysis is one of the main methods for determining
the botanical and geographical origin of honey. When
combined with physico-chemical methods, it enables
reliable product authentication, quality assessment
and the detection of possible adulteration (Pita-Cal-
vo & Vazquez, 2018; Xagoraris et al., 2021; Escuredo
& Seijo, 2022). According to J. Louveaux et al. (1978),
the methodology of melissopalynological analysis was
developed to determine the botanical origin of honey.
Subsequently, W. Von der Ohe et al. (2004) refined the
methodology, proposing harmonised approaches to the
interpretation of results and its application in studies
of honey authenticity. Recent studies confirm the rel-
evance of this approach (Pita-Calvo & Vazquez, 2018;
Wang et al., 2022; Shakoori et al., 2023). In Kazakhstan,
the number of studies examining the palynological
composition of honey has been increasing in recent
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years. According to G. Moldakhmetova et al. (2023),
palynological analysis of honey samples from various
natural and climatic zones of Kazakhstan revealed con-
siderable diversity in pollen composition, reflecting the
characteristics of the nectar-producing flora in different
regions of the country. The results obtained confirmed
the possibility of using the pollen spectrum to deter-
mine the botanical and geographical origin of honey.

The aim of the study was to determine the botani-
cal origin of samples of natural honey produced in the
East Kazakhstan Region of the Republic of Kazakhstan
by analysing their palynological composition, followed
by an assessment of the authenticity and quality of
the product. Research objectives: (1) to determine the
palynological composition of honey samples produced
in the East Kazakhstan Region; (2) to investigate the
species composition of pollen grains in honey using
microscopic analysis; (3) to identify the botanical or-
igin of the honey; (4) scientific assessment of the au-
thenticity and quality of the honey based on the results
of palynological analysis.

Literature Review

Honey is one of the most valuable products of bee-
keeping, the quality and biological value of which are
determined by the botanical origin of the nectar, the
geographical characteristics of the region, climatic
conditions, the composition of the nectar-producing
vegetation, and the production methods used (Macha-
do De-Melo et al., 2018). In recent decades, with the
expansion of the global market for natural honey, the
importance of methods for verifying its authentic-
ity and its botanical and geographical origin has in-
creased significantly. One of the most informative and
widely recognised methods for identifying the origin
of honey is palynological analysis (melissopalynology),
which is based on the study of plant pollen grains con-
tained in the honey samples under investigation (Von
der Ohe et al., 2004).

This method makes it possible to determine the
composition of the nectar-producing flora, establish
the botanical origin of the product, and confirm its
geographical provenance, which is particularly impor-
tant for the certification of honey and the detection
of cases of adulteration (Persano Oddo & Piro, 2004).
Pollen grains enter the honey during the collection
of nectar by honeybees and retain the characteris-
tic morphological features of the plants from which
the nectar was collected. Thanks to the high stabil-
ity of their outer shell (exine), pollen grains remain
preserved for a long time, making them reliable sub-
jects for study. The morphology of pollen from each
plant species differs in terms of size, shape, number
and structure of apertures, surface texture and oth-
er diagnostic features, which allow plant taxa to be
identified down to the genus and, quite often, down
to the species. It is for this reason that palynological
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analysis is regarded as a kind of “biological passport”
indicating the origin of honey.

In international practice, melissopalynology is used
not only to determine the botanical origin of honey, but
also to address a wide range of scientific and applied
problems. These include assessing the condition of
the bees’ forage resources, studying the biodiversity of
vegetation, monitoring changes in flora under the in-
fluence of climatic factors, determining bee migration
routes, quality control of beekeeping products, detect-
ing adulteration, and environmental monitoring of ar-
eas disturbed by human activity (Barth, 2004). In many
European countries, palynological analysis is a manda-
tory step in confirming the botanical origin of monoflo-
ral honey varieties. According to the recommendations
of the International Commission on Apicultural Botany
and the International Commission on Honey, the results
of microscopic examination should be considered in
conjunction with the physico-chemical parameters of
the product, as different plant species are characterised
by varying degrees of pollen representation in honey
(Louveaux et al., 1978; Bogdanoy, 2009).

Recent research indicates that melissopalynology
remains one of the most accessible and informative
methods for honey quality control. Despite the rapid
development of molecular genetic methods, including
DNA metabarcoding, it is palynological analysis that
remains the international benchmark for determining
the botanical origin of honey (Hawkins et al., 2015;
Keller et al., 2015; Bell et al., 2016). For the Republic
of Kazakhstan, palynological analysis is of particular
importance due to the high diversity of natural and
climatic zones and the abundance of honey-produc-
ing flora (Rib, 2013). The East Kazakhstan Region is
considered the most valuable region for beekeep-
ing, as it combines mountainous, forest, meadow and
steppe ecosystems. This diversity ensures the forma-
tion of a unique pollen spectrum in honey, which can
be used to confirm its regional origin and enhance
the competitiveness of Kazakhstani products on the
international market.

Palynology emerged as an independent scientific
discipline in the early 20™ century following the devel-
opment of light microscopy techniques and the accu-
mulation of knowledge regarding the morphological
characteristics of pollen from various plant species
(Traverse, 2007). Melissopalinology is currently under-
going rapid development thanks to the introduction of
digital microscopy, automated image recognition and
molecular biology techniques. However, despite the
emergence of new analytical technologies, classical
palynological analysis remains the primary method for
determining the botanical origin of honey and is used
in most European laboratories for product certification.
Based on botanical origin, more than 150 different
types of honey are distinguished, which differ from one
another in terms of taste, colour,aroma, acidity, diastase
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activity, the ratio of glucose, sucrose and fructose, and
the quantitative content of minerals.

Studies focusing on determining the botanical
origin of honey have shown that its identification
can be based on a combination of physico-chemical
and palynological indicators. R. Fernandez-Torres et
al. (2005) established that the mineral composition of
honey is closely linked to its botanical origin and can
be used as an additional criterion for identifying dif-
ferent varieties. R.G. Kurmanov & A.R. Ishbirdin (2013)
investigated the botanical and geographical origin of
honey available on the Siberian market and demon-
strated the possibility of determining the regional
origin of the product based on its pollen spectrum.
Subsequently, R.G. Kurmanov (2019) summarised data
on the botanical and geographical origin of Russian
honey, systematised the palynological characteristics
of Bashkir honey, and presented an atlas of pollen
from the main honey plants, used to determine its bo-
tanical origin. Thus, the literature confirms the high
informative value of melissopalynological analysis for
establishing the botanical origin of honey and justifies
the need to conduct similar studies for various regions
of Kazakhstan.

Materials and Methods

The study involved 18 samples of natural honey col-
lected between May and August 2022 from apiaries in
the East Kazakhstan Region of the Republic of Kazakh-
stan. Of these, 8 samples (44.4%) were declared by the
producers as sunflower honey, 7 samples (38.9%) as
polyfloral honey and 3 samples (16.7%) as buckwheat
honey. The studies were carried out at the State Spe-
cialised Enterprise “Republican Veterinary Laboratory”
of the Committee for Veterinary Control and Supervi-
sion under the Ministry of Agriculture of the Republic
of Kazakhstan (Astana). Melissopalinological analysis is
based on determining the qualitative and quantitative
composition of pollen grains contained in honey, which
makes it possible to establish its botanical and geo-
graphical origin.

Taxa were identified by comparing the morpho-
logical characteristics of pollen grains with atlas-
es and identification guides for honey plant pol-
len (Louveaux et al., 1978; Sawyer, 1988; Agashe &
Caulton, 2019). To prepare the micro-slides, 10.0 g of
honey was dissolved in 20 ml of distilled water at a
temperature not exceeding 40°C until completely dis-
solved. The resulting solution was centrifuged for 10
minutes at a speed of 2,500-3,000 rpm. After remov-
ing the supernatant, approximately 10 ml of distilled
water was added to the pellet and the mixture was
centrifuged again for 5 minutes. The supernatant was
then removed, and the entire pellet was transferred to
a microscope slide, spread evenly over its surface, dried
at a temperature not exceeding 40°C, and mounted in
glycerine-gelatine for subsequent microscopy.

Microscopic examination was carried out using Lei-
ca DM500 and Mikromed-3 light microscopes at a mag-
nification of x1,000. During the analysis, pollen grains
were identified by displaying the image on a computer
screen for recording and subsequent processing of the
results. For each sample, at least 500 pollen grains were
counted, after which the percentage of each taxon in
the total pollen spectrum was determined. Honey was
classified as monofloral if the dominant pollen type
accounted for at least 45% of the total number of pol-
len grains counted. The results obtained were used to
determine the botanical origin of the honey, assess its
authenticity and verify its compliance with regulatory
requirements. The process of microscopic examination
and identification of pollen grains in honey samples is
illustrated in Figure 1.

Figure 1. Palynological analysis
of honey using a light microscope
Source: authors’ photo

Figure 1 illustrates the methodology for conduct-
ing a palynological analysis of honey using a light mi-
croscope. This method is based on the detection and
identification of pollen grains present in the honey,
which makes it possible to determine its botanical and
geographical origin. During the study, prepared slides
were examined under a microscope, with the images
displayed on a computer screen for subsequent record-
ing and processing of the results. Analysis of the pol-
len spectrum made it possible to determine the species
composition of the honey plants that contributed to the
formation of the product under investigation. Based on
these data, an assessment of the honey’s authenticity
was carried out, and conclusions were drawn regarding
its quality and compliance with regulatory requirements.

Results and Discussion
To characterise the material under investigation, Ta-
ble 1 presents details of the sampling locations and
the declared botanical origin of the honey. The study
included 18 samples collected from apiaries in seven
districts of the East Kazakhstan Region. The largest
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proportion consisted of samples declared as sunflow-
er honey (n=8; 44.4%), whilst polyfloral (n=7; 38.9%)
and buckwheat (n=3; 16.7%) honey were represented

Table 1. Characteristics of the honey samples studied (sampling area and declared botanical origin)

Zabolotnykh et al.

in smaller numbers. This distribution allows for a com-
parison of the declared botanical origin with the results
of the melissopalinological analysis.

Sample No. District Declared floor area

1 2 3

1 Polyfloral
2 Altai District Buckwheat
3 Sunflower
4 _ Polyfloral
5 Glubokovsky District Sunflower
6 Polyfloral
7 Kurchumsky District Sunflower
8 Sunflower
9 Polyfloral
10 Katon-Karagay District Buckwheat
11 Sunflower
12 Polyfloral
13 Ridder District Buckwheat
14 Sunflower
12 Urjar District :l?rz]f(l)owraelr
1; Shemonoikhinsky District :l?rlm\fllflowrzlr

Source: compiled by the authors

As can be seen from the data in Table 1, the sam-
ples were collected in areas characterised by a variety
of natural and climatic conditions and nectar-produc-
ing vegetation. This made it possible to assess the cor-
respondence between the declared floral composition

Table 2. Results of the melissopalynological analysis of the honey samples studied

and the actual pollen composition of the honey, and to
carry out a comparative analysis of the botanical origin
of samples from various districts of the East Kazakhstan
Region. The data obtained during the study of the floral
composition of the honey are summarised in Table 2.

No.

Botanical composition

Declared
floor area

Result

Common buckwheat (Fagopyrum esculentum Moench.) — 89.9%; Medicinal angelica
(Angelica officinalis) — 3.6%; Daurian rhododendron (Rhododendron dauricum L.) — 2.6%;
Spiked currant (Ribes spicatum Robson.) — 3.9%.

Buckwheat

Buckwheat

Annual sunflower (Helianthus annuus L.) — 15.8%; Common groundsel (Aegopddium podagrdria) —
10.2%; Field buckwheat (Fagopyrum esculentum Moench.) — 18.6%; Berry apple (Malus baccata
Borkh.) — 11.3%; Broad-leaved echinops (Echinops latifolius Tausch.) — 12.6%; Sweet clover
(Melilotus officinalis (L.) Lam) — 13.3%,; Blackcurrant (Ribes nigrum L.) — 18.2%.

Polyfloral

Polyfloral

Annual sunflower (Helianthus annuus L.) — 88.6%; Common buckwheat (Fagopyrum esculentum
Moench.) — 6.3%; Broad-leaved echinops (Echinops latifolius Tausch.) — 3.6%; (Scabiosa comosa
Fisch.) — 0.9%; Raspberry (Rubus idaeus L.) — 0.3%; Tansy-leaved cinquefoil
(Potentilla tanacetifolia Willd.) — 0.3%.

Sunflower

Sunflower

Common buckwheat (Fagopyrum esculentum Moench.) — 91.3%; Blackcurrant (Ribes nigrum L.) —
3.9%; Berry apple (Malus baccata (L.) Borkh.) — 2.9%; Blood-red hawthorn (Crataegus sanguinea
Pallas.) — 0.9%; Tansy-leaved phacelia (Phacelia tanacetifolia Benth.) — 0.5%;

Annual sunflower (Helianthus annuus L.) — 0.3%; Narrow-leaved fireweed
(Chamerion angustifolium (L.) Holub.) — 0.2%.

Polyfloral

Buckwheat

Annual sunflower (Helianthus annuus L.) — 88.3%; Common buckwheat (Fagopyrum esculentum
Moench.) — 5.2%; Narrow-leaved fireweed (Chamerion angustifolium (L.) Holub.) — 3.3%;
Blackcurrant (Ribes nigrum L.) — 1.9%; Apple tree (Malus baccata (L.) Borkh.) — 0.9%;
Broad-leaved echinops (Echinops latifolius Tausch.) — 0.2%; Blood-red hawthorn
(Crataegus sanguinea Pallas.) — 0.1%; Medium spirea (Spiraea media Fr. Schmidt.) — 0.1%.

Sunflower

Sunflower

Medicinal angelica (Angelica officinalis) — 33.3%; Annual sunflower (Helianthus annuus L.) — 36.1%;
Spiked currant (Ribes spicatum Robson.) — 22.6%; Blood-red hawthorn
(Crataegus sanguinea Pallas.) — 8%.

Polyfloral

Polyfloral
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Table 2. Continued

No. Botanical composition

Declared

Result
floor area

Annual sunflower (Helianthus annuus L.) — 86.9%; Medicinal sweet clover (Melilotus officinalis (L.)
7 Lam.) — 9.1%; Two-spined currant (Ribes diacantha Pallas.) — 2%; Common buckwheat
(Fagopyrum esculentum Moench.) — 1.5%; Norway maple (Acer platanoides) — 0.5%.

Sunflower = Sunflower

Annual sunflower (Helianthus annuus L.) — 90.1%; Common buckwheat (Fagopyrum esculentum
Moench.) — 4.1%; Spiked currant (Ribes spicatum Robson.) — 2.6%; Narrow-leaved fireweed
(Chamerion angustifolium (L.) Holub.) — 1.6%; Broad-leaved echinops
(Echinops latifolius Tausch.) — 1.6%.

Sunflower = Sunflower

Annual sunflower (Helianthus annuus L.) — 33.3%; Spiked currant (Ribes spicatum Robson.) — 36.6%;
Scabious (Scabiosa comosa Fisch.) —30.1%.

Polyfloral = Polyfloral

Common buckwheat (Fagopyrum esculentum Moench.) — 89.1%; Annual sunflower (Helianthus
10 annuus L.) — 9.1%; Blood-red hawthorn (Crataegus sanguinea Pallas.) — 0.6%;
Medicinal sweet clover (Melilotus officinalis (L.) Lam.) — 1.2%.

Buckwheat Buckwheat

11

Annual sunflower (Helianthus annuus L.) — 90.1%; Common buckwheat (Fagopyrum esculentum
Moench.) — 4.1%; Spiked currant (Ribes spicatum Robson.) — 2.6%; Narrow-leaved fireweed
(Chamerion angustifolium (L.) Holub.) — 1.6%; Broad-leaved echinops
(Echinops latifolius Tausch.) — 1.6%.

Sunflower = Sunflower

12

Medium spirea (Spiraea media Fr. Schmidt.) — 33.3%; Medicinal sweet clover (Melilotus officinalis
(L.) Lam.) = 29.1%; Common groundsel (Aegopddium podagraria) — 31.3%; Medicinal angelica
(Angelica officinalis); Common buckwheat (Fagopyrum esculentum Moench.) — 3.1%;
Thyme (Thymus dahuricus L.) — 3.2%.

Polyfloral | Polyfloral

Common buckwheat (Fagopyrum esculentum Moench.) — 89.9%; Medicinal angelica (Angelica
13 officinalis) — 3.6%; Daurian rhododendron (Rhododendron dauricum L.) — 2.6%;
Spiked currant (Ribes spicatum Robson.) — 3.9%.

Buckwheat | Buckwheat

Annual sunflower (Helianthus annuus L.) — 86.6%; Berry apple (Malus baccata (L.) Borkh.) — 6.7%;
14 Broad-leaved echinops (Echinops latifolius Tausch.) — 3.3%; Dandelion (Taraxacum sp.) — 2.1%;
Field mint (Mentha arvensis) — 1.3%.

Sunflower = Sunflower

Annual sunflowers (Helianthus annuus L.) — 80.6%; Common buckwheat (Fagopyrum esculentum
15 Moench.) — 10.3%; Broad-leaved echinops (Echinops latifolius Tausch.) — 3.6%;
Dandelion (Taraxacum sp.) — 3.1%; Field mint (Mentha arvensis) — 2.4%.

Sunflower = Sunflower

Blackcurrant (Ribes nigrum L.) — 25.6%; Dandelion (Taraxacum sp.) — 15.1%; Broad-leaved Echinops

(Echinops latifolius Tausch.) — 14.3%; Daurian rhododendron (Rhododendron dauricum L.) — 11.3%;

16 | Buckwheat (Fagopyrum esculentum Moench.) — 8.8%; Annual sunflower (Helianthus annuus L.) —

6.5%; Apple tree (Malus baccata (L.) Borkh.) — 5.9%; Common buckwheat
(Fagopyrum esculentum Moench.) — 5.4%,

Polyfloral | Polyfloral

Annual sunflower (Helianthus annuus L.) — 87.1%; Common buckwheat (Fagopyrum esculentum
17 = Moench.) — 3.1%; Spiked currant (Ribes spicatum Robson.) — 5.3%; Thyme (Thymus dahuricus L.) —
3.2%; Broad-leaved echinops (Echinops latifolius Tausch.) — 1.3%.

Polyfloral = Sunflower

18

Annual sunflower (Helianthus annuus L.) — 81.6%,; Berry apple (Malus baccata (L.) Borkh.) — 5.7%;
Broad-leaved echinops (Echinops latifolius Tausch.) — 4.3%; Narrow-leaved fireweed (Chamerion
angustifolium (L.) Holub.) — 2.6%; Broad-leaved echinops (Echinops latifolius Tausch.) — 2.6%;
Field mint (Mentha arvensis) — 3.2%.

Sunflower = Sunflower

Source: compiled by the authors

The results of the palynological analysis showed
that 16 out of the 18 samples examined (88.9%) cor-
responded to their declared botanical origin, whilst 2
samples (11.1%) did not correspond to the information
provided by the manufacturers. In particular, sample
No.4, declared as polyfloral,was found to contain 91.3%
Fagopyrum esculentum Moench. pollen and was classi-
fied as buckwheat honey. Sample No. 17, declared as
polyfloral, contained 87.1% Helianthus annuus L. pollen,
which allowed it to be classified as sunflower honey.

The results obtained are consistent with data from
numerous studies, according to which melissopalino-
logical analysis is one of the most informative meth-
ods for determining the botanical origin of honey and

verifying the accuracy of its labelling (Louveaux et
al., 1978; Sawyer, 1988; Kurmanoyv, 2019). Studies car-
ried out in various regions of Russia and Kazakhstan
also show that identifying the dominant pollen type
makes it possible to distinguish between monofloral
and polyfloral honey varieties with a high degree of cer-
tainty (Kurmanov & Ishbirdin, 2013; Kurmanov, 2019;
Moldakhmetova et al., 2023). The discrepancies iden-
tifled may be due to several reasons. The most likely
causes are the mixing of batches of honey during ex-
traction or storage, errors in product labelling, and var-
iations in honey collection during different flowering
periods. In some cases, the cause may be the deliberate
labelling of a product category that is more appealing
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to consumers, as multifloral honey is often perceived
as more valuable due to the diversity of its botani-
cal origins. Another possible cause may be the bees’
selectivity when collecting nectar: during the mass
flowering of a single nectar-producing plant, the bees
predominantly visit that species, leading to a predom-
inance of pollen from a single taxon in the final prod-
uct, even when other flowering plants are present in
the honey-harvesting area.

The proportion of samples with labelling discrep-
ancies in this study was 11.1%, which is comparable
to the results of international studies, in which the
frequency of discrepancies between the declared and
actual botanical origin of honey is typically 5-20%,
depending on the region, the honey varieties studied
and the control methods used (Fernandez-Torres et
al., 2005; Wang et al., 2022; Escuredo & Seijo, 2022).
The data obtained indicate a fairly high degree of ac-
curacy in the labelling of the honey samples studied
from the East Kazakhstan Region; however, they con-
firm the need for mandatory palynological verification
of the botanical origin of the product during veterinary
and sanitary inspections and quality assessments.

Conclusions
The melissopalynological analysis carried out on 18
honey samples collected from apiaries in the East Ka-
zakhstan Region confirmed the effectiveness of the
palynological method for determining botanical origin
and verifying the accuracy of product labelling. It was
found that 16 out of 18 samples (88.9%) correspond-
ed to their declared botanical origin. In two samples
(11.1%), discrepancies were identified between the
declared and actual floral composition: sample No. 4,
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AHHOTauusa. Taburbit aapbl 6anblHbiH  OOTAHWMKANbIK  KEAUM  UbIrbiWbIH  BEPUPUKALMANOO  aapblYbliblK
NPOAYKUMACHIHbIH CanaTbiH 3aMaHban KOHTPONA00HYH HErn3ru 6arbITTapblHbiH OG1pY 6ONYyN CaHanaT, aHTKEHM MYNAYK
KENNUM YblTbilbl XOHYHAE WLIEHMMAYY MaanbiMaT aHblH KepekTeeuynyk 6aanyynyryH aHbikTan, NpoayKLMSHbIH
aHbIKTbIMbIH TACTbIKTAMN XaHa XKacanManooHyH aniblH anyyra MyMKYHAYK 6epeT. byn Macene e3reye ecyMayKTepayH
TYPAYK ap TYPAYYAyry xoropy 6onroH Kasakctan Pecny6nmkacbiHbiH Ybirbiw KasakctaH obnycy yuyH akTyanayy
60nyn caHanaT, aHTKEHW aiMMaKTbIH TabWrbIl LLapTTapbl ap KaHAal 60TaHMKANbIK KW YblrbIWUTarbl 6anasl eHAYPYYre
bIHrannyy WapTrapAbl Ty3eT. M3unaeeHyH MakcaTbl TAMHONOTUANbIK AHANU3AMH HErM3MHAE Taburbli aapbl 6aNbiHbIH
YATYNIOPYHYH YblHbIMbl HOTAaHUKANbIK KEMWM YbIrbILWbIH AHBIKTOO XaHa ajblHrAH XbIAbIHTbIKTAPAbIH 6HAYPYYYYIep
KOPCOTKOH TYNAYK Kenun ubirbiWblHA WakKewTuruH 6aanoo 6ongy. M3ungeeHyH obbekTMcK KaTapbl Ybirbiw
KazakctaH obnycyHyH ap Typayy panioHLOPYHAH anblHIaH aHa eHAypyy4ynep TapabbiHaH Ken rynayy, rpeunxa
aHa KyH kapama banbl kaTapbl 6enruneHred 18 ynry konnonynay. M3unnee >xapblk MUKPOCKOMUSAChIHbIH XXapAaMbl
MEHEH XXYPry3ynyn, 4aHuya OypTykyenepy Mopdonorusnbik OenrmnepuHuH HernsuHae UAeHTUdUKALMSNAHIbI.
Ap 6up ynry 60tOHYa YaHYaHbIH TAKCOHOMMUSbIK KypaMbl aHbIKTanbiM, 6acbiMAyy HekTap 6epyydyy ecymayktep
6enruneHunn, NaNMHONOMMUANbIK AHANU3AMH XKbIMbIHTBIKTAPbl OHAYPYYYYI6p KepPCOTKeH B0TaHMKANbIK KENUM YblrbiLl
MEHEeH canblWwTbipbingbl. M3ungeHreH ynrynepayH 88,9 %blHOa KOpCOTYAreH TynayK Kelum Ubllbilbl YblHbITbI
YaH4ya KypamblHa Tyypa Kenrenu aHbikTanca, 11,1 %biHoa MapKMpOBKAa MEHeH MaAUMHONOTUSNbIK U3UNL66HYH
XbIAbIHTbIKTAPbIHbIH OPTOCYHAA ablpMayblNbIKTap Tabbinabl. YArynepae 3H Ken KyH kapamaHssblH (Helianthus annuus),
rpeunxaHblH (Fagopyrum esculentum), kaparattelH (Ribes spp.), asrunauH (Angelica archangelica), MOpAOBHUKTUH
(Echinops spp.) xaHa Ybirbilw KasakctaH obnycyHa MyHesnyy 6alika HekTap 6epyyyy eCyMAYKTOpPAYH YaH4yanapsl
aHbIKTanapl. AnbIHraH MaanbiMaTTap U3WLEHreH aMakTa 6an aapbinapbiHblH a3blKTbiK GA3acbiHbIH XXOrOpKy ap
TYPAYYNYTYH KepceTyn, 6anabiH 60TaHMKaNbIK KeUM YbIrbIlblH aHBIKTOOA0 MAaNMHONOMUSBIK AHAIM3AUH XXOTOPKY
MaanbIMaTTyynyryH TacTbIKTaWT. M3UNASeHYH NpakTUKanblKk MaaHUCKU NANIMHONOMUSANbIK aHanu3am Tabureiin 6anapiH
6OTaHUKaNbIK KEeNWM YbIrbIlWbIH XaHA aHbIKTbIrbIH JTAO0PaTOPUINbIK BEPUPUKALMSINOOHYH, MAPKUPOBKAHbIH
ULEHUMAYYNYTYH XXOrOpyNaTyyHYH HaTbIMXKanyy Kypasbl KaTapbl Hernsaeere 6annaHbilWTyy. ANbIHTAH XbIAbIHTbIKTap
BETEPUHAPAbIK-CAHUTAPAbIK 3KCMEpPTM3a KYPry3syyde, 4aH4ya CneKkTprepuHUMH ariMakTblK MaanbiMaT 6asanapbiH
TY3YYL6, aapblybliblK NPOAYKUMACLIHbIH CanaTblH KOHTPONLOO CUCTEMACbiH ©PKYHAOTYYAe XaHa KasakcTaHuablH
HanblH MYKM XKaHa 31 apanblK PbIHOKTOPAO UrepUneTyyae KONAOHYNYLY MYMKYH

Herusrn cesgep: aapbl 0anbl; MENMCCONANMHONOIMMA; GandblH aHbIKTbITbl, YaHuya npodunu; 6an Gepyydy
ecyMAayKkTep; 6anapl ayTeHTUPHUKALMSAI00
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AHHoTauua. Beprdurkaunsa 60TaHMUECKOrO NPOUCXOXKAEHUS HATYpanbHOrO MYEIMHOIO Meaa SIBNSeTCs OAHOW
M3 KMKOYEBbIX 33434 COBPEMEHHOrO KOHTPONAS KayeCTBa MPOAYKUMWM MYENOBOACTBA, MOCKOJSbKY AOCTOBEPHOCTb
MHPOpMaLMM O PNIOPUCTUUECKOM MPOUCXOXAEHUU OMNpenensieT ee NOTPeOUTENbCKYIO LEHHOCTb, MOATBEPXKAAEeT
NOAJMHHOCTL M crnocobcTByeT npepynpexaeHuto danbcudukaumm. Ocobyto akTyanbHOCTb JaHHAs npobnema
npuobpeTaeT AN PernoHOB C BbICOKMM (IOPUCTUUECKMM pa3HOobpasmem, K KOTOPbIM OTHOCKUTCS BocTouHo-
KazaxcraHckas obnacte Pecnybnuku KasaxctaH, roe npupogHble YCioBus (QOPMUPYIOT LUMPOKWUIA CNEKTp
Me[0HOCHOM PpacTUTENbHOCTM M CO34AKT HGnaronpuaTHble NpefnocbIKM Afis MPOU3BOACTBA Mefa PasfIM4yHOro
H60oTaHMuYecKoro npomcxoxaenus. Lienb uccnenoBaHms 3akntoyanach B yCTaHOBNEHUM GAKTUUECKOro H0TaHNYeCKOro
NPOUCXOXAEHMS 06pa3uoB HATypanbHOrO MYEIMHONO MeAa Ha OCHOBE MaJIMHOMOTMYECKOro aHanusa Mux
MblJbLEBOrO COCTABA, @ TAKXKe B OLEHKEe COOTBETCTBMS NOJIYYEHHbIX Pe3y/nbTaToOB 3asBIEHHOW NPOU3BOAMTENSIMMU
dnopHocTu. OBbEKTOM MccnenoBaHus nocnyxunu 18 obpasLoB HATypanbHOro MYEMHOro Mena, MoayvyeHHbIX
M3 pas3fiMyHbIX paroHoB BocTouHo-KasaxcTtaHCkoM 06/1acTM M MapKMPOBAHHbIX MPOU3BOAUTENSIMU  KaK
nonndNopHble, rPeUYULLHbIE U NOACONHEYHUKOBBIE. MiccnefoBaHMe BbIMOMHAIM METOAOM CBETOBOM MMKPOCKOMWUM
C nocnenyrowen naeHTuGuKaumen noiibLEeBbIX 3epeH No KoMnnekcy Mophonornyecknx npusHakos. [1nsg kaxanoro
obpasua onpenensinM TaKCOHOMUYECKWUI COCTaB Mblfblbl, BbIAENSNM LOMWHUPYHOLWME MEAOHOCHbIE pacTeHus
M COMOCTaBASNM pe3ynbTaTbhl MAJMHOMNOIMYECKOrO aHanu3a C 3asBJEHHbIM OOTAHUYECKMM MPOUCXOXLAEHUEM
npoaykuuu. YcraHosneHo, yto B 88,9 % mccnenoBaHHbIX 06pa3uLoB 3asBneHHass GAOPHOCTb COOTBETCTBOBANA
(haKTMYeCcKoMy MblbLEBOMY COCTaBY, Toraa kak B 11,1 % cnyyaes BbISIBNEHbl PAaCXOXAEHWUS MEXAY MapKMPOBKOW U
pe3ynbTaTaMu NAIMHONOIMYECKOro uccnenoBaHms. Hanbonee yacto B o6pasuax bbina naeHTMdULMPOBaHa NblibLa
nopconHeynuka (Helianthus annuus), rpeunxm (Fagopyrum esculentum), cmopopguHsbl (Ribes spp.), ayaHuka (Angelica
archangelica), MoppoBHUKa (Echinops spp.), a Takxe psaa ApYrnx MefOHOCHbIX PaCTEHWUI, XapaKTePHbIX A5 Gaopsbl
BocTouHo-Ka3saxcTaHckon obnactu. [MonyyeHHble OaHHble CBUMAETENbCTBYIOT O 3HAUMTENbHOM pa3Hoobpasum
KOpPMOBOM 6a3bl MEOOHOCHbIX NYen B UCCNELYyeMOM pervoHe U MOATBEPXKAAKT BbICOKYH WMH(OPMATUBHOCTb
NasMHONIOTMYECKOro aHanM3a npu onpeaeneHun 60TaHMUECKOro NpoucxoxaeHus mMeaa. NpakTuyeckas LEHHOCTb
uccnenoBaHMs 3ako4aeTcs B 0600CHOBaHMM MPUMEHEHMS NANIMHONOMMYECKOro aHanu3a B kayecTse 3PpHeKTMBHOIo
MHCTPYMeHTa nabopatopHoi Bepudukauum 60TaHUYECKOrO MPOUCXOXKAEHUS HAaTYpaNbHOrO Mefa, KOHTPOJS ero
NOAJMHHOCTM U MNOBbILLEHUS LOCTOBEPHOCTU MApPKMPOBKM. [onyyeHHble pe3ynbTaTbl MOTYT ObiTb MCMOMb30BaHbI
npv NpoBefEeHUU BEeTEPUHAPHO-CAaHWUTAPHOM 3KCNepTM3bl, pa3paboTke perMoHanbHbiX 6a3 AaHHbIX MbUIbLEBbLIX
CNEeKTpoB, COBEPLUEHCTBOBAHMM CUCTEMbI KOHTPONS KayecTBa MNPOAYKLUMM NYENOBOACTBA M MNPOABUXKEHMUM
Ka3aXCTaHCKOro MeAa Ha BHYTPEHHEM U MeXAYHApOAHOM pbIHKaX

KnioueBble cnioBa: NyenunHbiii Mes; MenncconaamHoNorms; NoAJIMHHOCTb Meaa; NbinbLEeBoMn I'IpOCbW'Ib; MENOHOCHbIE
pacTeHuda; EIYTeHTVIq)VIKaLLMFI MEna
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Abstract. The relevance of this research is driven by the necessity to transition the agricultural sector of
the Kyrgyz Republic from extensive farming practices to a modern management model based on accurate cost
data. Establishing a reliable information base is a prerequisite for the effective development of the national
agribusiness sector, positioning the modernization of accounting systems as a priority for the industry's
economic growth. The study aimed to identify institutional, methodological, and human resource barriers
hindering the development of management accounting in the country’s agriculture and to substantiate practical
mechanisms for overcoming them. The methodological framework was based on a comprehensive analysis
of agricultural entities in the Chuy, Issyk-Kul, and Osh regions, employing systemic and comparative analysis
methods. The research findings demonstrated that the existing obstacles are multifaceted. It was established
that the widespread use of the “single-pool” (lLump-sum) accounting method deprives management of necessary
product-specific analytics and leads to significant distortions in profitability indicators. Particular attention was
given to the gap between the requirements of IFRS (IAS) 41 and operational reality: due to the lack of active
regional markets, measuring biological assets at fair value remains practically unfeasible. The study proved
that the forced implementation of international standards amidst the current shortage of qualified personnel
and specialised software results in a formalistic approach to accounting that fails to reflect actual financial
flows. The paper proposed a phased adaptation algorithm for management accounting systems, which includes
the development of industry-specific methodological guidelines and the creation of standard frameworks for
peasant (private) farms. The practical significance of the research lies in the potential application of “direct
costing” and “standard costing” tools to optimise accounting policies within agribusiness enterprises and to
modernise educational curricula in agricultural universities

Keywords: strategic cost control; costing methods; internal control system; regulatory framework; accounting
policy; financial information; production efficiency

Introduction
Agriculture is a strategic driver of the long-term de-  agricultural production at the current stage of market
velopment of the national economy and the achieve- transformation require a fundamental modernisation
ment of food security. The specific characteristics of  of the internal information environment of economic
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entities. There is a need for a consistent shift away
from extensive approaches to resource management
towards scientifically grounded models based on con-
tinuous monitoring, control and analysis of production
costs. Improving the economic resilience of the agro-in-
dustrial complex under conditions of price volatility is
impossible without the implementation of practical
tools for strategic and operational management ac-
counting. Scientific research has established a substan-
tial theoretical and methodological foundation in the
field of agricultural accounting; however, many applied
aspects remain the subject of ongoing debate. The con-
ceptual foundations for distinguishing between finan-
cial and management accounting, as well as the role of
management accounting in strategic decision-making,
were examined in detail by M.A.Vakhrushina & N.V.Ma-
linovskaya (2014), who demonstrated a direct relation-
ship between business performance and the quality of
internal reporting. The sector-specific characteristics of
cost formation, shaped by seasonality and the diversity
of agricultural products, are examined in detail in the
work of N. Beishenaly & F. Dufays (2023), which pro-
vides a regulatory and methodological framework for
cost allocation in the agro-industrial complex (AIC).

The specific characteristics of the development of
accounting systems under the particular conditions of
the agricultural sector of the Kyrgyz Republic in recent
years have been reflected in a number of publications.
In particular, A.A. Baimuratov et al. (2023) identified a
critical problem concerning the blurring of boundaries
between analytical accounting and management ac-
counting in Kyrgyzstan, which results in the underuti-
lisation of analytical tools by management. E. Bel-
ek uulu et al. (2024b) provided a detailed analysis of
the organisational barriers to establishing accounting
systems across various subsectors of the agricultural
sector, emphasising that the small-scale nature of pro-
duction hinders the implementation of standardised
automation systems. The institutional aspects and bar-
riers to the adaptation of international standards in the
Republic were examined in the study by A. Bekmura-
tov et al. (2025), which identified an objective mismatch
between IFRS requirements and the actual capabilities
of small business entities. Similarly, W. Crewett (2015)
demonstrated that the accounting policies of most ag-
ricultural enterprises in the Kyrgyz Republic are largely
formal in nature and are not used to optimise expendi-
ture.The specific features of cost calculation in livestock
farming are reflected in the works of A. Dorre (2015),
while the methodology of flexible cost management
based on direct costing in crop production was investi-
gated by A. Dzhumagulov & I. Mistriukova (2025). Prac-
tical recommendations for organising accounting in
peasant (farmer) farms based on IFRS were proposed in
the article by A. Kadyraliev et al. (2024).

Despite the abundance of existing studies, the prob-
lem of developing a comprehensive and cost-effective

algorithm for establishing accounting systems for
small-scale agricultural enterprises in the Kyrgyz Re-
public remains unresolved. The aim of this study was
to identify the specific institutional, methodological
and human-resource barriers that hinder the imple-
mentation of management accounting in agricultural
enterprises of the Kyrgyz Republic, and to develop re-
alistic, step-by-step measures to overcome these bar-
riers without fundamentally restructuring the existing
accounting systems.

Materials and Methods

The methodological foundation of the study was based
on a systems approach, within which management
accounting is viewed as an integrated information
framework embedded in the overall strategic man-
agement system of an agricultural enterprise. Inter-
action with the study participants was conducted in
strict accordance with the principles of profession-
al ethics set out by the National Commission for the
Protection of Human Subjects of Biomedical and Be-
havioral Research (1979) and All European Academies
(ALLEA) (2023). During the semi-structured interviews
conducted with managers and chief accountants of 74
agricultural enterprises, the requirements of informed
consent and complete anonymity were strictly ob-
served. All respondents were informed about the ob-
jectives of the study and their right to withdraw their
data. The internal accounting documentation obtained
during the interviews was subjected to a de-identifi-
cation procedure to ensure the confidentiality of com-
mercially sensitive information, thereby preventing the
disclosure of respondents’ identities or the names of
specific agricultural enterprises.

The search and selection of scientific literature,
regulatory and legal acts, and statistical materials were
conducted for the period from 2018 to 2026 in the
Scopus and Web of Science databases using the follow-
ing key search queries: “management accounting in the
agro-industrial complex of the Kyrgyz Republic’, “cost
calculation in agriculture”, “IAS 41 Kyrgyzstan”, and “cost
of a peasant (farmer) farm”. Several foundational stud-
ies from earlier periods were included as key theoret-
ical sources that established the methodological basis
of the research topic and remain relevant (Osmonku-
lova, 2006; Rakhmatullaev et al., 2010; Crewett, 2015).
The method of comparative analysis was applied to
compare the regulatory framework of the Kyrgyz Re-
public with the systems of the countries of the Eurasian
Economic Union (EAEU). The classification and grouping
method was used to differentiate agricultural enterpris-
es according to the maturity levels of their accounting
systems, based on the completeness of the data col-
lected. The analytical and monographic methods were
applied in processing the statistical compilations by
U. Mirlanbek et al. (2023) and the reports by I. Mukam-
baeva et al. (2024) to identify macroeconomic trends.
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The empirical basis of the study comprised survey
data from 74 entities, including large agricultural co-
operatives and peasant (farmer) farms in the Chy, Is-
syk-Kul and Osh regions. Data were collected through
semi-structured interviews with managers and chief
accountants, as well as through a qualitative audit of
internal accounting documentation and accounting
policy provisions. To assess overall sectoral dynam-
ics for 2019-2023, official statistical indicators (the
share of the agricultural sector in GDP, employment,
the number of peasant (farmer) farms, and production
output) were additionally used, making it possible
to compare the extensive growth of the sector as a
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whole with the qualitative findings from the survey of
74 agricultural enterprises.

Results and Discussion

Overall state of management accounting

in the agricultural sector of the republic

According to the National Statistical Committee of the
Kyrgyz Republic (2024), the share of the agricultural
sector in the country’s gross domestic product ranges
between 11% and 14%, while the sector provides em-
ployment for approximately one-quarter of the rural
population. The dynamics of these indicators are pre-
sented in Table 1.

Table 1. Key indicators of the agricultural sector of the Kyrgyz Republic, 2019-2023

Indicator 2019 2020 2021 2022 2023

Share of the agricultural sector in GDP, % 10.4 12.2 12.4 11.0 9.5
Employment in agriculture, % of total employment 10.9 12.2 18.3 17.8 17.1
Number of peasant (farmer) farms, thousand units 452 462 468 473 488
Agricultural production, billion KGS 220 249 324 358 382

Source: compiled by the authors based on National Statistical Committee of the Kyrgyz Republic (2024)

The analysis shows that the agricultural sector is
characterised by an extensive development trajectory:
the increase in production volumes in monetary terms
is associated with a rise in the number of small-scale
farms (reaching 488,000 by 2023) and inflation, rath-
er than with improvements in management efficiency.
The qualitative survey made it possible to classify agri-
cultural enterprises according to the maturity levels of

their accounting systems (Table 2). The survey showed
that fully developed management accounting systems
(Level I11) operate in isolation, whereas the small-scale
agricultural sector (Level 1) lacks analytical tools. This
supports the argument put forward by G.0O. Osmonku-
lova (2006) regarding the detrimental impact of an
information deficit on the financial sustainability of
agricultural businesses.

Table 2. Differentiation of the surveyed agricultural enterprises in the Kyrgyz Republic
by the level of management accounting development

Level of accounting development = Organisational structure

I. Basic Small-scale farms
Il. Fragmented Medium-sized farms
Il. Systematic Agricultural holdings

Characteristics of the environment Impact on decision-making
Accounting for tax purposes only Ad hoc pricing
Accounting for direct costs Post-production costing
Automation and budgeting Marginal analysis

Source: compiled by the authors based on the results of the study

Institutional and regulatory barriers

The functioning of management accounting systems in
the agricultural sector of the Kyrgyz Republic is con-
strained by rigid institutional frameworks. The principal
legislative act, Law of the Kyrgyz Republic No.76 (2002),
is focused exclusively on financial reporting require-
ments, while disregarding the needs of internal man-
agement planning (Rakhmatullaev et al., 2010). Special
tax regimes for agricultural producers (Tax Code of the
Kyrgyz Republic, 2022) create counterproductive incen-
tives: the exemption from maintaining primary cost ac-
counting has effectively legitimised the abandonment
of analytical accounting in small businesses. Research-
ers M. Akzholova & A. Osmonova (2019) emphasise
that the existing regulatory framework is not adapted
to the scale of farming operations, while the account-
ing policies of most entities are formal and declarative
in nature, failing to reflect actual production processes.
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Ignoring fair value results in a systematic understate-
ment of return on sales by 12-19%, while the gap be-
tween actual costs and the market valuation of biolog-
ical assets averages 24.5%.

Quantitative assessment of efficiency and IFRS
compliance. An empirical survey of 74 entities revealed
a critical gap between regulatory requirements and
actual practice. Only 18 agricultural enterprises (24%)
implement |IAS 41 “Agriculture” (International Account-
ing Standards Board, 2023). This limits agricultural en-
terprises’ access to long-term bank financing (National
Statistical Committee of the Kyrgyz Republic, 2024).
[llustrative Cases of the Transition to the Proposed Ac-
counting Methods. To test the hypothesis of a direct
relationship between the quality of management ac-
counting and business performance, two cases involv-
ing the implementation of the proposed accounting
tools were analysed.
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Case 1: Modernisation of a Llivestock complex
(Chiy region). The farm, with a herd of 150 cattle,
previously used the historical cost method, which did
not account for live-weight gains during the interim
reporting period. Following the implementation of
the fair value measurement model proposed in this
study, using current market quotations, the reported
profit for the period increased by 15%. The improved
asset structure enabled the enterprise to restructure
its loan portfolio and obtain an investment loan from
a commercial bank at an interest rate reduced by 2.5
percentage points, as a direct result of greater ac-
counting transparency.

Case 2: Optimisation of accounting in crop pro-
duction (Issyk-Kul region). The agricultural enterprise,
with 500 hectares of cultivated land, used a traditional

pooled cost accounting method, whereby indirect costs
were allocated in proportion to revenue. After switch-
ing to the proposed direct costing algorithm, it was
found that the production cost of grain crops had been
overstated by 12%, while the actual contribution mar-
gin from vegetable crops was 8% higher than previ-
ously calculated. The findings enabled management to
discontinue less efficient activities, freeing up 15% of
working capital for investment in the high-return seg-
ment, which had previously been impossible due to the
“blurred” cost calculation. To assess the specific features
of the institutional environment and identify differenc-
es in approaches to cost accounting organisation across
Central Asian countries, a comparative analysis of the
key conditions for implementing management account-
ing was conducted (Table 3).

Table 3. Comparative analysis of the institutional conditions for implementing management accounting

Criterion Kyrgyz Republic
Sector-specific guidelines Absent
Tax incentives Counterproductive
IT support Absent

Republic of Kazakhstan

Republic of Uzbekistan

Approved National Accounting Standards (NAS)
Incentivising Moderate
Subsidised Government programmes

Source: compiled by the authors based on regulatory acts (Law of the Kyrgyz Republic No. 76, 2002; Tax Code of the Kyrgyz

Republic, 2022) and research (Akzholova & Osmonova, 2019)

Analysis of institutional barriers. The data present-
ed indicate that the lack of methodological continuity
in the Kyrgyz Republic has become a key factor con-
tributing to the “accounting vacuum”. In contrast to the
Republic of Uzbekistan, where the mandatory transi-
tion to value added tax (VAT) compelled enterprises
to establish transparent cost-accounting systems, tax
legislation in the Kyrgyz Republic has pursued maxi-
mum simplification, resulting in the erosion of the
management function of accounting. In Kazakhstan, by
contrast, the institutional environment has been trans-
formed through targeted government subsidies for the
acquisition of software, whereas in the Kyrgyz Repub-
lic the financial burden of automation has been placed
entirely on the limited resources of agricultural enter-
prises themselves. This conclusion is consistent with
the observations of U. Mirlanbek et al. (2023) regarding
systemic problems in state support for the agricultur-
al sector in Kyrgyzstan, as well as with the findings of
I. Mukambaeva et al. (2024), which demonstrated the
limited impact of the state investment budget on the
structural indicators of the sector. Thus, the formal ad-
herence to “simplified” tax regimes without obligations
to maintain cost-accounting records restricts the op-
portunities for strategic planning, making agricultural
enterprises highly vulnerable to market fluctuations in
agricultural commodity prices.

Methodological problems in cost calculation

Cost calculation in agricultural production is recognised
as one of the most complex aspects of accounting. The
theoretical foundations of sector-specific costing (Belek

uulu et al., 2024b) confirm that the multi-sectoral and
seasonal nature of agriculture inherently complicates ac-
counting processes. At present, the pooled cost account-
ing method predominates among enterprises in the Kyr-
gyz Republic, characterised by a lack of differentiation
between primary and joint costs (Belek uulu et al.,20243).
The problems associated with this deterioration of ac-
counting processes are also confirmed by Belek uulu et
al. (2024c). Notably, modern management accounting
cost-management tools, including elements of activi-
ty-based costing (ABC costing) and standard costing, are
already being successfully applied in certain sectors of
the Kyrgyz economy outside agriculture (Toichiev, 2025).
This makes it particularly relevant to examine the appli-
cability of similar approaches to agricultural production.

Analysis of methodological vulnerability and quan-
titative indicators. The study of 74 agricultural enter-
prises showed that 76% of the entities use a simplified
pooled cost accounting method, disregarding the re-
quirements of IAS 41 (International Accounting Stand-
ards Board, 2023). This results in distortions in financial
performance: the lack of cost differentiation under-
states the profitability of individual crops by 12-19%,
while the gap between actual costs and the fair value
of biological assets reaches 24.5% (National Statistical
Committee of the Kyrgyz Republic, 2024). To determine
the advantages of different approaches to cost calcula-
tion in agricultural production, the main cost account-
ing methods were compared according to the following
criteria: analytical capability, managerial value, imple-
mentation complexity, and prevalence among agricul-
tural enterprises in the Kyrgyz Republic (Table 4).

74 Bulletin of the Kyrgyz National Agrarian University, 2026, Vol. 24, No. 3



Zheirenova & Sheralieva

Table 4. Comparative characteristics of cost accounting methods in agricultural production

Criterion Pooled cost accounting
Analytical capability Low
Managerial value Limited
Implementation complexity Low

Prevalence in the Kyrgyz Republic 76% of enterprises

Direct costing Standard costing

High High
High (contribution margin) High (planning)
Medium High

20% of enterprises 4% of enterprises

Source: compiled by the authors based on the article by E. Belek uulu et al. (2024b)

To gain a deeper understanding of the nature
of the distortions arising from the use of the tradi-
tional approach, a cost calculation model was devel-
oped for typical agricultural crops. Table 5 presents
the initial indicators reflecting the transformation
of the cost structure and contribution margin when
moving from the pooled cost accounting method to

direct costing. Table 5 clearly demonstrates that un-
der the pooled cost accounting method, the contri-
bution margin is substantially understated (10 units
for both crops), which may mislead management. By
contrast, the application of direct costing makes it
possible to identify the actual contribution margin,
as illustrated in Figure 1.

Table 5. Comparative model of cost structure and contribution margin per unit of output

Pooled cost accounting

Cost category (BT

Variable costs 60
Allocated indirect costs 30
Total cost 90
Contribution margin 10

Direct costing
(grain crops)

Pooled cost accounting
(vegetable crops)

Direct costing
(vegetable crops)

60 85
30 5

90 90
10 10

Note: the data are presented in conventional units per unit of output; the difference of 25 units (indirect costs) when
switching to direct costing is transferred from production cost to expenses of the reporting period

Source: compiled by the authors

M Variable costs Contribution margin
Total cost
10 10 10

35

M Allocated indirect costs

90
65

90 90
30 30

Conventional units per unit of output

Pooled cost ~ Direct costing  Pooled cost  Direct costing
accounting (Grain crops) accounting (Vegetable
(Grain crops) (Vegetable crops)  crops)

Figure 1. Comparison of the impact of cost accounting
methods on cost structure and contribution margin
Source: compiled by the authors

The data presented clearly illustrate the methodo-
logical trap faced by entities using the pooled cost ac-
counting method. Under the traditional approach (grain
crops - 90 units; vegetable crops - 90 units), the cost of
the crops appears identical, which may lead managers
to make erroneous strategic decisions based on fiscal
rather than economic indicators. The transition to direct
costing, as demonstrated by the grain crop example, re-
veals “hidden” reserves: production cost decreases to
65 units, while the contribution margin increases 3.5-
fold, from 10 to 35 units. In the case of vegetable crops,
the method makes it possible to clearly identify the
cost structure required for decisions on expanding or
reducing cultivated areas. Thus, the implementation of

management accounting does not merely ‘complicate”
the paperwork; rather, it becomes a practical tool for
increasing the profitability of production.

Practical aspects

of transitioning to the proposed methods

Case 1: The effect of transitioning to direct costing (Is-
syk-Kul region). The enterprise introduced a distinction
between fixed and variable costs. Previously, pooled
cost accounting indicated that the vegetable segment
was generally loss-making. Following the transition to
the proposed algorithm, it was found that the contribu-
tion margin for key crops was 8% higher. Eliminating
inefficient crops increased overall profitability by 6%
within a single operating cycle.

Case 2: Eliminating distortions in the valuation of
biological assets (Chuy region). The enterprise switched
to fair value measurement. Before the implementation
of the method, the discrepancy between the accounting
data and the market valuation of the livestock amount-
ed to 24.5%. Regular revaluation, as demonstrated by
the analysis of 2026 data, enabled the increase in val-
ue to be reflected objectively, raising reported profit by
15% and strengthening creditors’ confidence. Analytical
Summary. The data indicate that the pooled cost ac-
counting method creates a “hidden loss phenomenon”.
High-input crops, such as sugar beet, are artificially
overvalued due to the allocation of costs across total
production, whereas grain crops are undervalued, there-
by masking managerial inefficiencies. The proposed
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transition to direct costing and the application of IAS
41 make it possible to eliminate this discrepancy and
ensure greater transparency of contribution margins.

Accounting for biological assets: IAS 41 require-
ments, application practices and assessment of distor-
tions. The adoption of IAS 41 “Agriculture” represents
a paradigm shift in accounting, moving from the his-
torical cost principle towards fair value measurement
(International Accounting Standards Board, 2023). Re-
searchers A. Bekmuratov et al. (2025) appropriately
identify a key barrier: the limited availability of active
markets for most biological assets in the regions of the
Kyrgyz Republic. A study of 74 agricultural enterprises
showed that only 18 entities (24%) have implemented
IAS 41, whereas 56 enterprises (76%) fully disregard

IFRS requirements and continue to use the historical
cost model. It was established that this approach re-
sults in an understatement of return on sales by 12-
19%. The average gap between the actual cost of bi-
ological asset production and their fair market value
amounts to 24.5%. This makes financial reporting less
informative for creditors, as the value of collateral is
reflected in the balance sheet at a level significantly
below its market value (National Statistical Commit-
tee of the Kyrgyz Republic, 2024). To systematise the
identified differences between the requirements of IAS
41 and the actual accounting practices for biological
assets among agricultural enterprises in the Kyrgyz
Republic, a comparative analysis of the key accounting
aspects was conducted (Table 6).

Table 6. Comparison of IAS 41 requirements and the practice of accounting
for biological assets in the Kyrgyz Republic

Accounting aspect IAS 41 requirements

Valuation of biological assets Fair value
F_{ecognltlon At fair value
of agricultural produce
. . Detailed
Information disclosure . . .
(including changes over time)
Recognised

Changes in value in the reporting period

I.’ractlce of enterprlst.es e AR
in the Kyrgyz Republic
Understatement of assets
in the balance sheet
Distortion
of financial performance
Lack of investment
transparency
Failure to account
for market factors

Historical cost
At actual cost
Not provided

Not recognised until sale

Source: compiled by the authors based on International Accounting Standards Board (2023)

Practical transition cases

Case 1: Valuation of a breeding herd (Chiy region). The
farm switched from accounting for the herd at historical
production cost to measuring it at fair value. Following
the revaluation of the biological assets, the carrying
amount of assets increased by 26%, enabling the enter-
prise to increase its bank lending limit. The actual gain
arising from changes in the value of the assets amount-
ed to 15%, according to the authors’ 2026 research data.

Case 2: Accounting for grain crops at the point of
harvest (Issyk-Kul region). The enterprise introduced
the recognition of harvested crops at fair value at the
point of separation from the biological asset. Previous-
ly, profit was effectively “locked in” until the point of
sale. The proposed method enabled the financial result
to be recognised promptly, revealing that the contribu-
tion margin from grain crops was 8% higher than pre-
viously estimated. This provided management with a
practical tool for making informed decisions during the
harvesting period.

The analysis of Table 6 reveals a systemic gap. The
main contributing factor is the absence of official price
quotations in regional markets (the “mal bazaar”). Me-
chanically replicating IFRS requirements without tak-
ing into account the lack of transparent market indica-
tors increases the workload associated with accounting
while generating little or no managerial benefit. Never-
theless, as demonstrated by the cases presented, even

a partial transition to market-based valuation can elim-
inate investment opacity and substantially improve an
enterprise’s financial profile.

Staff shortages and organisational constraints
A review of the literature reveals systemic problems
hindering the development of management accounting.
Researchers point to a shortage of specialists capable
of adapting management accounting tools to the spe-
cific characteristics of agriculture (W. Crewett, 2015),
fragmented information systems (Dzhumagulov & Mis-
triukova, 2025), and a general lack of internal regula-
tions governing management accounting. The survey
of 74 agricultural enterprises revealed that in 68 cases
(92%), accounting functions are performed either by the
managers themselves or by specialists with secondary
vocational education who are unfamiliar with contri-
bution margin analysis. The findings indicate that the
lack of qualified personnel is correlated with the dis-
regard of IAS 41 (International Accounting Standards
Board, 2023).In enterprises where accounting is handled
by a full-time specialist with a higher degree in eco-
nomics, the likelihood of implementing elements of di-
rect costing is 3.5 times higher than in the other groups.
Practical case: overcoming the staff shortage. Im-
plementation of remote management consulting (Chiy
region). The enterprise did not have the resources to
hire a qualified economist. The introduction of a remote
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monthly consulting system based on the proposed al-
gorithms enabled the existing accountant to acquire
fundamental knowledge of direct costing within six
months. Result: Cost transparency increased, product
costs were calculated with an accuracy of up to 95%,
and operating expenses decreased by 11% due to the
identification of inefficient expenditure items. Analy-
sis of Organisational Constraints. A comparison of the
data confirms the conclusion of M.A. Vakhrushina &
N.V. Malinovskaya (2014) regarding the dependence of
accounting efficiency on human resource capacity. Ba-
sic software infrastructure is available to most entities,
but it is primarily used as an “electronic typewriter” for
preparing primary accounting documents.

The key obstacle remains the psychological bar-
rier: the managers of peasant (farmer) enterprises
(PFEs) fear that detailed internal accounting may trig-
ger greater fiscal scrutiny. Conversely, overcoming the
staff shortage requires the implementation of system-
atic management consulting and remote staff training
models. Only the integration of external analytical ex-
pertise into existing accounting processes will enable
accounting records to be transformed from a purely fis-
cal instrument into a comprehensive system supporting
strategic decision-making.

Conclusions
The study of 74 agricultural enterprises in the Kyrgyz
Republic demonstrated that the institutional and meth-
odological weaknesses of management accounting are
systemic in nature. The current Law of the Kyrgyz Re-
public “On Accounting”, together with simplified tax re-
gimes, undermines incentives for maintaining analyti-
cal accounting. The empirical findings confirm that 76%
of the surveyed entities rely on the simplified pooled
cost accounting method, focusing exclusively on fiscal
purposes, thereby depriving management of timely in-
formation on actual production costs. The main finding
of the study is the quantitative confirmation of the det-
rimental impact of current accounting practices. It was
established that the use of the pooled cost accounting
method distorts financial performance: the lack of cost
differentiation understates the profitability of individu-
al crops by 12-19%, thereby masking actual losses. With
regard to the accounting for biological assets, a crit-
ical gap was identified between actual costs and fair
value, averaging 24.5%. This systematically understates
the carrying amount of assets, thereby hindering access
to long-term bank financing. Only 24% of the surveyed
agricultural enterprises have partially implemented IAS
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41, although the lack of transparent market quotations
in the regions limits the effectiveness of this process. A
comparative analysis of the experience of EAEU coun-
tries (Kazakhstan and Uzbekistan) demonstrated that,
without government support — such as methodological
guidelines and IT subsidies - the agricultural sector of
the Kyrgyz Republic remains isolated. The authors’ rec-
ommendations are based on a phased differentiation
approach. At the first stage, sector-specific direct cost-
ing models should be developed and adapted to small-
scale farms, where 92% of accounting functions are
performed by non-specialist personnel. As demonstrat-
ed by the case studies presented, the implementation
of these methods can increase reported profit by 15%
and raise the contribution margin of key crops by 8%.
Despite the findings obtained, this study has sev-
eral limitations. First, the conclusions are based on
data from agricultural entities in the Chiy, Issyk-Kul,
and Osh regions, which does not allow the results to
be automatically extrapolated to high-mountainous
regions with different climatic and institutional condi-
tions. Second, the high proportion of small-scale farms
in the sample creates practical difficulties in imple-
menting comprehensive accounting systems due to the
high level of administrative costs relative to the scale
of production. Third, the fair value measurement of bi-
ological assets under IAS 41 at the current stage relies
to a considerable extent on expert judgement due to
the absence of active market quotations, which calls for
caution when interpreting financial indicators. These
limitations highlight the need for further development
of regional methodological guidelines that take into
account the specific characteristics of small-scale ag-
ricultural enterprises. Future research should focus on
the experimental implementation of specialised direct
costing registers within pilot agricultural cooperatives.
In particular, adapting the proposed approaches to the
mountain livestock farming and intensive horticulture
sectors could help bridge the gap between universal
accounting methodologies and the actual produc-
tion-specific conditions of the Kyrgyz Republic.
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AHHoTauums. M3unaeeHyH aktyanayynyry Keiprbi3 PecnybnunkacbiHblH arpapAblK CEKTOPYH 3KCTEHCMBAYY Yapba
XXYPry3yy blKManapbliHaH NpOAYKUMSHbIH ©34YK HapKbl XXBHYHAS Tak MaanbiMaTTapra HerusaenreH 6alkapyyHyH
3aMaHban MoAenvHe ©TKepyy 3apbinyblibirbl MEHEH wWwapTranraH. MweHnmayy MaanbiMaTTbik 6asaHbl Ty3syy
pecnybauKaHbIH arpOBHep Xa KOMMNAEKCUHUH HATbIAXaNyy OHYTYLUYH KaMCbI3 KbITyYHYH MUAAETTYY WapTsl 601yn
caHanart, byn 3cenke anyy cucTemManapbiH MOLEPHM3ALMAN00 MacenenepuH TapMaKTblH S3KOHOMMKAbIK ©CyLy
YUYH apTbIKYbINbIKTYY MUAOETTePAMH KaTapblHa Yblrapat. MWTuH MakcaTbl — 61K6HYH aibln yapbacbiHaa 6awkapyy
3Ce6UHMH BHYTYLWYHe TOCKOOA OOAMOH MHCTUTYLMOHANAbIK, METOAONOMMSNbIK XaHa KaapAblk 6apbepnepam
aHbIKTOO, OLIOHAOM 3/1e anapAbl XXOKYHYH NPaKTUKablK MEXaHU3MAEPUH Hernsaee 6onyn caHanat. M3ungeeHyH
MeTOA0NOrMANbIK Hern3uH Yyir, blcbik-Ken xxaHa Ow obnycTapbiHbIH arpoCTPYKTYpanapbiHbIH UILIMEPAYYIYTYHO
TYTYMAYK >KaHa CanblWTbipManyy Tangoo MeTOAAOPYH KOAAOHYY MEHEH XXYPry3yareH KOMMNEeKCTYYy aHanus
Ty34y. AAMaKTbIK MPaKTUKaHbl U3UNLE6HYH XbIAbIHTbIKTapbl y4ypAarbl TOCKOONAYKTAp KOMMIEKCTYY MYHO3re
33 3KEHOMIUH KepceTTy. JCenKe anyyHyH «Ka3aHAblk» MeToAyH 6apiblK Xepae KONAOHYY MeHeLXMEHTTU
NPOAYKUMSHbIH Typnepy OOKHYa 3apbll aHANUTUKAAAH aXblpaTapbl XaHa peHTabenoyynyk KepceTKy4YTepyH
onyTTyy 6ypmManooro anbin Kenepu aHbiktangbl. MwtuH xypywyHge ®O3K (IAS) 41 Tanantapbl MeHeH peanayy
NMPaKTUKaHbIH OPTOCYHAATbl aXKbIpbIMra ©3reye KeHyn 6ypynay: enkeHyH aiMakTapbiHAa akTUBAYY PbIHOKTOPAYH
XKOKTYFyHaH ynaM OWONorusanbik akTUBOEPAM apuneT Hapkbl 60wHYa 6aanoo ww >Ky3yHOe aTKapblArbiC
Munget 60MA0H Kanyyna. 1 apanblk CTaHOAPTTapAbl a3blpKbl yuypAaarbl KBanM@uUKauuanyy KaaprapAbiH XKaHa
aAMCTELWTUPUATEH NPOrpaMManblk KaMCbI3A0OHYH >XETULICU3AUTM LapTbiHAA Maxbypnan Kuprusyy peanmyy
Kap>blIblK arbiMaapabl YarbiigbipbaraH Gopmanayy 3cenke anyyra raHa anbin Kenepu ganungeHav. Makanaga
HaluKapyy 3cebUHMH cucTeManapblH 3Tan-3Tabbl MEHEH afanTaUMAN00HYH aNropuTMM CYyHYLWTaNAbl, an TapMaKTbiK
MeTOAMKANbIK CyHYLITaManapabl MWTEN YbIFyyHY XaHa AblikaH yapbanapbl y4yH TUNTYY MOAENnAepau Ty3yyHY
KaMTbINT. M3nnAeeHyH NpakTUKaibiKk MaaHUAYYAYry arpoeHep xan KoMnaekcuHMH ABGK mliKaHanapbiHbIH 3CENTUK
CasicaTblH OMTMMANAAWTLIPYY XaHa avbln Yapba XOropkKy OKyy xawnapbiHaarel 6unum 6epyy nporpammanapbiH
MOAEPHMU3ALMUANO0 YUYH «AMPEKT-KOCTUHI XaHa «CTaHAAPT-KOCT» CMCTeManapbliHbIH 3N1EMEHTTEPUH KONAOHYY
MYMKYHYYNYIYHAS TypaT

Herusru ce3nep: CTpaTternanblKk YbirbiIMaapbl Ke3eMesnnee; KanbKynauuanoo blKManapbl; MYKM KOHTPONL00
cnucreMachbl; YEHEMAUK-YKYKTYK X)KOHIe Canyy; 3Cen cadacarbl; d)VIHaHCbIJ'IbIK MaanbiMaT, eHAYPYLWTYH HaTblﬁxanyynyry
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AHHOTaumsa. AKTYaNnbHOCTb MCCNefOoBaHWS 00yC/loBNeHa HeoOXOAMMOCTbIO MepexoAa arpapHoro CekTopa
Kbipreiackoit Pecnybnnku OT 3KCTEHCMBHbBIX METOLOB XO34WCTBOBAHWMS K COBPEMEHHOW MOLENW ynpaBieHus,
6a3upyroLWwencs Ha TOYHbIX AaHHbIX O cebectoumocTu nponykumu. Cos3paHWe HaLeXHOW WMH(OPMALMOHHON
6a3bl aBngeTca obs3aTenbHbIM ycnoBueM ana obecneyeHus 3OPEKTUBHONO pa3BUTUS arpoNpPOMbILNEHHOIO
KOMMnnekca pecnybnuku, 4YTo LenaeT BOMPOCbl MOAEPHU3ALMM YYETHbIX CUCTEM OAHOW M3 MPUOPUTETHbIX
3aja4y AN 3KOHOMMYECKOro pocTta oTpaciu. Llenb paboTbl 3ak/iovanacb B BbISIBIEHUM UHCTUTYLIMOHAMbHBIX,
METOL0N0rMYEeCKMX U KaapoBbiXx BapbepoB, NPensaTCTBYHLWMX Pa3BUTUIO YNPaBAEHYECKOro yyeTa B CENbCKOM
X0341iCTBE CTPaHbl, a TakxKe B 000CHOBAaHWMM NPaKTUYECKMX MEXAHMU3MOB UX NpPeofoneHns. MeTononoruyeckyto
OCHOBY MCCNefoBaHMS COCTaBWMI KOMMIEKCHbIM aHanu3 AesTenbHOoCTH arpodopMupoBaHui Yyickon, Mccbik-
Kynbckoi 1 Owckoi obnacteit ¢ UCNonb30BaHWMEM METOL0B CUCTEMHOMO U CPAaBHUTENBHOrO aHanu3a. PesynbTaTthl
U3YyYeHUS perMoHanbHOM NPaKTUKM NOKA3anu, YTO CYLLECTBYHOLME NPENSTCTBUS HOCAT KOMMIEKCHbIA XapakTep.
YCTaHOBNEHO, YTO NOBCEMECTHOE NMPUMEHEHME KKOT/IOBOrO» METOAA y4yeTa /iMaeT MeHeIKMEHT HeobxoAnMOM
aHaNUTWKM B pa3pese BUA0B NPOAYKLUMN M MPUBOAMT K CYLLECTBEHHBIM MCKAXKEHUSIM NOKa3aTenen peHTabenbHOCTY.
Ocoboe BHMMaHUWe B paboTe yAeneHO BbISBNEHHOMY pa3pbiBy Mexay TeopeTuyeckumu tpeboBaHuammu MCOO
(IAS) 41 v peanbHOCTbIO: B YCNOBUSAX OTCYTCTBMS aKTUBHbIX PbIHKOB B PErMOHAX CTPaHbl OLeHKa B1Monormyeckmx
aKTMBOB MO CMpaBeasMBOM CTOMMOCTM OCTaeTCs NpaKTUYeCKW TpyaHopeanusyeMon 3agadvenn. [okasaHo, 4To
$OopCcMpOBaHHOE BHEAPEHME MEXAYHAPOAHbIX CTAaHAAPTOB Mpu TekyleM aeduunte KBanMOULUMPOBAHHbLIX KAAPOB
M Cneunann3npoBaHHOro NporpaMMHoro obecrnevyeHuns NpuMBOAMT NULb K GOPManbHOMY BeAEHUK Yy4yeTa, He
oTpaxatwwemyd peanbHble GMHAHCOBbIE NOTOKM. B CTaTbe NpeanoXeH anropuTM NO3TanHOM aganTaumMm CUCTEM
yNpaB/IEHYECKOro y4yeTa, BKAKYAKLWMIA pa3paboTKy OTpACNeBbiX METOAMYECKMX PEKOMEeHAaUMM M co3paHue
TUNOBbLIX MoAenen AN KPeCTbSIHCKMX XO039MCTB. [lpakTuyeckas 3HAaYMMOCTb MCCAeA0BaHMS 3aK/4yaeTcs B
BO3MOXHOCTU MCNOMb30BAHMUA NPEANOXEHHbIX UHCTPYMEHTOB, BK/HOYAs 3/1IEMEHTbI CUCTEM «AUPEKT-KOCTUHI» U
«CTaHAAPT-KOCT», ANS ONTUMMU3ALUM YYETHOW MOJAUTUKM NPeanpuaTUin arponpomblwneHHbli komnnekc (AMK) u
MoJepHU3auun 06pa3oBaTeNbHbIX MPOrpaMM B CEIbCKOXO3AMCTBEHHbIX By3axX

KnioueBble cnosa: CTpaTerMLIECKVIﬁ KOHTPOJIb 3aTpaT; METOAbl KaJlbKyNMPOBAHUA; CUCTEMA BHYTPEHHErO

KOHTpONA; HOPMAaTUBHO-NMpPaBoOBOE perynunpoBaHue; y4yeTHad NONNUTUKA,; q)MHaHCOBaFI MHd)OpMaLI,MFI;
Nnpon3BoACTBEHHAA Bd)qJEKTl/IBHOCTb
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Abstract. Regrouping disrupts established social relationships among dairy cows. Temporary overstocking
additionally increases competition for feed, water, and lying space. The aim of this study was to evaluate the
hormonal and production responses of cows with different stress-resistance types to social hierarchy-related
stress at a commercial dairy complex. Cortisol and adrenaline concentrations were measured in 86 lactating cows
before and 12 hours after 36 additional cows were introduced into a 540 m? pen; the cows were classified by stress-
resistance type from basal cortisol, and daily milk yield, milk fat,and milk protein were assessed. Low, unstable, and
high stress resistance was identified in 13 cows (15.12%), 55 cows (63.95%), and 18 cows (20.93%), respectively.
Cortisol increased from 129.86 to 138.23 nmol/L in low-resistance cows, decreased from 72.33 to 68.89 nmol/L in
unstable cows, and remained almost unchanged in high-resistance cows, at 47.21 and 48.03 nmol/L. At 12 hours,
adrenaline was lower than baseline by 35.13%, 41.00%, and 14.12%, respectively. Daily milk yield decreased by
4.18 kg, or 14.88%, in low-resistance cows and by 1.28 kg, or 4.62%, in unstable cows, whereas it increased by
0.39 kg, or 1.30%, in high-resistance cows. Milk fat decreased by 2.96%, 6.63%, and 0.46%, respectively, whereas
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hierarchy-related stress on hormonal reactivity and milk production in dairy cows at a commercial dairy complex. Bulletin
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milk protein changed by -0.46%,-2.26%, and +3.13%. Correlations between post-challenge cortisol and milk yield
were 0.33, 0.18, and 0.45, respectively; all 95% confidence intervals included zero and all p values exceeded
0.05. Low-resistance cows had the greatest risk of production loss and should be managed using low-disruption
regrouping procedures and reduced competition for essential resources

Keywords: herd regrouping; social competition; basal cortisol; adrenaline; daily milk yield; stocking density;

individual reactivity

Introduction

The intensification of dairy farming is accompanied
by larger management groups, regular movement of
animals between pens, and greater competition for
feed-bunk space, drinking points, and lying areas. For
a herd animal, these changes involve not only physical
relocation but also the need to re-establish dominance
and subordinate relationships. During the first hours af-
ter unfamiliar cows are mixed, displacements become
more frequent, feeding behaviour and resting patterns
change, and the physiological cost of adaptation de-
pends on individual reactivity.

A recent review showed that social mixing most
consistently alters activity, resting time, and the fre-
quency of agonistic interactions, whereas evidence
regarding hormonal and production consequences re-
mains heterogeneous (Hubbard et al., 2021). Prolonged
social instability can also interact with nutritional and
technological stressors and contribute to impaired
health and production (Proudfoot & Habing, 2015).
Social hierarchy is not a fixed linear attribute of an
individual cow. Rank depends on context, resource
availability, group composition, and the method used
to calculate it. M.F. Bouissou et al. (2001) showed that
dominance relationships in cattle depend on age, body
size, experience, and the context in which animals com-
pete. J. Krahn et al. (2024) subsequently demonstrated
that group size affects the number and distribution of
agonistic interactions among dairy cows. Thus, when
resources are limited, an observed competitive advan-
tage may reflect not only stable social rank but also the
animal’s current motivation. In this study, the term “so-
cial hierarchy-related stress” therefore refers to stress
induced by regrouping and temporary overstocking,
rather than to a previously measured rank for each cow.

Individual variation in the response has practical
importance for dairy production. Sociability, fearfulness,
and coping style determine how an animal modifies its
behaviour when encountering competitors (Nogues et
al., 2020). Under restricted feed access, individual dif-
ferences may become more pronounced because com-
petition changes feeding behaviour and access to the
ration (DeVries, 2019). Physiological status and pro-
duction level can also modify cortisol concentrations
and their relationship with milk production (Tallo-Par-
ra et al., 2018). These factors can modify the response
to regrouping and should be considered when hor-
monal and production outcomes are interpreted. At

commercial dairy complexes, both the average herd
response and within-herd heterogeneity are impor-
tant. Cows in the same management group may differ
substantially in basal hormonal activity, behaviour, and
their ability to maintain milk yield during a combined
social and management challenge. Preliminary classi-
fication based on basal cortisol can help identify cat-
egories of animals at increased risk of production loss.
The objective of the study was to evaluate changes
in cortisol and adrenaline concentrations, daily milk
yield, and major milk components in cows of different
stress-resistance types after regrouping and temporary
overstocking within a single commercial cohort.

Literature Review

The social organisation of cattle combines domi-
nance relationships with selective affiliative bonds.
Familiar animals may provide social support during
relocation or regrouping. J.L. Rault (2012) concluded
that the presence of familiar conspecifics can reduce
behavioural and physiological responses to adverse
events. This supports moving cows in small, famil-
iar subgroups whenever farm organisation permits.
Parity and previous social experience also affect the
response to mixing. CJ.C. Phillips & M.l. Rind (2001)
compared mixed and unmixed groups of primiparous
and multiparous cows. Milk yield in mixed cows was
3% lower during the first week and remained approx-
imately 1% lower during the following six weeks.
Mixed cows spent less time grazing and more time
standing, indicating that changes in feeding behav-
iour can contribute to production losses.

Regrouping causes the most pronounced changes
immediately after animals are introduced into a new
pen. J. Denham & A. Adams Progar (2023) observed
changes in salivary cortisol and behaviour in both
newly introduced and resident Holstein heifers after
regrouping. A review by AJ. Hubbard et al. (2021) con-
firmed the consistency of behavioural responses but
noted heterogeneous evidence for endocrine, immune,
and production consequences. Competition for feed-
bunk space intensifies social pressure. Reduced feed-
bunk allowance increases the frequency of displace-
ments and can restrict feeding opportunities, especially
for subordinate cows (DeVries, 2019).J. Lyu et al. (2023)
likewise found that group size and regrouping affected
physiological stress indicators and behaviour in dairy
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calves. These mechanisms are important for interpret-
ing an experiment in which both group composition
and space allowance per cow changed simultaneously.

The physiological response to social competition
does not always correspond to overt aggression. Cor-
tisol is a widely used indicator of hypothalamic-pitui-
tary-adrenal axis activity, but it should be interpreted
according to stressor duration, circadian rhythm, phys-
iological status, and the sampling procedure (Mostl &
Palme, 2002; Morméde et al., 2007). Repeated veni-
puncture can itself influence plasma cortisol concentra-
tions (Hopster et al., 1999). C.E. Hernandez et al. (2014)
demonstrated that peak salivary cortisol occurs later
than peak plasma cortisol after a stressful procedure
in dairy cattle. NJ. Cook (2012) therefore recommended
standardising sampling time, animal handling, sample
medium, and laboratory processing. The relationship
between social contacts and production is also incon-
sistent. Some cows maintain milk production despite
changes in behaviour, whereas others experience a
marked short-term decline. Overall, the literature indi-
cates that hierarchy-related stress should be assessed
by jointly considering the nature of the challenge, hor-
monal markers, and individual production dynamics
rather than inferring stress from a single behavioural
or endocrine measure.

Materials and Methods

Experimental animals and housing conditions. The
study was conducted in 2023 at the Pobeda LLP breed-
ing farm in the Pavlodar Region, Republic of Kazakh-
stan. The field phase was carried out from August to
November 2023.The experiment included 86 clinically
healthy lactating cows from a single commercial herd.
The cohort comprised 27 Holstein, 31 Red Steppe, and
28 Simmental cows. Animals were matched for stage
of lactation, live weight, and production status. Accord-
ing to the selection characteristics of the production
groups, the cows were approximately 3-6 years old,
with a mean age of 4.3 years. They were in their sec-
ond to fourth lactations, at approximately 90-210 days
in milk, with a mean of 148 days. Live weight ranged
from approximately 520 to 650 kg and averaged
575 kg. Production status corresponded to an average
baseline daily milk yield of 28.29 kg per cow. Cows
showing clinical signs of udder, limb, or reproductive
disease were excluded.

Cows were loose-housed in pens at a commercial
dairy farm. The production sections normally contained
70-90 cows and were formed according to lactation
stage and productivity. Each section had automatic
drinking points, a feed bunk, and individual lying plac-
es with rubber flooring and straw bedding renewed
daily. Automatic scrapers removed manure at approx-
imately 20-minute intervals, and three industrial fans
were installed above each section. Before the experi-
ment, the animals were placed in a stable management
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group and maintained with an unchanged composition
for one month to allow adaptation to the facility and
stabilisation of social relationships. The experimental
pen had a total area of 540 m?, equivalent to approxi-
mately 6.2 m? per cow. During the experimental period,
indoor air temperature ranged from approximately 14
to 22°C, relative humidity from 50 to 68%, and air ve-
locity from 0.2 to 0.4 m/s. These conditions were with-
in the thermoneutral range for adult dairy cows and
reduced the likelihood that heat stress substantially
affected the regrouping response. Animals had free ac-
cess to drinking water and a total mixed ration. The
approximate daily ration per cow consisted of 24.0 kg
of maize silage, 12.0 kg of haylage, 3.0 kg of mixed-
grass hay, 3.0 kg of barley grain, 1.5 kg of maize grain,
2.0 kg of rapeseed meal, 1.5 kg of sunflower meal, and
0.2 kg of vitamin—-mineral premix. The ration supplied
approximately 23 kg of dry matter per cow per day and
contained about 15.5% crude protein, 33% neutral de-
tergent fibre, and 10.6 MJ of metabolisable energy per
kilogram of dry matter. Milking was performed twice
daily at 05:00 and 17:00 in a herringbone milking par-
lour. The 24-place milking installation was manufac-
tured by Westfalia, Germany.

Experimental procedures and statistical analysis.
Social hierarchy-related stress was induced by com-
bining regrouping with temporary overstocking. In the
evening, 36 cows from another management group
were introduced into the pen containing the adapted
experimental animals. The total number of cows in
the pen increased to 122, and the space allowance de-
clined to 4.4 square metres per cow. The 36 introduced
cows created the experimental challenge but were not
included in the statistical analysis of the original 86-
cow cohort. The challenge lasted 12 hours. Baseline
measurements were obtained under resting conditions
before regrouping. Repeat blood sampling and a test
milking were performed the following morning after
the 12-hour challenge. Individual daily milk yields for
the 15 days before and 15 days after regrouping were
also extracted from the farm database to assess short-
term recovery of production.

Blood was collected from the coccygeal vein 30
minutes after morning milking within the same time
window for all cows. Serum-separator tubes were used
for hormone measurements. Samples were transport-
ed in an insulated container at no more than 4 de-
grees Celsius and delivered to the laboratory within
two hours of collection. Cortisol and adrenaline con-
centrations were determined using a solid-phase en-
zyme-linked immunosorbent assay on a Tecan Infinite
F50 microplate reader, with optical density measured
at 450 and 620 nanometres. The analyser was manu-
factured by Tecan Austria GmbH, Grodig, Austria. Bovine
Cortisol ELISA and Bovine Epinephrine/Adrenaline EPI
ELISA kits manufactured by Shanghai BlueGene Bio-
tech Co., Ltd., Shanghai, China, were used, and hormone
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concentrations were calculated from the corresponding
calibration curves. Milk fat and protein percentages
were measured using a Laktan 700 infrared analyser.
The analyser was manufactured by Sibagropribor LLC,
Krasnoobsk, Novosibirsk Region, Russian Federation. All
baseline and post-challenge samples were analysed
using the same protocol. Stress-resistance type was de-
termined from basal cortisol concentration using a uni-
form classification algorithm. The number of frequency
intervals was estimated with Sturges’ rule, after which
the mean and standard error were calculated. Values
above M+ 3m were classified as low stress resistance,
values below M -3m as high stress resistance, and in-
termediate values as unstable stress resistance. The
approach is protected by Utility Model Patent No. 9336
of the Republic of Kazakhstan (Patent for Utility Model
No. 9336, 2024). Cows were then assigned to one of the
three stress-resistance types.

For each stress-resistance type, means were
weighted by sample size and variances reconstruct-
ed from residual and between-mean components.
Type proportions are reported with 95% Wilson con-
fidence intervals and means with 95% t-distribution
confidence intervals. Changes were expressed in ab-
solute units, percentages, and relative to the baseline

standard deviation (4/SD,); absolute values below 0.20
were considered negligible, 0.20-0.49 small, 0.50-0.79
moderate, and 0.80 or greater large. Overall correlation
coefficients were estimated on Fisher’s z scale using n -
3 weights, with 95% confidence intervals and two-sided
p values. Because individual paired observations were
unavailable, confidence intervals and p values for pre-
post differences were not reconstructed. Confirmatory
analysis should use an individual-level linear mixed-ef-
fects model with fixed effects of time, stress-resistance
type, and their interaction, adjustment for parity and
stage of lactation, and a random intercept for cow.
The study complied with the European Convention for
the Protection of Animals Kept for Farming Purpos-
es (1976), the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (1986), and Law of the Republic of
Kazakhstan No. 97-VII (2021). Trained personnel per-
formed all procedures and minimised restraint time.

Results and Discussion
Of the 86 cows, 55 (63.95%) were classified as unsta-
ble, 13 as low-resistance, and 18 as high-resistance;
Wilson intervals were wider for the smaller low-resist-
ance type (Table 1).

Table 1. Distribution of cows by stress-resistance type

Stress-resistance type n
Low 13

Unstable 55

High 18

% 95% ClI for proportion, %
15.12 9.05-24.16
63.95 53.41-73.30
20.93 13.67-30.68

Note: 95% confidence intervals for proportions were calculated using the Wilson method (n=86)

Source: authors’ calculations based on the study data

During the first hours after the new animals were
introduced, sniffing, displacements, physical confronta-
tions, increased movement at the feed bunk, restricted
access to water,and insufficient lying space were record-
ed. Some animals remained in the passages because all
lying places were occupied. These observations were
descriptive and were not analysed using a formal etho-
gram. In the full cohort, the most consistent increase
in cortisol occurred in low-resistance cows: the mean

concentration increased by 8.37 nmol/L, or 6.45%. The
standardised change was 0.25 baseline standard devi-
ations and represented a small effect. In the unstable
type, mean cortisol decreased by 4.77%, with a small
standardised effect of -0.36; the wide post-challenge
interval reflected pronounced heterogeneity in individ-
ual responses. In the high-resistance type, the change
was negligible at 1.73%, or 0.07 baseline standard de-
viations (Table 2, Fig. 1).

Table 2. Changes in cortisol concentration by stress-resistance type

Type n Baseline, nmol/L, mean £ SE [95% ClI]
Low 13 [1%%3?287(?:5?6%;5]

Unstable 55 169.74.7492)
High 18 [3122111-1532(753]

Post-challenge, nmol/L, mean +SE [95% CI] Change, % A/SD,

138.23£7.57

[121.74-154.72] +6.45  +0.25
68.89+3.56
[61.76-76.02] -4.77  -0.36
48.03+1.90
[44.02-52.04] +1.73  +0.07

Note: SE - standard error; Cl - confidence interval; A/SD,, - change standardised to the baseline standard deviation

Source: authors’ calculations based on the study data
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Figure 1. Changes in cortisol concentration after regrouping in the full study sample

Source: authors’ calculations based on the study data

Adrenaline concentration 12 hours after regroup-
ing was lower than baseline in all stress-resistance
types. The decrease was 35.13% in the low-resistance
type, 41.00% in the unstable type, and 14.12% in the
high-resistance type. The standardised effect was mod-
erate in low-resistance cows and small in unstable and

high-resistance cows. This finding should not be inter-
preted as an absence of an acute stress response: the
catecholamine response develops rapidly, and sampling
at 12 hours probably captured a recovery phase. The re-
maining high variability supports the inclusion of several
early sampling time points in future studies (Table 3).

Table 3. Changes in adrenaline concentration by stress-resistance type

Type n Baseline, pg/mL, mean +SE [95% Cl]

70.68+12.06

Low 13 [44.41-96.95]

65.13+7.22

Unstable 55 [50.64-79.61]

55.30+£5.97

High 18 [42.69-67.90]

Post-challenge, pg/mL, mean % SE [95% CI] Change, % A/SD,
129.25-62.40] 3513 087
éi:ﬁiilii] -41.00 | -0.50
47.49+7.80 1412 | -031

[31.03-63.95]

Note: change estimates are descriptive; paired covariance was unavailable in the summary report

Source: authors’ calculations based on the study data

Analysis of the full cohort revealed a gradient in
production stability. In low-resistance cows, daily milk
yield decreased from 28.08 to 23.90 kg, a reduction of
4.18 kg or 14.88%. The standardised change of -0.66
represented a moderate negative effect. In the unstable

type, the decrease was 1.28 kg or 4.62%, with a neg-
ligible standardised effect of -0.18. High-resistance
cows largely maintained their average milk yield, which
was 0.39 kg or 1.30% above baseline; the standardised
change of 0.06 was negligible (Table 4, Fig. 2).

Table 4. Changes in adrenaline concentration by stress-resistance type

Type n Baseline, kg, mean +SE [95% CI] = Post-challenge, kg, mean+SE [95% CI] = Change, kg Change, % A/SD,
Low 13 [gifggﬁigg] [ig:gg-iz;gg] -4.18 -14.88  -0.66
Unstable 55 [Z:?%g:gj] éi:ggfzé‘gg] -1.28 462 018
e EEay

Source: authors’ calculations based on the study data
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Figure 2. Changes in daily milk yield after regrouping in the full study sample

Source: authors’ calculations based on the study data
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Changes in milk composition were less pronounced
than changes inyield. Milk fat decreased most markedly
in the unstable type, by 6.63%; the standardised effect
of -0.47 was small and approached a moderate magni-
tude. Milk fat decreased by 2.96% in the low-resistance
type and by 0.46% in the high-resistance type. Milk

protein was nearly unchanged in the low-resistance
type, decreased by 2.26% in the unstable type, and in-
creased by 3.13% in the high-resistance type. The latter
represented a moderate descriptive effect but should
be interpreted cautiously because individual paired co-
variance was unavailable (Table 5).

Table 5. Changes in milk fat and protein percentages by stress-resistance type

Type n Baseline milk Post_-challenge Change in milk Baselin.e milk P(.Jst-challgnge Change -in milk
fat, % milk fat, % fat, % protein, % milk protein, % protein, %
Low 13 4.93+0.19 4.78+0.18 -2.96 2.82+0.02 2.80£0.04 -0.46
Unstable | 55 4.90+0.09 4.58+0.08 -6.63 2.82+0.03 2.76+0.02 -2.26
High | 18 4.71+0.18 4.69+0.15 -0.46 2.77+0.04 2.86+0.01 +3.13

Note: percentage changes were calculated from unrounded pooled values; minor differences arising from the rounded means

are due to rounding
Source: authors’ calculations based on the study data

Correlations between post-challenge cortisol and
dailymilkyield were positive but statisticallyinconclusive.
The overall coefficient was 0.33 for the low-resistance
type (95% confidence interval,-0.56 to 0.87; p =0.496),
0.18 for the unstable type (-0.10 to 0.44; p=0.213), and
0.45 for the high-resistance type (-0.16 to 0.82; p=0.141).

All confidence intervals included zero; therefore, the
data do not support a consistent linear association be-
tween cortisol and milk yield within stress-resistance
type. Cortisol should be regarded as one component
of a multidimensional stress response rather than as a
stand-alone universal predictor of production (Table 6).

Table 6. Correlation between post-challenge cortisol and daily milk yield by stress-resistance type

Type n 95% CI p

Low 10 0.33 -0.56-0.87 0.496
Unstable 55 0.18 -0.10-0.44 0.213

High 18 0.45 -0.16-0.82 0.141

Note: n is the number of cows with source data available for correlation analysis; the correlation coefficient was not reported
for three low-resistance cows in the source report. Overall coefficients were calculated on Fisher’s z scale using n - 3 weights;
p is the two-sided value for testing a null correlation. The p values are exploratory and were not adjusted for multiple

comparisons
Source: authors’ calculations based on the study data

Findings for the full commercial cohort are consist-
ent with evidence that the consequences of regrouping
depend not only on the mean herd response but also on
individual coping strategy. Vulnerability in the low-re-
sistance type was expressed as both increased cortisol
and a moderate decline in milk yield. The high-resist-
ance type showed minimal changes in both outcomes.
The unstable type had an intermediate production re-
sponse but pronounced heterogeneity in its hormonal
response. J.L. Marumo et al. (2024) studied 52 lactating
cows moved in familiar groups of three to five animals
into established pens of approximately 100 cows. Prim-
iparous cows produced 3.80%2.42 kg, or 12.2%, less milk
on the first day after regrouping, whereas multiparous
cows did not show a comparable decline. The 14.88%
reduction in low-resistance cows in the present study
was similar in magnitude, although the current classi-
fication was based on basal cortisol rather than pari-
ty.J.L. Marumo et al. (2024) also reported a decrease in
milk fat of approximately 0.2 percentage points in both
parity groups, while the present study found the largest
relative reduction in milk fat in unstable cows, at 6.63%.

J. Broucek et al. (2015) examined 41 Holstein cows
transferred to unfamiliar housing and a new milking
system. Mean daily milk yield declined from 30.97£7.26
to 23.76 £7.21 kg on the first day and recovered to
32.16 £ 8.87 kg by day 14. Their initial decline was
greater than the pooled reduction in the present study,
probably because their cows were exposed simultane-
ously to unfamiliar housing, relocation, and a different
milking system. Both studies nevertheless indicate that
the greatest production losses occur immediately after
disruption. DJ.S.Jung et al. (2024) found that regrouping
increased cortisol in dairy heifers on the first day. Re-
grouped heifers experienced 9.42 displacements per day
compared with 2.64 in non-regrouped animals, while the
difference had largely disappeared by day 7. These results
correspond with the increased displacements and com-
petition observed during the first hours of the present
experiment. In contrast to the uniform group response
reported by DJ.S.Jung et al. (2024) cortisol responses in
the present study differed among stress-resistance types.

M. Soonberg et al. (2021) reported that motion
index, step count, and lying-bout frequency changed
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more strongly in heifers than in experienced cows af-
ter group transitions. Cows initiated 7.04* 1.19 aggres-
sive acts per hour compared with 3.66 = 1.05 among
heifers, whereas heifers received more aggressive in-
teractions. These findings suggest that parity and pre-
vious regrouping experience may explain part of the
individual variation observed in the present cohort.
Regrouping was accompanied by a reduction in space
allowance per cow; consequently, the observed effect
reflects the combined influence of social instability and
resource competition. In practice, low-resistance cows
should be moved in familiar subgroups, provided with
adequate feed-bunk, drinking, and lying space, and not
transferred into an already overstocked pen. Use of
the full commercial cohort produced more stable de-
scriptive estimates for the three stress-resistance types
but did not replace analysis of individual-level data.
The summary report did not contain the covariance of
paired measurements, so formal p values for change
over time could not be reconstructed. In addition, the
experiment was conducted on one farm and included
a single regrouping event, while sampling at 12 hours
did not capture the early adrenaline peak. External val-
idation is required in independent herds using repeat-
ed regrouping events, multiple sampling time points,
direct recording of agonistic interactions, and a linear
mixed-effects model at the individual-cow level.

Conclusions
Within the full cohort, the unstable stress-resistance
type accounted for 63.95% of cows, the low-resist-
ance type for 15.12%, and the high-resistance type for
20.93%. Wilson intervals quantified uncertainty around
these proportions, while inclusion of data from all 86
cows reduced the risk of overinterpreting the smaller
low-resistance type. The most adverse combined re-
sponse occurred in low-resistance cows: cortisol in-
creased by 6.45%, whereas daily milk yield decreased
by 4.18 kg or 14.88%; the standardised decline in yield
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AHHOTauusa. Yinapabl Karpa TONTOWTYpPYY anapAblH OPTOCYHAQ KaNbiMTaHraH couMangblk MaMunenepam
6y3aT. Y6aKTblyy Kbl >KAWrawTblpyy TOKT, CYYy XaHa 3C anyy4yy Xalnap yYyH aTtaaHAalTbiKTbl KOLIYMYa
KyyeTeT. M3unaeeHyH MakcaTbl CTpeccke TYpYyKTYyNyryHyH TunTepu ap 6alwka O0AroH yWnapabiH COUMAnAbiK
nepapxusra bannaHblWKaH CTpeCCKe KapaTa rOPMOHAYK XaHa eHAYPYMAYY/YK peakumsanapblH KOMMepPLUUAbIK
CYT KOMMIEKCUHUH WapTTapbiHAa 6aanoo 60roH. AsHTbl 540 M2 BOIFOH CEKLMSITA KOWYMYa 36 Y KUPTUIUITEHTE
YenWH XaHa aHaaH 12 caaT eTKeHAeH KUIiMH 86 caaH yiaa KOPTU30a MEHEH aApeHaIMHAMH KOHLEHTpauusanapsl
enyeHyn, yinap 6asanablk KOpTM30a OOKHYA KNacCM@UKaALMANAHTAH XaHa CYyTKaNnblK CyT caan anyy, cyrrery
Malt MeHeH benok 6aanaHraH. CTpeccke TypyKTyynyry ToMeH, TYPyKCy3 XaHa XXOropy TMnTepre TMeLwenyynyryHe
xapawa 13 yn (15,12 %), 55 yi (63,95 %) >xaHa 18 yi (20,93 %) kmupreH. CTpeccke TypyKTyynyry TeMeH yinapaa
koptu3on 129,86-paH 138,23 HMONb/N-re YeMnH Xoropynaras, Typykcys tmunte 72,331eH 68,89 HMonb/n-re YyemuH
TOMOHIOreH, an 3MU XOropKy TypyKTYynyKTarbl yinapaa 433pauvk e3repreH smec — 47,21 xaHa 48,03 Hmonb/n.
OH 3KM caaTTaH KWMWH agpeHanuH bawTankbl AeHraangeH 35,13 %, 41,00 % xaHa 14,12 % TeMeH GONroH.
CyTKanblK CyT caan anyy TeMeH TypyKTyyaykTarbl yinapga 4,18 kr-ra, xe 14,88 %-ra, Typykcys tunte 1,28 kr-ra,
xe 4,62 %-ra asanraH, an aM1 XOropky TypykTyynykTarsl yinapaa 0,39 kr-ra, xe 1,50%-ra kebenreH. Cytrery mMaii
TUeLwenyynyryHe xapauwa 2,96 %, 6,63 % xaHa 0,46 % asaliraH, an amu 6enok -0,46 %, -2,26 % xaHa +3,13 %
e3repreH. TaacupaeH KMAMHKKM KOPTUM30N MEHEH CYT caamn anyyHyH koppensauus koapduumertrepm 0,33, 0,18
xaHa 0,45 6onroH; 6apabik 95 % uweHUM MHTepBanaapbl HeNAy KamTbin, p MaaHunepu 0,05TeH xoropy 601roH.
OHAYPYMAYYNYKTYH TOMEOHAe6 KOPKYHY4y CTpeccke TYpPYKTYynyry TOMeH yihnapha 3H >oropy 60nroHAoyKTaH,
anapabl 6aryyna MUHUMManayy ThIHUCbI3LAHYY XapaTKaH Kaipa TONTOWTYpYY bIKManapbiH KONAOHYY XaHa Herusru
pecypcTap yYyH aTaaHLaLWTbIKTbl @3aiTyy 3apbin

Hernsru cespep: Yiypay Kailpa TONTOWTYpYY, COUMAnAblK aTaaHAAWTbIK; KOpTM3onayH 6asanabik
KOHLIEHTPaLMAChI; aApeHaNnH; CyTKabIK CYT Caan anyy; XKanraluTblpyy XbIWTbITbl; XEKeYe peakTMBayYIYK

Bulletin of the Kyrgyz National Agrarian University, 2026, Vol. 24, No. 3 89


https://orcid.org/0000-0002-9784-0318
https://orcid.org/0000-0002-6036-3183
https://orcid.org/0000-0002-5838-5447
https://orcid.org/0000-0001-9820-2337
https://orcid.org/0009-0005-2802-7170

Effects of social hierarchy-related stress on hormonal reactivity...

BnuaHue cTtpecca, cBa3aHHOro ¢ coumnasnibHOM Mepapxueﬁ,
Ha rOPMOHAJIbHYIO P€aKTUBHOCTb N MOJIOYHYIO NPOAYKTUBHOCTD
KOpOB B yC1oBUAX NPOMbILIJIEHHOINO MOJIOHYHHOIO KOMIJieKca

HypcyntaH KanHngeHoB

Marmcrp TexHMYeCKMX HayK, mpenogaBaTesb

HekoMMepueckoe akLMoHepHoe 06LECTBO «TOPaANIblPOB YHUBEPCUTET»
140008, yn. JloMoBa, 64, I. MaBnonap, Pecnybnmka KasaxcTaH
https://orcid.org/0000-0002-9784-0318

YnaH Tuney6ek

Marmcrp TexHM4YecKMx HayK, mpenoaaBaTesb

HekoMMepueckoe akLMoHepHoe 06LLeCcTBO «TOpanrbipOB YHUBEPCUTET»

140008, yn. JloMoBa, 64, I. NMNaBnonap, Pecnybnmnka KasaxcTaH
https://orcid.org/0000-0002-6036-3183

TokTap BekceutoB

[OKTOP CenbCKOXO3AMCTBEHHbIX HayK, Mpodeccop

HekoMMepuyeckoe aKLMoHepHOe 06LECTBO «TOPANTbIPOB YHUBEPCUTET»

140008, yn. JloMoBa, 64, I. MNaBnonap, Pecnybnuka KasaxcraH
https://orcid.org/0000-0002-5838-5447

TbiprooT YopToH6aeB

[OKTOp CeNnbCKOXO39MCTBEHHbIX HayK, Mpodeccop

Kblprbi3CKUM HaUMOHanbHbIM arpapHbii YHBepcuTeT umeHu K. . CkpsaburHa

720005, yn. MegepoBa, 68, . Bulikek, Kblproiackaa Pecny6nmka
https://orcid.org/0000-0001-9820-2337

NynbHapa [J)xakcbi6aeBa

Kangupoat 6uonormyeckmx Hayk, npenogaBaTenb

HekoMMepueckoe akLMOoHepHOe 06LECTBO «TOPaNTIbIPOB YHUBEPCUTET»

140008, yn. JloMoBa, 64, I. MaBnonap, Pecnybnmka KasaxcTaH
https://orcid.org/0009-0005-2802-7170

AHHoTauua. MNeperpynnupoBKa HapyLlaeT COXMUBLUMECS COLMANbHbIe B3aUMOOTHOLLIEHMS MEXAY MOMOYHbIMU
KopoBaMu. BpeMeHHOe yBenuueHne NAOTHOCTU pa3MeLleHUst LOMONHUTENbHO YCUIMBAET KOHKYPEHLMIO 3@ KOPM,
BOAY M MecTa anig oTabixa. Llenbto uccnenoBaHus SBSNach OLEHKA FOPMOHaNbHbIX M MPOAYKTUBHBIX peakLuui
KOPOB C pPa3/IMYHbIMW TUMAMKU CTPECCOYCTOMYMBOCTM HA CTPECC, CBSI3aHHbIM C COLMANbHOW Wepapxuen, B
YCI0BUAX NPOMbIWNEHHOIO MOMIOYHOIO KoMMeKkca. Y 86 nakTUpyHLWMX KOPOB 40 BBEAEHUS B CEKLMIO MOLLAAbHO
540 M? 0OMONHMTENbHbIX 36 KMBOTHbIX M Yepe3 12 4acoB MOC/IE HEro OnNpeaensnn KOHLEHTpaLUMU KOpTU3ona u
aflpeHanuHa, knaccuduumMpoBanm KOpoB No 6a3anbHOM KOHLEHTPAL MM KOPTU30/1a U OLLEHUBAIN CPEAHECYTOUHbIN
yoON, copepxaHue >upa M Oenka B Monoke. Hwu3kas, HecTabunbHas M BbICOKAsi CTPECCOYCTOMYMBOCTb
yCTaHOBJIEHa COOTBETCTBEHHO y 13 kopos (15,12 %), 55 kopoB (63,95 %) 1 18 kopos (20,93 %). Y KOpoB C HM3KOM
CTPECCOYyCTOMYMBOCTbI KOHLEHTpaumMa KopTu3ona yesenuuunace co 129,86 pno 138,23 HMONb/N, Yy XUBOTHBIX
HecTabunbHOro TMNa cHuaunacb ¢ 72,33 po 68,89 HMONb/N, a y BbICOKOYCTOMUYMBLIX KOPOB MPaKTUUYECKU He
nmsmeHmnacb - 47,21 n 48,03 HMonb/n. Yepes 12 4acoB KOHUEHTpaLMs agpeHanuHa Obina HUXKE MCXOAHOM Ha
35,13 %,41,00 % 1 14,12 % cootBeTcTBEHHO. CpeaHECYTOUHbIN Y0 Y HU3KOYCTOMUMBbLIX KOPOB CHU3MACS Ha 4,18 kT,
unu 14, 88 %, y KopoB HecTabunbHoro tuna — Ha 1,28 kr, unu 4,62 %, a y BbICOKOYCTOMYMBbLIX KOPOB YBEIMYMICS
Ha 0,39 kr, nnun 1,30 %. CopepxaHue KnMpa CHU3UNOCb COOTBETCTBEHHO Ha 2,96 %, 6,63 % 1 0,46 %, a coaepxaHue
6enka nameHunocb Ha -0,46 %, -2,26 % 1 +3,13 %. KoappuuMeHTbl Koppenaunm Mexay KoOHLEeHTpaLme KopTusona
nocne Bo3aencTensa n ynoem coctasunm 0,33,0,18 1 0,45; Bce 95 % noBepuTenbHble MHTEPBAsbl BKIOYANM HYNeBoe
3HaueHue, a 3HaueHus p npesbiwanu 0,05. Hanbonblumnii puck CHUXEHWUS NPOAYKTUBHOCTU YCTAHOBNIEH Y KOPOB C
HW3KOM CTPECCOYCTOMUYMBOCTLIO, MO3TOMY Npu paboTe C HUMK CneayeT NPUMEHNATb ManOTPaBMaTUYHbIE CNOCOObI
neperpynnmpoBKM U MUHMMU3UPOBATb KOHKYPEHLMIO 33 OCHOBHbIE PecypCbl

KnioueBble cnosa: opraHun4yeckmne y,EI,O6p6HVIFI; HaBO3; O3MMasa poOXb, NNOAOPOAME MOYBLI, YCTOVIHVIBOE
3eMnenenuve
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