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Abstract. The relevance of this study is due to the need to increase the meat productivity of cattle in the
Kyrgyz Republic, where the use of low-productive cows of Alatau breed prevails. Increasing the profitability of
meat cattle breeding requires the introduction of effective selection and genetic methods, including interbreed
crossbreeding using bulls of specialised meat breeds. The aim of this work was to identify the most productive
genotype of crossbred animals obtained from crossing Alatau cows with bulls of meat breeds (Charolais, Kian
and Aberdeen-Angus), taking into account their productive and adaptive qualities in different natural-climatic
zones of Kyrgyzstan. In the course of the study, zootechnical and biometric methods of analysis were applied: live
weight, growth rate, meat qualities, as well as resistance of animals to housing conditions were evaluated. In total,
three groups of crossbred calves bred in plain and foothill areas were studied. The best results were obtained
from crossing of Alatau breed with Aberdeen-Angus breed: by the age of six months calves of this group reached
on average 215.3 kg, average daily gain was 890 g, slaughter yield of meat reached 58.2%. These animals also
showed high adaptability to climatic fluctuations and rational use of forages. The practical significance of the work
lies in the possibility of introducing the obtained data into beef cattle breeding programmes both at breeding
enterprises and in farms. The results of research can be used at formation of arrays of beef cattle of new type and
at development of regional programmes on increase of productivity of beef cattle direction
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Introduction

The Kyrgyz Republic belongs to the typical mountainous
countries with predominance of pasture lands. Accord-
ing to NSCKR (n.d.), in 2023 about 9.2 million hectares,
or about 85% of all agricultural lands, were occupied by
natural pastures with mixed grass composition. Due to
natural-climatic and socio-economic conditions in the
country, livestock breeding, especially small and cattle,
including the Alatau breed, has historically prevailed.
However, the existing number of cattle (1.84 million
heads at the beginning of 2024) is mostly represent-
ed by dairy and combined breeds characterised by low
meat indicators. The average slaughter weight is only
45-50% of live weight, and daily gain does not exceed
650-700 g. Taking into account the growing needs of
the domestic market and export ambitions of the coun-
try, the creation of highly productive meat stock adapt-
ed to mountain conditions becomes an urgent task. One
of the promising directions for solving this problem is
interbreed industrial crossbreeding using bulls of spe-
cialised meat breeds such as Charolais, Kian and Ab-
erdeen-Angus. Studies have shown the effectiveness
of such approaches: meat crossbreds have accelerated
growth, higher slaughter yield and better adaptation to
extreme conditions (Dzhanibekov et al., 2021; Arslan et
al., 2024). Thus, the study of V. Logunova & A. Maru-
sich (2023) showed an increase in daily gain in young
animals of Limousin bloodlines by +73 g compared to
Aberdeen-Angus. A. Shevkhuzhev & V. Pogodaev (2023)
found that Aberdeen-Angus hybrids x Simmental gave
a gain of up to 711 g/day and an increase in slaughter
yield of more than 1% and were superior to purebreds
in slaughter yield and live weight. In turn, V. lovenko
& I. Hladii (2021) showed that the study of organism
development taking into account genotype and envi-
ronmental conditions allows to significantly accelerate
the process of breed improvement, and the intensity
of growth and development is of key importance for
obtaining fast-growing young animals with lower feed
consumption per unit of gain.

In Kyrgyzstan, individual experiments on industrial
crossbreeding were carried out in the 1980-1990s, but
there are no systematic approaches or consolidation of
results in farms. Modern research in the republic is lim-
ited, which necessitates a comprehensive assessment
of the efficiency and adaptability of different genotypes
of meat crossbreds in the conditions of zonal farming.
In the world practice the priority is given to the Aber-
deen-Angus breed, which has high growth energy, calm
temperament and adaptation to extensive housing
technologies (FAOSTAT, n.d.). However, the zootechnical
feasibility of using different breeds in specific agro-eco-
logical zones of Kyrgyzstan - foothills, highlands and
flat pastures of Chui, Talas and Naryn regions - remains
an important issue. In addition, according to P. Green-
wood (2021), sustainable beef production in coun-
tries with pasture-based livestock production requires
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taking into account not only genetic, but also environ-
mental and economic factors. In this context, cross-
breeding (interbreeding) is considered as a tool not only
to increase productivity but also to improve animal ad-
aptability. Thus, according to the study of M. McIntosh et
al. (2023), in crossbreeding calves adapt faster to tem-
perature fluctuations and are less susceptible to gastro-
intestinal diseases compared to purebred counterparts.
And researchers J. Keele et al. (2024) found that traits
measured in live animals (e.g. live weight, eye muscle
area from ultrasound data) have a strong genetic corre-
lation with economically important carcass characteris-
tics after slaughter (such as marbling, eye muscle area,
slaughter yield and hot carcass weight). This allows the
effective use of live animal data for predicting meat
quality and selecting breeding stock.

The relevance of crossbreeding was also confirmed
by UN food security policies, according to which the
development of beef cattle breeding should be adapt-
ed to changing climatic conditions and rural poverty
(FAO, 2022). In Kyrgyzstan, where a significant propor-
tion of the population lives in rural areas and depends
on livestock production, the introduction of adaptive
beef cattle breeds is not only economically but also so-
cially important. In addition to the genetic aspect, prof-
itability of production remains an important factor. In-
troduction of meat crosses allows to shorten fattening
periods, reduce feed costs and obtain marketable prod-
ucts of higher quality. According to the world statistics,
breeds with mitostatin mutation (e.g. Belgian Blue)
show about 20% higher muscle mass yield than gene-
free breeds, which confirms the high efficiency of meat
orientation (Squire, 2025). Thus, in conditions of deficit
of specialised beef cattle, lack of scientifically based
breeding programmes and limited budget for purchase
of imported stock, the use of interbreed crossbreeding
with targeted selection of the most effective combina-
tions seems to be an actual and practically significant
direction. This study was aimed at a comprehensive
evaluation of the efficiency of industrial crossbreeding
of Alatau cattle with the leading beef breeds, such as
Charolais, Kian and Aberdeen-Angus, to determine the
optimal genotypes adapted to the specific conditions
of mountainous regions of Kyrgyzstan and possessing
increased meat productivity.

Materials and Methods
The study was conducted from April 2023 to October
2025 on the basis of two livestock farms in the Kyrgyz
Republic: breeding farm ‘Ala-Too” (Chui region, plain
zone) and experimental site “Suusamyr” (Naryn region,
foothill/highland zone), which allowed to evaluate the
productive and adaptive qualities of animals in differ-
ent natural and climatic conditions. In order to study
productive and biological features of crossbred animals
and to create a herd of beef cattle, crossbreeding of
Alatau cows with the seed of bulls of specialised beef
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breeds: Charolais, Aberdeen-Angus and Kian was carried
out. 90 Alatau cows meeting the criteria of maturity and
reproductive health were selected to obtain the studied
young stock. Seed from three different breeding bulls for
each of the beef breeds was used (one for each group of
cows) to ensure genetic diversity within the experimen-
tal groups. During the study, four groups of young cows
were formed based on birth results, totalling 84 head.
These groups were distributed as follows: control group:
10 purebred Alatau bulls; Alatau x Charolais experimen-
tal group: 25 head, of which 13 steers and 12 heifers;
experimental group Alatau x Kian: 12 head, all steers;
experimental group Alatau x Aberdeen-Angus: 37 head,
of which 19 steers and 18 heifers.

Ewes and the obtained crossbred young stock were
bred under conditions of year-round pasture keeping.
Feeding and housing conditions of experimental and
control groups of animals were identical. Pasture keep-
ing was carried out on natural grassy pastures with an
average pasture load of 0.8 conventional animals per
hectare. Pastures were rotated regularly every 14-20
days to ensure optimum herbage. During winter and
early spring periods (December to April), they were given
supplementary feeding of rough and concentrated for-
ages. Feeding consisted of alfalfa hay (2-3 kg/head/day)
and mixed fodder for young cattle (1-1.5 kg/head/day),
including barley, corn and sunflower cake, with protein
content not less than 16%.

Semen quality of bulls was evaluated by light mi-
croscopy at x400 magnification using Micros Austria
MCX100 microscope (Austria). Sperm activity, morpho-
logical integrity, ejaculate concentration and motility
were analysed. The evaluation methodology was in ac-
cordance with GOST 27775-2014 (2015). Insemination
seed was cryopreserved material delivered in YDS-3
brand Dewar containers (Xiangyuan, China) at -196°C. It
was thawed at +37°C for 30 seconds before use. Insem-
ination was performed by rectocervical method using
a Cassou syringe catheter (France). Meat and fat sam-
ples were collected and transported immediately after
slaughter. Samples of m. longissimus dorsi and internal
fat, weighing 200-250 g each, were taken from each
carcass. Samples were packed in sterile hermetic KipBio
500 ml containers, labelled and transported to the labo-
ratory at +4 °C for no more than 2 hours, using Thermo-
Pak-8 (Russia) thermocontainer with cooling elements.

The following parameters were studied in experi-
mental animals: growth and development, live weight,
meat qualities, milk productivity, milk composition, as
well as clinical and haematological parameters. As-
sessment of resistance to temperature fluctuations
was carried out by recording rectal temperature and
respiration rate of animals twice a day (at 08:00 and
16:00) during summer and winter periods (July-August
and January-February) at maximum and minimum dai-
ly air temperatures, respectively. Individual records of
feed consumed and residues were recorded daily for

7 days in each season (spring, summer, autumn, win-
ter) to determine feed digestibility. Exterior traits were
measured at the age of 18 months using a zootech-
nical tape measure and a ZOOMED-150 height meter
(Russia). The following were measured: height at the
withers and rump, depth and girth of the chest, width
of the chest, oblique length of the trunk, width in the
maclocks, girth of the heel. Body build indices were
calculated from these data:
chest index = (chest girth / height at withers) x 100;
stiffness index = (chest girth / torso length) x 100;
stretch index = (torso length / withers height) x 100;
boniness index=(heel girth /withers height) x 100;
meatness index = (width in mamlocks / trunk
length) x 100.

Live weight was determined individually using
AXIS BDU1500 electronic scales (Poland) with an accu-
racy of 100 g. Measurements were taken at birth, at 6
months of age (weaning),at 12 and 18 months of age. Av-
erage daily gain was calculated according to formula (1):

IMyp—M;
p = M
where JM_ - live weight at the age of n days, /M, - live
weight at the previous weighing, n - number of days
between measurements.

Control slaughter of animals was performed in
the slaughterhouse of “TalasEt” farm, in compliance
with ITS 43-2017 (2018). Samples of m. g dorsi (long-
est muscle of the back) and raw fat were taken from
carcasses — 250 g each. The chemical composition of
meat and fat was analysed in the laboratory of food
chemistry of the Kyrgyz National Agrarian University
named after K.I. Skryabin using the FoodScan™ 2 de-
vice (FOSS, Denmark). Mass fractions of moisture, pro-
tein, fat and ash were determined according to GOST
23042-2015 (2019), GOST 25011-2017 (2018). Clinical
and haematological investigations included: counting
the total number of erythrocytes and leukocytes in a
Goryaev chamber; measuring haemoglobin by the Sali
method; determining haematocrit and erythrocyte sed-
imentation rate. Mindray BC-30 Vet analyser (PRC) was
used. The study of exterior features of crossbred young
animals was carried out at the age of 18 months us-
ing linear measurements and morphological indices.
The following parameters were measured: height at
the withers and rump, chest width, chest depth, oblique
trunk length, width at the maclocks, chest and heel
girth. The evaluation was done using measuring tools
like height gauge, centimetre tape and caliper.

It was also evaluated on a 5-point scale (with 1
point representing minimum expression of the trait and
5 points representing maximum or ideal expression) for
the following traits: general body type, muscular de-
velopment, meat form expression, limb placement, and
conformity to breed type. This evaluation was carried
out at the age of 18 months, in parallel with the main
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linear measurements. The evaluation was carried out
by two independent expert zootechnicians who were
pre-calibrated in the evaluation methodology. The cali-
bration consisted of a series of joint test evaluations on
a group of control animals, followed by discussion of
discrepancies and development of common criteria to
minimise subjectivity. To comprehensively characterise
the exterior,zootechnical indices were calculated: mas-
siveness, meatiness, stretchiness, breast, boniness and
knockdown indices. The involvement of experts was in
accordance with the principles of the WMA Declaration
of Helsinki (1964).

Compliance with ethical standards was confirmed
by the decision of the Local Ethical Committee of
KNAU No.02-2023 dated 12 March 2023, in accordance
with the International Convention for the Protection
of Animals in Scientific Research (Directive 2010/63/
EU, 2010). Statistical processing of data was performed
by the method of variation statistics using MS Excel
2021 and Statistica 10.0 package. Mean values, stand-
ard deviations and confidence intervals were calculat-
ed. Differences between groups were evaluated by Stu-
dent’s criterion (p<0.05).

Results and Discussion
Formation of meat productivity of animals is deter-
mined by the intensity of growth and development of
physique, which, in turn, depends on genotype, housing
conditions and nutrition. In the course of conducted
researches it was established that crossbred calves
obtained from crossing Alatau cows with bulls of Ab-
erdeen-Angus breed surpassed their peers from other
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genotypic groups in most zootechnical indicators. Thus,
the average live weight of these calves at the age of
6 months was 215.3 kg, which is 8.4% higher than in
comparison with litters from the Kian breed and 11.6%
higher than in litters with Charolais. Average daily gain
in the Aberdeen-Angus group reached 890 g, compared
to 812 g and 793 g in the other studied groups, respec-
tively. At slaughter at 18 months of age, the slaughter
yield was 58.2% and the muscle tissue in the carcass
was 68.5%. Exterior evaluation revealed pronounced
signs of meat type: increased width of the thorax
(average girth - 198.4 cm), high depth of the trunk
(84.1 cm), shortened heel and well-developed mus-
culature. Calculation of index indices (massiveness,
boniness, meatiness) confirmed the advantages of the
Aberdeen-Angus group in all parameters. Adaptabil-
ity indicators (resistance to temperature fluctuations,
feed digestibility, clinical and haematological param-
eters) also indicated better adaptation of this geno-
typic group to the conditions of different natural and
climatic zones of Kyrgyzstan. Table 1 shows the data of
live weight of crossbred animals by periods of growth,
obtained by crossing Alatau cows with bulls of meat
breeds. From the presented data it is seen that com-
paratively higher live weight at birth had crossbred
bulls and heifers of Alatau-Charolais and Alatau-Ki-
an breeds. At the same time, the live weight of steers
and heifers of Alatau-Aberdeen-Angus breed was the
lowest among all obtained crossbred animals. Thus, at
birth they had lower live weight by 9.9% than purebred
and by 25.28%, respectively, than crossbred animals of
Charolais and Kian breeds.

Table 1. Dynamics of live weight of young animals, kg

Sex

Age, months

of animals at birth 6 12 18
n live weight n live weight n live weight n live weight
Alatau
steers 10 27.4+1.10 9 1343 +1.91 8 295.0+3.21 6 320.0+13.9
Alatau x Charolais
steers 13 38.0+0.10 10 236.8+3.74 9 320.0+3.31 417.5+17.3
heifers 12 36.9+0.12 9 214.3 +4.60 7 303.3+4.32 7 404.3 +6.90
Alatau x Kian
steers 12 34.3 +0.09 9 218.4+3.21 8 285.7+3.84 4 405.0+9.20
Alatau x Aberdeen Angus
steers 19 24.7 +0.02 17 200.3+7.41 15 265.0 + 8.38 4 361.2 +20.8
heifers 18 24.1+0.03 12 191.7+2.15 9 256.3 +9.62 8 356.3+10.4

Source: compiled by authors based on experimental data, 2023-2025

By 6 months of age, pomace bulls and heifers out-
performed purebred bulls and heifers in terms of live
weight. This superiority was 76.3% in Alatau-Charo-
lais, 49.1% in Alatau-Aberdeen-Angus and 62.6% in
Alatau-Kian. Further this superiority was maintained.
Thus, at the age of 12 months, pomace bulls from the
Charolais breed surpassed purebred Alatau bulls by

85 kg (36.2%); Aberdeen-Angus by 30.0 kg (12.8%) and
Kian pomace by 50.7 kg (21.6%). The similar pattern of
growth was observed at the age of 18 months. Thus,
the live weight of Alatau-Charolais bulls was 97 kg
(30.3%), Alatau-Aberdeen-Angus by 41.2 kg (12.8%) and
Alatau-Kian bulls by 85 kg (26.6%). These indicators of
live weight of crossbred animals testify to the manifes-
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tation of biological regularity — heterosis. More visual
representation about intensity of growth of young

animals of different genotypes and sex and age groups
is given by the indices of average daily gain (Table 2).

Table 2. Indicators of average daily gain in live weight of young animals, g

Breed and breedness Sex of animals

Age, months

6 12 18

Alatau steers 586 350 467

. steers 1,092 486 536

Alatau-Charolais heifers 975 450 555
steers 965 472 528

Alatau-Aberdeen-Angus heifers 921 453 430
Alatau-Kian steers 1,012 468 655
heifers 904 510 514

Source: compiled by the authors based on experimental data, 2023-2025

The obtained data also indicate that young animals
of all genotypic groups were characterised by well-de-
veloped bones and musculature, proportional body
shapes, which is a consequence of genetic conditioning
and adequate rearing conditions. However, individuals
of different genotypes had certain differences in the
indices of the main measurements. Comparative analy-
sis of exterior parameters showed that the largest phy-
sique was characterised by the Alatau-Charolais and Al-
atau-Kian genotypes. Thus, in bulls of Alatau-Charolais
group at the age of 18 months the average height at
the withers was 134.6 cm, oblique length of the body -
160.3 cm, chest width - 43.2 cm, chest girth - 200.7 cm,
heel girth - 19.8 cm. In Alatau-Kian crossbred animals
similar parameters were somewhat lower, but also
exceeded the parameters of animals of other groups:
height at the withers - 132.4 cm, oblique length of the
trunk = 158.9 c¢m, chest girth - 197.2 cm, heel girth -
19.4 cm. It is evident from the data of Table 1 that both
at birth and during subsequent growing and fattening
the Charolais, Aberdeen-Angus and Kian crossbred
steers significantly surpassed their peers of the moth-
er breed in terms of meatiness, massiveness and chest
indices. During the period from birth to 18-months age,
the meatiness index of both the Charolais crossbred
animals increased by 20.1%, Aberdeen-Angus steers
by 22.3% and Kian steers by 23.9%. In crossbred young
bulls meat forms were better expressed than in peers
of Alatau breed. They had well-developed back, loin
and hind third of the torso. It should be noted that in
the process of growing and fattening of mixed animals,
there were significant changes in body build indices,
especially in some indices characterising their meat
productivity. According to numerous experimental stud-
ies in the field of beef cattle breeding, among which
T. Lefler (2020), it is known that meat productivity of
animals is characterised by quantitative and qualitative
indices and depends on a number of genetic and para-
typic factors. In this regard, a control slaughter of ex-
perimental animals was carried out, the data of which
are given in Table 2.

14

During the period of growing and fattening, satis-
factory live weight gain was obtained from young ani-
mals of all the above groups.At the same time, the pom-
ace youngsters obtained from meat breeds from birth
to 6-months depending on the type of crossbreeding
had an average daily gain of 378-505 g; 6-12-months
by 100-197 g and at the age of 12-18-months by
69-188 g, respectively, more than Alatau coevals. Many
researchers note that the live weight index does not
give a complete picture of the dynamics of shape and
physique of animals with regard to age and breed (Gu-
venoglu, 2023). Therefore, the assessment of exterior
and disclosure of linear growth features give a certain
idea about the development of the animal, its direction
and level of productivity.

During the study of exterior features during carcass
inspection of animals, it was revealed that the depo-
sition of fat watering in the dorsal and lumbar parts
in Aberdeen-Angus crossbreds is significantly better
than in Charolais, Kian crossbreds and purebred Al-
atau steers. Weak deposition in carcasses of crossbred
Charolais and Kian steers is explained by the fact that
these are hereditary features of animals of these breeds
to obtain lean meat. The data of control slaughtering
of animals showed that at slaughtering from crossbred
bulls more heavy and full carcasses were obtained in
comparison with Alatau bulls. Bulls of Charolais, Aber-
deen-Angus and Kian breeds had carcass weight more
by 28.7-59.0 kg, at the same time with good slaughter
yield - by 0.74-2.08% more than Alatau bulls.

Bulls of all groups had relatively high internal fat
values, which is explained by their breed affiliation. At
the same time, Alatau-Charolais breed had lower inter-
nal fat index and was inferior to Alatau-Aberdeen-An-
gus by 0.27 kg (17.1%); Alatau-Kian by 0.12 kg (7.6%).
Slaughter yield depending on the breed was: Alatau
purebreds - 53.92%, Alatau-Charolais crossbred ani-
mals - 55.13%, Alatau-Kian - 54.77% and Alatau-Ab-
erdeen-Angus - 55.5%. Comparatively high carcass
weight contributed to the increase of slaughter weight
of Alatau-Charolais steers, which were ahead of carcass
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weight of Aberdeen-Angus breeds by 29.97 kg (15.5%),
Alatau-Kian by 7.1 kg (3.3%). According to this indicator,
experimental animals (crossbred) outperformed control
animals of Alatau breed by 17.6-35.9%.

The conducted research showed that the flesh con-
tent in carcasses of Alatau-Charolais bulls at the age
of 18 months was 59.53 kg, Alatau-Aberdeen-Angus
by 33.15 kg and Alatau-Kian bulls by 51.95 kg more
compared to purebred Alatau bulls. At deboning it was
found that Alatau-Charolais and Alatau-Kian steers
had the highest carcass flesh content, their superior-
ity over Alatau-Aberdeen-Angus steers was 26.37 kg
(18.2%) and 7.58 kg (4.6%), respectively. Further, the
effect of breed on the meat ratio was determined. It
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was found that per 1 kg of bones in the carcass of
Alatau-Charolais crossbreds at the age of 18 months
there is 3.90 kg of flesh, in Alatau-Aberdeen-Angus
3.66 kg and in Alatau-Kian crossbreds 3.91 kg against
2.55 kg in purebred Alatau bulls. Meat quality is de-
termined by different ratios of protein, fat, water and
minerals (Lei et al., 2020). In this regard, the effect of
breed on the chemical composition and energy value of
meat was studied, the data of which are summarised in
Table 3. Analyses of the chemical composition of meat
from purebred Alatau-Aberdeen-Angus and purebred
Alatau steers reveal that the amount of dry matter in
the meat of the crossbred steers was 2.4% higher than
in the meat of Alatau steers.

Table 3. Indicators of chemical composition and energy value of meat
by cuts in Alatau steers (at natural moisture content)

Name of cuts

Content, %

mineral

moisture dry matter O fat protein energy value, J
neck 76.06 23.96 1.00 3.28 19.68 465.7
hip 74.07 25.93 0.99 8.39 16.55 611.0
dorsal-costal 77.15 22.85 0.91 3.97 17.97 463.1
thoracic 76.56 23.44 0.88 4.50 18.06 494.6
flank 77.58 22.42 0.90 3.60 17.92 448.1
hind shank 77.82 22.18 0.91 3.81 17.46 448.1
scapular 78.22 21.78 0.88 2.79 18.11 419.6
sacral 75.86 24.14 0.94 5.00 18.20 503.3
Total in carcass 76.66 23.34 0.93 4.42 17.87 481.7

Source: compiled by the authors based on experimental data, 2023-2025

When revealing the biological value of meat, the
degree of “maturity” of meat was determined, which is
defined as the ratio of water and fat content in it, and
the lower this ratio, the more “mature” meat is consid-
ered to be. According to this indicator, no significant
difference was found between litters and purebred an-
imals. The ratio of protein and fat in the meat of pure-
bred Alatau steers was 1:0.25,and in littermates 1:0.42.
These data show that the meat obtained at slaughter Y4
Alatau % of Aberdeen-Angus crossbred animals meets
the requirements of modern consumers. At the same
time, due to the high fat content in the meat of Aber-
deen-Angus crossbred animals of the second genera-
tion is characterised by its higher energy value. Thus, at
18 months of age their superiority over purebreds on
the studied index was 98.3 J or by 20.4%.

Change in live weight of crossbred steers and heif-
ers during the period of growing and fattening was
ahead of Alatau breed coevals by this indicator. So, at
the age of 18 months this difference on the average for
bulls and heifers was 91 kg (28.4%) for Alatau-Charo-
lais breed, 38 kg (11.9%) for Aberdeen-Angus breed
and 85 kg (26.5%) for Alatau-Kian breed. The study of
exterior peculiarities of Alatau breed and crossbred
steers allowed to establish that crossbred steers of Al-
atau-Charolais and Alatau-Kian breeds were already in

the early stage of ontogenesis taller, had deep chest,
harmonious physique and well-defined meat forms.
The analysis of changes in linear growth of experi-
mental animals showed that from birth to 18-months
of age the crossbred animals from different combina-
tions of crossbreeding surpassed their Alatau breed
counterparts in many measurements. These data of
linear growth indicate good development of the cross-
bred animals. The results of control slaughter showed
that bulls obtained from crossbreeding with bulls of
meat breeds under intensive growing at the age of 18
months gave rather heavy carcasses. Thus, by carcass
weight the Alatau-Charolais crossbred youngsters sur-
passed purebred Alatau by 59.0 kg (36.2%), Alatau-Ab-
erdeen-Angus - 28.75 kg (17.8%) and Alatau-Kian by
51.6 kg (31.7%). The analysis of morphological com-
position of half carcasses indicated that the highest
content of flesh in the carcasses of crossbred bulls of
Charolais breed at the age of 18 months was 59.53 kg,
Aberdeen-Angus breed by 33.15 kg and Kian breed by
51.95 kg more compared to purebred Alatau animals.
In beef cattle breeding one of the important tasks
is to create animals with high growth energy, with
good feed payment and naturally with better meat
qualities. And in this direction good results were ob-
tained from crossbred animals. The results of chemical
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analysis of the average meat sample showed that at
the age of 18 months the fat content in meat by cuts
was 7.34% in pomace steers, while in Alatau steers it
was 4.42% or 2.92% less.

Beef cattle breeding is a new direction in cattle
breeding in Kyrgyzstan. Its development is condi-
tioned by high market demand for beef meat, which
differs from other types of meat by tenderness, juici-
ness and “marble” structure (Kruk & Ugnivenko, 2025).
Meat cattle due to its biological features, such as pre-
cocity and high payment of feed by production, with
good adaptation to mountainous conditions, better
use of natural forage lands, which corresponds to the
formation of meat productivity at lower costs. The
problem of increasing livestock productivity and pro-
duction of high-quality beef in Kyrgyzstan remains
relevant, especially in conditions of limited fodder
resources and predominance of low-productive dairy
breeds. The effective solution of this problem largely
depends on the use of breeding approaches, in par-
ticular, interbreed crossbreeding using specialised
beef breeds (Patoo et al.,2016; Mendonca et al.,2019).
According to the Ministry of Water Resources, Agricul-
ture and Processing Industry of the Kyrgyz Republic
(n.d.), as of 2024, the total number of cattle in the
country was about 1.82 million heads, of which more
than 830,000 were cows of predominantly Alatau
breed with low productivity indicators: average milk
yield - less than 2,000 kg per lactation, live weight -
420-450 kg. Comparison of the results obtained with
the data of other researchers confirms the effective-
ness of crossbreeding.

Thus, according to FAO (2023), young Kazakh
white-headed cattle on pasture fattening can reach
an average daily live weight gain up to 800-900 g, and
slaughter yield is 63-67%, which corresponds to the
values found in this study when crossbred with bulls
of meat breeds. Similar values were obtained when us-
ing Charolais bulls in an industrial crossbreeding sys-
tem: according to the data of M. Ben Salem & H. Kéli-
fa (2009), the carcass weight of local Charolais cattle
crosses was 77 kg higher than the control group, with a
30% higher meat yield. These results are in agreement
with observations on Alatau-Charolais littermates,
where carcass weight exceeded the control group by
59 kg and meat yield reached 59.53%. Studies devoted
to the use of Aberdeen-Angus bulls also confirm the
revealed regularities. E. Nassambaev et al. (2018) found
that Aberdeen-Angus littermates showed better meat
characteristics, including an increase in the thickness of
muscle and fat tissue, which positively affects the mar-
bling and organoleptic properties of meat. In addition,
the data of P. Shevchenko et al. (2024) on the introduc-
tion of the Aberdeen-Angus breed in the conditions of
Northern Kazakhstan on the high adaptability of these
animals to extreme climatic conditions, resistance to
temperature fluctuations and high feed digestibility,

which correlates with the observations on litters with
this breed in this study.

Studies conducted on the study of meat produc-
tivity of Alatau cattle and its litters with beef breeds
allowed to establish the features of growth, develop-
ment and formation of meatiness in young cattle de-
pending on sex, age, technology of growing, fattening
and fattening, as well as to reveal the possibilities of
management of these processes in order to increase
beef production in the conditions of valley and moun-
tain zones of Kyrgyzstan. Thus, the analysis of literary
sources confirms the efficiency of interbreed cross-
breeding of Alatau cows with bulls of specialised beef
breeds. The obtained results demonstrate improved
live weight, gain, meat productivity and morphologi-
cal composition of carcasses in crossbred young cows.
This makes such breeding practice promising for fur-
ther implementation in farms of different zonality of
Kyrgyzstan, taking into account natural-climatic con-
ditions and market demand.

Conclusions

The conducted research allowed to theoretically justi-
fy and practically implement technological methods of
formation of beef herd of cattle in conditions of high
mountainous areas of the Kyrgyz Republic by industri-
al and absorptive crossing of Alatau breed with bulls
of beef breeds of the world gene pool: Charolais, Kian
and Aberdeen-Angus breeds. It was established that the
best results on all key productive and adaptive indica-
tors were obtained using Aberdeen-Angus bulls. Cross-
bred animals with blood on Aberdeen-Angus breed
showed significantly higher intensity of growth and
development. Thus, by 6 months of age, Alatau x Aber-
deen-Angus bulls reached an average live weight of
200.3 kg, which was significantly higher than that of
purebred Alatau bulls (134.3 kg) at the same age. By
18 months of age, this group maintained its superiority,
reaching 361.2 kg live weight, indicating their high pre-
cocity throughout the fattening period.

In addition to outstanding growth qualities, the
crossbred animals of this direction had high vitality, re-
sistance to temperature fluctuations, good adaptation
to pasture housing and stress resistance in high moun-
tainous conditions. Their exterior evaluation confirmed
the pronounced meat forms: compact, wide-bodied phy-
sique, well-developed musculature and high zootechni-
cal indices (index of massiveness, knockdown, meati-
ness), exceeding indices of other experimental groups.
The analysis of meat qualities showed that steers with
% blood on Aberdeen-Angus breed are characterised
by high slaughter indices. The average carcass weight
of such animals exceeded the similar index of pure-
bred Alatau bulls by 36.2%, and slaughter yield reached
58.2%. The content of muscle tissue in the carcass was
68.5%, with a significantly higher content of protein, fat
and energy value of meat. These results make crossbred
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steers the most preferable from the economic and tech-
nological points of view for production of high-quality
beef in the conditions of the republic.

Taking into account the obtained results, it is
strongly recommended to implement a programme
on crossing low-productive cows of Alatau breed with
bulls of Aberdeen-Angus breed in order to increase
meat productivity and improve the quality of beef in
the Kyrgyz Republic. Prospects for further research are a
comprehensive assessment of profitability of beef cat-
tle breeding based on crossbred young stock in differ-
ent natural and climatic zones of the country, as well as

Nogoev et al.

in-depth genetic selection of the most productive and
adapted lines in the framework of sustainable livestock
production in Kyrgyzstan.
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AHHOTauusa. byn uM3MNAeeHYH aKTyanayynyry anatoo nopojacbiHAarbl a3  NpOAYKTMBAYY Yyhnapabl
nanmpanaHyyga 6acbiMayynyk kbinraH Keiprbi3 Pecny6ivMKacbiHbIH WApPTTapbiHAA UMPKU MYIAY34YyY MangblH 3T
a3bIKTYYNYTYH XXOropynaTyy 3apbiaabirbl MEHEH LWAPTTaNraH. 3T Man yapbacbiHbIH peHTabenayynyryH xxoropynaryy
HaTblXanyy CenekuuanblK-reHeTUKanblk MeTOAA0PAY aHblH WYMHAE ALUCTELWTUPUNTEH 3T MOPOAANapbiHbIH
6yKanapblH NafanaHyy MeHeH TyKyM apasblK aprblHAALWTBIPYYHY KMPrU3yyHY Tanan Kbinat. byn nwtuH mMakcatsl
KbIprbi3CcTaHAbIH ap KaHAaM XapaTblblW-KAMMATTbIK 30HanapbiHAa ANaToo yinapbiH 3T NOpoAackiHAArbl Gykanap
(LWaponait, KnaH xaHa AbepaunH-aHryc) MEHeH aprbiHAALTbIPYY/AaH ainblHFaH aprbiHAALUTbIPbIATAH XaHblbapnapabiH
KbliAla NpPOAYKTUBAYY TFEHOTUMMUH Tabyy 60nroH. WM3unaoeeHyH >KYPYLWYHA® aHANU3AMH 300TEXHMKAbIK
XaHa OuoMeTpuKanblk MeToALOpY KONAOHYMraH: Maccara, ecyy TeMnuHe, 3TTMH CanaTtblHa, OLWOHAOW 3ne
aHblbapnapblH KAPMOO LAPTTapblHa TYPYKTYynyryHa 6aa 6epyy xypry3ynreH. XXannbiCbiHaH TY34YKTO XaHa TOO
3TeKTepUHAE 6CTYPYIreH aprblHAAWTLIPbIITAH My30010pAYH Y4 TOOY usnnaeHreH. Anatoo nopofacbiH abepamuH-
QHryC NopoAaachl MEHEH aprblHAALWTHIPYYAAH 3H, XKAKLWbl HATbIWXanap anblHAbl: anTbl aiNbik Ke3uHae 6yn TonTory
My3oonop optouo 215,3 kr, optoyo cyTkanbik ecywy 890 r, cotonraH 3T 58,2 %ra >xeTkeH. byn xaHbibapnap
OLWOHAOM 31e KAUMATTblH ©3repyLllyHe aHa TOKTTy Oalukapyyra >XOropky blIHraWnyynyryH KepCeTYLIKeH.
MWITUH NpakTUKanbik MaaHWCK acbin TYKYM MLIKaHanapaa na, Gepmepauk yapbanappa oa 3T H6arbiTbiHAarbl Man
YyapbaubinblK MporpaMManapbiHa MaanbiMaTTapAbl KUPru3yy MyMKYHAYTYHAE XKaTaT. M3UNaeeHYH XblAbIHTbIKTapbI
XKaHbl TUNTEru 3T BarbiTbiHAArbl MaNAbIH MaCCUBAEPUH Ty3YYAe XaHa 6040 ManapbiH 3T 6arbiTbiHAArbl a3bIKTYYAYIYH
oropynatyy 600HYa perMoHAyK nporpaMManapabl UITEN Ybiryyaa KOALOHYYLWY MYMKYH

Herusrun cespep: nopoganap; kpoccbpeaaep; cowy TyWyMAYYAYrY; NyKTYH Maccacbl; KOHbopMauus; neHe
WUHAEKCTEPU; NPOMEHAED
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AHHOTaumsa. AKTyanbHOCTb HACTOAWEro MCCefoBaHUs 0OycnoBneHa HEOOXOAMMOCTbIO MOBbILLEHUS MSCHOM
NPOAYKTUBHOCTU KPYMHOIO poraToro ckota B ycnoBusax Keiproidckor Pecnybnuku, raoe npeobnasaeT MCnonb3oBaHue
HW3KOMPOAYKTMBHbIX KOPOB anaTtayckoi noposbl. [oBbileHe peHTabeNbHOCTM MSICHOTO XXMBOTHOBOACTBA TpebyeT
BHeApEeHUS 3PDEKTUBHBIX CENEKLMOHHO-TEHETUYECKMX METOAO0B, B TOM YMCNE MEXMNOPOAHOr0 CKpelmBaHMs C
MCNONb30BaHMEM ObIKOB CNELMANM3NMPOBAHHbBIX MACHbIX nopof. Llenbto HacToawen paboTbl ObIIO BbiSBAEHME
Hanbonee NpPoOAYKTUBHOIO reHOTUMA MOMECHbIX XMBOTHbIX, NMOJYYEHHbIX OT CKPeLMBaAHUA anaTayCKMX KOpPOB C
HblKaMK MACHBIX NOpoA, (Lapone, KMAHCKas U abepanMHO-aHrycckas), C y4eTOM UX NMPOAYKTUBHbBIX U afanTUBHbIX
KQuecTB B Pa3/IMYHbIX NPUPOAHO-KIMMATUUYECKMX 30HaxX KbiprbiacTaHa. B xoae nccnenoBaHms 6biin NpUMEHEHbI
300TEXHUYECKME U DMOMETPUYECKME METOAbl aHanM3a: NPoOBOAMMACh OLLEHKA XXMBOWM MacCbl, TEMMOB NPUPOCTA,
MSICHBIX KQ4€eCTB, a TaKXe YCTOMUYMBOCTHU XKMBOTHbBIX K YCJIOBUSIM COAEPXKaHMS. Bcero 6bino nccnenoBaHo Tpuy rpynnsl
NMOMECHBIX TENNT, BbIPALLEHHbIX B PABHUHHbIX U NPeAropHbIX panoHax. Haunyywme pesynbratel Obiv NOAYYEHbI
OT CKpeLLMBaHMS anaTtayckow nopoabl ¢ abepAMHO-aHIyCCKOM: K WeCTUMEeCAYHOMY BO3pacTy TensTa 3TOM rpynnsbl
pocturanu B cpegHeM 215,3 kr, cpeaHecyTouHbl npupocT coctaensan 890 r, ybolHbIM BbiXxon MsAca AOCTUran
58,2 %. 3T1 XUBOTHbIE TaKXXe LEMOHCTPUPOBANM BbICOKYO NPUCMOCOBNEHHOCTb K KNMMATUYECKUMM KonebaHusam
M paLMOHaNbHOMY MCMONb30BaHUID KOPMOB. [pakTuyeckas 3HaYMMOCTb paboTbl 3aK/IHYAETCS B BO3MOXHOCTU
BHE[PEHMUSA NMONYYEHHbIX JAHHbIX B MPOrpaMMbl MACHOrO CKOTOBOZCTBA KakK Ha MAEMEHHbIX NpeanpusaTuax, Tak u
B epMepCKux X03s1MCcTBax. PesynbTaThl UCCNELOBAHUS MOTYT ObITb MCMONb30BaHbI NpU GOPMUPOBAHNM MACCUBOB
MSICHOrO CKOTa HOBOrO TMMa M Mpu pa3paboTke perMoHanbHblX MPOrpaMM MO MOBbILEHUIO MPOAYKTUBHOCTU
MsicHoro HanpasneHus KPC

KnioueBbie cnoBa: nopoabl; NoMecu; y6Ol7|HbIl7I BbIX04,; MacCCa TyLIU; 3KCTEPbEP, UHAOEKCHI TETOCIOXKEHUA; NPOMEDbI
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Abstract. Increasing climate variability and drought have brought the cultivation of low-water-demand plants
to the forefront. In this context, lavender - a drought-tolerant plant widely used in various industries such as
pharmaceuticals, cosmetics, perfumery, and dye production, has gained particular relevance. Lavender plantations
are not only visually appealing but also contribute to the development of the tourism sector. This study investigated
the bioecological characteristics of several lavender species introduced in the Absheron region (Azerbaijan) and
examined the effects of biotic and abiotic factors on seed propagation. Sowing was carried out in spring (March)
and autumn (November and December). During the research, it was observed that the germination rate of lavender
seeds varied depending on the sowing depth. It was determined that the optimal sowing depth for Lavandula
angustifolia L. and Lavandula intermedia L. seeds is 2.0 cm. Specifically, the germination rates at different depths
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were as follows: at 1 cm: 12.9-11.0%, at 2 cm: 75.0-67.0%, at 3 cm: 18.4-17.3%. To ensure a favourable nutrient
environment for seedlings, the seeding rate per 1 m? area was calculated. It was established that the higher the
germination capacity, the lower the seeding rate required, and vice versa. Based on the experiments, a seeding
rate of 10 grams of seeds per 1 m? was recommended. Successful germination in open field required the following
optimal conditions: average air temperature: 20-25°C, soil temperature: 25-27°C, relative humidity: 75-80%.
According to the study results, vegetative propagation of lavender species proves more effective in the Absheron
region, where the local soil and climate are well-suited for establishing lavender plantations

Keywords: seed propagation; stratification; sowing time; sowing depth; germination rate

Introduction

Increasing climate variability and drought have high-
lighted the importance of cultivating plants with low
water requirements. The growing use of medicinal and
aromatic plants across various sectors of industry, in-
cluding pharmaceuticals, cosmetics, perfumery, and
dye production along with their positive effects on hu-
man health, has led to increased interest and demand.
Among the industrially important plant species used
successfully worldwide, lavender stands out. In addition
to its wide range of applications, lavender also contrib-
utes to the development of the tourism sector. Especial-
ly during the flowering stage of vegetation (in summer),
lavender fields attract tourists who enjoy organising
photo sessions against the backdrop of the vibrant and
colourful landscape.

Lavender is an endemic plant species native to
regions surrounding the Mediterranean, the Arabian
Peninsula, the Canary Islands, and India. It is widely
cultivated under agricultural conditions in countries
such as France, Turkey, Bulgaria, Russia, Italy, Spain,
the United Kingdom, Iran, Ukraine, China, and others.
Due to its essential oil content, lavender is extensively
used in the cosmetics industry (Gallotte et al., 2020).
One of the most widely used species known as medic-
inal lavender belongs to the genus Lavandula of the
family Lamiaceae, order Lamiales, and is scientifically
named Lavandula angustifolia L. - commonly referred
to as narrow-leaved lavender (Guler & Korkmaz, 2018).
Although L. angustifolia does not grow naturally in
Azerbaijan, it has long been used in various regions for
landscape architecture, particularly in greening parks
and gardens. In recent years, the cultivation potential
of lavender has been increasing rapidly. In particular,
lavender species introduced to the Absheron region
have shown strong growth dynamics, desirable ap-
pearance, and high-quality flowering performance. As
a result, the cultivated area allocated for lavender in
Absheron continues to expand steadily.

Lavender has been widely used in the fields of
health and cosmetics due to its valuable essential oil.
Essential oil derived from the lavender plant has been
shown to shorten the time required to fall asleep and
prolong the duration of sleep. Numerous scientific stud-
ies, like those by R. Samuelson et al. (2020), S. Kajjari et

al. (2022), have also demonstrated its effectiveness in
promoting wound healing on both human and animal
skin. In addition, lavender has been found to possess
antimicrobial, anti-inflammatory, antifungal, and larvi-
cidal properties, particularly effective against insect lar-
vae (EL Abdali et al., 2022). The amount of essential oil
obtained from fresh lavender flowers typically ranges
between 1-3%. In general, the most pharmacologically
and commercially valuable part of the lavender plant is
the colourless to pale yellow volatile oil contained in
its flowers, known as Aetheroleum lavandulae. According
to E. Malloggi et al. (2022), lavender essential oil is con-
sidered to be one of the most valuable plant-derived
essential oils globally. Lavender oil, widely used across
various industrial sectors, contains more than 100 vol-
atile compounds primarily belonging to the group of
terpenoids. Among the most important of these are
linalool, linalyl acetate, cineole, and camphor. Laven-
der has been used since ancient times by the Greeks
and Romans as a cleansing and cosmetic agent. Later,
it was introduced to the Royal Gardens in England, and
it continues to be widely used in landscape design to
this day. Globally, the most commercially utilised laven-
der species - particularly in terms of essential oil yield
and quality are: Lavandula angustifolia Mill., L. officinalis
L., Lavandula intermedia Emeric ex Loisel. (L. hybrida L.),
and Lavandula spica - L. latifolia Medik.

Lavender is a perennial plant belonging to the
group of dicotyledons, characterised by a strong root
system. Depending on the environmental conditions
of the planting site, its roots can extend to a depth
of 80-100 cm in the soil. The stems are quadrangular
in shape, either glabrous or hairy, and exhibit a grey-
ish-green colour. The plant produces numerous lateral
branches, and as it matures, the older stems gradually
become woody. Lavender leaves are attached directly
(sessile) to the nodes of upright branches. The leaves
are 2-5 cm long, with pointed tips, entire margins, and
are often curled inward. The inflorescences are formed
at the apical part of the flowering stem and are typ-
ically 10-20 cm in length. The flowers are tubular on
the inner side, hairy on the outer side, greyish-blue in
colour, and approximately 5-6 mm long. Each flower is
surrounded by four calyx lobes (Kryuchkova, 2025).
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The aim of this research was to investigate the bioec-
ological characteristics of certain lavender species intro-
duced in the Absheron region (Azerbaijan),and to study the
influence of biotic and abiotic factors on seed propagation.

Materials and Methods
The experiments were conducted during the 2024-2025
period at the Experimental Research Site of the Insti-
tute of Dendrology, Ministry of Science and Education
of the Republic of Azerbaijan, located in Saray settle-
ment. The scientific names of the species and authors
are provided according to The Plant List (n.d.) database.

Badalova et al.

The methods for seed propagation, determination of
optimal sowing time and sowing depth were based
on the methodology proposed by M. Firsova (1955). As
plant material, two species from the Lamiaceae family
were used: L. angustifolia Mill. and L. intermedia L. Saray
settlement is located in the Absheron district, approx-
imately 30-35 km northwest of Baku city. It lies within
a semi-desert and dry steppe zone. The soil types in
the area include grey-brown (saline) and brown soils.
The annual precipitation ranges between 200-350 mm,
and the average annual temperature is approximately
14-15°C (Tables 1, 2) (Aliyeva et al., 2025).

Table 1. Average monthly climate data in Baku (2024-2025)

Month Average temperature (°C) Precipitation (mm) Average humidity (%)
January 4.5 23 74
February 5.5 21 72
March 8.5 23 70
April 13.0 18 72
May 18.0 15 71
June 23.0 7 70
July 26.0 2 68
August 26.0 6 70
September 22.0 13 72

October 16.0 28 75
November 10.0 31 76
December 6.0 28 76

Source: compiled by the authors

Table 2. Annual climate data in Baku (2024-2025)

Parameter Value

Annual average temperature (°C) 14.9
Annual precipitation (mm) 215.0
Annual average relative humidity (%) 72.2

Source: compiled by the authors

Before sowing, soil analysis was carried out to as-
sess the pH level and organic matter content. Soil anal-
ysis indicated that the organic matter content in the
lavender cultivation area ranged from 2.5% to 3.5%.
This level is considered optimal for lavender growth,
providing sufficient soil fertility and water retention for
healthy seedling establishment and development. The
soil pH was measured using a pH meter (Hanna HI 2211
pH meter, Romania) and was recorded between 6.5-7.0.
According to K. Adam (2018), lavender is best estab-
lished on sandy loam soils of pH 6 to pH 8. The fruit
(seeds) of lavender are approximately 1 mm in size and
have a dark brown coloration. Prior to sowing, the seeds
were weighed and their morphological characteristics
were recorded. The seed mass was measured using an
electronic balance (EK-610i, electronic type scaler) with
0.01 g precision. The total weight of 100 seeds was not-
ed for each species. In the experiment, a total of 2,400
seeds were sown, with 1,200 seeds sown in each sea-
son (spring and autumn) to evaluate seasonal effects
on germination and seedling growth.

Inflorescences of lavender were collected after
full blooming and shade-dried to facilitate seed sep-
aration. Dried flowers were manually rubbed to extract
the seeds, which were then stored in airtight containers
under cool (+4-5°C), dry conditions (relative humidity
30-40%) to preserve germination potential. Prior to
sowing, seeds were soaked in water for 24 hours. Both
Lavandula angustifolia and Lavandula x intermedia re-
quire cold stratification; seeds were kept in moist sand
or vermiculite at 4-5°C for 2-4 weeks to enhance ger-
mination, although soaking at room temperature prior
to sowing may also be applied, typically resulting in
lower germination rates (Urwin, 2008). During the ex-
periment, seeds were sown at different soil depths to
determine the optimal sowing depth. Specifically, dur-
ing the autumn season, seeds were sown at three depth
variants: 1 cm, 2 cm, and 3 cm, and the optimal depth
was identified accordingly. In order to determine the
most favourable sowing season for the studied laven-
der species, seeds were sown in two different seasons
according to V. Kryuchkova et al. (2025):
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late autumn: November 15-30, 2024;
early spring: March 11-20, 2025.

All sowings were performed under open field con-
ditions. Irrigation was provided regularly using a drip
irrigation system to maintain optimal soil moisture, en-
suring adequate water availability for seed germination
and seedling establishment. For sowing, a substrate
composed of leaf mould, sand, and soil was prepared
ina 1:1:1 ratio and filled into seed beds. To ensure suf-
ficient nutrient availability for seedlings during propa-
gation, the optimal seed sowing rate per square meter
(1 m?) was calculated based on the measured germina-
tion rate of the seeds (de Oliveira et al., 2021).

The study adhered to the ethical principles out-
lined in Convention on Biological Diversity (1992)
and Convention on International Trade in Endangered
Species of Wild Fauna and Flora (1973). Data were an-
alysed using appropriate statistical methods, includ-
ing analysis of variance (ANOVA) and Student’s t-test

(Gomez & Gomez, 1984; Zar, 1999). All analyses were
performed using SPSS v.26. Results were presented as
mean * standard deviation (SD).

Results and Discussion

During the experiment, seeds of lavender sown at
different depths exhibited varying germination rates.
The results revealed that for Lavandula angustifolia
L. and Lavandula intermedia L., the optimal sowing
depth was 2.0 cm. Seeds sown at a depth of 1 cm had
a germination rate of 11.0-12.9%, while those sown
at 2 cm achieved the highest rate of 67.0-75.0%, and
seeds sown at 3 cm had a reduced germination rate of
17.3-18.4% (Table 3). As shown in Table 3, seeds sown
at a shallow depth (1 cm) demonstrated significantly
lower germination rates. This reduction is primarily at-
tributed to rapid evaporation of moisture from the soil
surface, causing the seedbed to dry out quickly and lim-
iting the seeds’ ability to absorb sufficient water.

Table 3. Effect of sowing depth and rate on seed germination percentage of lavender

Seed amount per 1 m? (g) 1 cm sowing depth (%) 2 cm sowing depth (%) 3 cm sowing depth (%)
Lavandula angustifolia L. 10.0 129+1.2 75.0+£25 18.4+1.8
Lavandula x intermedia L. 10.0 11.0+1.0 67.3+£2.0 17315

Source: compiled by the authors

These findings suggest that, under open field con-
ditions, the most effective sowing depth for lavender
seeds is 2.0 cm. To ensure favourable nutrient availa-
bility during seed propagation, the optimal seed rate
per 1 m? was calculated based on seed germination
percentage. As germination capacity increases, the re-
quired sowing rate decreases, and vice versa (Table 4).
Based on results, the optimal seed rate was determined

to be 10 grams per square meter. Lavandula angustifolia
L. were observed earlier than those of the other spe-
cies, appearing on April 10. In Lavandula intermedia L.,
the first seedlings emerged four days later, on April 14.
Mass germination was recorded depending on the
species between April 15 and April 22. In the second
sowing variant (December 20), the first seedlings were
observed between April 18 and April 24.

Table 4. Effect of sowing time on seed germination of lavender species

Germination

Germination

Species First emergence Mass emergence rate (%) £SD First emergence Mass emergence rate (%) £SD
20 Nov 20 Nov 20 Nov 20 Dec 20 Dec 20 Dec
L. angustifolia L. 10.04 15.04 75.0+2 18.04 26.04 60.5+ 2
L. intermedia L. 14.04 22.04 63.0+2 24.04 03.05 52.5+2

Source: compiled by the authors

InVariant | (sowing on November 20), the seed ger-
mination rate ranged between 68-70% and 75-77%,
depending on the species. The highest germination
rate was recorded in Lavandula angustifolia L., rang-
ing from 75-77%. In Lavandula intermedia L., the ger-
mination rate was relatively lower, ranging between
63-65%. In Variant Il (sowing on December 20), the
first seedling emergence occurred approximately 8-10
days later compared to Variant I. The germination rate
in this variant was also lower: 60-62% for Lavandula
angustifolia L. and 52-55% for Lavandula intermedia
L. The results obtained from autumn sowing during
the study indicated that the optimal sowing time for
the seeds of certain lavender species under Absheron

conditions is the second ten-day period of November.
Additionally, the germination percentage of seeds
sown in spring was also examined. For this purpose,
non-stratified seeds were sown in open field condi-
tions during the first ten-day period of March. It is well
known that one of the key conditions for successful
seed germination in open field environments is an av-
erage air temperature of 20-25°C, a soil temperature
of 25-27°C,and a relative air humidity of 75-80%. Dur-
ing the study, seeds sown in the first ten-day period of
March without stratification or scarification exhibited
delayed germination compared to other sowing vari-
ants. The first seedlings appeared in the second ten-
day period of May, while mass germination occurred in
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the third ten-day period. As a result, the germination
rate of Lavandula angustifolia L.and Lavandula interme-
dia L. seeds sown in spring without any pre-treatment
ranged between 15-17% and 39-42%.

A lavender plantation was established at the Saray
Experimental Station of the Institute of Dendrology. In
general, lavender can be propagated both generatively
(by seeds) and vegetatively. During generative propaga-
tion, the very small size of the seeds and the require-
ment for special preparation of seedbeds create certain
difficulties. Moreover, since seed germination and seed-
ling development are slow in generative propagation,
weed infestation of the sowing area is frequently ob-
served. Therefore, according to N. Urwin (2008), vege-
tative propagation is considered a more efficient and
economically viable method for large-scale lavender
cultivation. The lavender species studied are widely
distributed across the Southern Hemisphere (Lis-Bal-
chin, 2022). Representatives of the Lavandula genus
are commonly found in regions such as South Africa,
India, and various parts of Eurasia. Some species of
Lavandula L. are also widely distributed in the south-
ern regions of Russia, Turkey, Georgia, and Crimea. The
occurrence of these species in diverse geographical ar-
eas with varying soil and climatic conditions indicates
their ability to adapt to a broad range of environmental
factors (Mokhtarzadeh et al., 2013; Détar, et al., 2020).
The adaptability of lavender to different environmental
conditions has also been demonstrated by T. Kachano-
va et al. (2023), who found that L. angustifolia can be
successfully cultivated as an industrial crop under ap-
propriate irrigation regimes and biological treatments.
Similar observations have been reported in previous
studies. D. Akgul et al. (2019) found that autumn sow-
ing led to higher germination rates for L. angustifolia,
while delayed sowing in winter reduced both germina-
tion percentage and speed. G. Koger & H.Baydar (2022)
also noted that seasonal timing and seed pre-treat-
ment (stratification or scarification) significantly in-
fluence germination, with late sowing or absence of
pre-treatment resulting in delayed and lower germina-
tion. M. Firsova (1955) emphasised that lavender seeds
exhibit slow germination under natural conditions and
that stratification or soaking can improve germination
rates. These findings are consistent with the present
study, where non-stratified seeds sown in early March
showed delayed germination, with first seedlings ap-
pearing in the second ten-day period of May and mass
germination occurring in the third ten-day period. The
germination rates in spring sowings without pre-treat-
ment were 15-17% for L. angustifolia L. and 39-42% for
L. intermedia L., highlighting the importance of both
sowing time and seed preparation for successful prop-
agation. Propagation methods for lavender have also
been evaluated in previous studies. N. Urwin (2008)
concluded that vegetative propagation is often more
efficient and economically viable for large-scale
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cultivation due to slow germination and seedling de-
velopment in generative propagation. Small seed size
and the need for special seedbed preparation create
additional difficulties, and weed infestation is common-
ly observed during generative propagation.

Based on the results of this study, vegetative prop-
agation of lavender species under Absheron conditions
proved to be more effective. The soil and climatic con-
ditions of the region are suitable for establishing laven-
der plantations. In conclusion, the study indicated that
the second ten-day period of November is the optimal
sowing time for lavender under Absheron conditions,
with L. angustifolia L. showing higher germination rates
compared to L. intermedia L. Spring sowings without
pre-treatment result in significantly delayed and low-
er germination. For large-scale cultivation, vegetative
propagation is recommended as a more efficient and
reliable method, whereas generative propagation re-
quires careful consideration of sowing time and seed
pre-treatment to achieve satisfactory germination.

Conclusions
The study demonstrated that the optimal sowing depth
for Lavandula angustifolia L. and Lavandula intermedia
L.is 2.0 cm, where the highest seed emergence rates
were observed. At a shallower depth of 1 cm, germina-
tion rates were relatively low, reaching only 12.9% for
L. angustifolia L.and 11.0% for L. intermedia L. Increas-
ing the depth to 2 c¢m significantly improved germi-
nation to 75.0% and 67.0%, respectively, while further
increasing the depth to 3 cm led to a sharp decline
in seedling emergence, dropping to 18.4% and 17.3%.
These findings highlight the critical importance of cor-
rect sowing depth in optimising seed germination and
early seedling establishment. The study also identified
10 grams per square meter as the optimal seeding rate
for both species. This balance ensures sufficient seed
density for uniform plant establishment while avoid-
ing excessive overcrowding. In general, higher seed
viability allows for lower seeding rates, whereas low-
er germination capacity requires an increased seeding
rate to achieve adequate field coverage. Optimal envi-
ronmental conditions for successful seed germination
under open-field conditions were determined as an
average air temperature of 20-25°C, soil temperature
of 25-27°C, and relative humidity of 75-80%. These
conditions are essential to accelerate germination and
support early seedling growth, particularly in regions
with variable climatic conditions such as Absheron. De-
spite these findings, generative propagation of laven-
der under local conditions proved inefficient. The very
small seed size, the requirement for specially prepared
seedbeds, and the slow germination rate create signif-
icant technical challenges. Moreover, delayed seedling
growth facilitates weed competition, further reducing
the effectiveness of seed-based propagation. There-
fore, vegetative propagation is considered a more
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practical, efficient,and commercially viable method for
large-scale lavender cultivation.

Future research should focus onimproving seed ger-
mination through pre-sowing treatments, such as cold
stratification, soaking, or treatment with growth-pro-
moting bioactive compounds. Additionally, studies on
optimising vegetative propagation techniques, irriga-
tion management, and soil amendment strategies will
contribute to more efficient and sustainable lavender
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AHHoTauusa. KnnMaTtTblK e3repyyiepayH Kyuelly >KaHa KyprakubliblK Cyy a3 Tanan KblAraH ecyMAyKTepay
OCTYPYYHY anfblHKbl MAaHra u4birapyyfa. YWyn KOHTEKCTTe ap KaHnhaW TapMakTapha - (apmaueBTUKaza,
KOCMeTMKaa, napdroMepusaaa xxaHa 60ek eHAYPYLLUYHAS KEHMPU KONAOHYTaH KyprakyblablKKa YblAamMKal naBaHia
©3reye MaaHure 33 6onyyaa. JlaBaHaa nnaHTauuanapbl KOO34Yry MEHEH raHa 3Mec, TYPM3M TapMarbliHbIH OHYTYLLYHO
KOLUKOH canbiMbl MeHeH a 6aanyy. byn nungeene AbwepoH aimarbiHa (A3epbaiikaH) MHTPOAYKLMSANAHTaH Bup
Heye naBaHAa TYPYHYH OMO3KONOTUANBIK ©3reUYenyKTepy XaHa bUoTUKanbIK, abMOTUKaNbIK PaKTOPNOPAYH YPYKTaH
Kebelyyre TUUMM3reH TaacMpu U3UNAEHAM. ITyy MWTEPU >KasblHAA (MapT) XaHa Ky3yHAe (Hosbpb, aekabpb)
Xyprysyngy. M3unpgee yuypyHaa naBaHAaHblH YPYTyHYH 6HYM Ubilblllbl aHbIH KOMY/YYy TepeHAMrnHe Xapalla
e3repepy aHbikTanabl. Lavandula angustifolia L. xaHa Lavandula intermedia L. ypykTapbl y4yH ontumangyy cebyy
Tepenamrn 2,0 cm gen Tabbingbl. Ap KaHAAM TepeHAMKTE BHYN Ybiryy KepceTkyyTepy MbiHAan 6ongy: 1 cmae -
12,9-11,0 %, 2 cmpe - 75,0-67,0 %, 3 cmpe — 18,4-17,3 %. OpkyHAOP YUYH a3bIKTaHAbIPYY4Yy YUOMPOHYH LApTTapbiH
KaMCbI3 Kbinyy MakcaTbiHaa 1 M2 asgHTKa ypyk cebyy Hopmachl 3cenTenau. XblibIHTbIrbIHAA GeNrMneHreHaen, OHy
YbIryy XeHABMIYYYTY KaH4yanblK XXoropy 60510, kepekTenyyyy cebyy HOpMachl OLIOHYONYK TOMEH BONOT XaHa
TeckepucuHye. TaxpbiiibaHblH HernsuHae 1 M2 asgHtka 10 r ypyk cebyy cyHywTanapl. Aublk Tanaana MArManMkTyy
©HYM YbIryy Y4YH ONTUMaNAyy WwapTrap TeMeHkynep 6onay: abaHbiH opTodo TeMnepatypacsl 20-25 °C, TonypakTbiH
Temnepatypacbl 25-27 °C, canblwTbipManyy HeiMayynyk 75-80 %. M3MnaeeHyH XblbIHTbIrbIHA binaiibiK, ABLLepoH
ariMarbiHAa NaBaHAa TYPNepyH BeretatuBaMK KeOenTyy bIKMachkl HaTbIMKanyy 60yn YblKTbl, aHTKEHU XXEPTUTUKTYY
TOMYpPaK-KAMMATTbIK LWApTTap NaBaHAa NAaHTaLMaNapbiH Ty3yyre abaaH binanbiKTyy

Heruzru cespep: ypykTaH kebeiTyy; cTpatnduKaums; cebyy MeeHeTy; cebyy TepeHANUIU; BHYN YbIryy KOPCOTKYYY
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AHHoTauus. YcuneHme KMMaTU4eCckom U3MeHYMBOCTM M 3aCyLLMBOCTY BbIABUIAET Ha NEPBbIN NaH BO3AeNbIBaHNE
pacTeHWi C HU3KOWM NMOTPeOHOCTLIO BO Bnare. B 3ToM KOHTeKCTe naBaHAa — 3aCyxXOyCTOMYMBOE pacTeHMe, WMPOKO
ncnonb3yemMoe B hapMaLeBTMYECKOW, KOCMETUYECKOM, NapdOMEPHOIM M KpaCKIbHOM MPOMBILLIEHHOCTU, NpuobpeTaeTt
0cobyto akTyanbHOCTb. JTaBaHAOBblE NNAHTALMM He TONbKO 007134aloT BbICOKOM AEKOPATUBHOM LIEHHOCTbIO, HO U
CNOCO6CTBYIOT pa3BUTUIO TYPUCTMYECKOro cektopa. B gaHHOM uccnenoBaHuu 6biin M3ydeHbl BUMO3KONOrMYecKme
0COOEHHOCTU HECKONIbKMX BUAOB NaBaHAbl, MHTPOOYLMPOBAHHbIX B ABLIEPOHCKOM pernoHe (AsepbaiikaH), a Takxe
BIMSIHWE BMOTUYECKMX M aBMOTUYECKMX (PaKTOPOB Ha CEMEHHOE pa3MHOXeHMe. [oceB 0CyLLEeCTBASACS BECHOM (MapT)
M oceHbto (Hos6pb M Aekabpb). B xone nccnepoBaHms 66110 YCTAHOBAEHO, YTO BCXOXKECTb CEMSH IaBaHAbl 3aBUCUT
oT rnybuHbl 3agenku. OnTumanbHasg rnybuHa nocesa ang ceMsiH Lavandula angustifolia L. v Lavandula intermedia L.
coctaBuna 2,0 cm. BcxoxecTb ceMsiH Npu pasnnyHoi rnybuHe nocesa 6bina cnepytoweii: npu 1 cm - 12,9-11,0 %,
npu2cm - 75,0-67,0 %, npu 3 cm - 18,4-17,3 %. [ins obecneveHns 6naronpusaTHbIX YCIOBUIM MUTaHMS BCXOLOB Obina
paccu1TaHa HopMa BbiceBa Ha 1 M? nyowaaun. YCTaHOBNEHO, YTO YEM BbILIE BCXOXKECTb, TEM HUKE HEOBXOAMMast
HOpMa BbICEBA, U HAOBOPOT. Ha OCHOBAHMM OMbITHLIX AAHHbIX PEKOMEHA0BaHa HOpMa BbiceBa 10 r cemsiH Ha 1 M2,
[lns ycnewHoro npopactaHus B OTKPbITOM FPyHTE ONTUMAsbHbIMK YCI0BUSAMM BbiNn: CpefHAs TemMnepaTypa BO3ayxa
20-25 °C, Temnepatypa nousbl 25-27 °C, oTHocHUTeNnbHas BAaXHOCTb 75-80 %. CornacHo nosyyYeHHbIM pesynbraTa, B
ycnoBusax ABLuepoHcKoro pervoHa 6onee 3deKTUBHbIM 0Ka3anoCh BereTaTMBHOE pa3MHOXEHMe NaBaHbl, Tak Kak
MeCTHble NOYBEHHO-KIMMATUYECKME YCI0BUS BNaronpmusTHbl AN 3aKNafK1 NaBaHAOBbIX MIAHTALMIA

KnioueBble cnoBa: ceMeHHoe pPa3MHOXEHNE; CTpaTl/Id)VIKaLI,VIFI; CpOKM nocesa, FJ'IY6I/IHa noceBa, BCXOXECTb
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Abstract. The article presented a detailed comparative analysis of the accuracy of traditional and satellite
methods of geodetic measurements in relation to the tasks of the agricultural sector. The aim of the work was to
identify the conditions under which a particular method or their combination provides the optimal ratio of accuracy,
time of performance and stability to external factors in land surveying and land reclamation works, as well as in
the process of monitoring of agricultural lands. As part of the study, field experiments were conducted in areas
with different geomorphological characteristics of Kyrgyzstan, including flat areas of the Chiiy Valley, hilly pasture
zones and mountain gardens of Jalal-Abad region. The results showed that levelling retains its leading position
in terms of vertical accuracy (up to 2 mm/km), which makes it indispensable in the design of irrigation systems.
Tacheometry demonstrated stable values of RMS error in plan (8-12 mm) and elevation (15-25 mm) in conditions
of plains and built-up areas. GNSS measurements in RTK mode provided high performance and accuracy (5-10 mm
in plan, 10-20 mm in elevation) in open terrain, but in mountainous areas the accuracy decreased to 3-5 cm due to
signal interruptions. Static GNSS survey provided the highest accuracy results (3-5 mm), but it was the most time-
consuming (20-40 min/point). The practical value of the study lies in the development of recommendations on the
selection of the optimal methodology for cadastral works, design of land reclamation systems and implementation
of precision farming technologies, where the combined use of traditional and satellite approaches is most effective

Keywords: geodesy; measurement accuracy; RMS error; traditional methods; combined methods; GNSS; GPS

Introduction

Modern development of the agricultural sector is im-
possible without the use of accurate geodetic measure-
ments, which provide a reliable basis for land manage-
ment, design of land reclamation systems, monitoring
of agricultural land and implementation of precision
farming technologies. In recent years, there has been
a growing interest in the integration of satellite and
traditional methods, as shown in papers such as
A. White et al. (2022). New studies emphasise the val-
ue of global georeferencing systems and the combina-
tion of GNSS (Global Navigation Satellite System) with
other methods (Huisman & de Ligt, 2023; Haines et
al., 2024). In conditions of agricultural intensification,
there is an increasing need for efficient methods that

allow obtaining spatial data on land objects with high
accuracy and in the shortest possible time. Studies
aimed at improving the efficiency of land reclamation
works are of particular relevance.As shows the study of
N. Kutymbek et al. (2025), complex ameliorative meas-
ures on compacted grey soils can significantly improve
soil structure and increase their water permeabili-
ty, which requires high-precision geodetic support in
the design and monitoring of such systems. Geodetic
measurements become not only a technical procedure,
but also an important element of an integrated rural
management system, which gives the study addition-
al relevance. Traditional geodetic methods - levelling,
tacheometric surveying, theodolite observations - are
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characterised by high accuracy and time-tested relia-
bility. They are still used in land surveying and agricul-
tural engineering projects, especially where accurate
vertical surveying is required or works are carried out
in difficult terrain conditions. However, these methods
are time-consuming and labour-intensive, which limits
theiruse when surveying large areas of agricultural land.

Against this background, satellite technologies -
GNSS, differential correction, RTK (Real-Time Kinemat-
ic) and static imagery - offer new opportunities. They
allow to significantly increase productivity, automate
the process of data acquisition and integrate them
into geographic information systems (GIS) used for
agricultural resource management. Recent years have
seen a rapid development of these technologies, with
improved receivers, post-processing algorithms and
methods for combining satellite data with unmanned
aerial vehicles and laser scanning. The greatest devel-
opment potential is related to PPP (Precise Point Posi-
tioning)-RTK, integration of GNSS with InSAR (Interfer-
ometric Synthetic Aperture Radar) and automation of
data processing (Cheng et al., 2023; Papco et al., 2024;
Reshadati & Shirzaei, 2024). Prospective studies such
as N. Chodura et al. (2025), also concern the application
of Al and big data analysis. UAV (Unmanned Aerial Vehi-
cle) photogrammetry has shown to be highly effective
for site monitoring (Maboudi et al.,2025). Modern works
such as D.Chai et al.(2025), also emphasise the integra-
tion of GNSS with INS (Inertial Navigation Systems) and
partial ambiguity resolution techniques.

The relevance of this study lies in the need for a
comprehensive analysis of the accuracy of traditional
and satellite methods of geodetic measurements in re-
lation to the tasks of the agricultural sector. Such anal-
ysis allowed to identify optimal approaches for specific
conditions of agricultural production, to determine the
balance between accuracy, costs and stability to exter-
nal factors, as well as to justify the feasibility of imple-
menting combined technologies in the practice of land
management and agricultural engineering. The aim of
the study was to conduct a comparative analysis of the
accuracy of traditional and satellite-based methods of
geodetic measurements with a focus on their applied
use in the agricultural sector. The main objectives of
the study were: to characterise traditional methods and
their role in the agricultural sector; to analyse satellite
methods and identify their advantages and limitations;
to perform a comparative analysis of the accuracy and
efficiency of the methods on the example of land man-
agement, land reclamation and land monitoring; to for-
mulate practical recommendations for the selection of
the optimal methodology for the agricultural sector.

Materials and Methods
In order to achieve the set objectives the method of field
comparative analysis with subsequent mathematical
processing of the results was used. The study used field
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methods (levelling, total station, GNSS RTK and stat-
ic survey) in different geomorphological conditions of
Kyrgyzstan. Similar approaches are described in current
sources onthe integration of GNSS withunmanned aerial
vehicles and laser scanning (Reinprecht & Kieffer,2025;
Sestras et al., 2025a; Sestras et al., 2025b). The studies
were conducted on sites with different geomorpholog-
ical characteristics in three types of agricultural areas:

Plain area (Chiy Valley) - irrigated fields and
reclamation canals. In this area, 18 control points were
measured on a regular grid of 200 x 200 m to evenly
cover the territory and to obtain a representative sam-
ple of elevations;

Moderately hilly terrain (neighbourhood of Ka-
ra-Balta) - pastures and hayfields. Fourteen control
points were selected, located at the bends in the relief
(watersheds, hilltops, depressions). This choice allowed
to reflect the characteristic features of the relief and
to check the stability of the methods in conditions of
partial visibility;

Mountainous area (Kazarman, Jalal-Abad re-
gion) - orchards and vineyards. Here 12 control points
located on slopes and in gorges were measured tak-
ing into account the availability of satellite signal and
visual contact for traditional methods.

Various field measurement methods and equipment
were used in the study. Class Il levelling (Leica NA730)
was used to obtain highly accurate elevation difference
data for irrigation and drainage canal design; verti-
cal accuracy was up to 2 mm/km. Tacheometric survey
(Leica TS06 Plus) was used to construct topographic
plans of agricultural land and agro-infrastructure facil-
ities. The root mean square error (RMSE) for plan was
8-12 mm, for elevation - 15-25 mm. GNSS measure-
ments (CHCNAV 150, RTK and static modes) were used
to obtain coordinates of control points for cadastral
survey of land plots. The methods used for data pro-
cessing were those described by A. El-Rabbany (2002)
and A. Leick et al. (2015). The RTK mode provided ra-
pidity (10-20 seconds per point), while statics gave
maximum accuracy (3-5 mm) with an observation time
of 20-40 minutes per point. Figure 1 shows the GNSS
receiver 150 CHCNAV.

Figure 1. GNSS receiver 150 CHCNAV
Source: author’s photo
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During the field survey, Class Il levelling was car-
ried out using a Leica NA730 leveller. The average
length of the sighting beam was 60-70 m and the dis-
tance between stations was about 500 m. The accu-
racy of the elevations was in accordance with Class Il
standards and was within £2.0 mm per 1 km of dou-
ble-tracking. The altitude data were compared with
the results of levelling, which confirms the relevance
of the work comparing RTK-GNSS and classical meth-
ods (Naumowicz & Kowalczyk, 2025; Raufu, 2025). A
total station survey was also carried out using a Lei-
ca TS06 Plus electronic total station. The survey was
carried out at 20-25 m spacing in open areas and 10-
15 m in areas with pronounced microrelief. RMS er-
ror of distance measurements was * (2 mm + 2 ppm),
angular measurements — 2", Point coordinates were
measured using a CHCNAV i50 GNSS receiver in RTK
and static modes. In RTK mode, the initialisation time
was 5-10 seconds and the RMS error in plan did not
exceed *1.5 cm and in elevation £2.5 cm. In static
observations, the duration of sessions ranged from
30 minutes to 1 hour, which ensured the accuracy of
coordinate determination up to *5 mm in plan and
#10 mm in height.

The Leica Geo Office and GNSS Solutions software
packages were used to process the satellite data. The
following algorithms were used during post-process-
ing: double difference method (to eliminate ephemer-
is and ionosphere errors) (Leick et al., 2015); Kalman
filter (in RTK mode for smoothing coordinate solu-
tions); least squares method (for network equalisation

in static mode, as well as for total stations and level-
ling). The quality assessment criteria were: the value
of the RMS error, the inconsistencies in stroke closures
and the accuracy coefficient of the equated networks.
To ensure comparability of the results, the data were
initially recorded in the global World Geodetic System
(WGS84, n.d.), and then transformed into local coordi-
nate systems used in land surveying projects of the Kyr-
gyz Republic: Chiy Valley — SK-42 (coordinate system of
1942),zone 13 (Gauss-Kruger); Kara-Balta vicinity - SK-
42, zone 14, coordinated with cadastral projects of the
region; Jalal-Abad region - SK-95 (coordinate system of
1995), relevant for state land surveying works.

Results and Discussion

Field studies have shown that each of the considered
methods has both advantages and limitations. The
highest vertical accuracy was demonstrated by level-
ling, where the error did not exceed 2 mm/km. These
results correspond to generally accepted standards
of accuracy of geodetic levelling, which confirms its
indispensability in the design of irrigation systems,
especially in the flat areas of the Chuy Valley. The
tacheometric survey showed stable results: the RMS
error was 8-12 mm in plan and 15-25 mm in eleva-
tion. In the conditions of urban development of Bish-
kek, the accuracy of tacheometry proved to be higher
than that of GNSS RTK. The comparative data are pre-
sented in Table 1 and Figure 2, where the advantages
of tacheometry over other methods in conditions of
limited visibility can be seen.

Table 1. Comparative accuracy of traditional and satellite-based methods of geodetic measurements
in three types of agricultural areas in Kyrgyzstan

Method RMSE by plan (mm) RMSE in height (mm) Conditions of application
Levelling (I Class) - 2.0 mm/km ngh—preC|5{on survey of height
differences
Tacheometry (electronic) 8-12 15-25 Plains, built-up areas
GNSS (RTK) 5-10 10-20 Open terrain, signal required
. Long observations
GNSS (static) 3-5 5-10 (20-30 min/point)

Note: averaged values calculated on the basis of control points measured as part of the study

Source: compiled by the author on the basis of field studies
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Figure 1. Comparative accuracy of traditional and satellite methods of geodetic measurements

Source: compiled by the author based on field survey data
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GNSS measurements in RTK mode provided high
speed of operation — about 10-20 seconds per point -
and accuracy of about 5-10 mm in plan and 10-20 mmin
height in open terrain. However, in mountainous terrain,
the accuracy decreased dramatically, to 3-5 cm, which is
consistent with the findings of V.Hamza et al.(2025) and
H.Zhong et al. (2025) who noted the sensitivity of GNSS
to interference and terrain obstacles. The advantage of
this method is its high throughput: Table 2 and the time
plot (Fig. 2) show that RTK significantly reduces the sur-
vey duration compared to traditional methods. At the
same time, as X. Zhang et al. (2025) point out, modern
technologies such as multi-frequency and multi-system
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(multi-GNSS) methods, as well as Precise Positioning
Services (PPP), allow high real-time accuracy, reducing
convergence time to a few minutes and providing an
accuracy of up to 2.5 cm. Static GNSS surveying in this
study provided the highest accuracy (3-5 mm in plan
and 5-10 mm in elevation) but was time consuming
(20-40 minutes per point). Similar findings are cited by
K. Maciuk (2018), noting that statics remains the most
reliable method, but its practical application is limit-
ed by the need for long-term observations. The data on
time costs are summarised in Table 2, which confirms
the limited application of static surveying for mass ca-
dastral and engineering works.

Table 2. Time taken to measure one point by different methods

Method Time per point Comments
Levelling 10-15 minutes Requires moving and setting up of slats
Tacheometry 5-8 minutes Faster thaf‘ .Ie.v.elling, bUt depends
on visibility conditions
GNSS (RTK) 10-20 seconds High speed, if RTK station is available
GNSS (static) 20-40 minutes Long-term observation, high accuracy

Note: RTK - real time kinematic; static - static mode of GNSS observations
Source: compiled by the author on the basis of field experiments on agricultural land

Comparison of the methods showed that none of
them is universal. In urban areas, traditional methods
such as levelling and tacheometry are more reliable,
while in flat, open terrain satellite technologies are
optimal. In mountainous areas, the best results are
achieved by a combination of approaches: first RTK
surveying is performed to determine the general

configuration of points, and then refinement is carried
out by statics or total stations.This combined approach
is also noted by P.Jansson & L. Lundgren (2018), em-
phasising that the combination of methods allows
minimising errors in cadastral works. The influence of
topography and other factors on measurement accura-
cy is summarised in Table 3.

Table 3. Influence of external factors on the accuracy of geodetic methods

Method Building Forest cover Mountainous Cloudy weather iz e
terrain of sight
Levelling + + + n Yes
Tacheometry + + + + Yes
GNSS (RTK) - — _ + Yes, to satellites
and base
Desirable, but post-
GNSS (static) + + + + processing
is possible

Note: “+” - high stability; “*” - limited applicability; “-” - sharp decrease in accuracy

Source: compiled by the author on the basis of field survey data

The results obtained are in agreement with the
findings of R. Wagh & S. Auti (2025) who showed that
the integration of satellite technologies with geo-
graphic information systems improves the efficiency of
land surveying projects. In particular, the combination
of GNSS with tacheometry for land surveying is effec-
tive in agricultural tasks, as well as the use of levelling
to refine elevations in the design of land reclamation
systems. Thus, the conducted research confirms that
the choice of the optimal technique depends on the
terrain conditions and tasks. Satellite methods provide

high productivity and sufficient accuracy in flat areas,
but need support of traditional approaches when work-
ing in mountains and dense buildings. The best perfor-
mance is achieved when they are used in combination,
which is also supported by current research.

Conclusions
The analysis of traditional and satellite methods of
geodetic measurements has shown that there is no
universal approach, equally effective in all conditions.
For flat conditions satellite technologies are optimal,
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and for mountainous and built-up areas - traditional
or combined. The choice of the optimal methodology
is determined by terrain features, technical capabilities
and the objectives of the survey. In flat areas satellite
technologies are the most productive, providing high
productivity and sufficient accuracy, while in mountain-
ous areas and densely built-up areas traditional meth-
ods or their combined application should be preferred.
Levelling retains its leading position in vertical accuracy
and remains indispensable in the design and construc-
tion of irrigation systems. Tacheometry demonstrates
stable results when surveying limited and built-up ar-

The prospects for further research are related to
the development of integrated systems combining
data from satellite receivers, total stations, laser scan-
ners and unmanned aerial vehicles within the frame-
work of geoinformation platforms. Particular attention
should be paid to the introduction of artificial intel-
ligence and machine learning methods for the auto-
matic processing and analysis of spatial data. Further
work should also be directed towards assessing the
stability of combined techniques in complex natural
and anthropogenic conditions, as well as developing
adaptive algorithms to improve the accuracy of re-

eas. GNSS surveying in RTK mode provides high speed  al-time measurements.
and automation of measurements, but its accuracy de-

creases in difficult terrain and unstable signal, which Acknowledgements

requires combination with other approaches. Static  None.
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CanTTyy *KaHa CHyTHHUKTHK reoe3us1JIbIK 6,19600
bIKMAaJIapPbIHBIH TAKTHITBIH TAJAL00

TypcyH6y6y CyntaHanuesa

TexHUKa UNUMOEPUHUH KaHOMOATbI, AOLEHT

B. EnbumH aTbiHOarbl Kblproi3-Opyc cnaBsH YHUBEPCUTETU
720021, Knes Keu., 44, Bullikek ., Kbiprbi3 Pecry6imKacshl
https://orcid.org/0000-0002-8491-8315

AHHoTauusa. byn Makanaga reogesunsnbik en4eenepayH CanTTyy )aHa CMYTHUKTUK bIKManapblHbiH TaKTbIrbIHbIH
[eTanayy canbllTbipMa TanLo0Cy arpapAblK TapMaKkTarbl KONAOHYyra 6acbiM )acoo MeHeH bepwuneT. M3ungeeHyH
Hernsru MakcaTbl — XXepre XanrawTblipyy, MennMopaums xaHa anbin Yapba xepfepuH MOHUTOPUTASe WULITepUHAE
ap 6up bikMa e anapAblH aiKanblllbl TAKTbIK,01466 XYPry3yy yOaKTbiCbl XKaHa TbilKbl AaKTOPAOPro TypyKTYYyayK
60toHYa onTMManayy HaTblixa 6epreH wWapTrapabl aHbIKTOO 6onyn caHanat. Tanaa usunaeenepy Kelproi3cTaHabIH
ap Typayy reoMopdonornanbiK WapTrapblHAa aHblkToo 6onyn caHanat. Tanaa usungeenepy Kblprbi3cTaHAbIH
ap Typayy reomMopdonorusanbik WwapTTapbiHAa Kyprysyngy: Yy epeeHyHyH Ty3ayktepyHae, Kapa-bantaHbiH
alnaHacblHAarbl agblpayy >kambiTTappa >kaHa XKanan-A6ap o6nycyHyH Toony 6ak-gapakTyy ariMakTapbiHAA.
HaTbiikanap kKepceTkeHAe!, HUBENUPAee BepTUKaNAbIK TaKTbiK HOKOHYA 3H, XOTrOpKy AEHr33144M (2MM/KM YeiunH)
KaMCbI3 Kbl/bIM, UppUraLmsblK cucTemManapibl 40n1600pn00a0 anMallkbi3 60MA0H Kanyyna. TaxeoMeTpus Ty3ayK
XaHa Kypynyw ken 60MroH aMMaktapZa OpTOYO KBAaApaTTblK KaTaHblH TYpYKTYy MaaHunepuH (nnauvapl 8-12 mm,
H6uiinkTMrn 6otoHua 15-25 mm) kepceTTy. GNSS RTK bikMachl aublk aliMakTapa »Oropky eHAYPYMAYYAYK >KaHa
TakTbikka (nnaHaplik 5-10 MM, Guiunkturn 6otoHya 10-20 MM) xeTuwTn, 6GUMPOK TOONyy PanoOHAOPAO CUrHan
y3y/nyynepyHe OainaHbiwTyy Kata 3-5cMre yeruH kebenay. DH XOropky TakTblK (3-5 MM) ctatukanbik GNSS
onyeenepyHae barikanraH, GupokK yb6akbITTbIK YbIrbiM 3H ken 601roH (20-40 MuH/4ekunT). U3nnaeeHyH npakTMKanbik
MaaHWCKM - KagacTpAblK MwWTephe, MenMopauussbliK cucTeManapibl 40n000pn0040 KaHa TaK AblMKaHYbIbIK
TEXHONOTUSNAPbIH KUPTU3Yyae OMTMManayy bikManapAbl TaHA0O OOKHYA CyHywWwTaphbl MIITEM YbIryyAa,MblHAA
CaNTTyy XaHa CNYTHWUKTUE biIKManapAbl alKanbIWTbIPbIN KONAAOHYY 3H 3Q(eKTUBAYY IKEHANUTU JANUNAEHOMN

Herusru ce3fnep: reonesna; e14ee TakTbirbl; OPTOHO KBAAPATTbIK KaTa; CanTTyy bIKManap, anKanblWKaH blKManap;
GNSS; GPS
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AHaJIM3 TOYHOCTH TPATUITHOHHBIX
M CIIyTHUKOBBIX METO/I0B re0ie3nYeCKUX H3MepeHn il

TypcyH6y6y CyntaHanuesa

KaHounoat TeEXHUYeCKMX HayK, OOLEHT

Kblprbl3cKO-POCCUNCKMM CaBAHCKUIN YHUBEPCUTET UMeHU B. EnbumHa
720021, yn. Knesckaq, 44, I. Bullikek, Kblproiackas Pecrybnmka
https://orcid.org/0000-0002-8491-8315

AHHoTauums. B cTaTbe NpeacTaBneH feTanbHbli CPAaBHUTENbHbIN aHAIM3 TOYHOCTU TPAAULMOHHbIX U CMYTHUKOBbIX
MeTOAOB reofe3nMyeckMx M3MepeHui MPUMEHUTENbHO K 3ajadvyaM arpapHoro cektopa. Llenbio pabotbl 6b110
BbISIBEHME YC/IOBMI, MPU KOTOPbIX KOHKPETHbIA METoA MNM UX KOMOWMHauus obecneunBaloT ONTUMANbHOE
COOTHOLIEHWE TOYHOCTU, BPEMEHM BbIMOJIHEHUS U YCTOMYMUBOCTM K BHELIHUM DAaKTOpPaM Mpu 3eM1eyCTPOUTENbHbIX
M MenuopaTMBHbIX paboTax, a Takxe B MpPOLECCeE MOHMTOPWHIA CeNbCKOXO3SAMCTBEHHbIX yrogui. B pamkax
nccnefoBaHUS MNpPOBeAeHbl MOMEBble 3KCMEPUMEHTbl HA Yy4acTKax C pPasIMyHbIMM reoMopdonornyecknMm
xapaktepucTukamu Kbiprbi3ctaHa, BKIOYas paBHUHHbIE TEPPUTOPUM YYIMCKOM AONUHBI, XONMUCTbIE MACTOMLLHbIE
30Hbl M TopHble cagbl Ixanan-Abanckon obnactu. [MonyyeHHble pe3ynbTaTtbl MOKa3anu, YTO HWBENUPOBAHMWE
COXpaHAeT NMAMPYIOLME NMO3MLMM MO BEPTUKANBHOM TOYHOCTM (B0 2 MM/KM), 4TO AefnaeT ero HesaMeHWMbIM
NpYU NPOEKTUPOBAHWM MPPUFALMOHHBIX CUCTEM. TaxeoMeTpusi NpOAEMOHCTPMpOBana CTabuibHble 3HAYEHMUS
cpeaHeKkBaapaTUyecKkon owmnbku no nnany (8-12 mm) u BoicoTe (15-25 MM) B yCIOBMSAX PaBHUH U 3aCTPOEHHbIX
Tepputopuit. GNSS-usmepenns B pexmume RTK obecneumnn BbICOKYHD NpPOM3BOAMUTENBHOCTb WM TOYHOCTb
(5-10 MM no nnaHy, 10-20 MM o BbICOTE) B OTKPbLITOM MECTHOCTH, OAHAKO B FOPHbIX PaOHaX TOYHOCTb CHWUXaNacb
[0 3-5 cM n3-3a nepeboeB curHana. Hausbiclume pesynbTaTtbl MO TOYHOCTM (3-5 MM) obecneumna craTmyeckas
MHCC-cbemka, HO OHa oka3anacb Hanbonee 3aTpaTHoi No BpeMeHn (20-40 MuH/TOYUKA). [pakTnyecKkas LEeHHOCTb
nccnefoBaHNUs 3ak/vaeTcs B pa3paboTke pekoMeHAaLUuii No BbI6Opy ONTUManbHOM METOAMKM ANS KafacTPOBbIX
paboT, NpOEKTMPOBAHMS MENMOPATUBHbIX CUCTEM M BHELPEHUS TEXHONOMMI TOYHOTO 3eMefenus, raoe Hanbonee
3 deKTMBHO KOMOUHMPOBAHHOE MCNOAb30BaHNWE TPAAULMOHHBIX M CYTHUKOBbIX NMOAXOA0B

KnioueBble cnoBa: reofiesus; TOMHOCTb U3MEPEHUIA; CpeAHEKBaApaTUUECcKas oWwnbKa; TPaAULMOHHbIE METOAbI;
KOMBUHUpoBaHHbIe MeToabl; GNSS; GPS
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Abstract. Preserving and assessing the genetic diversity of farm animals is one of the key tasks for sustainable
development in the agricultural sector. This paper examined the economic significance of genetic diversity in
Kyrgyz Mountain Merino (KMM) sheep based on an analysis of nuclear DNA variability using microsatellite markers
(STR).The aim of the study was to determine the level of heterozygosity, inbreeding coefficients and allele richness
in KMM compared to related fine-wool sheep breeds from Russia, Kazakhstan, Poland and Pakistan, as well as
to determine their significance for breeding programmes and the economic sustainability of the industry. The
methodological basis of the study included molecular genetic analysis of 12 STR markers, statistical evaluation
of genetic parameters, and comparison of the results with international databases. It was found that the level of
observed heterozygosity in KMM (Ho = 0.70) exceeds that of Russian (0.66), Polish (0.64) and Pakistani (0.65) fine-
wool sheep. Kazakh breeds show similar values (0.68), but are characterised by a higher inbreeding coefficient
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(FIS=0.06),which indicates a tendency towards a decrease in genetic diversity.In contrast,the inbreeding coefficient
for KMM was only 0.03, indicating a balanced population structure. The results of the study confirmed that the
preservation of the genetic diversity of the KMM breed is not only biologically but also economically important:
higher genetic variability ensures adaptability to changing climatic conditions, increases productivity and reduces
the costs of veterinary and breeding measures. Thus, the integration of genetic monitoring into the economic
management of sheep breeding is a necessary condition for the sustainable development and competitiveness of

KMM products in domestic and foreign markets

Keywords: sheep breeding in Kyrgyzstan; STR markers; molecular genetic analysis; population stability;
genetic polymorphism; biotechnology in animal husbandry

Introduction

Sheep farming has traditionally occupied one of the
leading places in the agricultural sector of the Kyrgyz
Republic, providing the rural population with meat,
dairy products and wool, as well as forming the coun-
try’s export potential. According to the National Statis-
tical Committee of the Kyrgyz Republic (n.d.), the share
of sheep breeding in the overall structure of livestock
production remains consistently high, despite the cli-
matic and socio-economic challenges of recent dec-
ades. Of particular importance is the Kyrgyz Mountain
Merino (KMM), a unique breed of fine-wool sheep char-
acterised by high adaptability to high-altitude condi-
tions, resistance to environmental stress factors and
valuable productive characteristics of wool and meat.
These qualities determine its strategic role in the de-
velopment of sheep breeding and the formation of the
country’s food security. However, in recent years, threats
related to the loss of KMM genetic diversity have been
increasing. The intensive use of a limited number of pro-
ducers, the reduction of grazing land, climate change
and globalisation processes are leading to a narrowing
of the gene pool and an increase in the risks of inbreed-
ing. As noted by A. Kappes et al. (2023), G. Wanjala et
al. (2023), the consequences of reduced genetic diver-
sity are manifested in weakened reproductive qualities,
increased susceptibility to disease, and reduced overall
animal productivity, which in turn directly affects the
economic efficiency of the industry.

Modern molecular genetic methods allow for a
more detailed study of the structure of farm animal
populations. Short Tandem Repeats (STR) analysis, or
microsatellite analysis, occupies a special place among
these methods. This method is considered a reliable
tool for assessing intraspecific diversity, identifying
degrees of kinship and population differentiation. STR
markers are used in breeding programmes to control
genetic variability and develop long-term strategies for
sustainable sheep breeding (Teneva et al., 2018). For
example, studies by T. Odjakova et al. (2023) showed
that the use of STR analyses allows for the objective
determination of the degree of genetic homogeneity in
sheep populations, while R. Pichler et al. (2017) con-
firmed the effectiveness of the method in a compar-
ative analysis of the genetic diversity of 11 domestic

sheep breeds from Asia, Africa, Europe and Latin Amer-
ica with wild Asian urials.

From an economic point of view, the preservation
and maintenance of genetic diversity is one of the most
important factors for the sustainability of the livestock
industry. Genetic variability provides opportunities to in-
crease productivity, improve wool and meat quality, re-
sistance to infectious diseases and adaptation to chang-
ing climatic conditions. Molecular genetic studies show
that the adaptation of sheep to different environmental
conditions is ensured by a complex of mechanisms: the
HIF-1a and EPAS1 genes contribute to high-altitude ad-
aptation through the regulation of hypoxic stress, UCP1
provides cold resistance, and SLC4A4 and GPX3 increase
drought resistance (Zhu et al., 2025). These mechanisms
are implemented through DNA methylation, transcrip-
tional regulation, and metabolic pathways, which em-
phasises the importance of preserving genetic diversity
to maintain the adaptive potential of breeds. In the long
term, this is directly linked to increased profitability of
agricultural enterprises and reduced risks associated
with environmental fluctuations.

The issue of preserving genetic diversity is particu-
larly important for the mountainous regions of Central
Asia, where natural and environmental conditions are
highly variable. In such regions, maintaining intraspe-
cific diversity is a prerequisite for food security and the
competitiveness of the industry. M. Nei’s (1972) concept
of genetic distance, based on the identity of genes be-
tween populations, laid the theoretical foundation for
the quantitative assessment of genetic diversity and re-
mains a key tool in population genetics. Its application
to the analysis of farm animals shows that, under con-
ditions of high pressure on ecosystems, it is genetic di-
versity that ensures the flexibility of adaptation and the
stability of sheep productivity characteristics. Despite
growing interest in this issue, research on the genetic
resources of Kyrgyz sheep breeds is limited. The lack of
systematic data reduces the effectiveness of breeding
and selection work and limits strategic planning oppor-
tunities. K. Dossybayev et al. (2019) emphasised that the
integration of molecular genetic methods with econom-
ic analysis of productivity can significantly improve the
effectiveness of industry programmes. This approach is
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already being actively used in other countries: for ex-
ample, R. Sharma et al. (2020) showed that taking ge-
netic diversity into account increases the efficiency of
fine-wool sheep breeding in India, and K. Dossybayev et
al. (2019) described similar examples for Central Asia.

Thus, the relevance of this study is determined by
the need for a comprehensive approach combining
molecular genetic assessment of intraspecific diversi-
ty with economic analysis of its significance. The aim
of the study was to assess the economic significance
of the genetic diversity of the Kyrgyz Mountain Merino
based on STR analysis of nuclear DNA, which can not
only reveal the current state of the breed, but also form
scientifically sound recommendations for breeding and
selection work, as well as propose long-term measures
to increase the sustainability and competitiveness of
sheep breeding in Kyrgyzstan.

Materials and Methods

The work was carried out in 2022-2024 on Kyrgyz
Mountain Merino sheep bred on farms in the Chuy,
Naryn, Talas, Issyk-Kul and Osh regions of the Kyrgyz
Republic. The study included 312 animals aged 2 to 5
years, of which 152 were females and 160 were males.
The animals represented different intra-breed types
bred on the breeding farms named after Lushchikhin
(n =85), Orgochor (n=74), Katta-Taldyk (n=68), as well
as a number of private farms in the Chiy (n=35), Naryn
(n=25), Issyk-Kul (n=15) and Osh (n=10) regions. Blood
samples were collected from the jugular vein in a vol-
ume of 5 mlusing vacuum tubes with EDTA (ethylenedi-
aminetetraacetic acid). The tubes were transported in a
cooled state (4°C) and stored for no more than 48 hours
prior to analysis. All procedures were performed in ac-
cordance with the principles of bioethics CIOMS (1985)
and Directive 2010/63/EU (2010).

DNA extraction was performed using a commercial
Qiagen DNeasy Blood & Tissue Kit (Qiagen, Germany).
DNA concentration and purity were determined using
a NanoDrop 2000 spectrophotometer (Thermo Scien-
tific, USA). Genotyping was performed using STR anal-
ysis with a panel of 12 microsatellite loci (OarFCB20,
OarCP49,0arCP20,BM6506,ILSTS11,MAF214,MAF209,
INRA63, INRA49,McM527,HSC, OarAE119) recommend-
ed by ISAG (2019). Amplification was performed by PCR
(polymerase chain reaction) on a Bio-Rad T100 thermo-
cycler (USA) according to the following protocol: initial
denaturation at 95°C for 5 min; followed by 35 cycles:
denaturation at 95°C for 30 seconds, primer annealing
at 58-62°C (depending on the locus) for 30 seconds,
elongation at 72°C for 45 seconds; final elongation at
72°C for 10 minutes. Fragment analysis was performed
on an ABI 3130 Genetic Analyzer (Applied Biosys-
tems, USA) using GeneMapper 5.0 software.

A total of 126 alleles were identified, of which 67
(53.2%) were classified as rare (criterion: frequency of
occurrence <0.05). To assess genetic diversity, standard

indicators were calculated: number of alleles per locus
(Na); effective number of alleles (Ne); observed (Ho)
and expected (He) heterozygosity. Calculations were
performed using formulas (1) and (2):

number of heterozygous genotypes

Ho =

1
total number of genotypes ( )

He = 1—Epi2, )

where p, is the frequency of the /-th allele.
The inbreeding coefficient (FIS) was calculated us-
ing formula (3):

He—Hp

FIS = (3)

e
The fixation coefficient (FST) was calculated using
formula (4) (Wright, 1978):
FST =2t 4)
Hy
where H, is the total heterozygosity, H_ is the average
across subpopulations.
Genetic distance was calculated using formula (5)
(Nei, 1972):

=-1In(l), (5)

where | is the genetic similarity index.

The economic significance of genetic diversity was
determined through productive and financial indicators:
wool productivity (clipping, fineness and fibre length);
meat productivity (live weight, slaughter yield, meat-
bone ratio); economic parameters (production cost,
gross income, profit and profitability). The calculations
were carried out in accordance with the methodologi-
cal recommendations of the Kyrgyz National Agrarian
University, which include analysis of direct and indirect
costs, determination of gross income and profitability.
Data from international and national studies were used
to substantiate the assessment of the economic signif-
icance of sheep genetic diversity and to compare pro-
ductivity indicators.

For the analytical part of the study, publications
from the Scopus, Web of Science and Google Scholar
databases were analysed. The search was conducted
using the following keywords: “Kyrgyz Mountain Meri-
no sheep”, “genetic diversity”, “nuclear DNA", “STR mark-
ers”, ‘economic efficiency”. Articles with the results of
genetic studies were included, as well as works with
economic interpretation of data on sheep breeding.
The FAO (2015) report was used as a general database
of statistical information. To compare the wool and
meat productivity of fine-wool breeds, studies from
Kazakhstan (Iskakov et al., 2017), Russia (Lavrentie-
va et al., 2021), Poland (Kawecka et al., 2022) and Pa-
kistan (Want et al., 2020) were used. Data from simi-
lar surveys in Central Asia (Kerven, 2002) were used to
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compare regional trends. In addition, review publica-
tions demonstrating the link between genetic diversity
and livestock productivity and sustainability (Wanja-
la et al., 2023; 2025) were used.

To analyse the impact of genetic diversity on the
economic sustainability of farms, scenario modelling
was used, applying a modified partial budgeting model
in combination with the cost-benefit method. The fol-
lowing data were used as input:

the results of STR analysis (Na, Ne, Ho, He, FIS);

indicators of wool yield, tonnage, live weight and
slaughter yield;

data on feed costs, veterinary services and breed-
ing work, obtained on the basis of surveys of breeding
farms in the Chily, Naryn and Talas regions (2023-2024);

official methodological recommendations for as-
sessing the profitability of agricultural production.

The following conditions were set for the assess-
ment of scenarios:

baseline — maintaining current genetic diversity
parameters (Na, Ne and Ho/He at the level of the pres-
ent study);

negative — a 20% reduction in diversity (mod-
elled through a decrease in Na and an increase in FIS),
which led to an increase in morbidity (according to FAO
data, 2015) and a decrease in wool productivity;

innovative - strengthening of selection work (im-
proved control of inbreeding, maintaining FIS < 0.05),
which ensured growth in wool and meat productivity.

The profitability level (R) was calculated using for-
mula (6):

GR-C
C

R =

x 100%, 6)

where GR is gross revenue from product sales (wool,
meat), C is total costs (feed, veterinary expenses, labour,
breeding work).

Statistical data processing in Stata 16.0 and @RISK
8.3 (Palisade Corp.) were used for modelling, allowing
scenario forecasting with elements of Monte Carlo sim-
ulation (1000 iterations). The STRUCTURE 2.3.4 pro-
gramme was used to identify intrapopulation clusters.

Results and Discussion
The results of STR analysis showed that the Kyrgyz
Mountain Merino breed is characterised by a high level
of genetic variability, reflecting its unique evolutionary
formation and adaptation to the extreme conditions of
the highlands. In the study of 12 microsatellite loci, 126
alleles were identified, of which 67 (53.2%) were rare,
i.e., occurred with a frequency of less than 0.05. Such a
number of rare alleles indicates a rich gene pool, provid-
ing a wide range of opportunities for selection. The av-
erage number of alleles per locus (Na) was 10.5, which
is higher than the average for many fine-wool breeds
(6-9) described in similar studies (Punuru et al., 2025).
The effective number of alleles (Ne) was 6.2, confirming
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the uniform distribution of variants and the absence
of dominance of individual genes. High values of ob-
served (Ho =0.62-0.78) and expected (He =0.65-0.80)
heterozygosity indicate that the KMM population has a
high level of genetic variability (Ceccobelli et al., 2023).
The low difference between Ho and He indicates
that the population does not suffer from pronounced
inbreeding. The calculated inbreeding coefficient
(FIS=0.03) also demonstrates minimal risks of accumu-
lation of close kinship ties, while, according to S. Cec-
cobelli et al. (2023), this indicator reaches 0.10-0.15
in some local breeds. The Nei genetic distance when
compared with breeds from Kazakhstan, Russia, Po-
land and Pakistan ranged from 0.12 to 0.18, indicating
a moderate degree of differentiation characteristic of
breeds formed in different environmental conditions.

The use of the STRUCTURE 2.3.4 programme made
it possible to identify the presence of several intrapo-
pulation clusters that coincide with regional breeding
lines — Chiy, Naryn and Talas. Such clustering reflects
the peculiarities of breeding practice and confirms that
a rich diversity of lines is preserved within the breed.
From an economic point of view, this is extremely im-
portant: the presence of several genetically differenti-
ated lines allows for flexible selection work aimed at
strengthening certain productive traits. For example, in
the Chuy line, attention can be focused on increasing
meat productivity, while the Naryn and Talas lines are
more promising for the development of wool produc-
tion. Thus, the richness of the genetic structure of the
KMM confirms its strategic value in the development of
sheep breeding in Kyrgyzstan.

Preserving the genetic diversity of KMM has direct
economic implications. Firstly, allele diversity and high
heterozygosity ensure the stability of productive traits
even under climatic stress conditions. The data ob-
tained show that the average wool yield for rams was
5.2-5.5 kg, for ewes - 3.8-4.2 kg, with a fibre fineness of
19.8-20.5 microns. These indicators testify to the sta-
bility of productivity and confirm that the presence of a
broad genetic background allows for the maintenance
of high wool quality. For Kyrgyzstan, where a significant
part of the wool is exported, the preservation of these
characteristics has a direct impact on foreign exchange
earnings and the competitiveness of the industry in the
international market. Secondly, rare alleles identified in
the population have the potential to increase disease
resistance and adaptation to new conditions, including
climate change. Their presence increases the breeding
value of KMM, as it is precisely these unique genetic
variants that can become a source of new traits that
will be in demand in the future. This is where the long-
term economic benefit lies: by maintaining genetic
diversity, farms are effectively investing in production
sustainability and reducing future risks. Thirdly, low lev-
els of inbreeding and moderate population differentia-
tion create favourable conditions for effective breeding
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work without the need for large-scale imports of breed-
ing material from abroad. This significantly reduces the
cost of renewing livestock and minimises dependence
on external supplies. At the same time, the internal
structure of the KMM makes it possible to create eco-
nomically advantageous crossbreeding programmes
within the country, which contributes to the develop-
ment of the national breeding system. It is also impor-
tant to note that the economic significance of the KMM
goes beyond direct productivity indicators and includes
a broader context: ensuring food security, maintaining
employment in rural areas and preserving the cultur-
al heritage associated with traditional sheep breeding.
Support for this breed has a multiplier effect: by in-
creasing genetic stability and productivity, Kyrgyzstan
is simultaneously strengthening its position in the ag-
ricultural market and developing its export potential.
The live weight of rams ranged from 80 to 85 kg,
ewes from 55 to 60 kg, and the slaughter yield reached

46 to 48%. These indicators are comparable to in-
ternational standards and confirm the competitive-
ness of the Kyrgyz Merino (FAO, 2015; Deniskova et
al.,2018). 1t is important to note that it is precisely the
high level of genetic diversity that contributes to the
stability of these parameters. For example, according
to farmer surveys, farms with a limited genetic base
in Central Asia experienced significant fluctuations in
wool yield and a decline in wool quality due to the
loss of genetic resources, which directly affected eco-
nomic performance and production profitability (Ker-
ven et al., 2002).

Observed and expected heterozygosity, as well as
inbreeding coefficients, showed population stability
and no significant deficit in genetic diversity. To system-
atise the results, an analysis of the main indicators of
STR markers was carried out, including the number of
alleles, heterozygosity and inbreeding coefficient. The
summary data are presented in Table 1.

Table 1. Genetic parameters of the Kyrgyz Mountain Merino based on STR analysis

Indicator Value (average)
Number of alleles per locus (Na) 10.5
Effective number of alleles (Ne) 6.2
Ho (observed heterozygosity) 0.70
He (expected heterozygosity) 0.72
FIS (inbreeding coefficient) 0.03

Source: compiled by the authors

Table 1 presents the main indicators of genetic di-
versity of the Kyrgyz Mountain Merino sheep obtained
on the basis of STR analysis performed within the
framework of this study. The number of alleles per locus
(Na=10.5) indicates a high level of variability, confirm-
ing the preservation of a broad gene pool for the breed
(Wanjala et al., 2025). The effective number of alleles
(Ne = 6.2) indicates a balanced distribution of genes
and the absence of dominance of individual alleles.The
observed (Ho=0.70) and expected (He=0.72) heterozy-
gosity indices demonstrate a high level of variability
and indicate the population’s resistance to inbreeding.
The low inbreeding coefficient (FIS = 0.03) confirms
that there is no tendency towards degeneration in the
breed and that selection work is being carried out while
preserving genetic diversity. The number of alleles per
locus (Na =10.5) indicates a high level of variability,
which confirms the preservation of the breed’s broad
gene pool. The effective number of alleles (Ne = 6.2)
indicates a balanced distribution of genes and the ab-
sence of dominance of individual alleles. The observed
(Ho=0.70) and expected (He =0.72) heterozygosity in-
dices demonstrate a high level of variability and indi-
cate the population’s resistance to inbreeding. The low
inbreeding coefficient (FIS =0.03) confirms that there
is no tendency towards degeneration in the breed and
that selection work is being carried out while preserv-
ing genetic diversity.

Range Interpretation
8-13 High diversity
5-8 Balanced population
0.62-0.78 High variability
0.65-0.80 No heterozygote deficiency
0.01-0.05 Moderate level of inbreeding

For an objective assessment of the genetic poten-
tial of the Kyrgyz Mountain Merino, it is important to
compare its characteristics with other fine-wool breeds
common in Central and Eastern Europe, as well as in
South Asia. The analysis included sheep from Kazakh-
stan, Russia, Poland and Pakistan, where breeding work
is actively carried out to improve the fine-wool direction
(Dimitriou et al., 2024). A comparative analysis of hete-
rozygosity and inbreeding coefficients in Kyrgyz Moun-
tain Merino and foreign sheep breeds revealed signifi-
cant differences in the level of genetic diversity.The data
obtained show that it is the Kyrgyz Mountain Merino
that has the most stable parameters, combining a high
level of heterozygosity and low inbreeding coefficients.
This indicates the preservation of a rich gene pool and
the effective use of breeding lines in breeding work.

Russian fine-wool breeds are characterised by low-
er heterozygosity rates, which indicates a gradual de-
cline in genetic reserves (Lavrentieva et al., 2021). This
trend can be explained in large part by the history of
the formation of these breeds, when the main focus
was on increasing wool productivity through intensive
selection, but less attention was paid to preserving in-
trapopulation variability. In the long term, this may lead
to an increase in the frequency of hereditary diseases
and a decrease in the adaptability of animals. Polish
Merinos are also characterised by a relatively limit-
ed gene pool, which is reflected in low levels of both
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observed and expected heterozygosity (Kawecka et
al., 2022). This is due to the fact that breeding work in
European countries has traditionally been focused on
obtaining stable but highly specialised lines.As a result,
there is a reduction in the number of rare alleles, which
Llimits the possibilities for further genetic improvement
of the breed. Pakistani sheep show an even higher level
of differentiation compared to Kyrgyz Mountain Meri-
nos, which is reflected in the Nei genetic distance val-
ues. This is due to both geographical isolation and the
fact that in Pakistan, local adaptive lines with a limited
gene pool are often used in sheep breeding (Want et
al., 2020). Kazakh fine-wool sheep occupy an interme-
diate position: their heterozygosity indices are close to
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those of KMM, but a higher inbreeding coefficient indi-
cates that breeding work here is more focused on the
use of a limited number of breeding producers (Iskak-
ov et al., 2017). This strategy allows for the temporary
consolidation of economically useful traits, but in the
long term, it carries the risk of reducing the overall sta-
bility of the population.

Thus, a comparison of the KMM with foreign breeds
demonstrates its strategic advantage: it combines
high genetic variability and a low degree of inbreed-
ing, which creates a solid foundation for maintaining
productivity and economic efficiency. For a more visual
representation of these data, the summary results are
presented in Table 2.

Table 2. Comparative indicators of genetic diversity of sheep in different countries

Breed/region Ho He
Kyrgyz Mpuntam 0.70 0.72
Merino
Kazakh fine-wool 0.68 071
sheep
Russian fine-wool 0.66 0.69
Polish Merinos 0.64 0.68
Pakistani sheep 0.65 0.67

Source: compiled by the authors

As can be seen from Table 2, the Kyrgyz Mountain
Merino is characterised by the most favourable com-
bination of indicators: the observed heterozygosity
Ho=0.70 and expected He =0.72 confirm a high level
of intrapopulation variability. The inbreeding coefficient
FIS=0.03 indicates a low degree of related mating. The
genetic distance Nei in relation to other breeds has
not been calculated (base breed), which emphasises its
importance as a reference object for research. Kazakh
fine-wool sheep have similar heterozygosity indices
(Ho=0.68,He=0.71), but a higher inbreeding coefficient
(FIS=0.06) indicates a decrease in genetic diversity. The
genetic distance of 0.12 in relation to KMM indicates
that the breeds remain closely related, which is due to
the geographical and historical similarity of breeding
conditions. Russian fine-wool breeds are characterised
by lower heterozygosity (Ho=0.66, He=0.69) and an in-
breeding coefficient FIS = 0.07, which reflects the lim-
ited gene pool due to intensive selection. The genetic
distance Nei (0.15) indicates a more pronounced differ-
entiation compared to KMM. Polish Merinos show even
lower values (Ho=0.64,He=0.68,FIS=0.08), which is as-
sociated with long-term targeted selection and a limited
base of producers. The genetic distance (0.16) confirms
a significant difference from the Kyrgyz Mountain Meri-
no. Pakistani sheep have values of Ho=0.65, He =0.67
and the highest inbreeding coefficient (FIS =0.09). This
is explained by traditional breeding methods based on
the use of local lines. The genetic distance (0.18) indi-
cates the greatest differentiation in relation to KMM.

FIS Nei (to KMM) Interpretation
0.03 _ ngh_varlabll.lty, low
inbreeding
0.06 012 I\/.Ioderat.e dlvers‘lty,
signs of inbreeding
0.07 0.15 Decrease in
heterozygosity
0.08 0.16 Limited gene pool
0.09 0.18 High differentiation

Wool productivity. Wool quality remains the main
criterion for the competitiveness of fine-wool breeds.
At KMM, wool yield is 5.2-5.5 kg for rams and 3.8-4.2
kg for ewes, with a fineness of 19.8-20.5 microns. This
meets international standards for high-quality fine-
wool, for example, in studies with Merino sheep, where
improved nutrition for ewes resulted in a clean wool
weight of about 5 kg and a fibre diameter of about
18-20 ym (Thompson et al., 2011). For comparison, Rus-
sian Merinos have a fineness of 21-22 um, Polish Me-
rinos 20-21 pm, Kazakh Merinos 20-21 pm, and Paki-
stani Merinos over 22 ym. Thus, Kyrgyz Merino wool has
competitive advantages in the international market. It is
important to note that the protective properties of the
fleece, which determine the degree of contamination
and the content of mineral impurities, also affect the
yield of clean wool and its technological characteristics.
V. Tyrunskiy et al. (2023) showed, using the example of
Tavrian-type ewes of the Askanian fine-wool breed, that
individual variability in the degree of staple contamina-
tion is quite high (coefficient of variation 28.5-30.4%),
and these indicators correlate with the rank of selection
differentiation of animals. Similar patterns are relevant
for KMM, since the high genetic diversity of the breed
creates prerequisites for selection improvement not
only of quantitative but also qualitative characteristics
of wool, including its protective properties.

Meat productivity. The live weight of KMM rams
is 80-85 kg, ewes - 55-60 kg, with a slaughter yield
of 46-48%. In Kazakhstan, the indicators are similar,
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but the quality of wool is inferior. Russian and Polish
breeds demonstrate slightly higher meat characteris-
tics (slaughter yield 48-50%), but their wool is coarser.

Economic efficiency. Economic analysis has shown
that the profitability of farms breeding KMM while pre-
serving genetic diversity reaches 22-25%, while farms
with a limited gene pool show indicators at the level
of 15-18%. This is because high heterozygosity ensures
the stability of productive traits, reducing the risk of
losses in unfavourable climatic conditions.

The impact of genetic diversity on stress resistance.
Stress factors - climatic fluctuations, diseases, fluctu-
ations in the feed base - are a key factor affecting the
economics of livestock farming. High genetic diversi-
ty ensures the adaptability and resilience of animals.
For example, in the Chuy Valley, where droughts are
common, the preservation of rare alleles associated
with stress resistance allows sheep to maintain their
productivity. In the Naryn region, where the climate is
harsher, genetic diversity contributes to the develop-
ment of resistance to low temperatures. At the same

time, the molecular mechanisms of high-altitude ad-
aptation in sheep are being actively studied in various
breeds. X. Li et al. (2024) showed that in Tibetan sheep,
adaptation to high altitudes is ensured by a complex of
genomic changes, including genes for energy metabo-
lism, response to hypoxia, and resistance to ultraviolet
radiation. Similar adaptive mechanisms are likely to be
present in KMM, which explains its successful breeding
in the high-altitude pastures of Kyrgyzstan.

An analysis of productive characteristics has shown
that the Kyrgyz Mountain Merino combines high wool
quality with sufficient meat productivity and stable
farm profitability. In terms of wool yield and fineness,
the breed occupies a leading position among the re-
gion’s fine-wool sheep, and its live weight and slaugh-
ter yield indicators confirm its versatility. At the same
time, the level of profitability of farms breeding KMM
is significantly higher than that of foreign counterparts.
For a clear illustration of the differences between the
Kyrgyz Mountain Merino and other fine-wool breeds,
summary data are presented in Table 3.

Table 3. Productivity indicators of the Kyrgyz Mountain Merino compared to foreign breeds

Wool yield (rams), Wool fineness,

Breed .
kg microns
Kyrgyz Mountain 5.25.5 19.8-20.5
Merino
_ Kazakh 5.0-5.3 20
fine-wool sheep
Russian fine-wool 5.5-6.0 21-22
Polish Merinos 4.8-5.2 20-21
Pakistani sheep 4.0-4.5 >22

Source: compiled by the authors

Table 3 reflects a comparative analysis of the pro-
ductive characteristics of the Kyrgyz Mountain Merino
and fine-wool sheep breeds bred in Kazakhstan, Rus-
sia, Poland and Pakistan. The Kyrgyz Mountain Merino
has a wool yield of 5.2-5.5 kg for rams and 3.8-4.2 kg
for ewes, which is comparable to or higher than that of
Kazakh and Polish breeds, and only slightly lower than
that of Russian Merinos. At the same time, the quality of
KMM wool is higher: its fineness is 19.8-20.5 microns,
which corresponds to the category of high-quality fine
wool in demand on the international market. Most
foreign breeds have higher wool fineness (less fine):
Russian and Polish breeds have a fineness of 21-22 mi-
crons, and Pakistani breeds have a fineness of more
than 22 microns. KMM also occupies a competitive po-
sition in terms of meat productivity. The live weight of
rams is 80-85 kg, ewes are 55-60 kg, with a slaughter
yield of 46-48%. These indicators are higher than those
of Pakistani sheep and are close to those of Kazakh and
Polish breeds. Russian Merinos have a slightly higher
live weight (85-90 kg), but their wool is less fine.

The most interesting indicator is profitability, which
reflects the economic significance of the breeds. For

Live weight

. o AT
N, 7 Slaughter yield, % Profitability, %
80 46 22
78-82 45-47 18-20
85-90 48-50 15-18
82-86 47-49 16-18
75-80 45-46 12-15

KMM, it is 22-25%, which is significantly higher than
for Russian (15-18%), Polish (16-18%) and Pakistani
(12-15%) breeds. Kazakh sheep occupy an intermediate
position with a profitability level of 18-20%. The higher
profitability of the Kyrgyz Merino is explained by a com-
bination of stable productivity, high wool quality and
adaptability to mountain conditions, which reduces the
cost of keeping the animals. Thus, the data in Table 3
confirm that Kyrgyz Mountain Merino sheep have an
optimal combination of wool and meat productivity, as
well as high economic efficiency in breeding. This makes
them a strategically important breed for the further de-
velopment of sheep breeding in Kyrgyzstan and creates
potential for the export of both wool and breeding stock.

Economic interpretation of genetic diversity. In a
market economy, the genetic diversity of farm animals
becomes an important asset that directly affects farm
profitability. For sheep farmers in Kyrgyzstan, maintain-
ing high heterozygosity and preserving rare alleles of
the Kyrgyz Mountain Merino is not only a biological but
also an economic priority. Gene diversity affects prod-
uct quality (wool and meat), stability of performance in
different climatic conditions, disease resistance, herd
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reproduction efficiency, and reduction of veterinary and
breeding costs. Scenario modelling was carried out to
assess the impact of genetic diversity on the economic
sustainability of the industry. The analysis was based on
three scenarios: a baseline scenario characterised by the
preservation of the current level of genetic variability;
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a negative scenario assuming its decline; and an inno-
vative scenario associated with intensified selection
work and inbreeding control. Each scenario allowed for
tracking changes in profitability and veterinary costs
depending on the state of the gene pool. The results of
the modelling are presented in Table 4.

Table 4. Scenario modelling of the impact of genetic diversity on farm profitability

Scenario Genetic diversity Profitability, % Veterinary costs Economic interpretation
. High
Basel L Bal I
aseline (Na = 10.5, Ho = 0.70) ow alanced development
Risks of Vi
Negative 20% decrease 15-17 +12-15% 1SS 0 prgductmty
decline
. | d i
Innovative nerease Decrease by 8-10% Export potential

(inbreeding control)

Source: compiled by the authors

As can be seen from Table 4, the results of the
analysis indicate significant variation in the econom-
ic significance of genetic diversity in Kyrgyz Mountain
Merino sheep. The indicators presented allow for trac-
ing the relationship between the level of genetic hete-
rozygosity, the inbreeding coefficient and key economic
parameters such as productivity, disease resistance and
profitability. In particular, it has been found that a high
level of genetic diversity contributes to a reduction in
economic risks associated with loss of productivity and
also increases the adaptive potential of animals in the
context of climate change. Thus, the data in Table 4
confirm the close link between genetic and economic
aspects in sheep breeding and highlight the need for a
comprehensive approach to the assessment and man-
agement of breed resources.

The impact of genetic diversity on export poten-
tial. Kyrgyzstan traditionally exports limited volumes of
wool, but due to its high fineness (19.8-20.5 microns),
KMM wool can become a competitive commodity on
the world market. Preserving genetic diversity ensures
that wool quality will not decline in the event of cli-
mate change or changes in the feed base. Based on cal-
culations, if wool exports are increased by 15% through
support for breeding farms, the industry’s revenue could
increase by 12-14 million soms per year.

Practical significance for selection and breeding
work:

preservation of rare alleles: their loss can lead to
a decrease in disease resistance;
control of inbreeding: even a moderate increase

in FIS to 0.08 can reduce productivity by 5-7%;
development of zonal types: Chiy, Naryn and Ta-
las types of KMM can be used as a basis for region-
al specialisation (wool production in the Chiiy region,
meat and wool production in the Naryn region, and
combined production in the Talas region).
International practices and lessons for Kyrgyzstan.
The experience of Australia, New Zealand and Spain
shows that preserving genetic diversity and controlling
it through molecular markers (STR, SNP) leads to long-
term sustainability of the industry. For example, a study
of wild sheep in New Zealand demonstrated a signif-
icant level of polymorphism in genes associated with
wool and productivity, indicating the potential to pre-
serve productive and adaptive qualities through genet-
ic monitoring (McKenzie et al., 2010). Based on this, it is
advisable for Kyrgyzstan to develop genetic banks (cry-
obanks); integrate into FAO programmes for biodiversi-
ty conservation; and stimulate the export of breeding
stock, not just wool. An analysis of the economic signif-
icance of the genetic diversity of the Kyrgyz Mountain
Merino also reveals the relationship between the lev-
el of genetic variability and the stability of productive
traits. In particular, it is important to consider not only
heterozygosity and inbreeding coefficient indicators,
but also their impact on long-term breeding strategy
and the economic profitability of the industry. For clar-
ity, Table 5 presents summary data reflecting the key
parameters of the economic assessment based on the
results of STR analysis and their practical significance
for the development of sheep breeding in Kyrgyzstan.

Table 5. Economic efficiency of farms with different levels of genetic diversity

Indicator High diversity
Wool yield (rams), kg 5.5
Wool fineness, microns 19.8-20.5
Live weight of rams, kg 80-85
Slaughter yield, % 46-48
Profitability, % 25-27

Source: compiled by the authors

Average diversity Low diversity

5 4.5

21 22.5
78-80 74-76
44-45 42-43
18-20 12-15
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Table 5 shows the dependence of the economic effi-
ciency of sheep farms on the level of genetic diversity of
the Kyrgyz Mountain Merino sheep population. It can be
seen that with high diversity, productive and financial
indicators significantly exceed similar values in farms
with medium and low diversity. Thus, the wool yield of
rams reaches 5.5 kg compared to 4.5 kg at a low level of
diversity, and its fineness remains at 19.8-20.5 microns,
which corresponds to high-quality fine wool that is in
demand on the international market. The live weight
of rams with high diversity is 80-85 kg, while with low
diversity it decreases to 74-76 kg. The meat yield in the
first case reaches 46-48%, and in the latter it falls to
42-43%.The differences are most evident in the level of
profitability: farms with a rich gene pool demonstrate
25-27% profitability, while with a decrease in genet-
ic diversity, this figure falls almost twice - to 12-15%.
Thus, the data confirm that maintaining high genetic
variability not only strengthens the biological stability
of the breed, but also has a direct economic impact in
terms of increasing product competitiveness and re-
ducing the risk of losses.

Particular attention should be paid to the compari-
son of data on the Kyrgyz Mountain Merino with Kazakh
fine-wool breeds: despite similar heterozygosity indica-
tors, the latter have been found to have an increased
FIS level, which indicates a risk of losing part of the
genetic diversity when using a limited number of lines
in breeding. Thus, the results of the analysis confirm
that the Kyrgyz Mountain Merino retains a unique gene
pool, which has both scientific and practical value for
further improvement of the breed and ensuring sus-
tainability in a changing climate.

The study showed that the Kyrgyz Mountain Me-
rino (KMM) has a high degree of genetic diversity,
confirmed by STR analysis data. The level of observed
heterozygosity (Ho=0.70) in KMM significantly exceeds
similar indicators in a number of foreign breeds of fine-
wool sheep (Russian, Polish, Pakistani), which indicates
the preservation of a broad genetic base in the popula-
tion. A comparative analysis also revealed a low level of
inbreeding, which is an important factor for sustainable
reproduction and preservation of the productive qual-
ities of the breed. The economic interpretation of the
data obtained is of particular importance: high genetic
variability is directly related to the animals’ resistance
to changes in the external environment, increased ad-
aptability to climatic stresses and the preservation of
high levels of wool and meat productivity. This creates
the conditions for increasing farm profitability, reducing
fiscal risks associated with livestock losses, and forming
a long-term breeding strategy. A comparative analysis
with other breeds has shown that the Kyrgyz Mountain
Merino retains unique adaptive qualities that can be
used in breeding programmes not only in Kyrgyzstan
but also in other countries in the region. Thus, the re-
sults of the study confirm the strategic importance of

the KMM as a national gene pool with both scientific
and economic value.

Conclusions

The study showed that Kyrgyz Mountain Merino sheep
are characterised by a high degree of genetic diversity,
as confirmed by the level of observed heterozygosi-
ty (Ho =0.70), which exceeds the indicators for most
foreign sheep breeds. A comparative analysis revealed
that the inbreeding coefficient in KMM is lower than in
Kazakh and a number of other fine-wool sheep breeds,
indicating a favourable population status and no sig-
nificant risk of reduced genetic variability. It has been
established that KMM has unique adaptive qualities
that allow it to effectively use high-altitude pastures
and remain resistant to climatic fluctuations, which is
important for the strategic development of livestock
farming in Kyrgyzstan. The economic significance of
the research results lies in the fact that high genet-
ic variability is directly related to productivity, herd
stability and reduced economic risks, which confirms
the need to preserve and rationally use this gene pool.
The Kyrgyz Mountain Merino has a higher level of het-
erozygosity compared to Russian, Polish and Pakistani
sheep breeds, which indicates the preservation of a
broad genetic base. The inbreeding coefficient of the
KMM is lower than that of Kazakh sheep, which indi-
cates that there is no pronounced tendency towards
a decline in genetic diversity. It has been established
that the KMM retains unique adaptive qualities that
ensure its suitability for high-altitude pastures and
variable climatic conditions.

The results obtained are of significant economic
importance: high genetic variability is associated with
increased productivity, reduced risk of loss and effective
breeding. KMM can be considered a strategic gene pool
of considerable scientific and practical value, which
should be preserved and used in breeding programmes.
Thus, the results of the study confirm that the Kyrgyz
Mountain Merino is an important genetic and economic
resource with the potential to increase the sustainabil-
ity of Kyrgyzstan’s agricultural sector, and its conserva-
tion and rational use will contribute to strengthening
the country’s food and economic security. Prospects for
further research include the integration of molecular
genetic data with economic modelling and the devel-
opment of recommendations for practical use in farms.
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AHHoTauums. Alibin Yapba aHbibapnapbiHbIH FTEHETUKANbLIK ap TYPAYYYTYH CAaKTOO XaHa aHbl 6aanoo arpapabik
TAapMaKTbIH TYPYKTYY HYTYYCYHYH HEru3ru MunaetrepuHuH upu 6onyn acentenet. byn nsamnpeene Kblprbi3 T00
mMepuHocy (KTM) koi nopogacbiHbiH sigponyk OHKCbIHBIH MUKpocaTennutTnk MapkepnepuH (STR) kongoHyy
MeHeH BapuabenayynyryH Tanfoo apKbllyy reHeTUKanblk ap TYPAYY/YKTYH 3KOHOMUKANbIK MaaHUCKU KapanraH.
M3unpeeHyH Makcatel - KTM nopopacbiHblH reTepo3uroTTyyNyK AEHr33/UH, UHOPUAMHT KO3IPDULMEHTUH
XaHa annenguk 6annbirbiH Poccus, KasakctaH, MNonblua xaHa lNMakucTaHaarbl XXyka >XYHAYY KOM nopopanapbl
MEHEH CanbllTbIpyy >aHa anapabl CenekuMsanblk nNporpamMmanapparbl XaHa TapMaKTblH 3KOHOMMKAIbIK
TYPYKTYYNYryHAArbl MaaHUCMH aHbIKTOO 60nroH. Metoponorusnblik Herus kaTapbl 12 STR-mapkep 60toHYa
MONEeKYNApAbIK-TeHETUKANbIK aHann3, TeHeTUKasblK MapaMeTpiepAMH CTAaTUCTUMKANbIK 6aacbl XaHa afblHraH
HaTblXanapabl 31 apanblk MaanbiMaT 6asanapbl MEHEH CaNbIWTbIPYy NaiganaHbuirad. XbliblHTbIrbIHAA, KTM
nopofacbiHaa bavikanraH reteposuroTTyynyk geHrasnu (Ho = 0,70) Poccuanbik (0,66), Monbwa (0,64) xaHa
MakucTanabik (0,65) xyKa XXyHAYY KOM NOpoAanapbiHa CanbIWTbipManyy XX0ropy 3KeHu aHbikTanbl. KazakctaHabik
nopopanapabiH kepceTkyutepy (0,68) xakblH O60NrOHY MeHEeH, anapablH MHOPUAMHI KO3DPUULMEHTU XKOropy
(FIS = 0,06) 6onyn, reHeTMKanblk ap TYPAYY/YKTYH TeMeHaeere 6arbiT anraHblH KepceteT. An amu KTMpe byn
kepceTkyy 0,03 raHa 6onyn, NONYNSAUMSIHBIH TEH, CAIMAKTYy Ty3yaywWyH 6unampet. MU3unaeeHyH XblAbIHTbIKTapbI
KTM nopogfacbiHarsl reHeTUKanbik ap TYPAYY/TYKTY CAKTOOHYH GMONOrUSANbIK FraHa 3Mec, 3KOHOMMKAJbIK MaaHUCH
[a 6ap 3KeHWH TaCTbIKTafbl: XOropy reHeTUKanblk Bapuabenmyynyk e3repyn TypraH KAMMaTTbIK LlapTTapra
bIHraMnallyyHy Kamcbl3 Kbl1aT, MpOAYKTUBAYYNYKTY XKOropynaTaT XaHa BeTepMHAPAbIK XaHa CeNeKUUANbIK ULl-
Yyapanapra KeTkeH ubirbiMAapabl a3anTart. [leMek, reHeTuKanblk MOHUTOPUHIAM KOM 4apbacblH 3KOHOMMKANbIK
Hallkapyyra MHTErpaumsanoo — TypykTyy eHYryYyHYH xaHa KTM npoayKUMsACbIHbIH MUKM XKaHa TbilKbl PbIHOKTOTY
aTaaHZaLlTbIKKa XOHAeMAYYAYTYHYH MaaHunyy wapTbl 6onyn caHanat

Hermnsru cespep: KbiprbiacTaHabiH Koit uyapbackl; STR-Mapkeprnep; MoneKynspAblK-reHeTUKaNblK aHaius;
nonynaumMsnapabiH TYPYKTYYayry; reHeTUKanbik noanMopdusm; Man yapbacsiHaarsl 6uotexHonorusnap
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AHHoTauusa. CoxpaHeHMe W OUEHKa reHeTMYecKoro pasHoobpasns CeNbCKOXO3SAMCTBEHHbIX >KMBOTHbIX
SBNSETCS OAHOM M3 K/HOYEBbIX 33434 YCTOWYMBOIO pa3BUTMS arpapHoro cektopa. B gaHHoi pabote paccmoTpeHa
3KOHOMMYECKas 3HAYMMOCTb reHEeTUYECKOro pa3Ho0bpa3una oBeL, MOPOAbl KblPrbi3CKMIM ropHbiid MepuHoc (KI'M) Ha
OCHOBe aHanu3a BapuabenbHocTM gaaepHoi OHK ¢ Mcnonb3oBaHMeM MuKpocaTenuTHbix mMapkepoB (STR). Lenb
MccnefoBaHMs 3aK/Yanach B BbISIBIEHUM YPOBHS reTePO3UIOTHOCTH, KOIDDULMEHTOB MHOPUAMHTA U anneNbHOro
6oratctBa y KI'M B cpaBHeHMM C poACTBEHHBIMW TOHKOPYHHBIMKW MopoAamu oBel, u3 Poccuu, KaszaxcraHa, MonbLim
n MakncTaHa, a Takke B ornpefeneHnmn X 3Ha4eHus AN CeNneKLMOHHbIX NPOrpaMM 1 3KOHOMUYECKON YCTOMUMBOCTH
oTpacnu. MeTogonormyeckas OCHOBa WMCCNeA0BaHMS BKAOYaNa MONEKYNspHO-reHeTuyeckuii aHanmns no 12 STR-
MapKepaM, CTaTUCTUYECKYI0 OLLeHKY FeHEeTMYeCKMX MapaMeTpoB WM COMOCTaBAEHME MOMYYEHHbIX Pe3y/nbTaToB C
MeXAyHapoaHbIMM 6a3aMu faHHbIX. YCTAHOBAEHO, YTO YpOBeHb Habntoaaemoln reteposnrotHocti y KI'M (Ho = 0,70)
npeBbllaeT nokasarenu poccuiickux (0,66), nonbekmx (0,64) n nakmcraHckmx (0,65) TOHKOpYHHbIX OBeL,. KasaxcraHckue
nopoApbl AEMOHCTPUPYIOT 6m3kme 3HaveHus (0,68), ogHako xapakTepusytotcs 6onee BbICOKUM KO3DOULMEHTOM
uHbpuaumura (FIS = 0,06), 4To CBMAETENLCTBYET O TEHAEHLMU K CHUXKEHMIO TEHETUYECKOro pa3Hoobpasus. B otnuumne
oT HuX, y KI'M koadduumeHT nubpuannra coctaBun amwb 0,03 4To ykasbiBaeT Ha COaNaHCUMPOBAHHYHO CTPYKTYpY
nonynaumun. PesynbTaTtbl MCCIeL0BaHUS NOATBEPAMN, YTO COXPAHEHWE reHeTUYeCcKoro pasHoobpasus nopoabl KIM
MMeeT He TONbKO BMonornyeckoe, HO M 3KOHOMMYECKOE 3HayeHue: 6onee BbICOKas reHeTMyeckas BapMabenbHoCTb
obecneynBaeT adanTMBHOCTb K M3MEHSIOWMMCSH KAMMATUYECKMM YC/IOBMSIM, MOBbLIWIAET MNPOAYKTUBHOCTL U
CHW>KAET 3aTpaTbl Ha BETEPUHAPHbIE U CeNeKLMOHHbIE MeponpuaTus. Takum o6pa3oMm, MHTerpaums reHeTM4eckoro
MOHWMTOPMHIa B 3KOHOMMYECKOe YyMpaB/ieHWe OBLIeBOACTBOM $IBASETCS HEOOXOAMMbIM YC/IOBMEM YCTOMYMBOIO
pasBUTMS U KOHKYpeHTocnocobHocTH npoaykuum KI'M Ha BHYTPEHHEM M BHELUHEM PbIHKaX

KnioueBble cnoBa: OBLEBOACTBO KprFbIBCTaHa; STR-MapKepbl; MOJ'IeKyJ'IFIpHO-FEHeTVIHECKVIﬁ adHan3;
yCTOl7NVIBOCTb I'IOI'IYJ'IFILI,MIZ; reHeTU4ecKkmm I'IO)'IMMOpCbMBM; OMOTEXHONOTMMU B KMBOTHOBOACTBE
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Abstract. Cucumber is among the most widely cultivated crops in greenhouses conditions in Kyrgyzstan. In
recent years, parthenocarpic heterotic hybrids have become common in greenhouse production. However, the
resistance or susceptibility of these hybrid varieties to fungal and bacterial diseases remains largely unexplored.
This is a significant concern, as greenhouses create optimal conditions for pathogens due to elevated humidity
and restricted airflow. Accurate and timely diagnosis of cucumber diseases is crucial for effective crop protection.
Nonetheless, in Kyrgyzstan, the pathogens affecting cucumbers grown both in open fields and greenhouses have
yet to be examined using specialised phytopathological methods to determine their unique morphophysiological
and pathogenic characteristics. This study aimed to isolate and identify the main fungal pathogens affecting
greenhouse-grown Bjorn F1 cucumbers and to evaluate their pathogenicity. Cucumber fruits displaying disease
symptoms were collected for analysis. Both modern and classical phytopathological and microbiological
techniques were employed to identify the pathogens, while their cultural and morphological traits were
examined using light microscopy. The study identified fungal diseases in greenhouse-grown cucumbers caused
by pathogens from the genera Fusarium, Botrytis, Alternaria, and Cladosporium. Pathogenicity tests were performed
both in vitro and in vivo. The relative prevalence of each genus was as follows: Fusarium spp. (25%), Botrytis
spp. (30%), Alternaria spp. (15%), and Cladosporium spp. (30%). Notably, the imported cucumber variety Bjorn
F1 exhibited considerable susceptibility to multiple pathogens affecting both fruits and other plant organs.
Furthermore, synergistic infections — where several pathogenic species simultaneously attacked a single plant -
were observed, highlighting the need for integrated and targeted protective measures
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Introduction

Cucumber remains one of the most popular crops
grown in greenhouses in Kyrgyzstan. The State Register
of Plant Varieties and Hybrids Approved for Use in the
Kyrgyz Republic for 2024-2025 includes 121 cucumber
varieties (Ministry of Agriculture, 2023). Recently, het-
erotic hybrids have become widespread, characterised
by high yields and resistance to adverse conditions and
diseases. Cucumbers are more susceptible to various
diseases when grown in a humid greenhouse due to
limited air circulation. They can be affected by a variety
of fungal, bacterial and viral diseases that can destroy
the entire crop if not treated and protected in a timely
manner. Common diseases of cucumbers include pow-
dery mildew, verticillium and fusarium wilt, root and
basal rot, white rot and grey rot (which is common in
greenhouse conditions).

Researchers around the world have identified the
most common pathogens affecting cucumbers. Phyto-
pathological monitoring conducted in the Jos Plateau
ecological zone in Nigeria revealed the prevalence of
ten phytopathogens from seven genera of fungi on
cucumber crops, namely: Aspergillus flavus, Aspergillus
niger, Aspergillus terreus, Alternaria spp., Cladosporium
spp., Colletotrichum spp., Fusarium solani, Fusarium ox-
ysporum, Mycrosporum spp. and Penicillium spp., with
only Colletotrichum spp. proving to be pathogenic to cu-
cumber seedlings. The highest and lowest prevalence
was observed in A. niger and Cladosporium spp.- 17.1%
and 4.9%, respectively (Shutt et al., 2021). Field surveys
were conducted in three areas of the local district of
Keffi: Jigwada, Sharmaki and Yarkade, and samples of
infected cucumber leaves were collected and analysed.
The study revealed the presence of three major fungal
diseases: downy mildew, anthracnose and leaf spot. Mi-
croscopic identification of fungal isolates from infected
leaves identified ten different species of fungi, among
which Aspergillus niger was the most common, account-
ing for 17.1% (Umar et al., 2024).

In a study by C. Cheng et al. (2023), the roots, stems,
and leaves of cucumber plants and their rhizosphere
soil were collected twice separately from the field and
greenhouse to isolate endophytic and rhizosphere soil
fungi. Endophytic fungi and rhizosphere soil fungi were
tested as biological control agents against phytopatho-
gens or for their potential to stimulate cucumber growth.
Three fungal pathogens (Aspergillus flavus, Rhizopus sto-
lonifer, and Aspergillus brasiliensis) causing cucumber
fruit rot were identified in the markets of Jimeta and
Yola, north of Adamawa State (Nigeria). Rhizopus stolonif-
era had the highest (25-48%) frequency of occurrence,
and Aspergillus flavus had the lowest (22-38%) (Jime-
ta et al., 2022). Black spot on fruit is usually associat-
ed with the production of mycotoxins by toxigenic spe-
cies of the genus Alternaria. To study this relationship,
A. Saleem et al. (2022) obtained 20 Alternaria isolates
from infected tomato fruits using a bait method. The iso-
lates were identified to species level by morphological

analysis, the results of which were confirmed by se-
quencing the internal transcribed spacer (ITS) gene.
The following species were identified: A. alternata,
A. brassicicola, A. citri, A. radicina, and A. tenuissima.

The efficacy of Trichoderma asperellum strain T34 as
a commercial biological product and potassium phos-
phite (KPHI) on Pseudoperonospora cubensis, the causa-
tive agent of downy mildew in cucumbers, was evaluat-
ed. The results of A. Abdelfatah et al. (2025) proved that
T34 and KPHI can be environmentally safe alternatives
to chemical fungicides for controlling downy mildew in
cucumbers and other cucurbit crops. Vanillic acid (VA)
from root exudates is commonly referred to as cucum-
ber autotoxin, which affects the diversity and abun-
dance of the soil microbial community. gPCR analysis
showed that VA (0.05-0.2 mol/g soil) had a stimulating
effect on the abundance of Trichoderma spp. and stim-
ulated the abundance of Fusarium spp. at low concen-
trations (0.02-0.05 mol/g soil), but inhibited it at high
concentrations (0.1-0.2 mol/g soil) (Chen et al., 2018).
Aspergillus fumigatus, Fusarium sp., Geotrichum can-
didum and yeast fungi were isolated and identified
from infected cucumber fruits taken from the Gada-biu
market (Nigeria). Geotrichum candidum had the highest
(50%) occurrence of fungal isolates from all locations.
All fungal isolates were pathogenic to cucumber fruits,
with Fusarium being the most harmful, followed by
yeast and Geotrichum candidum, and Aspergillus fumiga-
tus being the least harmful (Ishaya et al., 2019).

Several pathogens can infect a single host either
simultaneously (co-infection) or sequentially over time
(multi-infection) (Pandey et al., 2025). Despite this, the
effect of the order and timing of infection on disease
severity, especially in fatal diseases, remains poorly un-
derstood. Pathogens are known to interact, influencing
each other’s pathogenicity through antagonistic or syn-
ergistic effects. Interactions between fungi and oomy-
cetes are particularly common. For example, K. Foster et
al. (2017) documented widespread synergistic associ-
ations between Rhizoctonia and Pythium spp.; Pythium
and Fusarium spp.; Pythium spp. and Aphanomyces trifo-
Llii; and Phytophthora clandestina and A. trifolii on forage
legumes in southern Australia. However, many such in-
teractions probably remain unrecognised.

In Kyrgyzstan, the response of imported cucumber
hybrids to the effects of phytopathogenic fungi and
bacteria has not been sufficiently studied. The microcli-
mate of protected soil, characterised by high humidity
and limited air circulation, contributes to the intensive
development and spread of pathogenic microflora. An
effective system for protecting greenhouse crops re-
quires reliable identification of disease pathogens.
However, comprehensive phytopathological studies
of cucumber diseases in open and protected ground
conditions in the republic are practically absent, which
does not allow characterising the morphobiological
features and virulence of local pathogen isolates. The
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aim of this study was to isolate and identify the species
of fungal pathogens that mainly affect the fruits of the
Bjorn F1 hybrid cucumber in greenhouse production, as
well as to evaluate their pathogenic properties in rela-
tion to the host plant.

Materials and Methods
Observation site, disease symptoms and sample se-
lection. On 1 August 2024, Bjorn F1 cucumbers were
planted in the nursery of the Kyrgyz National Agrari-
an University named after K.I. Skryabin (KNAU). Toma-
toes were the predecessors and were planted before
the cucumbers. The total area of the greenhouse allo-
cated for cucumbers was 20 m2 The soil was enriched
with manure (448.5 kg/m?) and mineral fertilisers
(N5oP100K100) (448.5 kg/m?). The average temperature in
the greenhouse was 16.6°C, and the air humidity was
89.3%. At the end of October - beginning of November,
whitefly infestation was observed at a level of 10-15%,
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accompanied by the appearance of bright symptoms
of fungal damage on cucumber fruits. The assessment
of disease symptoms on cucumbers in greenhouses
and the percentage of disease incidence was carried
out using random sampling, with at least 20 plants in
the greenhouse being examined. The incidence was
determined as the percentage of the total number of
affected plants to the total number of plants exam-
ined. For phytopathological analysis, affected cucum-
ber fruits with the following symptoms were selected:
underdeveloped, blackened, covered with white felt-
like fungal mycelium; shrivelled fruits with softened
tissue and the onset of rot from the top; cucumbers
of sufficient size, but with noticeable softening of the
fruit tissue, starting with rotting from the top and cov-
ered with a felt-like coating (Fig. 1). The samples were
delivered to the mycological laboratory of the Plant
Protection Centre of the KNAU for the isolation and
identification of pathogens.

Figure 1. Samples of cucumber fruits with visible symptoms of disease taken for analysis
Note: symptoms on plants: a, b - underdeveloped blackened cucumber fruit covered with white felt-like coating and fungal
mycelium; ¢,d - underdeveloped cucumber fruit: the fruit tissue begins to soften, it starts to rot from the top, the fruit looks shrivelled;
e, f — larger cucumber fruit with softened tissue, it also starts to rot from the top and becomes covered with a felt-like coating

Source: authors’ photos

The experiment was conducted in accordance with the
ethical principles set out in the Convention on Biological
Diversity (1992) and the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (1973).

Isolation of pure cultures of the pathogen from
samples. Cucumber fruits with symptoms of the disease

were thoroughly washed with tap water and cut into
5-10 mm pieces. The pieces were immersed in a 2% dis-
infectant solution (sodium hypochlorite). Then all sam-
ples were washed several times with distilled water,
rinsed with sterile water and dried on sterile filter pa-
per until completely dry. After drying, the samples were
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transferred under sterile conditions to Petri dishes with
nutrient agar. The dishes were incubated for seven days
at 20°Cand 97% relative humidity. After incubation, the
primary colonies were separated based on the similari-
ty of their cultural characteristics. These colonies were
transferred to potato dextrose agar (PDA) and incubat-
ed for 48 hours at 20°C. Pure cultures were obtained by
single spore isolation and cultivated on PDA and nutri-
ent-deficient synthetic agar (SNA). For cultural studies,
colonies were grown on PDA and SNA for 14 days at
25°Cin the dark.

Morphological characterisation of pathogens. Pure
cultures of fungal isolates were prepared for preserva-
tion and identification. Morphological characterisation
of pathogens was performed using various nutrient me-
dia. Potato dextrose agar was used to evaluate the col-
our, texture and growth rate of colonies. SNA medium
was used to study the formation and types of macroco-
nidia, microconidia and conidiogenous cells. To identify
the isolated fungi, standard phytopathological methods
were used, with particular attention paid to morpholog-
ical characteristics such as colony appearance, pigment
formation, conidiophores, spores, and other morpholog-
ical structures. Mycelial growth and the morphology of
dried spores were studied in detail under a microscope.
The fungal hyphae were stained with lactophenol and
blue solution and observed under a MEII Advanced
Compound Microscope Model ML5500 and a MEII
Zoom Stereo Microscope Model EMZ-5TR-MA502-PBH
(Japan), and microphotographs were obtained using a
MOTIC 2.0 Mega Pixel Digital Microscope Camera with
Images 2000 Software Model MOTICAM 2000. The
number of septa, as well as the length and width of 30
conidia spores per isolate, were measured using an eye-
piece micrometer under a light microscope. |dentifiers
(Williams-Woodward, 2001; Watanabe, 2010) were used
to determine the species of fungi.

In vitro and in vivo pathogenicity tests. Pathogenic-
ity was assessed both in vitro and in vivo. For the in
vitro assessment, firm green apple varieties, namely

Simirenko and Golden Delicious, were selected to
study the pathogenicity of fungal isolates obtained
from infected cucumber fruits. Apples of approximate-
ly the same size and health status were thoroughly
washed and then disinfected in a 2% sodium hy-
pochlorite solution for 3 minutes. After disinfection,
they were rinsed with sterile distilled water, dried, and
inoculated with a suspension of 7-day-old pathogen
cultures. Using a sterile 1.0 ml syringe needle, 1 ml of
the suspension (1 x 10° conidia/ml) was injected to a
depth of up to 1 cm into the skin of the fruit. Control
apples received 1 ml of sterile water. All apples were
then incubated at a constant temperature under ster-
ile conditions for up to 20 days.

The pathogenicity of the isolates was evaluated in
vivo on two-week-old tomato seedlings. Seedlings with
intact root systems were immersed for two hours in a
suspension (1 x 10® conidia/ml) of 7-day-old cultures
of the pathogen isolated from diseased cucumbers.
Control seedlings were treated with plain water. After
immersion, all seedlings were planted in soil and kept
at a constant temperature of 22-23°C with a 16-hour
photoperiod. Sterile distilled water served as a negative
control. To assess the aggressiveness of the isolates,
symptoms were recorded weekly for four weeks after
inoculation. The total duration of observation of the
tested plants was 3 months.

Results

Cultural and morphological characteristics of
Cladosporium pathogens isolated from cucumber fruits
Colonies grown on potato dextrose agar, which is a
common medium for fungi (Fig. 2a), and synthetic agar
with low nutrient content (Fig. 2b) grew slowly. The col-
our of the colonies varied mainly from olive brown to
blackish brown, with rare shades from greyish olive to
dull green.They had a velvety or flaky (soft, woolly) tex-
ture. The aerial mycelium, or threads growing above the
surface, were rarely abundant, and the colonies did not
produce any noticeable exudate (liquid secretion).

Figure 2. Morphological features of Cladosporium cucumerinum isolates
Note: a - colonies cultivated on potato dextrose agar (PDA); b - colonies developed on synthetic nutrient agar (SNA); ¢ -
microscopic observation of conidiophores; d - conidia formed from conidiogenous cells and apical regions; e - ramoconidia

visualised under a microscope, x400
Source: authors’ photos
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To identify and determine the taxonomic affiliation
of isolates 4(1) and 4(2), presumably belonging to the ge-
nus Cladosporium, their morphological structure was an-
alysed based on the criteria established by B. Thomma et
al.(2005) and K. Bensch et al.(2010). The results obtained
were compared with published descriptions and photo-
graphs available on Microbe Notes (n.d.). The analysis re-
vealed a number of distinctive features of Cladosporium
isolates, including the presence of ramoconidia - spores
that develop from segments of the conidiophore or its
branches. These fungi also formed small conidia at the
ends of their chains. Ramoconidia were 20-41 ym and
3.1-3.3 ym in size and formed long, loose chains, often
with dichotomous branching. The mycelium of the col-
ony consisted mainly of substrate and ranged in colour
from almost colourless to brownish. Conidiophores were
usually erect, septate, either unbranched or with one
or two branches, often with dark pigmentation. Some-
times, micronematid-like conidiophores were observed,
which were paler, unbranched, and 9 to 150 ym long.
The apical unbranched part of these conidiophores con-
tained up to 10 conidia. The terminal conidia varied from
obovate to almost spherical, measuring 3-6 x 2-2.5 pym.
In contrast, the middle conidia were lemon-shaped,
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ellipsoidal-ovoid, sometimes almost cylindrical, 5-12 ym
and 2.5-3 pm in size, without septa. The colour of the
conidia varied from light brown to light olive brown,
and the surface was smooth (Fig. 2). Based on these ob-
servations, isolates from affected cucumber fruits with
pronounced symptoms of (Fig. 1a, 1b) were identified as
Cladosporium cucumerinum (Ellis and Arthur). According
to previous reports, this pathogen mainly affects fruits,
less often leaves, causing characteristic spots on the
fruits (Kwon et al., 2000). This disease is known as olive
(brown) spot of cucumbers.

Cultural and morphological characteristics of Botrytis,
a pathogenic fungus isolated from cucumber fruit

Isolates 2.1, 2(2)-1 and 2(2)-2, presumably fungi of the
genus Botrytis, showed distinctive cultural and morpho-
logical characteristics. When grown on nutrient media,
the mycelium of these isolates proliferated rapidly, form-
ing pronounced radial patterns and generating sclero-
tia. When cultivated on KDA, they formed fluffy, raised
colonies characterised by grey-white airy mycelium with
white edges and a green centre (Fig. 3a). Conidia began
to appear on the mycelium within seven days of incuba-
tion, and black sclerotia formed after 14 days (Fig. 3b).

Figure 3. Morphological features of Cladosporium cucumerinum isolates
Note: a - colonies of isolates on KDA; b - colonies on SNA medium; c - colonies on day 7, showing the development of black
sclerotia; d — transparent, straight conidiophores with apical phialides bearing round conidia; e - slightly pear-shaped, smooth,
hyaline spores at the swollen ends of conidiophore branches, x400

Source: authors’ photos

The conidiophores were vertical, thin-walled and
branched at the top. Their colour varied from greyish
to light brown, and they were translucent, with a small
number of transverse septa. At the swollen ends of the
conidiophores, short sterigmata produced numerous
single-celled spores that were slightly pear-shaped
or spherical, smooth and transparent. Depending on
the species and substrate, sclerotia ranged in size
from 1 to 20 mm and could be round, ovoid or ellipti-
cal in shape. According to published descriptions and
photographs available on Microbe Notes (n.d.), these
isolates were identified as Botrytis cinerea, a member

of the Sclerotiniaceae family, a highly aggressive phy-
topathogen that causes grey mould. Affected plants
developed darkened fruits, leaves, petals, and succu-
lent stems, which then became soft, dried out, and
eventually died. The succulent tissues of most plants
are particularly vulnerable to grey mould. In addition,
high humidity can lead to the rapid spread of Botrytis
cinerea, causing buds, flowers, leaves and fruits to rot
(Tanovi¢ et al., 2014). Thus, the combination of mor-
phological characteristics identified made it possible
to reliably identify these isolates as representatives of
the species Botrytis cinerea.
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Cultural and morphological characteristics

of Fusarium species isolated from cucumber fruits

The cultural and morphological characteristics of iso-
lates 3.2, 3(2)-1 and 3(2)-2, presumably belonging to
the genus Fusarium, were studied in detail. On SNA

medium, these isolates formed airy, silvery-white, fluffy
colonies (Fig.4a). When grown on KDA, they formed low,
filamentous, cobweb-like, cotton-white colonies. As the
mycelium matured, the colour of the colonies gradually
changed to shades of pink and red (Fig. 4b).

Figure 4. Morphological features of Fusarium oxysporum isolates
Note: a - colonies of isolates on KDA medium; b - colonies on SNA medium; ¢ — microconidia; d - macroconidia, x400

Source: authors’ photos

During further development, the fungus formed
two different types of conidia. Macroconidia were
spindle- or sickle-shaped with a clearly defined stalk
or papilla, forming in aerial mycelium, sporodochia or
pyonota. These macroconidia had a mostly uniform di-
ameter,thin walls,a tapering base,and contained three
to five septa measuring 23.5-51 x 3.0-5 pm (Fig. 4d).
The second type, microconidia, developed inside the
mycelium and was abundant during the reproductive
phases (Fig. 4c). These microconidia were elongated,
unicellular, and colourless. In addition, the isolates
produced chlamydospores, which were unicellular or
multicellular, unstained, and thick-walled. These mor-
phological features collectively closely resembled

those of Fusarium oxysporum f. sp. cucumerinum, a
common pathogen in cucumber-growing areas (Din et
al., 2020). Fusarium oxysporum f. sp. cucumerinum is a
specialised pathogen that causes fusarium wilt (tra-
cheomycosis) in cucumbers. When it enters the host
plant, it blocks the xylem vessels and secretes phy-
totoxins, then spreads through the vascular system,
leading to systemic physiological disorders.

Cultural and morphological characteristics of Alternaria
species pathogenic to cucumbers, isolated from fruits
Isolates 5(1) and 5(2) formed dense, felt-like colonies
on PDA, ranging in colour from black to dark grey with
clearly defined rounded outlines (Fig. 5a, 5b).

Figure 5. Morphological features of Alternaria spp. isolates
Note: a - colonies of isolates on PDA (young culture); b - colonies on PDA (mature culture); c - conidiophores with conidia;

d - conidia, x400
Source: authors’ photos
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The surface of these colonies was uniformly vel-
vety, with clearly defined smooth edges. Species of
the genus Alternaria are characterised by large, mul-
ticellular, dark-pigmented conidia with transverse and
longitudinal septa (Fig. 5¢, 5d). These conidia are usu-
ally oblong or pear-shaped, but may also be ovoid or
ellipsoidal, often with a short conical or cylindrical tip.
Their walls are pale brown and may be smooth, finely
warty or coarsely rough. Traditionally, these fungi are
divided into two groups based on morphological and
molecular phylogenetic characteristics: group 1, which
has finely warty walls, and group 2, which has coarsely
warty or rough walls.

Pathogenicity of isolated fungal strains in vitro

Fungi can act as pathogens, using various strategies to
colonise and penetrate plant tissues, ultimately lead-
ing to disease. Some fungi are necrotrophs, meaning
they kill their host plants and feed on dead tissue. Bi-
otrophicfungi,on the other hand, colonise living tissues
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without immediately killing their hosts. To effective-
ly penetrate plant organs, fungi develop specialised
infectious structures and produce a range of hydro-
lytic enzymes and toxins that destroy plant tissues
(Doehlemann et al., 2017). It should be noted that ne-
crotrophic fungal pathogens are similar to biotrophic
ones. Both types secrete small molecules known as
effectors, which interact with the host at the genetic
level, initiating pathological processes (Oliver & Solo-
mon, 2010). A striking example of a significant necro-
trophic phytopathogen is Botrytis cinerea, which has a
wide range of hosts. In addition, species of the genus
Cladosporium are non-obligate biotrophic fungi, caus-
ing tomato leaf blight, in particular Cladosporium ful-
vum (also known as P. fulva) (Thomma et al., 2005). It is
important to note that fungi of the genus Cladospori-
um do not cause necrotic rot on apple fruit (Fig. 6i).
This is probably due to their biotrophic nature: instead
of secreting enzymes that damage plant tissue, they
use other strategies to infect plants.

— kmw—-_.. l

Figure 6. The appearance of necrotic spots, or rot, on apple fruit after artificial inoculation
with pathogenic fungal cultures
Note: panels a and b show isolates of the genus Fusarium; panels c and h show isolates of the genus Alternaria; panels d, e, f,
and g show isolates of Botrytis cinerea; panel i shows an isolate of the genus Cladosporium; panels j, k,and L show control fruits

Source: authors’ photos
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Various pathotypes of Alternaria alternata produce
at least 12 different host-specific toxins (HSTs) that en-
able them to cause disease in various dicotyledonous
plants (Thomma, 2003). In experiments involving arti-
ficial inoculation with these pathogens in the present
study, typical symptoms were observed, and repeated
isolation of the fungi confirmed Koch’s postulates. The
study of pathogenicity on apple fruit revealed clear
symptoms characterised by superficial watery lesions.
The affected tissue took on a brownish tint. Virtually
all isolated fungal strains produced positive symptoms
on green apple varieties with firm fruit (Fig. 6a, 6b, 6c,
6d, 6e, 6f, 6g, 6h). After 7 days, necrotic lesions formed
on the fruits surrounding the inoculation site, while no
necrosis was observed at the injection site of the con-
trol fruits (Fig. 6], 6k, 6). This suggests that the isolated
fungi are necrotrophs that produce hydrolytic enzymes,

including pectinases, which break down pectin in ap-
ple tissues (Asoufi et al., 2007). The results confirm the
pathogenic activity of the isolated strains and their
ability to enzymatically destroy plant tissues in vitro.

Pathogenicity of the isolated fungal strains in vivo
Pathogenicity was assessed in vivo on two-week-old toma-
to seedlings. During the three-month observation period,
it was evident that all tested pathogens had a significant
effect on tomato plant growth. Tomato plants inoculat-
ed with cultures from the genera Fusarium, Alternaria,
Botrytis, and Cladosporium showed similar disease symp-
toms, including yellowing of leaves and wilting. In contrast,
the control plants remained healthy after a four-week in-
cubation period, showing no signs of yellowing, chlorosis
or wilting. Symptoms of yellowing began on older leaves,
which then progressed to chlorosis and wilting (Fig. 7).

Figure 7. Symptoms of disease on tomato seedlings 20 days after inoculation
Note: a - control plants without symptoms, b - yellowing and wilting of leaves infected with Cladosporium isolates; c — Alternaria

isolates; d — Botrytis isolates; e — Fusarium isolates
Source: authors’ photos

The results showed that Cladosporium, Fusarium
and Alternaria isolates were more aggressive than
Botrytis pathogens. To confirm these results, infected

r,

tomato leaves and stems were re-isolated, resulting in
the formation of pathogen colonies confirming Koch’s
postulates (Fig. 8).

Figure 8. Primary pathogen colonies grown from leaves and stems of plants with visible symptoms

Source: authors’ photo
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Re-isolation of pathogens from affected tomato
plant organs demonstrated the formation of primary
fungal colonies, which were subsequently transferred to
KDA medium to obtain pure cultures with morphological
characteristics specific to each species. The successful
isolation of the original pathogens from infected tissues
finally confirmed their aetiological role in the devel-
opment of the disease. Detailed results of this stage of
the study will be presented in subsequent publications.

Discussion

The present study showed that cucumbers grown in
greenhouses, especially in October and November, are
susceptible to mixed infections caused by several path-
ogens simultaneously. Assessment of disease symp-
toms in the field allowed for collecting fruits with signs
of wilting, rotting, and other visible symptoms. For ac-
curate identification of the pathogen, classical phyto-
pathological methods and microscopic morphological
analysis were performed, as described in specialised
sources on fungal identification. The results showed
that several species of killer pathogens can parasitise
the fruit at once, their action is aimed at the effective
destruction of host cells, and as necrophages, they feed
on dead cells. During the study, necrophages such as
species of the genera Fusarium, Botrytis and Alternaria
were identified. Their pathogenicity was proven in in
vitro and in vivo tests. In in vitro tests, they showed the
ability to produce hydrolytic enzymes that decompose
the hard tissue of apple trees, consisting of pectin com-
pounds and other mono-and disaccharides. An interest-
ing fact was noted under in vivo conditions, where two-
week-old tomato seedlings were used as test hosts,
since these same pathogens can use tomato plants as
hosts. It is known that tomatoes and cucumbers have
common pathogens, especially since tomatoes were
the predecessors of cucumbers in the greenhouse. Ten
days after artificial infection by soaking the roots of the
seedlings in a suspension of pathogenic cultures, symp-
toms began to develop on the lower, earlier-appearing
leaves, including yellowing and wilting. In contrast, the
control plants remained healthy after a four-week incu-
bation period, showing no signs of yellowing, chlorosis
or wilting. The symptoms of yellowing progressed to
chlorosis and wilting.

It should be noted that all pathogens had similar
symptoms, which manifested themselves primarily on
the leaves; during the experiment, no damage to other
organs, such as the root system, was observed. At the
same time, all diseased plants lagged behind in growth
and did not enter other phases of vegetation, such as
flowering and fruiting. The wilted leaves died, and no
new leaves appeared, or their development was slow.
According to many authors, pathogens secrete phyto-
toxins that cause the death of host plant cells (Friesen et
al.,2008). For example, B. cinerea secretes botrydial dur-
ing the infection of plants, which causes leaf necrosis,
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chlorosis and tissue wilting (Staats et al., 2005). In ad-
dition, the pathogen Fusarium oxysporum secretes SIX
effector proteins (proteins secreted in xylem) into the
xylem, promoting infection (Din et al., 2020). The data
obtained in this study also indicate the widespread dis-
tribution and aggressiveness of the pathogen Fusarium
oxysporum f. sp. Cucurbitacearum (the causative agent
of Fusarium wilt), which is confirmed by other authors
(Shen et al., 2008; Din et al., 2020). At the same time,
a study by M. Pikovskyi et al. (2023) showed that the
optimal temperature for the vegetative growth of Fusar-
ium oxysporum f. sp. cucumerinum is 30°C, and the most
intense spore formation of the pathogen occurs at a
temperature of 25°C.

The prevalence of another pathogen, Alternaria al-
ternata, in the study was 15%, which is consistent with
the data of other authors who note this species as a
potential pathogen of cucumbers in both open and
closed soils (Thomma et al., 2005; Hubballi et al., 2011).
Among the species found in this study, Botrytis cinerea
(the causative agent of grey mould) was represented by
several strains, with a prevalence of up to 30% among
the species found. The frequency of detection of this
species in cucumber crops has also been noted by oth-
er authors, such as B. Tanovic¢ et al. (2014). It should be
noted that cucumber pathogens are represented by dif-
ferent species on different continents and in different
parts of the world. For example, in African countries,
the species Aspergillus flavus, Aspergillus niger, and As-
pergillus terreus dominate (Shutt et al., 2021; Umar et
al., 2024). Meanwhile, in Central Asia, Cladosporium
spp., Fusarium oxysporum, and Botrytis cinerea are the
main ones. In other Asian countries, like China, Fusarium
oxysporum is the main one on cucumber crops (Ye et
al., 2004; Shen et al., 2008). In Eastern European coun-
tries, particularly Ukraine, Pseudoperonospora cubensis,
the causative agent of downy mildew, is widespread
(Bondarenko & Stankevych, 2021).

Thus, in autumn, in greenhouse conditions, with
humidity of about 90% and a temperature of 16.6°C,
favourable conditions are created for the development
of several types of pathogens simultaneously. The high
infectious background is also due to the predecessor
plant, tomato, which is affected by the same patho-
gens as cucumber. The imported hybrid Bjorn F1 variety
showed high sensitivity to fungal pathogens such as
Fusarium spp., Botrytis spp., Alternaria spp., and Clad-
osporium spp., although the producers and creators of
this variety emphasised its resistance to Cladosporium.

Conclusions
Under protected ground conditions, the microclimat-
ic characteristics of greenhouses create a favourable
environment for the simultaneous development of a
complex of phytopathogenic microorganisms capable
of rapidly colonising various organs of the host plant.
The studies conducted have convincingly demonstrated
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that the visually recorded symptoms of cucumber fruit
damage are caused by a polyetiological infection, which
indicates the formation of associative pathocomplexes
during the development of the disease. Cultural and
morphological analysis revealed the presence of repro-
ductive structures and mycelium of several species of
fungal pathogens within a single affected fruit, indicat-
ing synergistic interaction between pathogens during
the colonisation of plant tissues.

Phytopathological studies have established the
high susceptibility of Bjorn F1 hybrid cucumber fruits
to pathogenic fungi of the genera Fusarium, Botrytis,

it is critically important to consider the possibility of
polyinfection, when several types of pathogens causing
diseases of different aetiologies simultaneously para-
sitise one plant. Prospects for further research include
molecular genetic identification of isolated strains,
studying the mechanisms of pathogen interaction in
mixed infections, and developing effective biological
and chemical control measures for identified patho-
gens, taking into account their synergistic effects in the
protected soil conditions of Kyrgyzstan.
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AHHoTauusa. bagbipaH Kbiprei3cTaHAa KyHeckaHanapaa ecTypyareH 3H, Nonynsapayy ecyMAYKTepayH 6upw.
AKbIpKbl yBaKTa NapTeHOKAPNUANbIK reTepo3nc rubpuanep KyYHeCKaHada ecTypyy YYYH KeHMpU KONAOHynyyaa.
Bupok, rubpuaimk cOpTTOpAyH ap KaHAal KO3y KapblH e OaKTepUsNblK UNAeTTepre TYPyKTYYNyry e Cesrnyturu
usnnpeHbereH OOMAOH Kanyyaa, aHTKEHW MApPHUKTEpAEe HbIMAYYNYK XaHa aba arbiMblHbIH YEKTeNreHAUrMHEH
UNAET KO3roryytap YYyH >XarbiMAyy LwapTrap Ty3yneT. baaplpaHAblH MAAETTEPUH TaK aHbIKTOO Tywymay 63
ybarbiHAa KOproo y4uyH 3apbii. Kblprbi3CTaHAa aublk XaHa abblk xepae ecTypynreH baabipaHaapra Taacup aTyyuy
UNAET KO3roryytap anapfblH avblpManaHraH MoppoPU3MONOTUANbIK XaHA MATOreHAMK KACMETTEPUH aHbIKTOO
aaMCTeWTUPUTeH GUTOMNATONOMMUANBIK biIKManap MeHeH M3unAeHe 3nek. byn M3nnaoeeHyH MakcaTbl KyHeCKaHaza
ecTypynreH Bjorn F1 6asblpaHbiHa Taacup 3Tyy4y KO3y KapblH KO3roryutapbiH 6enyn anyy )aHa aHbIKTOO, anapabiH
KOXOKH 6CYMAYKK® KapaTta naToreHAyynyryH aHblkToo 6onyn caHanat. M3unnee y4yH UNoeTTuH 6enrnnepu xakibl
KOPYHIreH 6aablpaHaapabliH MeMenepy TaHAanbin anbiHraH. Mnaet ko3roryyutapabl aHbIKTOOA40 GUTONATONONMS XaHa
MWKPOBMONOrns UNMMAEPUHMH 3aMaHban )aHa KNacCUKanbIK bIKManapbl KONLOHYYM, XapblKk MUKPOCKOMUSCbIHbIH
XapaMbl MEHEeH anaphblH KynbTypanablik-Mopdhonoruansik MyHesnemenepy usunpenau. Usmnpeepe Fusarium,
Botrytis, Alternaria xaHa Cladosporium ypyynapblHa TaaHZblK KO3y KapblH MATOreHAepu aHblkTanabl. AnapapbiH
naToreHAyyayry in vitro aHa in vivo wappTapbiHAa KepceTynay. TabbinraH natoreHAepAvH LUTaMMAAPbIHbIH
Tapanbiw nanbi3bl: Fusarium spp. — 25 %, Botrytis spp. = 30 %, Alternaria spp. — 15 %, Cladosporium spp. — 30 %. byn
U3UNLEBHYH MaaHUAYY XbIMbIHTbITbI 60NYN UMNOPTTONTOH 6aabipan, Bjorn F1 copTyHyH 6Up 3ne mesrunge 6up Heue
naTtoreHaepre Ce3rMuTUru aHblkTanabl. bup ecymaykke 6up Heue naToreHAMK TYPNePAYH CUHEpreTuKanbik 4abyyny
6arikanmbl, MbiHAAM KybynyL KOProo YapanapbiH TAHA00A0 XaHa ULLKEe allblpyyaa 3CKEe aNblHbIWbl MaaHUYy

Herusrun cespep: 6aabipaHabliH rMOpUALMK COPTTOPY; GafblpaHAblH KO3y KapblH MAAETTEPU; KO3rOryuTapabl
aHbIKTOO; MOPMONOTMANbIK ©3reueyKTepy; KO3roryutapablH natoreHayyayry
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AHHoTauusa. Orypel, - oAHa M3 CaMblX MONYASPHbIX KyAbTyp, BbIpallMBAEMbIX B 3aLUMLLEHHOM TFPYHTE B
KblpreiactaHe. [1ns BblpawnBaHmng B TeNAMUaX B NociefHue rofbl LWMPOKO MCMONb3YHTCA NapTeHOoKapnuyeckue
retepo3uncHble rnbpuabl. OfHaKO YCTOMYMBOCTb MM BOCMIPUUMUYUBOCTb TMOPUAHBIX COPTOB K PA3IUUHBIMU TPUOHBIM
unu 6akTepranbHbiM H0NE3HAM OCTAeTCS HEU3YYEHHOW, U 3TO BbI3bIBAET CEPbe3Hble ONaceHUs, Tak Kak B Tenamuax
€034at0TCs BnaronpusTHble A1 NAaTOreHOB YC/0BUS M3-33 BAAXHOCTM M OFPaHMYEHHOCTM MOTOKa BO3Ayxa. [Ans
CBOEBPEMEHHOM 3alUMTbl YPOXKas HYXHA TOYHAs AMarHoctuka bonesHen orypuos. B KbipreisctaHe go cux nop
He u3yuyeHbl BO36yauTenn 6onesHen orypLoB, BbIPALLEHHbIX B OTKPbITOM WM 3aKPbITOM FPYHTaX, C NPUMEHEHWEM
crneumanbHblX  (GUTONATONOMMYECKMX METOAOB O/ BbISIBNEHUS OTAMYUTENIbHBIX MOPGHODU3NMOIOTMYECKMX W
NaToreHHbIX CBOMCTB NaToreHoB. Llenbto HacTosLero uccnenoBaHus 6b11M U3015UMA U UAEHTUDMKALMS BO3OYAUTENEN
rpubHbIX GOne3HeN, MpPOSBNEHHbIX B MEPBYK O4vepedb Ha Maojax orypuoB copta bbepH F1, BbipalleHHbIX B
TENIUYHbIX YC/TOBUSIX, BbISIBIEHWE UX NATOMEHHOCTM B OTHOLLEHWM PacTeHUNA-X03aMHA. g aHanun3a 6b1au 0TobpaHbl
60bHbIe NN0AbI OTYPLOB C CUMNTOMaMu 6onesHei. [1ns BbIsBNEHUS NAaTOreHOB OblIM UCMOJIb30BaHbl COBPEMEHHbIE U
Knaccuyeckue MeToabl GUTONATONOMMU, MUKPOBMONOTUK, U ANt UX UAEHTUDMKALLMM BbITU U3YUeHbI KYbTypanbHble U
Mopdonormyeckne o0COHeHHOCTM C NOMOLLLBKO CBETOBOM MUKPOCKONUK. B pe3ynbTaTe nccnenoBaHuii Gbiv BbiSIBNEHbI
rpubHble 6onesHn U MAeHTUOULMPOBAHbI UX BO3DYAMTENU, OTHOCAWMECS K poaam Fusarium, Botrytis, Alternaria v
Cladosporium. bbina onpepeneHa ux NaTOreHHOCTb B in Vitro v in vivo ycnoeusx. MNpoueHT LJOMUHUPOBAHUS LITAMMOB
coctaBun: Fusarium spp. - 25 %, Botrytis spp. - 30 %, Alternaria spp. - 15 %, Cladosporium spp. — 30 %. BaxHbIM
pe3ynbTaToM OblN0 YCTAaHOBNEHWE BOCNPUUMUMBOCTU MMMOPTUPOBAHHOIO COpTa orypuos bbepH F1 k HECKONbKUM
naToreHaMm, NopakatoLmMM NAOAbI U ApYyrMe opraHbl pacTeHMI. YCTaHOBNEHA CMHEPTMYECKas aTaka Cpa3y HECKONbKUX
BMA0B MAaTOreHOB HA OAHO PacTEHME, YTO BAXXHO YUUTLIBATbL NpU NoAbope U OpraHM3aumnm 3alMTHbIX MEPONPUSTHUIA

KnioueBble cnoBa: rmbpupHbie copTa orypua; rpubHble 6onesHu orypua; uaeHTMdukaumsa Bo3byauTenen
6onesHent; Mopdonornyeckne 0cobeHHOCTU; NAaTOreHHOCTb BO3OyauTene
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Abstract. The article explored the transformation of rural employment in the Kyrgyz Republic as a crucial
factor of socio-economic development and food security. The relevance of the research is due to the fact that the
agricultural sector remains the primary employer in rural areas, yet its progress is constrained by contradictions:
limited labour efficiency, widespread informal practices, and large-scale migration of the working-age population.
The aim of the study was to determine trends and promising directions of employment transformation in Kyrgyz
agriculture. The methodological framework relied on systemic and comparative approaches, statistical data, and
materials from international organisations. The application of SWOT analysis made it possible to classify internal
and external factors affecting the sustainability of the labour market. The conditions influencing employment
have been analysed, including fragmented landholding, insufficient mechanisation, weak cooperative integration,
and institutional barriers. Social and demographic disparities have been identified, particularly the outflow of
young people and persistent gender imbalances. It was emphasised that agriculture continues to play a stabilising
role, offsetting the shortage of jobs in other sectors. Based on the results, measures have been proposed to
improve employment: strengthening cooperative organisations, introducing digital solutions, diversifying rural
activities through processing and agritourism, and expanding government support programs. The practical value
of the study lies in the opportunity to use the findings for designing employment policies, reducing poverty, and
reinforcing the role of the agricultural sector in the national economy
sustainable development;

Keywords: labour migration; modernisation;

infrastructure; innovation

cooperation; digitalisation;

Introduction
Agriculture has traditionally played a key role in the
socio-economic development of the Kyrgyz Republic,

social factor in sustainable development. A number of
studies note that in the second half of the 20" centu-

forming the basis of food security, providing employ-
ment for a significant part of the population and mak-
ing a significant contribution to the country’s gross do-
mestic product. According to NSCKR (2025), more than
half of the republic’s population lives in rural areas,
which determines the high dependence of the living
standards and social well-being of rural households on
the state of the agro-industrial complex. Consequent-
ly, changes in the structure of employment in the ag-
ricultural sector are not only an economic but also a

ry, most countries around the world saw a steady de-
cline in the number of workers employed in agriculture,
accompanied by a significant increase in the efficien-
cy and productivity of agricultural labour (Naumov et
al., 2022). In the Kyrgyz Republic, however, the decline
in employment in the agricultural sector has not been
accompanied by a commensurate increase in productiv-
ity, which indicates structural imbalances and limited
investment opportunities in the sector. In this regard,
identifying key trends in the evolution of employment
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in the agricultural sector of the Kyrgyz Republic and
substantiating promising areas for its development
is of particular importance for achieving sustainable
development goals.

Employment issues in the agricultural sector have
traditionally been a central focus of research on the
socio-economic development of rural areas. Classic ap-
proaches to the study of agricultural employment focus
on its specific characteristics, such as seasonality, de-
pendence on natural and climatic conditions,and a high
rate of hidden unemployment. As modern internation-
al studies show, the agricultural sector in developing
countries continues to play a key role in employment,
compensating for limited employment opportunities in
industry and services. Thus, according to T. Herzfeld &
Z. Akhmadiyeva (2021), agriculture remains the most
important source of employment, providing jobs for
millions of people even in conditions of low productivi-
ty and structural constraints. The United Nations (2021)
emphasised that in countries with high levels of rural
employment, it is the agricultural sector that acts as a
stabilising element, mitigating the social consequences
of crises and job losses in other sectors. At the same
time, recent studies indicate that changes in agricul-
tural employment are directly linked to the processes
of production modernisation and digitalisation. Accord-
ing to the World Bank (2021), increasing agricultural
labour productivity is a key factor in reducing poverty
in countries with economies in transition. The report by
FAO (2024) noted that diversifying employment in rural
areas - through the development of agro-processing,
agrotourism and family entrepreneurship - is a prereg-
uisite for the sustainable development of rural areas.

In the post-Soviet space, employment issues in the
agricultural sector are mainly considered in the context
of social stability and food security. Thus, Russian re-
searchers Yu. Kabanov & A. Chugunov (2021) and T. Ge-
leta & E. Shumilina (2025) emphasise the need for a
comprehensive approach that includes state support
for agriculture, rural infrastructure development and
mechanisation of production. In Kazakhstani studies by
E. Kydyrbaeva et al. (2021) pay particular attention to
the impact of labour migration on employment dynam-
ics and the redistribution of labour between rural and
urban areas. In Kyrgyzstan, the issue of employment in
agriculture is analysed in close connection with the
issues of poverty, migration and sustainable develop-
ment. According to the national voluntary review of
the Sustainable Development Goals (SDGs) present-
ed in 2025, the issues of full and productive employ-
ment (SDG 8) and poverty eradication (SDG 1) remain
among the priority tasks of the state’s socio-economic
policy (Office of the Government..., 2025). Research by
A. Murzakulova (2020) shows that the agricultural sec-
tor of the Kyrgyz Republic operates under a set of in-
terrelated constraints. The most significant of these are
limited labour efficiency, the dominance of small-scale
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farms with low potential for scaling up, insufficient
technical equipment and weak investment support. The
paper also emphasises that limited opportunities for
labour deployment, hidden agricultural overpopulation,
and the high dependence of rural employment on the
migration of the economically active population exac-
erbate the instability of rural workers. Similar results
were obtained in a study by D. Sakkaraeva & M. Kuma-
shev (2024), where similar structural problems were
identified based on surveys of small and medium-sized
farm owners. These include a shortage of affordable
credit resources, insufficiently effective management
mechanisms, and the need to expand agricultural pro-
cessing as a key area for increasing added value.

Thus, the works of contemporary researchers reveal
a common trend: recognition of the complex, systemic
and interrelated nature of the processes taking place in
the agricultural sector. However, despite the existence of
a significant body of scientific research, certain aspects
of this issue remain insufficiently explored. First of all,
further analysis is needed of the interaction between
economic, social and institutional conditions, as well as
the impact of technological changes that determine the
current structure of rural employment and its dynamics
in the Kyrgyz Republic. The aim of this study was to iden-
tify key patterns in the development of rural employ-
ment and to determine directions for its modernisation
based on a comprehensive analysis of socio-economic,
institutional and technological prerequisites.

Materials and Methods

The methodological basis of the study was based on
systematic, comparative and descriptive-analytical ap-
proaches, which ensured a comprehensive and repro-
ducible examination of employment processes in the
agricultural sector of the Kyrgyz Republic. The applica-
tion of these approaches was necessitated by the need
for a comprehensive study of the transformations tak-
ing place in the socio-economic structure of rural em-
ployment.The empirical basis of the study was provided
by official data from the NSCKR (2024a; 2024b; 2024c;
2025). Information on the number of people employed
in agriculture, the structure of gross domestic product,
labour productivity, income levels and population mi-
gration was used. For international comparisons, ma-
terials from the United Nations (2021), the World Bank
(2021; 2023) and the FAO (2024) were used.

A systematic approach was used to analyse rural
employment as a multi-level socio-economic system
functioning under the influence of interrelated factors:

the economic block included indicators of efficien-
cy, access to credit resources and investment activity;

the social block was characterised by the scale of
labour migration, income levels and demographic char-
acteristics of workers;

the technological block reflected the level of
mechanisation and the introduction of digital solutions;
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the institutional block covered the development
of cooperation, the effectiveness of state support meas-
ures and the state of infrastructure.

This structure made it possible to identify the inter-
dependence of factors and assess their impact on the
sustainability of the rural labour market. A comparative
approach was used to compare employment trends in
the Kyrgyz Republic with similar processes observed in
Central Asian countries and other developing econo-
mies. The criteria for comparison were the share of peo-
ple employed in agriculture, the structure of GDP and
labour productivity dynamics. The use of international
databases ensured the reliability of comparisons and
made it possible to identify both universal and coun-
try-specific patterns in the evolution of rural employ-
ment. A descriptive and analytical approach was used
for quantitative and qualitative interpretation of the in-
formation. The use of descriptive statistics made it pos-
sible to track employment dynamics, structural shifts
and key trends in the development of the agricultural
labour market. The assessment of indicators in relative
and absolute terms ensured the comparability of data
and the objectivity of conclusions, which contributed to
the analytical accuracy of the results.

To summarise and systematise the factors affect-
ing employment, a SWOT analysis was used to classify
the internal and external conditions of the agricultural
sector. Internal factors (S, W) include small land hold-
ings, the level of mechanisation, the potential for coop-
eration and infrastructure constraints. External factors
(O, T) include climatic risks, migration processes, inter-
national support programmes, and market conditions.
The classification was based on expert assessment of
official statistical data and analysis of scientific publi-
cations. Table 2 reflects the results of the SWOT classifi-
cation, and Table 3 reflects the strategic directions (SO,
WO, ST, and WT strategies) formed based on the anal-
ysis results. Taken together, the methods used ensured
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the scientific comprehensiveness, reproducibility and
reliability of the results, allowing for a comprehensive
characterisation of rural employment processes and
the identification of directions for their adaptation to
contemporary socio-economic challenges.

Results and Discussion

The results of the study confirmed that the agricultur-
al sector of the Kyrgyz Republic remains strategically
important for the country’s socio-economic develop-
ment. Despite structural transformation processes and
a gradual decline in its share of gross domestic prod-
uct, agriculture remains one of the largest employers.
According to NSCKR (2024a), in 2023-2024, this sector
provided employment for a significant part of the eco-
nomically active population, while its contribution to
GDP remained at 10-12% (Fig. 1). This disproportion
between the high share of employed people and the
relatively low level of labour productivity indicates a
systemic imbalance in the agricultural economy. For
comparison, it is worth noting that similar processes
are occurring with varying intensity in Central Asian
countries. According to the World Bank (2021) and
FAO (2024), the share of people employed in agricul-
ture in Kazakhstan and Uzbekistan is 18-20%, while
in the Kyrgyz Republic it fell to about 16% in 2024.
At first glance, this may indicate higher rates of struc-
tural transformation and a reduction in the economy’s
dependence on the agricultural sector. However, this
trend is largely due not so much to the modernisation
of agriculture as to increased external labour migra-
tion, insufficient development of rural infrastructure
and limited opportunities for creating new jobs in
non-agricultural activities. Thus, the decline in em-
ployment in the agricultural sector in Kyrgyzstan re-
flects the forced nature of the rural population’s adap-
tation rather than a sustainable diversification of the
economy (UNDP, 2022).

17.1
15.69

11

9.5 36

2022 2023 2024

Share of people employed in agriculture, % of economically active population

Contribution of agriculture to GDP, %

Figure 1. Share of employment and contribution of agriculture to the GDP
of the Kyrgyz Republic in 2020-2024, %
Source: compiled by the author based on NSCKR (2024a; 2024b; 2024c)
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An analysis of the dynamics of the number of work-
ers in agriculture for 2020-2024 (Fig. 2) shows a grad-
ual decline in the number of workers, which is largely
due to urbanisation, the expansion of the service sec-
tor and large-scale labour migration, especially among
young people. Nevertheless, the agricultural sector
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440.0
430.0
420.0

410.0

2020 2021
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continues to function as a kind of “buffer” employer,
absorbing surplus labour during periods of economic
instability. The significant proportion of self-employed
and family farm workers confirms the stability of tra-
ditional forms of employment characteristic of rural
areas of the country.

460.1
454.3

432.4

2022 2023 2024

Figure 2. Dynamics of the number of people employed in agriculture in the Kyrgyz Republic, thousand people

Source: compiled by the author based on NSCKR (2024b; 2024c)

As emphasised by the World Bank (2023), the qual-
ity of jobs in the rural economy of Kyrgyzstan remains
low, leading to high migration mobility among the
working-age population. According to NSCKR (2025),
in 2024, the share of those employed in the informal
sector was 65%, with the vast majority of these work-
ers being in the agricultural sector. This situation in-
dicates that many rural residents do not have official
employment status or access to social guarantees,
including pensions, which increases the socio-eco-
nomic vulnerability of households and limits the pos-
sibilities for long-term rural development. Structural
imbalances in the rural labour market are evident in
both regional and socio-demographic terms. In the
southern regions of the republic, the scale of labour
migration is creating a labour shortage, while in the
mountainous regions, there is still a high proportion
of seasonal and low-productivity employment. In so-
cial terms, the imbalance is reflected in the outflow

of young people from the agricultural sector and the
continued high proportion of women and older work-
ers in informal employment, which limits the mod-
ernisation potential of agriculture.

According to Belarusian researchers O. Pashkevich
& V. Lyovkina (2023), the labour shortage in rural areas
is largely due to young people’s lack of motivation to
work in the agricultural sector and structural imbalanc-
es between regional labour supply and demand. These
conclusions are fully consistent with the Kyrgyz con-
text, where migration and underdeveloped social infra-
structure exacerbate the outflow of young people from
rural areas and hinder the formation of a sustainable
labour force. The transformation of employment in the
agricultural sector of the Kyrgyz Republic is developing
under the influence of a complex of interrelated eco-
nomic, social, technological, institutional and global
challenges that determine the direction and pace of its
further development (Table 1).

Table 1. Factors influencing the transformation of employment in the agricultural sector of the Kyrgyz Republic

Group of factors Main manifestations

Low profitability, predominance of small farms,

Economic limited access to credit, underdeveloped agricultural
insurance, dependence on imports
Social Brain drain, low income levels, job shortages, ageing

population

Technological . . .
J innovative practices

Institutional
regulatory framework

Global - .
competition from imported products

Low mechanisation, weak implementation of

Limited state support, weak cooperation, imperfect

Climate change, price volatility in global markets,

Consequences for employment

Persistent low labour productivity; income instability;
limited opportunities for employment expansion

Outflow of labour resources; decline in innovation
potential; growth of informal employment

High labour intensity of agricultural work; slow
renewal of employment; limited demand for skilled
labour

Lack of incentives for modernisation; preservation
of fragmented farm structure; weak integration of
employment

Seasonal job instability; increased risk of poverty;
intensified migration processes

Source: compiled by the author based on World Bank (2021; 2023), FAO (2024), NSCKR (2024a; 2024b; 2024c)

Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 3

67



The application of artificial intelligence in forecasting...

As can be seen from Table 1, economic constraints
perpetuate low labour productivity and income insta-
bility, social factors exacerbate the outflow of labour
resources, technological backwardness hinders the
creation of new jobs, and institutional barriers impede
modernisation and the development of cooperation.
Global challenges such as climate change and price
volatility in world markets further exacerbate season-
ality and increase the risk of poverty in rural areas. The
underdevelopment of agricultural insurance systems
increases the financial vulnerability of rural households
and reduces their willingness to invest. As highlighted
by the FAO (2024), the lack of affordable insurance prod-
ucts in developing agricultural economies significantly

limits farmers’ ability to adapt to climate change and
market volatility. An additional risk is the high depend-
ence on imports of food and agricultural machinery,
which makes the agricultural sector extremely sen-
sitive to external economic fluctuations. According to
D. Zholbolduyeva et al. (2024), the structure of agricul-
ture in the Kyrgyz Republic is largely determined by its
dependence on imports of key resources, including food
and agricultural machinery, which creates additional
vulnerability in the sector. Systematising the identified
factors in a SWOT format made it possible to identify
the internal strengths and weaknesses of the sector, as
well as the external opportunities and threats affecting
the transformation of the labour market (Table 2).

Table 2. SWOT analysis of employment in the agricultural sector of the Kyrgyz Republic

Strengths
High proportion of the population involved in agriculture
(significant source of employment)
Preservation of traditional forms of employment (self-
employment, family farms)
Potential for cooperation and integration of farms

Existence of domestic markets (food security)

Young population with labour potential
Opportunities
Development of agricultural cooperatives and agribusiness
Introduction of digital technologies and agricultural innovations
Diversification of employment (agritourism, processing, family
entrepreneurship)
Increased state support and participation in international
programmes (FAO, WB, UNDP)
Opportunity to improve employment quality and reduce
poverty through SDGs (1, 2, 8)

Weaknesses

“Low productivity trap”

High level of informal employment (65% in 2024)

Limited access to credit and insurance instruments
Small land holdings (on average up to 3 hectares per farm),
hindering mechanisation and innovation
Dependence on remittances from migrants
Threats
Large-scale external labour migration, outflow of young people
Climate change, increasing seasonality of employment

Dependence on imported equipment and food
Price volatility in global markets, currency risks

Persistent gender and age imbalances in rural employment

Source: developed by the author based on analysis of data from the World Bank (2021; 2023), FAO (2024), NSCKR

(2024a; 2024b; 2024c)

Kyrgyzstan faces not only problems common to
developing countries - technological backwardness,
informal employment, poor access to finance and low
mechanisation - but also specific national issues. In
particular, external labour migration affects a signifi-
cant proportion of the working-age population, which
reduces demographic pressure on the rural labour
market but at the same time leads to a loss of human
capital and household dependence on remittances
(World Bank, 2023). Another feature is the predomi-
nance of small peasant farms with limited land area
(and limited access to large resources), which limits

the ability to innovate and take advantage of tech-
nology (Azarov et al., 2024). Thus, the SWOT analysis
confirms that the transformation of employment in
the agricultural sector of Kyrgyzstan requires compre-
hensive measures combining technological moderni-
sation, institutional reforms and social support aimed
at improving the quality and sustainability of rural
employment. Based on the results of the SWOT anal-
ysis, strategic directions for the development of rural
employment were identified, reflecting key economic,
social, technological and institutional priorities. The
results are summarised in Table 3.

Table 3. Prospects for the transformation of employment in the agricultural sector of the Kyrgyz Republic

iy Promising measures
of transformation &
Economic Support for cooperation, subsidies for mechanisation,

environment

Development of non-agricultural employment in rural
areas (processing, services, logistics),

Social sphere
youth employment programmes

expansion of agricultural leasing and credit guarantees

Expected effect on employment

Increased labour productivity, creation of new jobs in
cooperatives and agricultural service structures

Reducing labour outflow, increasing
the attractiveness of rural work
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Direction Promising measures
of transformation J
Technological Investment in precision farming, digital platforms,
base irrigation and agricultural technology
N Developing the legal framework for agricultural
Institutional ping & g

environment ) .
and integration clusters

Introduction of climate-resilient technologies,
diversification of exports, development of local

Global challenges
agricultural clusters

insurance, encouraging cooperatives
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Table 3. Continued

Expected effect on employment

Raising qualification requirements for workers,
creating new high-tech jobs
Stabilisation of incomes, growth in formal
employment, reduction in the proportion
of unstable jobs

Reducing seasonality and instability of employment,
strengthening long-term employment in rural areas

Source: developed by the author based on the results of the SWOT analysis

An analysis of the prospects for employment trans-
formation in the agricultural sector shows that com-
prehensive modernisation of agriculture is a key con-
dition for increasing the efficiency and sustainability
of employment. The economic aspect of these trans-
formations is linked to the need to transition from a
small-scale commodity model to cooperative and inte-
grated forms of production organisation. At the same
time, economic transformations have a direct impact on
the social sphere. Social factors manifest themselves in
mass labour migration, low income levels and limited
employment opportunities in rural areas. These imbal-
ances can be reduced by stimulating non-agricultural
activities, developing processing and services, and in-
troducing programmes for young people. Thus, social
measures are becoming an important condition for the
effective implementation of economic strategies.

The effectiveness of economic and social trans-
formations is largely determined by the level of tech-
nological development. Technological modernisation,
including the digitisation of agricultural processes, the
introduction of precision farming and the renewal of
technical equipment, creates the conditions not only
for increased efficiency but also for the creation of
new, more skilled jobs. This, in turn, contributes to the
retention of labour resources in rural areas and a re-
duction in migration pressure. This conclusion is con-
sistent with the findings of other researchers, who also
emphasise that the dynamics of rural employment are
closely linked to the processes of technological mod-
ernisation, digitalisation and institutional reforms that
determine the quality and sustainability of employ-
ment in rural areas. Thus, according to M. Petukhova et
al.(2022),a key direction for improving the efficiency of
rural labour is the introduction of digital solutions that
ensure growth in productivity, income and employ-
ment. At the same time, as noted by G. Ostaev & B.Kho-
siev (2024), digitalisation does not eliminate the need
for human labour, but transforms its content, which
requires a balance between technological innovation
and job preservation. E. Klimentova et al. (2022) em-
phasise the need for state participation in the forma-
tion of a sustainable model of rural employment based
on institutional reforms and the development of mech-
anisation and automation of production. According to

A.Volchenkova & E. Lovchikova (2024), comprehensive
state support measures aimed at increasing productiv-
ity and the social attractiveness of agricultural labour
contribute to retaining skilled personnel and reducing
migration risks.

One promising area for the development of rural
employment is remote working. Researchers note that
the digitalisation of rural life is contributing to an in-
crease in the proportion of people working online, but
the scale of this phenomenon remains limited: for ex-
ample, in the Russian Federation in 2022, the number of
remotely employed rural residents was 262,800, which
is almost half the number in urban areas (Mamonki-
na, 2023). For the Kyrgyz Republic, this trend points to
the need to actively promote online employment and
accelerate the development of digital infrastructure in
rural areas. Institutional support for the rural population
is also important.As highlighted in a study by R. Kazary-
an (2023), the incomes of rural households in devel-
oped countries are supported not only by the market,
but also by agricultural policy mechanisms, including
subsidies, tax breaks and social protection programmes.
This experience demonstrates the need to strengthen
the support system for rural households in Kyrgyzstan,
where incomes in the agricultural sector remain ex-
tremely unstable and dependent on external factors.

The implementation of technological initiatives is
impossible without the appropriate institutional condi-
tions. Institutional reforms aimed at developing agricul-
tural insurance, supporting cooperation and improving
the regulatory framework ensure income stability and
reduce informal employment. They form the regulatory
and organisational basis without which technological
and social modernisation cannot deliver long-term re-
sults. Finally, internal changes must be adapted to ex-
ternal conditions. Global challenges, including climate
change, price volatility in world markets and increasing
competition from imported products, reinforce the need
to transition to sustainable technologies and form local
agricultural clusters. This direction of development will
reduce the vulnerability of rural employment to exter-
nal economic and natural and climatic risks, ensuring
its long-term stability. Overall, the results confirm the
systemic nature of the transformation of employment
in the agricultural sector of the Kyrgyz Republic. The
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comprehensive application of comparative, systemic
and SWOT analysis methods has made it possible to
identify internal patterns in the development of rural
employment and to determine priority areas for its
modernisation, taking into account national specifici-
ties and international trends.

Conclusions
The study showed that employment in the agricultural
sector of the Kyrgyz Republic remains of key impor-
tance to the national economy, remaining the most
important source of income and social stability for
the rural population. It was found that the structure
of rural employment is characterised by low efficiency,
a high level of informality and significant regional dif-
ferences. The analysis identified a set of interrelated
factors that determine the dynamics of the rural la-
bour market. The most significant of these are limited
production resources, insufficient financial support for
rural farms, the outflow of the working-age popula-
tion, and the slow introduction of innovations. These
circumstances create a vicious circle of low produc-
tivity and weak workforce renewal in the agricultural
sector. SWOT analysis has made it possible to struc-
ture the internal and external factors that determine
the state of employment. The strengths include the
availability of labour resources, the potential for co-
operation and the existence of domestic demand for
food. Weaknesses include small land holdings, insuf-
ficient mechanisation, and the dependence of rural
households’ incomes on remittances from migrants.
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KbIpreiacTaHabIH arpapabIK CEKTOPAO IMIeK MEHEH KaMChI3

KBLIIYYHYH TpaHC(OopMalisaChI:
YyaKbIPBIKTap ’KaHa IepcrneKTHBaJIap

Hyp)xaman Napnuesa

SDKOHOMUKA MNUMOEPUHUH KaHOMAOATbl, AOLEHT

K.N. CKpsabuH aTbiHAarbl Kbiprbi3 yayTTyK arpapablk YHUBEpCUTETU
720005, MefepoB Keu., 68, bullikek L., Kbiprbiz Pecnybnvkacsl
https://orcid.org/0000-0003-1151-5176

AHHoTauusa. Makanaga Kbiprbia PecnybnukacbiHaarbl arpapablk CEKTOPAO 3Mrek MeHeH KaMCbl3 KbllyyHYH
TPaHCHOPMALMACHIHBIH ©3reUYeNyKTepy TanAaHbin, aHblH COLMANLbIK-IKOHOMMUKANbIK OHYTYYHYH aHa a3blk-
TYNIYK KOOMCY3AYKTYH Herusru Gaktopy katapbl MaaHucu benruneHet. M3ungeeHyH akTyannayynyry avbin yapba
TapMmarbl aibin XepuHae Herusru uw Bepyydy 60nyn kana 6epreHn MEeHeH, aHblH eHYIyyCcy 3MreKTUH TeMOeH
HaTbIXanyynyry, 6eMpacMuii XkyMyLUTapAbiH KOn YAyLY XaHa 3MreKKe )apamayy KankTblH MUTPALLUACHI CbISIKTYY
KeWrennep MEHEH YeKTEeNWn KaTKaHAbirblHA GainaHbiWTyy. M3unaeeHyH MakcaTtbl — aiibln yapbafarbl 3Mrek
MEHEH KaMCbl3 KblTYYHYH ©3repyy TEeHAEHUMANApbIH aHbIKTOO XaHa aHbl MOAEPHM3ALMSNIOOHYH KeneyekTyy
6arbITTapblH CYHYLITOO. MeTOL0NOMUANBbIK HETM3 CUCTEMANYY XaHa CaNblUTbIPMA TaNLo0ro, YNYTTyK CTAaTUCTUKANbIK
MaanbiMaTTapra aHa 31 apanblk yooMAapAblH MaTepuangapbiHa TasHat. SWOT-Tangoo KongoHynyn, 3Mrek
PbIHOTYHYH TYPYKTYYyryHa Taacup 3Tyydy MUKW KaHa ThilKbl GaKTOPAoOp CTPYKTypanawTbipbiiraH. Msungeene
3MreK pbIHOFYHYH abasbiHa Taacup 3Tyyyy WapTTap cMcTeManyy TYpLe KaparaH: Xep 33/166HyH Maiiaa 6onyuy,
TEXHMKANbIK  KaMCbI3JOOHYH JKETULICU3LUTM, KOOMEPaLMsSHbIH OHYKMOreHAYry >XaHa WHCTUTYLMOHANAbIK
Tockoonayktap. OWOHAOM 3ne couManabik KaHa AeMorpadusnbik AucbanaHCcTap aHblKTanraH, aHblH MYMHAE
KaLUTapAbIH XanblpT YeT 6/IKere KeTULUM XaHa reHAepAMK TEHCU3AMKTUH ynaHblwbl, Owon 3ne yyypaa aibin
yapba ballka TapMaKTapAarbl XXyMyLl OpyHAAPbIHbIH XETULICU3AUTUH TONYKTAM, CTabUNAeWTUPYYYY OYHKLMSAHBI
aTkapbin keneT. XblAbIHTbIKTapAblH HEMM3UHAE BUP KaTap Yyapanap CyHylTanabl: aibin yapba KoonepaTMBLEPUH
OHYKTYPYY, CAHapUNTUK TEXHONOTUSNAPAbI KMPIU3YY, aibll XEPUHAETM IMIeK ULWIMEPAYYYIYH Kaipa uwTeTyy,
arpoTypusM >aHa Kbl3MaT KepCeTyynep apkbllyy AMBEpCUbUKALMANO00, OLWOHAOM 371e MaMNEeKeTTUK >KaHa
MHCTUTYLMOHANAbIK KONAOOHY KEeHEUTyy. M3unieeHyH npakTuKanblk MaaHUCK asblHTaH HaTblikanapabl IMrek
casicaTblH OPKYHAOTYYLO, XKaKbIpUblMbIKTbl a3aiTYy/a XaHa arpapAblk CEKTOPAYH YAYTTYK 3KOHOMMKAAarsl OpAyH
UblH00J0 KONAOHYYra MyMKYHAYK 6epet

Herusrn cespgep: 3Mrek MWrpaLMschbl; Koomepauus; CaHApUNTEWTUPYY; TYPYKTYY OHYryy; MOAEpHM3ALMS;
MHGbPACTPYKTypa; MHHOBALMS
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Tpancdopmanysa 3aHATOCTH B arpapHoOM cekTope KbIpreiacrana:
BBI3OBBI U IEPCIEKTHUBHI

Hyp)xaman Napnuesa

KaHonoaT SKOHOMUYECKUX HayK, OOLEHT

KblprbI3CKMIN HaLMOHaNbHbIW arpapHblv yHUBepcuTeT UM. K.M. CKpabuHa
720005, yn. MefepoBa, 68, I. bullkek, Kblprbiackasa Pecny6nmka
https://orcid.org/0000-0003-1151-5176

AHHoTauusa. B cratbe paccMoTpeHbl 0COBeHHOCTM TpaHcdhopMauMu Cenbckon 3aHATOCTM B Kblprbi3ckon
Pecnybnuke kak kntoueBoro Gaktopa CoLManbHO-3KOHOMUYECKOT0 pa3BUTHUS. AKTYanbHOCTb UCCIIEA0BaHUS CBA3aHA
C TeM, YTO arpapHbIi CEKTOP NPOAOIKAET OCTABATLCSA OCHOBHbIM, HO €ro pa3BUTHE CAEPXKMBAETCS MPOTUBOPEUUIMU:
OrpaHUYeHHOW pe3ynbTaTUBHOCTbIO TPYAA, BbICOKMM YpOBHEM HedOpMasibHOM 3aHATOCTM M 3HAUMTENIbHON MUrpaLMen
TpyLocnocobHoro HaceneHus. Llenb uccnepoBaHus coctosna B OnpefeneHun TeHAEHUMI UM NepCcrneKkTUBHbIX
HanpaB/ieHWIA U3MEHEeHUs 3aHATOCTM B arpapHoi chepe KbiprbiacTaHa. Metoponornyeckas 6aza onupanacb Ha
CUCTEMHBIM U CPaBHUTENbHbIA MOAXOMA, CTAaTUCTUYECKME AAHHbIE U MaTepuanbl MeXAyHapOAHbIX OpraHU3auui.
MNpumeHeHne SWOT-aHanu3a no3BOAMNO KNACCUPUUMPOBATL BHYTPEHHUE U BHELIHWE (DAKTOPbI, BAMSIOLLME HA
YCTOMYMBOCTb pbiHKA TpyAa. [IpoaHann3npoBaHbl YCNOBUS, BAUSIOLLME HA 3aHATOCTb: GparMeHTUPOBaHHas CTPYKTypa
3eMeBnafeHus, cabas TexHMYeckas OCHalLEeHHOCTb, HeJ0CTaTOYHAs KOoNepaLms U UHCTUTYLIMOHaNbHble Bapbepbl.
BbisiBneHbl coumanbHble U aemMorpaduyeckme AUCNponopLmm, NposBASIOLLMECS B OTTOKE MOSIOAEXM U COXPAaHEHUMU
HepaBHOMEpPHOro pacnpenenenus Tpyaa. [ogYepKHYTO, UYTO CENbCKOE XO35MCTBO COXPAHSET CTabUIM3NPYLOLLYIO
ponb, KOMMEHCUMPYS HEXBATKY paboumx MecT B Apyrux cektopax. [1o pe3ynbTaTtam MCCNefOoBaHUS MPeLnoXeHbl
Mepbl MO COBEPLIEHCTBOBAHMID 3aHATOCTW: Pa3BUTME KOOMEpaTMBHbIX 00beAWHEHWN, BHeapeHue LUPPOBbIX
pelleHuit, aAuBepcudUKaLMa CeNbCKMX BUAOB AEeATeNbHOCTM Yepe3 nepepaboTKy MpOAYKLUMM W arpoTypu3Mm,
paclmpeHue NporpaMm rocyAapcTBEHHOM noaaepxku. NpakTuyeckas 3Ha4MMOCTb paboTbl COCTOUT B BO3MOXHOCTU
MCMONb30BaHUA BbIBOAOB A1 MPOEKTUPOBAHUS MOJIUTUKU 3aHATOCTU, CHUKEHUS YPOBHS BEAHOCTU U yKpenneHus
NO3MLMI arpapHOro CEKTOpa B HALMOHaNbHOW 3KOHOMMKeE

KnioueBble cfioBa: TpyLOBasi MUrpaLMs; Koonepaums; LMbpoBm3aLms; yCTOMYMBOE pPa3BUTUE; MOLEPHMU3ALMS;
MHGbPaCTPYKTypa; MHHOBALMS
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Abstract. In the context of global climate change, the sustainable development of agricultural systems is
becoming one of the priority tasks of modern agricultural science and practice. Uneven precipitation, rising
average annual temperatures and more frequent extreme weather events increase the risks of reduced yields
and economic instability in agriculture. This paper examined the application of artificial intelligence methods
for forecasting the sustainability of agricultural systems at the regional level. The aim of the study was to
develop approaches to forecasting the productivity and adaptive potential of agricultural crops using neural
networks and machine learning algorithms. The materials and methods of the study included the use of long-
term statistical data on the yield of major crops, climatic indicators, and economic parameters of agriculture
in the Kyrgyz Republic. Correlation-regression modelling, artificial neural networks, and clustering algorithms
were used for the analysis. The results of the study showed that the use of intelligent algorithms can increase
the accuracy of yield forecasts by 12-15% compared to traditional methods, as well as identify key climatic
and economic factors that determine the sustainability of agricultural systems. The scientific novelty of the
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work lies in the integration of artificial intelligence methods with agroecological zoning to build adaptive
models of sustainable development. The practical significance of the research lies in the possibility of applying
the developed models in strategic planning, the formation of regional food security programmes, and risk

management in the agricultural economy

Keywords: digital technologies in agriculture; adaptive farming; climate resilience; predictive models; big

data; machine learning; agroecosystem management

Introduction

Modern agriculture is undergoing a period of large-
scale transformation, driven not only by socio-econom-
ic factors, but also by global climate change, which has
a direct impact on the sustainability of agricultural pro-
duction (Mimenbayeva et al., 2024). According to esti-
mates by the Food and Agriculture Organization of the
United Nations, by 2050 the global agricultural sector
will need to increase food production by at least 60% to
meet the growing needs of the population (Gryshova et
al., 2024). However, the projected increase in average
annual temperature by 1.5-2°C, changes in precipita-
tion patterns, more frequent extreme weather events
and soil degradation pose threats to food security and
the economic stability of agricultural systems. In these
conditions, as noted by L. Liang et al. (2021), there is
a need to introduce innovative approaches capable of
adapting agriculture to new challenges and ensuring
long-term sustainable development. One of the most
promising tools for solving the problems of forecasting
and adaptation in the agricultural sector is the use of
artificial intelligence (Azarov et al., 2025). Al is under-
stood as a set of machine learning algorithms, neural
networks, big data analysis methods, and predictive
modelling that enable the automated identification of
patterns in complex information arrays. As pointed out
by A.Kadyraliev et al.(2024), unlike traditional statistical
methods, which are limited by linear dependencies,Al is
capable of integrating climatic, soil, agrobiological, and
economic data to build accurate forecasts and adap-
tive scenarios for agricultural production management.

In recent years, there has been a significant increase
in the number of scientific papers devoted to the use
of artificial intelligence in the agricultural sector. For
example, L. Gerlitz et al. (2020) and K. Nakysbekova et
al. (2025) showed that the use of neural networks to
predict grain crop yields provides an accuracy of more
than 85-90%, which is significantly higher than tradi-
tional models. A. Kamilaris & F. Prenafeta-Boldu (2018)
demonstrated the potential of Al in soil monitoring
and irrigation system management, which can reduce
water consumption by 15-20% without compromising
crop yields.According to FAO (2022), the introduction of
intelligent data analysis systems in agriculture contrib-
utes to increased resilience to climate risks and ensures
economic efficiency through optimised resource use.
Despite the active spread of Al in global practice, the
use of these technologies remains limited in Central

Asian countries, including the Kyrgyz Republic. This is
due to a number of factors: the low level of digitalisa-
tion in agriculture, limited access of farmers to modern
technologies, insufficient training of personnel, and a
lack of scientific research focused on the integration of
Al into the region’s agricultural systems. Meanwhile, ac-
cording to S. Baidybekova et al. (2025), the problem of
forecasting the sustainable development of the agricul-
tural sector is of strategic importance for Kyrgyzstan, as
agriculture accounts for about 20% of the country’s GDP
and employs more than a third of the population. Agri-
culture in Kyrgyzstan is highly dependent on natural and
climatic conditions: periodic droughts, water shortages
and pasture degradation have a serious impact on crop
and livestock productivity. In these conditions, increas-
ing the sustainability of agricultural systems requires
a transition from traditional management methods to
digital and intelligent approaches that ensure accurate
forecasting, efficient use of resources and adaptation to
changing conditions (Bazarbaeva et al., 2021).

In the context of climate instability, the agricul-
tural sector of Kyrgyzstan faces three key challenges:
increasing the sustainability of agricultural systems by
forecasting climate risks, adapting crop structures and
diversifying production; optimising the use of natural
resources, including water, land and biodiversity, with
the help of modern digital technologies; increasing
economic efficiency and food security through the in-
troduction of intelligent management models and the
integration of Al into agricultural production process-
es. Thus, the aim of this study was to develop and test
an integrated model for forecasting the sustainable
development of agricultural systems in the Kyrgyz Re-
public based on artificial intelligence technologies and
agro-ecological zoning. Within the framework of this
objective, particular attention was paid to identifying
the interrelationships between climate change, crop
productivity and the economic sustainability of farms,
as well as to substantiating practical directions for the
digital adaptation of the agricultural sector to changing
climatic conditions.

Materials and Methods
The study used statistical, climatic and agro-econom-
ic data on the Kyrgyz Republic covering a long period
of observation. Data on crop yields (wheat, barley, corn,
apple trees) covered the period 2000-2024 and were
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obtained from official publications by the NSCKR (n.d.)
and the Ministry of Agriculture (n.d.). Climatic data (av-
erage annual temperature, precipitation, air humidi-
ty, solar radiation) covered the period 1979-2024 and
were based on a reanalysis of ERAS by the European
Centre for Medium-Range Weather Forecasts (ECM-
WF, n.d.) and data from the Meteoblue (n.d.) climate
portal. Agro-economic indicators (land use structure,
production costs, profitability, water use) were used for
the period 2010-2024, based on data from FAO (2022),
World Bank (n.d.) and Kyrgyzstan’s industry statistics
(NSCKR, n.d.). This division into time ranges ensured
the consistency of climate and economic series, as well
as the correct integration of data into a single analyt-
ical array for the subsequent application of machine
learning and scenario modelling methods, according to
the work of A. Burkhanov et al. (2025).

Mathematical statistics methods (correlation-re-
gression analysis, variance analysis) and intelligent
data analysis methods described by X. Wen et al. (2022)
were used to process the data. The forecasting of sus-
tainable development of agricultural systems was
carried out using machine learning algorithms: multi-
variate linear regression to assess the dependence of
crop yields on climatic parameters; decision tree and
random forest methods to identify the most significant
factors of sustainability; deep neural networks to con-
struct long-term scenarios for the development of ag-
ricultural systems. Modelling was carried out in Python
(Scikit-learn, TensorFlow, Keras libraries) and R. QGIS
and ArcGlIS tools were used for geoinformation analysis,
which made it possible to take into account regional
differences in the agroecological zones of Kyrgyzstan.

The methodological basis of the study was built, ac-
cording to S.Harikrishnan et al.(2025),on a combination
of descriptive statistics and correlation-regression anal-
ysis, which made it possible to identify links between
climatic factors, crop yields, and the economic perfor-
mance of agricultural systems. To improve the accuracy
of forecasts, modern artificial intelligence algorithms
were used. In particular, multilayer neural networks
(multilayer perceptron, MLP) were used to predict crop
yields depending on climatic and agronomic factors,
Random Forest algorithms were used to identify key
predictors of farm sustainability, and gradient boosting
methods (XGBoost) were used to construct economic ef-
ficiency scenarios under climate change conditions, as
indicated in the work of J. Mai & G. Liu (2023). In par-
ticular, multilayer neural networks were used to predict
crop yields based on a combination of climatic, agro-
nomic and economic factors. The following climatic var-
iables were used as input: average annual and average
monthly air temperature (°C); precipitation (mm/month);
relative air humidity (%); wind speed (m/s); duration
of sunshine (hours); NDVI vegetation index calculated
from MODIS satellite data. Economic and agrotechnical
factors included: crop structure (% by crop); volume of

fertilisers used (kg/ha); level of mechanisation and costs
per hectare (USD/ha); share of irrigated land (% of total
area); production cost and market price; profitability (%)
and labour productivity.

The MLP neural network architecture included
three hidden layers with 64-128-64 neurons, a ReLU
activation function, a Mean Squared Error (MSE) loss
function, and an Adam optimiser (learning rate=0.001,
batch size = 32). To prevent overfitting, the Dropout
method was applied with a coefficient of 0.2. On the
validation dataset, the model accuracy was R? = 0.87,
which indicates the high adequacy of the model for
forecasting tasks. Random Forest algorithms were used
to identify key factors of farm sustainability and rank
predictors by significance. The optimal model param-
eters were: number of trees - 500, maximum depth -
10. Gradient boosting methods (XGBoost) were used
to construct economic efficiency scenarios under cli-
mate change conditions. The main hyperparameters
were: learning_rate = 0.05; max_depth =6; n_estima-
tors = 1,000; subsample = 0.8; colsample_bytree =0.7.
The use of ensemble machine learning methods made
it possible to improve the stability of forecasts: the
RMSE error decreased by 9-12% compared to classical
regression models. This confirms the feasibility of in-
tegrating artificial intelligence methods with agroeco-
logical zoning to assess the resilience of Kyrgyzstan’s
agricultural systems in the context of climate change
(Mai & Liu, 2023).

Scenario modelling was conducted in three are-
as. The baseline scenario reflected the continuation of
current climate trends and the level of digitalisation
of agricultural enterprises, according to the work of J.
De Keyser et al. (2023). The negative scenario modelled
increased climate risks, including a 2°Crise in tempera-
ture and a 15-20% reduction in precipitation, as well as
limited adoption of digital technologies. The innovative
scenario envisaged the active use of Al models to opti-
mise the structure of cultivated areas, manage water re-
sources and improve the accuracy of economic forecast-
ing, according to A. Chupin et al. (2025). All calculations
were performed using modern software tools: Python
(TensorFlow, Scikit-learn, Pandas libraries) and R (Caret
and Forecast packages). Data visualisation and graphing
were performed in Excel and Tableau, which ensured
clarity in the presentation of results (Burkhanov et
al., 2024). Climate and statistical data were used under
open licences from the FAO and WMO, which guaran-
teed the reliability and accuracy of the research base.

The forecast of crop yield Y depending on climatic
and agro-economic factors was described by the fol-
lowing equation:

Vi=Bo* 2j.1 B Xt yZ,+ €

where Yit is the yield of the i-th crop in year t; Xjjt are cli-
matic factors (temperature, precipitation, humidity, solar
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radiation); Zit — economic factors (land use structure, cost
level, access to water resources); ﬁ] y — model coefficients
estimated using machine learning methods; €, - random
error accounting for unpredictable factors.

Three options were used in scenario modelling:

baseline scenario — continuation of current cli-
mate trends;

negative scenario - a 2°C increase in tempera-
ture and a 15-20% decrease in precipitation;

innovative scenario - introduction of Al to opti-
mise crop structure, manage water resources and im-
prove forecasting accuracy.

All calculations were performed in Python (Tensor-
Flow, Scikit-learn, Pandas) and R (Caret, Forecast) envi-
ronments. QGIS and ArcGIS were used for spatial analy-
sis, and the results were visualised in Excel and Tableau.

To improve the accuracy of forecasts and adapt mod-
els to regional characteristics, agro-ecological zoning of
the territory of Kyrgyzstan was carried out. Zoning was
based on climatic parameters (temperature, precipita-
tion, air humidity), soil and geographical characteristics,
and land use structure. Based on this data, five agro-eco-
logical zones were identified: Chiy, Talas, Naryn, Osh
and Issyk-Kul regions. Each zone was characterised by
its own climatic coefficients and agricultural production
conditions, which were integrated into artificial intelli-
gence models in the form of categorical variables. To im-
plement this integration, One-Hot Encoding algorithms
were used in the construction of MLP and Random For-
est, which made it possible to take into account the in-
fluence of regional factors when forecasting crop yields
and the economic sustainability of farms. This approach
ensured the adaptability of the models and increased
the accuracy of forecasts by 10-12% compared to models
that did not take zoning into account.

Results and Discussion
During data analysis and modelling, it was possible to
highlight the key relationships between climate change,
agricultural productivity and the economic sustainabili-
ty of Kyrgyzstan’s farms using artificial intelligence tech-
nologies. Digital models made it possible not only to
obtain forecasts, but also to assess the sensitivity of sys-
tems to extreme climatic conditions. According to data
from Meteoblue (n.d.) and ERA5 reanalysis (ECMWF,n.d.),
the city of Bishkek, which is taken as the central climat-
ic point of the region, shows a steady warming trend
for the period from 1979 to 2024. Analysis of climate
series for this 45-year interval showed that the average
annual air temperature in Bishkek increased by approx-
imately 1.2°C, and the number of dry months increased
by 15-20%. Data presented in the Meteoblue Climate
Change Model and ERA5-Land climate models indi-
cate that the most pronounced changes occur in the
summer months: average maximum daily temperatures
regularly exceed 30°C, and precipitation in July-August
has decreased to 20-30 mm. These trends have been
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observed over the last four decades and have intensi-
fied since 2000, which is consistent with global warm-
ing estimates for Central Asia (Kamilaris & Prenafe-
ta-Boldu, 2018). Thus, the periodic droughts and rising
temperatures observed in the region between 1979
and 2024 form a clear trend of climate warming, which
has a direct impact on the productivity of Kyrgyzstan’s
agricultural systems.

The graphs for “Climate Change - Bishkek” show
that the average annual temperature is rising and pre-
cipitation patterns are changing seasonally, with more
frequent dry months. For example, according to the
Meteoblue model, average maximum daily tempera-
tures in the summer months exceed 30°C, and periods
with precipitation of less than 30 mm are becoming
more frequent. As noted by A. Kamilaris & F. Prenafe-
ta-Boldu (2018), these changes increase water stress
during the sowing and growing seasons. An analysis
of climate series supplemented with regional data
showed that over the past 30 years, the average annual
temperature has increased by approximately 1.2°C, and
the number of dry months has increased by ~15-20%.
Based on this trend, climate scenarios for modelling
were adjusted, according to J. Schmidhuber & F. Tub-
iello (2007). Such changes have a direct impact on crop
yields: a decrease in precipitation during critical grow-
ing seasons leads to a 6-10% drop in crop productivity
(cereals, fodder). It was this effect that was taken into
account in the negative modelling scenario.

Figure 1 shows the impact of climate change on the
territory of the Kyrgyz Republic for the period 1979-2024.
The data source was ERA5, the fifth generation of glob-
al climate reanalysis developed by the European Centre
for Medium-Range Weather Forecasts (ECMWF, n.d.),
with a spatial resolution of 30 km. The data reflect
average regional values and do not take into account
microclimatic differences caused by local features of
the terrain and urban environment. Consequently, ac-
tual temperatures may exceed the values indicated, es-
pecially in urbanised areas, and precipitation may vary
depending on topographical conditions. The data do
not reflect conditions at a specific point. Microclimates
and local variations are not shown. Therefore, actual
temperatures will often be higher than those shown,
especially in cities, and precipitation may vary locally
depending on topography.

The upper part of Figure 1 shows the estimated
average annual temperature for the larger region of
Kyrgyzstan. The dotted blue line represents the line-
ar trend of climate change. If the trend line rises from
left to right, the temperature trend is positive, and Kyr-
gyzstan is getting warmer due to climate change, if it is
horizontal, there is no clear trend; if the line goes down,
Kyrgyzstan is getting colder over time. The lower part
of Figure 1 shows the so-called warming bands. Each
coloured band represents the average temperature for
the year: blue for colder years, red for warmer years.
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Mean yearly temperature, trend and anomaly, 1979-2024.
Kyrgyzstan 40.94°N, 73.36°E.
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Figure 1. Annual temperature changes in Kyrgyzstan

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

The upper part of Figure 2 shows the estimat-
ed average total precipitation for the larger region of
Kyrgyzstan. The dotted blue line represents the line-
ar trend in climate change. If the trend line rises from
left to right, the precipitation trend is positive, and Kyr-
gyzstan is becoming wetter due to climate change. If

Mean yearly precipitation, trend and anomaly, 1979-2024.
Kyrgyzstan 40.94°N, 73.36°E.

1500

500

the line is horizontal, there is no clear trend; if the line
slopes downward, Kyrgyzstan is becoming drier over
time. The lower part of Figure 2 shows the so-called
precipitation bands. Each coloured band represents the
total amount of precipitation for the year: green for
wetter years, brown for drier years.
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Figure 2. Annual change in precipitation, Kyrgyzstan

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

The upper part of Figure 3 shows the temperature
anomaly for each month from 1979 to the present. The
anomaly shows how much warmer or colder the month

was than the 30-year climate average for 1980-2010.
Accordingly, red months were warmer than normal,

blue months were colder than normal. Most obser-
vation sites show an increase in the number of warm
months over time, reflecting the global warming trend
caused by climate change. The lower part of Figure 3
shows data on precipitation anomalies.

Mean anomalies for temperature and precipitation, trend and anomaly, 1979-2024.
Kyrgyzstan 40.94°N, 73.36°E.
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Figure 3. Monthly temperature and precipitation anomalies - climate change in Kyrgyzstan

Source: compiled by the authors based on Meteoblue (n.d.)
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The artificial intelligence models used have demon-
strated high efficiency in predicting crop yields and eco-
nomic sustainability. For example, for grain crops, the
MLP neural network model showed a coefficient of de-
termination R? = 0.87, which indicates the adequacy of
the model and its ability to explain most of the variation
in yield (World Bank, n.d.). Model tests have shown that
a combination of methods - MLP + XGBoost - increases
the stability of the forecast compared to single meth-
ods: the mean forecast error (RMSE) is reduced by 8-12%
compared to classical linear regression. An example of
a specific conclusion from the model: a combination of
temperatures above 30°C during flowering and a rain-
fall deficit of more than 25% leads to a 12-14% reduc-
tion in maize yield. For wheat, night-time overheating
(temperatures above 22°C) proved to be a sensitive fac-
tor, suppressing plant recovery and reducing productivi-
ty by 5-8%. Thus, Al models identify complex non-linear
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relationships that are difficult to capture using classical
methods and provide controllable predictive control.

In order to assess the impact of Al and climate
change on the economy of agricultural enterprises,
three scenarios were developed: baseline, negative
and innovative. The baseline scenario (continuation of
current trends) yielded grain yields of 2.6-2.8 t/ha and
farm profitability of 20-23%.The negative scenario, with
worsening climatic conditions, showed a drop in yield
to 2.1-2.3 t/ha, a decrease in profitability to 13-15%,
and an increase in the cost of irrigation and protective
measures. The innovative scenario, which involves the
active use of Al models, resulted in a yield of 3.0-3.2 t/ha
and profitability of 27-29%. These differences highlight
how the digitalisation of agriculture can transform the
economic landscape by minimising the damage caused
by climate anomalies. Table 1 shows the forecast data
for the main scenarios - yield and profitability.

Table 1. Scenario forecasts for farm yield and profitability

Indicator Baseline scenario
Grain yield, t/ha 2.6
Yield of fodder crops, t/ha 3.2-34
Profitability, % 20

Source: compiled by the authors

Table 1 shows that it is the innovative scenario that
provides significant growth not only in productivity but
also in financial results. At the same time, different cli-
matic zones of the republic respond differently to the
introduction of Al. Table 2 presents estimates of yield
and profitability growth by region when transitioning to
the innovative scenario. Table 2 shows that the greatest
effect was achieved in the Chiiy Region, where favour-
able soil and water conditions allowed the potential of

Table 2. Impact of Al implementation

Region
Chiiy Region 17
Naryn Region 15
Talas Region 13
Osh Region 11
Issyk-Kul Region 12

Source: compiled by the authors

The results obtained are consistent with global
studies showing that digital technologies and Al will
become a key element of sustainable development of
agricultural systems in the context of climate change.
For example, S. Getahun et al. (2024) analysed 124 stud-
ies and showed that the integration of digital solutions,
including artificial intelligence and machine learning,
contributes to the optimisation of resource use and
the sustainable development of the agricultural sector.
The work of T. Yildirim et al. (2024) demonstrated the
high accuracy of a neural network model (R?>0.80) in
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Yield increase, %

Negative scenario Innovative scenario

2.1-2.3 3.0-3.2
2.7-2.9 3.8-4.0
13 27

digital models to be maximised. In drier regions, such
as the Osh Region, the effect was less pronounced due
to limited water resources. These regional differences
show that Al models are not universal: local conditions
such as soil type, access to water, terrain and agricul-
tural technologies must be taken into account when
implementing them. Therefore, an adaptive strategy
should be developed for each zone, taking these char-
acteristics into account.

on yield and profitability by region
Profitability growth, %
10

8
7
6
7

predicting cotton yields four months before harvest un-
der conditions of limited data, confirming the potential
of Al for agricultural systems with a lack of observations.
Research by A. Kamilaris & F. Prenafeta-Boldu (2018)
demonstrated an improvement in irrigation efficiency
of up to 20% with the help of Al. The experience of dig-
italisation in Central Asian countries confirms the im-
portance of a systematic approach to the introduction
of innovative technologies. Research by Kazakh scien-
tists Z. Imanbayeva et al. (2024) show that the digital
transformation of the agricultural sector, including the
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use of electronic agricultural receipts and other finan-
cial instruments, can be an effective mechanism for
attracting funds to modernise agricultural production
in the context of the intensifying climate crisis and wa-
ter scarcity. At the same time, it is emphasised that the
success of such instruments directly depends on state
regulation of digitalisation processes.

The results are particularly significant for Kyr-
gyzstan, as the country is highly vulnerable to climate
change. According to World Bank (n.d.), the republic
is facing rising temperatures and changes in precipi-
tation patterns, which increases the need for adapta-
tion measures. In addition, model assumptions (linear
trends, large-scale scenarios) may not take into account
unexpected extremes (droughts, hurricanes). It is also
important to note that the full implementation of Al re-
quires infrastructure: digital platforms, sensor networks,
high-quality meteorological data, and trained person-
nel. Without this, the models will remain a theoretical
tool. By integrating climate, agricultural productivity,
and economic data with Al methods, it has been pos-
sible to obtain an adequate model for forecasting sus-
tainable development.An innovative scenario involving
the widespread use of Al shows significant increases
in both productivity and profitability of farms. Regional
differences indicate the need to adapt approaches to
local conditions. Despite the limitations of the models,
the results allow for recommending the digital trans-
formation of agriculture as a key tool for adapting to
climate challenges.

Conclusions
The study confirmed that the integration of artificial
intelligence methods into agricultural analytics al-
lows for effective forecasting of yield dynamics and
economic sustainability of Kyrgyzstan's agricultural
systems in the context of climate change. The use of
multilayer neural networks and ensemble algorithms
(XGBoost) ensured a high level of forecast accuracy
(R2=0.87), which indicates the possibility of applying
these models for strategic planning in the agricultural
sector. Modelling showed that the trend towards higher
average annual temperatures and lower precipitation
during key vegetation phases has a significant impact
on crop productivity. According to data from the Mete-
oblue climate service and ERA5 reanalysis, the average
temperature in Kyrgyzstan has increased by approxi-
mately 1.2°C over the past 40 years, while the frequen-
cy of droughts has increased by 15-20%. This confirms
the relevance of introducing digital tools for adaptation
and monitoring of climate risks. The results of scenario
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AHHoTaumsa. [M06anabiK KIMMATTbIH ©3repyLly WapTTapbliHAa arpapAblK CUCTEMaNnapAblH TYPYKTYY ©HYTYYCYH
KaMCbI3 Kblnyy — 3amMaHban arpapAblk UAKMM MEHEH MPakTWKaHbIH BallKbl apTbIKYbIbIKTYY 6arbITTapbiHbIH 6UpK
6onyn caHanat. XXaMrblpAblH TapTbIWTbITbl Xe aliblkia 60ayLly, OPTOYO XbINAbIK TEMMNEPaTypPaHbIH XOropynailbl
XaHa aba bipaviblHbIH 3KCTPEMANAyy KepYHYWTOPYHYH Kebenyly anbll 4apbacbiHbIH TYLIYMAYYAYTYHE XaHa
3KOHOMMKANbIK TYPYKTYYNYyryHa ONyTTyy KOPKYHYY XapaTtat. byn usnnneene xacanma MHTENNEKT bIKManapblHbIH
HerMsuHae perMoHAyK LeHrasnae arpapblk cMCTEManapAblH TYPYKTYYAyryH 60XKOMONA00HYH MYMKYHUYYIYKTEpY
KapanraH. M3ungeeHyH MakcaTbl — HEWPOHAYK TAapMaKTap XaHa MallMHanbIK OKYTYYy aAropuTMAEpPUH KONLOHYY
apkblyy anbin vyapba ecyMAYKTepPYHYH MNPOAYKTUBAYYAYIYH >XaHa afanTMBAMK MOTEHUManbiH 60XOMONL00
bIKManapblH UwWTen 4biryy 6onyn caHanat. M3unpeeHyH matepuangapbl XaHa blkManapbl Katapbl Kbiprbi3
PecnybnukacbiHbiH aibin Yapba TapmarblHa TUeLllenyy HeruMsru eCyMAYKTOPAYH TYLWYMAYYAYTY, KAUMATTbiK
KOpPCOTKYUYTOp XaHa 3KOHOMMKA/bIK MapaMeTpsiep OOKHYA Kem KbiAAblK CTATUCTMKANbIK MaanbiMaTtTap
KONAOHYNraH. AHanu3neene Koppenauusnbik-perpeccusnblik MOAENAese, XacaiMa HeMpoHAYK TapMakTap XaHa
KnacTepnewTupyy anroputMaepu nanganaHbinrad. M3unaeeHyH XbiMbIHTbIKTapbl KOPCOTKOHAOW, UHTENNEKTyanablK
anropuTMAEpAM KOMAOHYY CanTTyy blKManapra CanblWTbipManyy TYLWYMAYYAYKTY 60XOMOAAOOHYH TaKTbIrbIH
12-15 %ra >xakwbIpTaT XaHa arpapablk cUCTEManapblH TYPYKTYYNYryH aHblKTaraH HErusru KauMmaTTbiK >XaHa
3KOHOMMKANbIK (AKTOPAOPAY aHbIKTOOrO MYMKYHAYK OepeT. M3UNnLeeHyH WAUMMIA XaHbUIbIfbl — XacaiMma
MHTENNEeKT bIKMaNapblH arpo3KONOrUANbIK 30HAN00 MEHEH WHTErpaumsnoo apkbiayy TYpYKTYy 6HYTYYHYH
afanTMBAYY MOOENAEepUH Ty3yyae XaTaT. [TpakTUKanblk MaaHUCKU — UWTENMN YbIKKaH MOAENAEPAN CTPATErnaNbIK
NNaHAo0040, alMMaKTbIK a3blK-TYAYK KOOMCY34yry nporpaMManapbiH Ty3YYAe >XaHa arpapfblK 3KOHOMMKaZarbl
TobokenamkTepamn Hawkapyyna KongoHyyra 6onot

Herusru cespgep: anbin l'Ia[.)6aCbIH,lZ|,anI CaHapun TexHonoruanap, aaanTueayy ObIMKaHYbIbIK; KAUMMATTbIK
TYPYKTYYNyK; 60)KOMOJ'I,EI,YK mMoLenaep; MaanbiMaTTap; MalWMHaiblK OKYTYY; arpo3KoCUCTEMAanapabl GaUJKapyy
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AHHoTauums. B ycnosusax rnobasbHOro M3MeHeHMUst KIMMaTa yCTOMYMBOE pa3BUTME arpapHbIX CUCTEM CTAHOBUTCS
OLHOM M3 NPUOPUTETHLIX 334a4 COBPEMEHHOM arpapHoit Hayku u NpakTMkWM. HepaBHOMEpPHOCTb 0CaLKOB, POCT
CpeAHerofoBbiX TeMMepaTyp M yyalleHUe IKCTPEMasbHbIX MOFOAHbLIX SIBIEHWI YCUAMBAIOT PUCKU CHUXKEHUS
YPOXKAaMHOCTU U 3IKOHOMMYECKOM HEeCTabUIbHOCTM CeNbCKOro X03sicTBa. B paHHoOW paboTe paccMOTpeHo
NMPUMEHEHME METOLOB WMCKYCCTBEHHOIO WMHTENNEKTA AJ1 MPOrHO3MPOBaHMS YCTOMYMBOCTM arpapHbiX CUCTEM
Ha perMoHanbHoM ypoBHe. Llenb mccnenoBaHuMst 3akitoyanacb B paspabotke MOAXOLOB K MPOTrHO3MPOBAHMIO
NPOAYKTMBHOCTM M afanTMBHOIO MOTEHLMANA CEbCKOXO3SMCTBEHHbIX KYJbTYP C MCMNONb30BaHUEM HEMPOHHbIX
ceTen M anropuTtMOB MALIMHHOTO 0By4YeHus. MaTepuanbl MU METOAbl UCCNELOBAHUS BK/IOYAIN UCMONb30BAHUE
MHOTONIETHUX CTaTUCTUYECKMX [OaHHbIX MO YPOXANHOCTM OCHOBHbIX KYNbTyp, KNMMMaTUYECKMM MoKasaTensM M
3KOHOMMYECKMM MapaMeTpaM CenbCcKoro xo3sinctea Koiproidckoi Pecny6nuku. [ns aHanmsa Obl1M NMpUMEHEHDI
MeToAbl KOPPENsiLMOHHO-PErPECCUOHHOIO MOLENMPOBAHMUS, UCKYCCTBEHHbIE HEWPOHHbIE CETU U ANTOPUTMbI
Knactepusauuu. PesynbTaTbl MCCiefOBaHMs MOKa3anu, YTO MCMONb30BAaHME MHTENNEKTyaNlbHbIX aNropuTMOB
MO3BOJISIET NOBLICUTb TOYHOCTb MPOrHO30B YPOXKAMHOCTM Ha 12-15 % no cpaBHEHUIO C TPALMLMOHHBIMU METOAAMM,
a TaKXe BbISBUTb K/OYEBbIE KIMMATUYECKME WM IKOHOMMYECKME (AKTOpbl, OMpEenenstolme ycTolnynBoCTb
arpapHbix cucteM. HayuyHas HOBM3Ha paboTbl 3aK/IOYAETCS B UHTErPaLMM METOAOB MCKYCCTBEHHOMO MHTEMNEKTA C
arpo3K0I0rMYeCcKMM 30HMPOBAHMEM 415 NOCTPOEHUS aAaNTUBHbLIX MOAENEN YCTOMYMBOIO pa3BuTuUS. [pakTuyeckas
3HAYMMOCTb UCCNEA0BAHUS COCTOUT B BO3MOXHOCTHU NPUMEHEHMs pa3paboTaHHbIX MOLEeNel npu cTpaTerMyeckom
NAaHUMPoOBaHWUM, GOPMUPOBAHMUM PErMOHANbHbLIX MPOrPaMM MPOAOBONLCTBEHHOW 6E30MACHOCTM M YNpaBieHUM
pMCKaMK B arpapHOi 3KOHOMMKeE

KnioueBblie cnoBa: Ll,VId)pOBbIe TEXHOMIOMMM B CEIbCKOM XO035MCTBE; aAanTUBHOE 3eMaenenue; KaMMaTnyeckas
yCTOlZHVIBOCTb; NPOrHO3Hble MOAENU; AAaHHbIE; MALLMHHOE o6yquMe; ynpasieHne arposakocmcreMamm
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