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Abstract. Public-private partnership (PPP) plays a key role in the development of agriculture by attracting
investment, modernising infrastructure, and enhancing the agricultural sector’s efficiency. This article examined
the prospects for developing PPPs in the agriculture of the Kyrgyz Republic, taking into account the experience of
the Republic of Belarus. The regulatory framework governing the mechanisms of interaction between the state and
the private sector in both countries was analysed, alongside a review of existing models of cooperation, including
concessions, investment agreements, and cluster initiatives. Belarus possesses considerable experience in
implementing state support programmes for agriculture, including subsidies, tax incentives, and the establishment
of agro-industrial clusters and cooperatives. These measures have significantly improved the country’s level
of food security and export potential. Meanwhile, Kyrgyzstan faces several challenges, such as a shortage of
Winvestment, outdated infrastructure,and a low level of adoption of innovative technologies. The article proposed
recommendations for adapting successful Belarusian practices to Kyrgyz conditions, including the improvement
of legislative mechanisms, the creation of favourable conditions for investors, the development of agrotechnology
parks, and the digitalisation of agriculture. The need to expand international cooperation and exchange of
experience between the two countries was emphasised, to establish a sustainable PPP model that supports the
growth of Kyrgyzstan’s agro-industrial sector. Particular attention was given to the creation and development of
large state-owned agricultural enterprises on 25% of state land from the fund for the redistribution of irrigated
arable land designated for agricultural use in the rural communities (ayyl aymagy). The establishment of such
enterprises is intended to implement a balanced agricultural policy that promotes the support of rural areas,
the development of agricultural infrastructure, and the creation of employment opportunities. This approach is
expected to stimulate the local economy and contribute to ensuring the food security of the Kyrgyz Republic
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Introduction

Amidst globalisation, climate change, and the modern-
isation of agricultural technologies, the agrarian sector
of the Kyrgyz Republic confronts a series of challenges
necessitating adaptation to new conditions. The so-
cio-economic advancement of agricultural production
and the creation of stable employment are key factors
in enhancing the quality of life in rural areas and reduc-
ing migration levels. Agricultural development plays a
crucial role in ensuring food security, improving living
standards, preserving cultural heritage and the national
gene pool,as well as in protecting state borders and the
environment (Britwum & Demont, 2022). The agro-in-
dustrial complex (AIC) serves as the primary source for
food production and other agricultural commodities,
supplying raw materials essential for the smooth oper-
ation of the processing industry, fostering exports, and
boosting the country’s economic stability.

To ensure food security, not only are production
volumes crucial, but also the efficient use of land and
water resources, the environmental sustainability of
agriculture, the development of agrotechnologies, and
the improvement of living conditions for rural residents
(Mostova & Hutorov, 2022). These are key factors deter-
mining the sustainability and productivity of agricultur-
al production; this affects not only the volume of output
but also the preservation of ecological balance, which is
critically important for future generations (Saikanth et
al., 2023). Therefore, it is essential to give particular
attention to the comprehensive development of the
agrarian sector, encompassing the process of creating
and implementing a strategy aimed at the all-around
improvement of agriculture and related industries. This
includes not only increasing agricultural production
but also improving infrastructure, technologies, human
resources, and developing marketing and market rela-
tions. Specifically, as highlighted by M. Wrzecinska et
al. (2023), the implementation of IT solutions in ag-
riculture leads to cost reduction, increased efficiency,
and improved food security. Furthermore, T. Omoshev et
al. (2024) have demonstrated that green technologies
in the agricultural sphere can enhance crop yields and
increase livestock production volumes.

One effective mechanism for modernising agricul-
ture is state agricultural enterprises (SAEs) based on
public-private partnerships (PPPs), which allows for the
attraction of private investment, enhanced manage-
ment efficiency of agricultural enterprises, and the im-
plementation of innovative technologies. In a context
of limited budgetary resources, SAEs based on PPPs be-
come a key instrument for the sustainable development
of the agricultural sector, contributing to technological
modernisation, the creation of new jobs, and increased
product competitiveness. The experience of the Repub-
lic of Belarus is of particular interest to countries within
the Eurasian Economic Union (EAEU), where state policy
plays a crucial role in modernising the agro-industrial
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complex (AIC). This is reflected in various programmes
and strategies aimed at stimulating the growth of ag-
ricultural production, increasing its efficiency, and im-
proving working conditions.

A crucial element of the Republic of Belarus’s
agrarian policy is the implementation of innovative
technologies. Here, modernisation encompasses the in-
troduction of highly effective technologies, novel agro-
technical methods including process automation, the
use of high-yield crop varieties and hybrids, and envi-
ronmentally friendly production techniques, alongside
the updating of machinery and equipment, notably that
which is domestically produced (Minina, 2022). A signif-
icant proportion of agricultural production in Belarus is
concentrated within the state sector, and the Belarusian
AlCmodel serves as an example of effectively organised
agriculture and the food industry within a state-orient-
ed economy. This model facilitates the integration of
production, processing, and marketing, underpinned by
a substantial degree of state regulation and support.
This ensures more stable planning and the implemen-
tation of long-term strategies geared towards national
food security (Obukhova, 2021).

The experience of the Republic of Belarus indicates
that centralised state management of the agrarian
sector, the implementation of agro-industrial holdings
and cooperative models, the systematic development
of agrotowns and agricultural enterprises, alongside
state support, all contribute to increasing agricultural
efficiency, developing rural infrastructure, and improv-
ing the socio-economic status of the rural population.
In this context, studying the Belarusian experience and
adapting it to the conditions in Kyrgyzstan holds signif-
icant academic and practical value. The two countries
share common characteristics, such as their develop-
ment trajectory as part of the Soviet Union, the evolu-
tion of national institutions, and challenges in the are-
as of economics, education, and social welfare.

This study was aimed at identifying opportunities
for utilising elements of the Belarusian agro-industri-
al complex model within the Kyrgyz Republic to en-
hance agricultural productivity, improve the economic
performance of agricultural enterprises, and foster the
development of rural areas. The research aim was to
analyse and substantiate the possibilities for the crea-
tion and development of state agricultural enterprises
in the Kyrgyz Republic, taking into account the expe-
rience of agricultural convergence in the Republic of
Belarus, as well as to develop recommendations for im-
proving agrarian policy and increasing the efficiency of
the agricultural sector. The object of the research was
the state agricultural enterprises of the Kyrgyz Repub-
lic in the context of their formation, development, and
functioning, drawing on the experience of agricultur-
al convergence in the Republic of Belarus. The subject
of the research was the mechanisms of publicprivate
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partnership applied in the agricultural sector of the
Kyrgyz Republic and their potential adaptation based
on the Belarusian experience.

Materials and Methods

The research was based on an analysis of theoretical
and empirical data characterising the development
of agricultural production in the Kyrgyz Republic and
the Republic of Belarus, with particular attention paid
to the role of Belarusian state agricultural enterprises
in ensuring food security and economic stability. The
history of the sovereign Kyrgyz economy was studied,
where a significant element is the transition from a
planned to a market economy, along with the challeng-
es associated with climatic conditions, land issues, and
financing (Umarova, 2015).

The materials used included: regulatory legal acts
and state programmes governing the agrarian sector in
Kyrgyzstan and Belarus; statistical data on the agro-in-
dustrial complex of both countries; archival materials
concerning the activities of state agricultural enterpris-
es; academic publications, monographs, and articles
on agricultural convergence and state management in
the AIC; and data from expert interviews with repre-
sentatives of the agricultural sector, state bodies, and
research institutions. Particular focus was placed on
analysing statistical data regarding agriculture in Kyr-
gyzstan and Belarus, including production volumes and
agricultural production efficiency (National Statistical
Committee of Belarus, n.d.; National Statistical Com-
mittee of the Kyrgyz Republic, n.d.).

The methodological basis of the research includ-
ed: an analysis of the regulatory framework governing
the development of the agro-industrial complex; a
comparative analysis of state agricultural management
models in Belarus and Kyrgyzstan; a systemic analysis
of state agricultural enterprise mechanisms based on
public-private partnerships and their adaptation to Kyr-
gyz conditions; and an economic and statistical analysis
of the efficiency of agricultural enterprises. This com-
prehensive and multifaceted research task necessitated
considering numerous aspects, including management
strategies and principles, as well as the socio-econom-
ic characteristics of these countries. This approach
allowed for a more detailed identification of the gen-
eral differences in approaches to solving agricultural
production challenges, where Belarus employs a more
controlled and planned model, whilst Kyrgyzstan utilis-
es a more liberal and market-oriented model.

Results and Discussion
The need for a balanced state agrarian policy
The agrarian specificity of mountainous Kyrgyzstan is a
historically established fundamental value for the Kyr-
gyz people and state, founded on a synthesis of the best
national farming experience and modern ideas. The
state of agriculture has consistently reflected the level

of development of Kyrgyz statehood and indicated the
degree of the country’s socio-economic progress across
different historical periods. To ensure the well-being of
the population and national food security, it is imper-
ative to adopt the experience of developed countries.
In these nations, the natural potential for agricultural
sector development is amplified by the high intensity
and effectiveness of innovation adoption, where tra-
ditional farming methods are boldly departed from
to ensure abundant food production while preserving
and enhancing soil fertility. These solutions will collec-
tively help create conditions for attracting investment
into the development and implementation of innova-
tive agrarian production practices aimed at increas-
ing agricultural efficiency, improving product quality,
and enhancing soil fertility. They should facilitate the
establishment of modern agro-industrial complexes,
agrotowns, and clusters, as well as improve the logis-
tics, marketing, and management of agricultural prod-
ucts (Resolution..., 2017).

One of the key aspects of researching this topic is
not merely the analysis of the current state but also the
development and implementation of effective meas-
ures to address the challenges facing the agricultur-
al sector and the social development of rural areas. In
an era of globalisation, Kyrgyzstan must compete with
global agrarian economies, necessitating a systematic
approach and strategic planning. As is well known, the
transition process from a planned to a market economy
was complex and multifaceted, presenting numerous
economic, social, and political issues, accompanied by
significant challenges in both the economic and social
spheres. In the agricultural sector of the Kyrgyz Repub-
lic, this process involved the dismantling of the old sys-
tem and the creation of a new one, requiring consider-
able effort from the state, international organisations,
and the rural population (Umarova, 2015).

Currently, the country’s rural population faces sig-
nificant migration to large cities and abroad, leading
to socio-economic imbalance and creating a “migration
pit” in the villages of the Kyrgyz Republic. The caus-
es of this include social inequality and unemployment,
exacerbated by low seasonal wages for hired labour.
The economic concentration history in South Korean
metropolises serves as an important lesson: a mass
exodus of young people from rural regions result-
ed in declining birth rates and an ageing population
(Pareliussen, 2025). It is crucial for Kyrgyzstan to con-
sider these risks and develop measures that will facil-
itate balanced rural development, creating conditions
for living and working in the regions. To overcome
these challenges, a balanced economic policy must
be developed and implemented, aimed at support-
ing rural regions, developing agricultural infrastruc-
ture, and creating employment opportunities, thereby
stimulating local economies. In this context, the ex-
perience of the development of the agro-industrial
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complex (AIC) in Belarus, including state support for
agrotowns and agricultural enterprises, is of particu-
lar interest to the Kyrgyz Republic.

According to data from the National Statistical
Committee of the Kyrgyz Republic (n.d.), as of 2025, the
majority of arable land in Kyrgyzstan (72.2%) is held
by peasant (farmer) households, covering a total area
of 928.5 thousand hectares. However, a significant pro-
portion of these households own only 1-3 hectares of
arable land, which limits their capacity for large-scale
agricultural production (Karabaev & Umarova, 2025).
Furthermore, there is a discernible trend towards fur-
ther fragmentation of agricultural land. At the begin-
ning of 2023, 361.5 thousand peasant (farmer) house-
holds were registered in the country, whereas in 2022,
their number stood at 356.8 thousand, indicating an
increase of 4.7 thousand households in just one year
(National Statistical Committee of the Kyrgyz Repub-
lic, n.d.). Such fragmentation of landholdings poses
additional challenges for the sustainable development
of the agrarian sector, necessitating effective measures
for the consolidation and cooperation of agricultural
producers. These measures encompass vital elements
aimed at enhancing agricultural efficiency and ensur-
ing resilience to external economic and natural risks.

On small areas of irrigated arable land, small peas-
ant households (SPHs) encounter difficulties in ef-
fectively carrying out agricultural tasks such as crop
rotation and agrotechnical measures aimed at prevent-
ing soil degradation. This approach by small peasant
households to the land leads to a gradual deterioration
in the quality of arable land and a reduction in its fertil-
ity year by year. Despite this, the majority of agricultural
produce in the Kyrgyz Republic is generated by small
peasant households, which face several challenges lim-
iting their development:

small peasant households frequently suffer from
a lack of financial resources, restricting their ability to
acquire modern machinery and implement innovative
agrotechnical solutions that could improve soil fertil-
ity. This, in turn, diminishes their competitiveness in
the market;

the limited area of irrigated arable land does not
permit substantial expansion of production, hindering
the diversification of economic activities and constrain-
ing opportunities for significant income growth;

limited access to modern agricultural machinery
results in high production costs and reduced productiv-
ity. Furthermore, small holdings often lack the capacity
to employ skilled labour;

a restricted volume of production decreases the
attractiveness of their produce to large buyers, leading
to sales issues, harvest losses, and diminished income;

a shortage of resources and knowledge impedes
the adoption of modern agrotechnologies, which low-
ers yields, degrades product quality, and negatively im-
pacts production profitability;
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the scarcity of irrigation water and the absence
of effective mechanisms for protection against drought
and other adverse weather conditions render small
holdings particularly vulnerable to climate change.
Therefore, considering the agrarian specificities of
Kyrgyzstan and the challenges confronting small peas-
ant households, studying and adapting the experience
of developed countries, particularly concerning the im-
plementation of innovations and the formation of ef-
fective agro-industrial structures, appears to be a cru-
cial direction for ensuring the sustainable development
of agriculture and the country’s food security.

The role of large farmers, potential for cooperation,
and administrative-territorial reform

Contemporary agriculture in the Kyrgyz Republic in-
cludes large-scale farmers who own considerable land
areas and lease irrigated arable land from small peas-
ant households (SPHs). These farmers are equipped with
modern machinery and seek to expand their landhold-
ings, including utilising the Agricultural Land Redis-
tribution Fund (ALRF), which enables them to achieve
maximum economic returns. Leasing additional land
serves as a strategy for increasing production volumes,
improving financial performance, and enhancing market
competitiveness, leading to an annual increase in agri-
cultural output. However, such farmers are typically not
invested in long-term measures to improve the fertili-
ty of leased land, which could pose a challenge to the
sustainability of the agrarian sector in the future. Whilst
these Kyrgyz farmers undoubtedly contribute to resolv-
ing some local socio-economic issues in rural areas, a
more comprehensive approach, involving state interven-
tion and other social institutions, is required for more
significant changes in the socio-economic sphere, such
as poverty eradication. Addressing issues like the low
level of professional education or problems with rural
employment, population migration, and infrastructure
improvement demands a broader strategy, including the
involvement of the state and other social institutions.

The administrative-territorial reform conducted in
the Kyrgyz Republic has opened up significant opportu-
nities for implementing initiatives aimed at establish-
ing large cooperatives on land from the ALRF. These
cooperatives are gradually increasing their acquisition
of modern machinery and adopting more effective
working methods. Decree of the President of the Kyrgyz
Republic No. 202 “On Measures for the Further Devel-
opment of the Agro-Industrial Complex of the Kyrgyz
Republic” (2024) makes provision for financial and ma-
terial support for such cooperatives, thereby contribut-
ing to their development and the strengthening of the
country’s agricultural sector.

The potential of the agricultural sector in the Kyr-
gyz Republic is evident, and the time has come to seek
avenues for effective development and to undertake
extensive work to address the accumulated problems,
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including enhancing soil fertility (Karabaev et al., 2016).
The challenges facing rural territories have been ac-
cumulating over the years, and it is now time to move
towards comprehensive and complete solutions. It is
crucial that agricultural production not only increases
labour productivity but also contributes to strength-
ening the foundations of statehood. To elevate the
agro-industrial complex of the Kyrgyz Republic to a
qualitatively new level and achieve objectives such as
increasing gross output and improving the socio-eco-
nomic situation in rural areas, a comprehensive strate-
gy must be implemented. This demands a multifaceted
approach: a new agrarian policy incorporating modern-
isation, support, training, infrastructure enhancement,
and sustainable resource utilisation, facilitated by state
support with the involvement of investments and pub-
lic-private partnerships.

Against this backdrop, the operational experience
of large agricultural enterprises in countries like Be-
larus, China, and Israel is of considerable interest. It is
necessary to carefully study the experience of these
countries, adapting it to the specific conditions of Kyr-
gyzstan, paying particular attention to the development
experience of Belarus’s AIC. In this regard, a significant
step is the Decision of the Supreme Eurasian Economic
Council (2024), which opens up new opportunities for
Kyrgyzstan to adopt advanced Belarusian experience in
the agrarian sector.

State support and strategic planning
The development of large state agricultural enterprises
(SAEs) based on public-private partnership is a prior-
ity for strong nations, contributing to job creation in
rural regions. Against this backdrop, a new phenome-
non emerges - the innovation economy, in which cre-
ative thinking, inventiveness, and social skills come
to the fore (de Barros et al., 2025). This is particularly
significant for depressed rural territories where unem-
ployment levels often remain high. State agricultural
enterprises can play a key role in stimulating rural in-
frastructure development by establishing agrotowns,
which, in turn, help improve living conditions in the
countryside and attract young people. SAEs based on
public-private partnerships contribute to the develop-
ment of agri-clusters, fostering the creation of jobs (for
highly qualified specialists and workers across various
professions), thereby reducing unemployment levels in
rural areas and advancing the country’s agricultural eco-
nomic sector. Consequently, the successful development
of agri-clusters positively impacts economic sustaina-
bility and the social well-being of the rural population.
It is also important not to overlook the recent So-
viet experience with agri-firms, such as the state farms
(sovkhozes), where a colossal potential for the “effect of
scale” was realised in the production of a wide range of
agricultural products. Many peasants who lived through
the era of Soviet state farms were accustomed to

centralised management and a stable wage that was
dependent not on market conditions but on planned
and cluster-based production. Therefore, they may feel
more comfortable and secure in state agricultural enter-
prises (SAEs) based on public-private partnership than
in private farming households, where income is contin-
gent upon market fluctuations and personal risks. For
some peasants, state agricultural enterprises may be
associated with future security, social protection, and
support, rather than the uncertainty that can accompa-
ny private entrepreneurship, particularly on the small
land plots characteristic of small peasant households.
This may help explain why peasants are not as actively
inclined towards forming cooperatives or working on
private farming households. Furthermore, in Kyrgyz vil-
lages with a post-Soviet legacy, the memory of Soviet
times and the culture of state collectivisation often still
persists, influencing peasants’ perception of different
types of farming - socialist versus capitalist.

Thus, the experience of former Soviet state farms
in the agricultural sector of the Kyrgyz Republic can be
beneficial for the adoption of new technologies, the or-
ganisation of work, the utilisation of land and resourc-
es, and personnel training. Many technologies, scien-
tific developments, and practices implemented in the
former Soviet Union can still prove useful if correctly
adapted to current realities. For successful develop-
ment in this area, it is essential to formulate a clear and
effective state economic policy aimed at the planning
and development of the production capacities of state
agricultural enterprises.

Agricultural convergence for the Kyrgyz Republic,
through the transfer of experience and the adoption of
best practices from Belarus, has the potential to signif-
icantly enhance production outcomes. It is important
to remember that the adaptation of the Belarusian ex-
perience should be flexible and account for the climat-
ic, economic, and cultural specificities of the country.
Kyrgyzstan’s high rates of economic development in re-
cent years create an opportunity for increased support
for agricultural production. In this context, particular
attention should be paid to the creation and develop-
ment of state agricultural enterprises based on pub-
lic-private partnership, which will operate cooperative-
ly on lands from the Agricultural Land Redistribution
Fund (ALRF). Currently, ALRF lands occupy an average
of 1-1.5 thousand hectares of irrigated arable land in
each rural community (ayyl aymagy) (National Statisti-
cal Committee of the Kyrgyz Republic, n.d.).

Leveraging such extensive areas of irrigated ara-
ble land, along with state-owned pasture lands in ru-
ral communities (averaging 40-60 thousand hectares),
state agricultural enterprises can possess innovative
material and technical resources compared to their
private counterparts. They can count on state land,
subsidies, investments, and other forms of support.
This constitutes a significant factor in ensuring their
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competitiveness in both domestic and international
markets. Thus, the development of innovations in mate-
rial and technical resources helps state agricultural en-
terprises better adapt to economic and political crises
and the challenges of global climate change, ensuring
their stable operation in the long term.

These advantages establish state agricultural en-
terprises as important players in the country’s agricul-
tural economic sector. They are capable of sustaining
high growth rates, developing the agroindustrial sec-
tor as a whole, and becoming a primary instrument for
implementing advanced state agrarian policy. The es-
tablishment of such enterprises will make a substan-
tial contribution to the national economy and improve
the well-being of the rural population. A key objective
for state agricultural enterprises operating on a pub-
lic-private partnership basis is to increase the produc-
tion of domestic agricultural products, which will not
only enhance the country’s food security but also re-
duce reliance on imports.

In the near term, the government faces the task of
completely reformatting the agricultural production of
the Kyrgyz Republic to ensure its comprehensive de-
velopment and deep integration into the Eurasian and
global economic spheres (Umarova, 2015). Consequent-
ly, it is essential to create and develop state agricultur-
al enterprises based on public-private partnerships in
each region of the Kyrgyz Republic. These enterprises
should act as “locomotives”, driving the country’s agri-
culture forward, fostering the strengthening of invest-
ment and cooperative collaboration at the internation-
al level, and expanding trade and economic ties.

The research has indicated that the agrarian sector
of the Kyrgyz Republic remains one of the key areas of
the economy; however, its development is hampered
by several challenges: a high degree of fragmentation
among farming households and a lack of large agricul-
tural enterprises; insufficient funding and limited ac-
cess to modern technologies; a low level of cooperation
between agricultural producers; weak state support;
and the absence of a long-term strategy for the sec-
tor’s development. These factors impede the growth of
labour productivity in agriculture and worsen the eco-
nomic situation of the rural population.

Comparative analysis of agrarian models in Belarus
and Kyrgyzstan and proposals for modernisation

Analysis of the Belarusian experience has enabled the
identification of several key mechanisms that contrib-
ute to the sustainable development of the agrarian
sector: active state participation in agricultural man-
agement; the formation of large agro-industrial hold-
ings and cooperatives; the development of agrotowns
and rural infrastructure; state support programmes for
farmers, including subsidies and tax incentives; and the
implementation of digital technologies and automat-
ed agricultural management systems. These measures
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have ensured a high level of food security in Belarus.
According to data from the National Statistical Com-
mittee of Belarus (n.d.), for key types of food products,
the self-sufficiency level exceeds 100%, including dairy
products, meat, eggs, vegetables, and potatoes. The
export potential in the agrarian sector is significant:
Belarusian produce was supplied to 117 countries, 19
of which became new sales markets in 2025. The main
export commodities comprise: dairy products, meat,
grains and legumes, rapeseed, and sugar beet.

A comparative analysis of the agrarian models of
the Kyrgyz Republic and Belarus has shown that in
Belarus, agriculture is developed under strict state
control, whereas in Kyrgyzstan, a market-oriented ap-
proach prevails. Furthermore, large state agricultural
enterprises have not been established in the Kyrgyz
Republic, unlike in Belarus, which operates a system of
agro-holdings. The Belarusian model is geared towards
long-term development and stability, while the Kyrgyz
agricultural sector is subject to seasonal fluctuations
and instability. These disparities necessitate adapting
the Belarusian experience to Kyrgyz conditions, taking
into account the country’s specific economic and insti-
tutional context.

As a result of the research, the following meas-
ures are proposed: the creation of pilot large agricul-
tural enterprises based on public-private partnership
on land from the redistribution fund; the formation
of agro-holdings integrating small and medium peas-
ant (farming) households; the implementation of state
support programmes, including subsidies, tax incen-
tives, and credit provision; the development of agricul-
tural cooperatives following the model of Belarusian
agro-industrial associations; and the digitalisation of
the agricultural sector, involving the implementation
of automated accounting and management systems
for agriculture. As noted in Decree of the President of
the Kyrgyz Republic No. 122 “On Measures to Further
Improve Digital Transformation in Public Administra-
tion”(2023), the introduction of digital technologies for
managing the production of state agricultural enter-
prises allows processes, particularly financial reporting,
to become more transparent, automates tasks, reduces
the influence of the human factor,and enhances control
over the expenditure of funds. To this end, Order of the
Cabinet of Ministers of the Kyrgyz Republic No. 444-r
“On approval of the Action Plan for the implementation
of the Concept of Digital Transformation of the Kyrgyz
Republic for 2024-2028” (2024) was also adopted.

Thus, the digitalisation of governmental control
over state agricultural enterprises encompasses oper-
ational management, long-term planning, and over-
sight of their activities to ensure the efficient use of
resources, particularly land and water resources, as well
as the fulfilment of state objectives for sustainable ag-
ricultural development and maintaining national food
security (Stender et al., 2024).
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The research findings corroborate the feasibility of
adapting elements of the Belarusian model for modern-
ising the agrarian sector of the Kyrgyz Republic.The Bela-
rusian model could represent a significant stride towards
enhancing the efficiency of Kyrgyzstan’s agriculture, giv-
en Belarus’s considerable achievements in the agrarian
sector through the implementation of comprehensive
and innovative approaches within its agro-industrial
complex (AIC). However, there are debatable questions
necessitating further investigation: the optimal equilib-
rium between state regulation and market mechanisms;
the financing and profitability of state agricultural en-
terprises; the willingness of farmers to cooperate; and
institutional changes, i.e., the reforms required with-
in the sphere of agrarian policy to enact the proposed
measures. For the successful implementation of the
proposed model, comprehensive reforms are essential,
including legislative amendments, investment support,
the adoption of modern technologies, and the establish-
ment of a state support system for the agrarian sector.

Conclusions

Large agricultural enterprises, established based on
public-private partnerships, play a pivotal role in the
modernisation and sustainable development of the
agrarian sector. They not only contribute to addressing
the priority objectives of state agrarian policy but also
act as catalysts for technological and managerial trans-
formations within agriculture. Fundamentally, such
structures are oriented towards achieving strategic
goals - increasing gross agricultural output, enhancing
their competitiveness in domestic and international
markets, and significantly improving labour produc-
tivity through the implementation of high-technology
economic elements, digitalisation, and advanced meth-
ods for managing production and logistics processes.
Owing to the scale of their operations, such enterprises
are capable of substantially reducing production costs
by leveraging economies of scale, centralised procure-
ment of raw materials, machinery, fuel, and other re-
sources on favourable terms, and access to modern
agrotechnologies. This, in turn, facilitates the prompt
adoption of superior crop varieties and hybrids, highly
productive livestock breeds, efficient feed production
models, precision farming systems, and climate-adapt-
ed technologies, which is particularly pertinent given
the context of climate change.

Large agrarian structures operating within the
framework of PPPs actively engage with relevant uni-
versities, research institutions, and international or-
ganisations. This collaboration facilitates the transfer
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of knowledge and technology, contributes to the devel-
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market fluctuations, and the strengthening of enter-
prises’ financial stability. Simultaneously, the develop-
ment of brands, certification of products according to
international standards, and the cultivation of export
potential have become increasingly significant.

The social significance of such enterprises should
also be emphasised: they contribute to job creation,
improving living standards in rural regions, develop-
ing social infrastructure, reducing unemployment and
the exodus of young people to cities, and help address
pressing social issues, including ensuring food security.
Public-private partnership opens up broad prospects for
the adoption of “green” technologies, organic farming,
environmentally safe production, waste recycling, and
the formation of agro-ecological clusters. Furthermore,
PPPs facilitate cooperation between small and large
producers, the formation of value chains, and the appli-
cation of a cluster approach to managing the agro-in-
dustrial complex. The operational experience of large
agricultural enterprises within the framework of pub-
lic-private partnership confirms their high potential as
an instrument for sustainable agricultural development.
In the future, particular attention should be given to opti-
mising the mechanisms of interaction between the state
and the private sector, developing models for managing
agricultural risks, enhancing partnership transparency,
implementing digital solutions in agromanagement,
and developing regional agro-industrial clusters, tak-
ing into account territorial specificities and local needs.
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AHHoTauusA. MamnekeTTuK-Keke ©HekTewTyk (MXXO) avibin 4yapbacblH 6HYKTYPYYAe, WHBECTUMUMSNapAb
TapTyyAa, MHOPACTPYKTYPaHbl MOAEPHU3ALMANOOA0 XKaHa arpapAblK CEKTOPAYH HaTbIAXaNyynyryH xxoropynatyyaa
Hernsru pongy orHoWT. byn Makanapa benapycb Pecny6nukacbiHbiH TaxpblibacbiH 3cke anyy MeHeH Kbiprbi3
PecnybnukacbiHbiH aibll 4apbacbiHAA MaMIEKETTUK-KEKE OHBKTOLUTYK OHYKTYPYYHYH Keneyern W3MALEHTeH.
JKM enKkeAe MaMeKeT MEHEH XeKke CEeKTOPAYH 63 apa apakeTTeHyy MeXaHU3MAEPUH XOHre canyyvyy YeHeMAauK-
YKYKTYK 6a3a TangaHart, OWOHAOM 3/1e Kbi3MaTTalyyHYH KONAOHYYAArbl MOAENAEPU, aHbIH MYMHAE KOHLeccuanap,
MHBECTULMANBIK MaKylAalyynap xaHa knactepamk gemunrenep kapanat. benapycb aibin yapbacbiH KONAOOHYH
MaMNeKeTTMK MporpaMManapbiH WLIKEe alWblipyyaa ONyTTyy Taxpbiibara 33, aHblH MuMHAe cybCcuamsanoo, canbik
XEHUNAUKTEPU, arpoeHep aMl KnacTepnepuH >XaHa KoorepaTuBaepAu Ty3yy. byn enkeHyH asbiK-TYNyK
KOOMCY3AYIyHYH OEHI33/IMH XaHa 3KCMOPTTYK MOTEHUMANbIH ONYTTyy XOropynatyyra MyMKyHOyk 6epau. Owon
ane yuypaa KblprbiscTaH MHBECTULMSANAPAbIH XETULLCU3AUTU, ICKUPreH MHOPACTPYKTYpa >KaHa MHHOBALMAMbLIK
TEXHONOTUANAPAbl XAWbINTYYHYH [EHM33/MHUH TOMEHAYTY CbigKTyy 6up katap kewreinepre Tyw 6onyyna.
Makanaga benapyctyH wirMnmkTyy TaxpbiibanapbiH Kbiprbi3 apTTapbiHa aAantaumsanoo, aHblH MYMHOE
MbIM3aMIbIK MEXaHU3MAEPAN 6PKYHAOTYY, MHBECTOPJIOP YUYH XarbiIMAYy WapTTapAbl TY3YY, arpoTeXHONapKTapabl
BHYKTYPYY XaHa aibin yapbacbiH caHapunTewTupyy 60KHYa CyHywTap CyHywTanaTt. Kblprei3cTaHOblH arpoeHep
XaW KOMMIEKCUHUH ecylyHe e0enre Ty3reH MamiaekeTTUK-)XeKe BHOKTOWTYKTYH TYPYKTyy MOLENUH Ty3yy Y4YH
3KM BIKEHYH OPTOCYHAA 371 apasblK KbI3MATTAWTbIKTbIH XaHa TaXPbIiba anMaLlyyHy KeHenTyy 3apbliybiibirbl 6aca
6enruneHeT. Aibin aMarbiHbIH aibin Yapba barbiTbiHAArbl CyraT ainfoo XepiepuH karpa 6enywTypyy GoHayHaH
MaMNeKeTTUK XepnepauH 25 % ra upyu MaMaeKkeTTUK arpapAblK UWKaHanapabl TY3YYre XaHa eHYKTYpyyre e3reue
KeHyn 6ypynaTt. MbiHAaM MWKaHanapAbl Ty3yy aMblil alMMakTapbliH Kongooro, Avbin yapba nHbpacTpyKTypachiH
OHYKTYPYYre aHa XXyMYLL OPYHAAPbIH TY3YYre KOMeKTeLYyYy TeH CaiMaKkTyy arpapAblK CascaTTbl ULLIKE allbipyyra
6arbiTTanraH. MbiHAAN MaMuUie XepPruanKTYy 3KOHOMUKaHbl e6enreneiT xaHa Kbiprbi3 PecnybankacbiHbIH a3bik-
TYIYK KOOMCY3AYryH KaMCbl3 Kbinyyra ebenre Tyset

Heruzru cespep: MHBECTUMLMSNAP; arPOBHBP Xai KOMMMEKCH; CyraT aioo xepnepu; Aibin yapba 6arbiTbiHAArbI
epnepau kapa 6enywutypyy GoHAy; a3blK-Ty/yK KOOMCYy3ayry
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AHHoTaums. [ocypapcTBeHHo-4acTHoOe napTHepctBo ([YI) wurpaeT kNOYeByH poib B PasBUTUKM CENbCKOrO
X039/CTBa, CMOCOBCTBYS MPUBIEYEHUO WMHBECTULMIA, MOAEPHM3ALUMM UHOPACTPYKTYpbl M MOBbILLEHWUIO
3 dEKTUBHOCTM arpapHOro cektopa. B AaHHOM cTaTbe uccnenoBanuch nepcnekTusbl passutua MM B cenbckom
xo3anctBe Kbiproisckoi Pecny6nmku ¢ yyetom onbita Pecnybnukm benapyceb. [MpoaHanusmMpoBaHa HOpMaTUMBHO-
npaeoBas 6a3a, perynnpyoLas MexaHM3Mbl B3aMMOAENCTBMA rOCYAaPCTBA M YAaCTHOTO CeKTopa B 06enx cTpaHax, a
TaKXe PaCCMOTPEHbI CYLLECTBYIOLWME MOAENN COTPYAHUYECTBA, BKIOYAN KOHLLECCUU, UHBECTULIMOHHbIE COrNaLleHus
M KnacTepHble MHULMATMBLI. benapycb 06n1afaet 3Ha4YMTeNbHbBIM OMbITOM B peann3aLum rocyfapCTBEHHbIX MPOrpaMM
NOALEPXKKM CeNbCKOrO X039MCTBa, BKIOYas CybcManMpoBaHMe, HanoroBble NbroTbl, CO34aHNE arponpOMbILLAEHHbIX
KNacTepoB M KOOMEepPaTUBOB. DTO NO3BOM/O CYLLECTBEHHO NMOBbLICUTb YPOBEHb NMPOAOBO/IbCTBEHHOM 6€30MacHOCTH
M 3KCMOPTHbIN MOTEeHLMaN CTpaHsbl. B To ke Bpems Kbiprbi3cTaH cTankmMBaeTcs € psaoM npobnem, Takmx Kak HexBaTka
MHBECTULMI, yCTapeBLWwan UHPPACTPYKTYypa U HU3KUI YPOBEHb BHEAPEHUS MHHOBALMOHHbIX TEXHONOMUI. B cTaTbe
npefnoXeHbl peKOMeHAALMM N0 afanTauMm ycnewHbix 6e10pycckMx NPakTUK K KbIPrbI3CKUM YCII0BUSM, BKITHOYas
COBEpLUEHCTBOBAHWE 3aKOHOAATENbHbIX MEXaHW3MOB, CO34aHue 6MaronpusaTHbIX YCIOBMI ONS MHBECTOPOB,
pasBWUTME arpoTexXHOMapKkoB M LMPPOBM3aLMIO CENbCKOrO X03581CTBa. MoayepkHyTa HE06X0AMMOCTb paclUMpeHms
MeXAyHapOLHOro COTPYAHMYECTBA M OOMEHa OMbITOM Mexay ABYMS CTpaHaMu Ang GOpMMUPOBaHMUS YCTOMYMBOM
mogenu [Ul, cnocobcTBylowen pocTy arponpomsbiwneHHoro komnnekca KbiprbictaHa. Ocoboe BHMMaHMe
yAeneHo CO34aHMI0 U Pa3BUTMIO KPYMHbIX FOCYAapCTBEHHbIX arpapHbiX Npeanpustuii Ha 25 % rocynapCcTBeHHbIX
3eMenb U3 GoHAa nepepacrnpeneneHns opowaeMon NalHM CeNbCKOXO3AMCTBEHHOMO HAa3HAYeHUa aiblil anMMarbl.
@opMMpoBaHMe TakMX MpeanpuATMIA HampaBleHO Ha peanusaumio cbanaHCMpOBAHHOM arpapHoOM MONUTUKM,
CNocobCTBYOLWEN MOALEPXKKE CENbCKUX PETMOHOB, Pa3BUTUI0 MHDPACTPYKTYPbl CENbCKOMO X039MCTBAa U CO34aHUI0
pabounx MecT. Tako1 NoAX0A CTUMYANPYET MECTHYI0 3KOHOMMKY M CNocobCTBYeT 0b6ecneyeHnto Npo0BOAbCTBEHHOM
6e3onacHocTn Kbiproizckoi Pecnybnvku

KntoueBble cnoBa: MHBECTULMY; anOFIpOMbILIJJ'IEHHbII;i KOMMNNEKC; opollaeMble I'IaLIJHl/I;CbOH,EI, nepepacnpegeneHua
3eMefb CeNbCKOX039MCTBEHHOMO Ha3HAYeHMs; npoaoBONIbCTBEHHAA 6e30nacHOCTb
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Abstract. In modern agriculture, optimising the use of fertilisers is a key factor in enhancing cucumber yields.
Manure, as a traditional organic fertiliser, alongside modern agronomic inputs such as mineral fertilisers and
nanohumic substances, plays an important role in supplying plants with essential nutrients. This study aimed
to conduct a comparative analysis of the effectiveness of traditional organic fertiliser (manure) when applied
alone and in combination with nanohumic substance and mineral fertilisers on cucumber crops under greenhouse
conditions. Such a comparison made it possible to determine optimal fertilisation strategies to achieve maximum
cucumber yields. The research was carried out in greenhouse conditions using the cucumber hybrid Absolut.
Various combinations of fertilisers, including manure, mineral fertilisers, and nanohumic substances, were applied
during the experiment, followed by an analysis of their effects on yield and fruit quality. A positive influence of the
full range of fertilisers — both mineral and manure, whether applied individually or in combination with nanohumic
substance - on the productivity of cucumber plants were established.A particularly significant increase in cucumber
yield was observed following the application of manure, although the average fruit weight was lower compared to
the use of mineral fertilisers. However, the number of fruits per square metre significantly exceeded that recorded

Suggested Citation: Akhmatbekov, M., Eshimkulova, G., Moldoaitieva, A., Altynbubu, A., & Turdubekov, E. (2025). Effectiveness
of manure under protected cultivation conditions. Bulletin of the Kyrgyz National Agrarian University, 23(1), 20-28.doi: 10.63621/
bknau./1.2025.20.
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with mineral fertilisers, resulting in a higher overall yield. Thus, the application of mineral fertilisers increased
cucumber vyield to 14.88 kg per square metre, which was double the control value. When manure was used, the
yield rose to 16.38 kg per square metre, representing a 10.08% increase compared with mineral fertilisers and a
2.2-fold increase over the control. The results of this study may be used by greenhouse operations and farmers to
optimise cucumber fertilisation systems, thereby improving both yield and product quality

Keywords: greenhouse cultivation; organic fertiliser; mineral fertiliser; nanohumic substance; cucumber

productivity; yield structure; fruit weight

Introduction

In modern agriculture, particularly in the context of
finite resources and increasing demand for vegetable
produce, optimising fertiliser application is a pivot-
al factor in enhancing crop yields. Among the diverse
range of fertilisers, considerable attention is given to
both traditional organic fertilisers, such as manure, and
modern agrotechnical agents, including mineral fertil-
isers and nanohumic substances. Manure, as a widely
utilised organic amendment, is recognised for its ben-
eficial properties, such as improving soil structure and
supplying plants with essential nutrients. However, its
efficacy can fluctuate depending on cultivation condi-
tions and its combination with other fertilisers. Mineral
fertilisers, conversely, provide plants with readily avail-
able macro- and micronutrients, thereby promoting
rapid growth and development (Kravchenko & Byko-
va, 2023). Nevertheless, as highlighted by L. Skivka &
S. Hudz (2021), their excessive application can lead to
detrimental environmental consequences and nega-
tively impact production quality.

One promising avenue for improving ecological
farming technology lies in the application of a group
of natural, high-molecular-weight substances of the
humate type, which exhibit high physiological activi-
ty. As noted by A. Maffia et al. (2025), nanohumic sub-
stances, as relatively novel agrotechnical agents, pos-
sess the potential to enhance fertiliser use efficiency
and improve plant growth by stimulating physiological
processes. Nanohumic substances are colloidal parti-
cles produced through physical or chemical treatment
of humic substances (Verma et al., 2022). Technologies
based on physical methods of nanoparticle production
are considered the safest (Ayenew et al., 2025). Primar-
ily, nanohumic substances increase the activity of bio-
chemical processes in plants, particularly stimulating
root system development. This simultaneously enhanc-
es the permeability of cell walls, facilitating the expan-
sion of cell membrane size for the uptake of ions neces-
sary for root growth and development, and activates the
enzyme systems responsible for this process. It is also
believed that humic substances act not only on plants
but also exert a significant positive effect on the soil,
improving its structure, denaturing particles, dissolving
calcium and magnesium carbonate minerals (which are
abundant in these soils), phosphate, and other sparing-
ly soluble salts. This increases agrophysical properties

(such as porosity, water-air, and thermal regimes), par-
ticipates in adsorption processes, and stimulates the
activity of beneficial soil microorganisms.

In the context of modern agriculture in the Kyrgyz
Republic, where cucumbers are a significant vegetable
crop, optimising fertilisation regimes to enhance their
productivity is of particular importance. Consequent-
ly, investigating the influence of novel agrotechnical
agents, such as nanohumic substances, on cucumber
yields represents a pertinent research objective (Se-
livanova, 2013).As one of the most popular greenhouse
crops,cucumbers necessitate optimal nutrient provision
to achieve high yields and quality produce. Therefore,
examining the impact of various types of fertilisers,
including manure, mineral fertilisers, and nanohumic
substances, on cucumber productivity is a relevant task.
Contemporary studies, such as the research by D. Kho-
miakov et al. (2020), indicate that the combined applica-
tion of organic and mineral fertilisers can exert a syn-
ergistic effect, contributing to increased cucumber yield
and quality. For instance, research demonstrates that
using manure in conjunction with mineral fertilisers
can ameliorate soil structure and furnish plants with es-
sential nutrients, leading to enhanced yields (Kireev et
al., 2010). Concurrently, as A. Emelyanova & A. Novik-
ova (2022) observe, the deployment of nanoparticles
can help improve fertiliser use efficiency and stimulate
plant growth by promoting physiological processes.

In greenhouse cucumber production, alongside ad-
herence to cultivation techniques, optimal soil water-air
balance, and pest and disease control, significant im-
portance is placed on establishing optimal nutrient lev-
els. This is because insufficient light during the colder
months necessitates enhanced nutrient provision to the
cucumber root system. Simultaneously, creating condi-
tions that facilitate accelerated metabolic processes
within the plant, through the application of physiolog-
ical or biological growth and development stimulants,
is equally crucial (Derevyanchenko et al., 2023). In Kyr-
gyzstan, preparations derived from processing brown
coal from the KaraKeche deposits in the Naryn Region
have become widely used on field crops for this pur-
pose. While the application technology for many field
crops has been reasonably well-established, this process
has not yet significantly extended to vegetable crops,
particularly those grown under protected cultivation.
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Despite a considerable body of research dedicated
to investigating the influence of fertilisers on cucumber
productivity,a need persists for further studies to deter-
mine optimal fertilisation strategies, especially within
the context of greenhouse cultivation. Specifically, it is
necessary to examine the impact of combining manure
with nanohumic substances on cucumber productivi-
ty and to ascertain the optimal ratios of organic and
mineral fertilisers for achieving maximum vyield and
produce quality. Accordingly, this study aimed to inves-
tigate the effect of various types of fertilisers, including
manure, mineral fertilisers, and nanohumic substances,
on cucumber productivity under greenhouse conditions.

Materials and Methods

The experiments were conducted during 2023-2024 in
the collection nursery greenhouse at the Kyrgyz Na-
tional Agrarian University, which features state-of-the-
art technological and structural designs in this field.
The project was provided by Korean specialists. The
total area of the greenhouse is 240 m?, with a usa-
ble area of 192.5 m2 The facility comprises three sec-
tions; the first block houses the control equipment - a
temperature control panel for the greenhouse, that
operates around the clock. Temperature regulation is
achieved by opening and closing supplementary vents
located on the sides and roof of the greenhouse, which
operate in both manual and automatic modes. Direct
temperature monitoring is carried out using thermom-
eters positioned above and below the soil. These ther-
mometers are connected to the control panel, which,
based on the signals received, automatically activates
devices for supplying either cooled or heated air to the
plant growth and development zones (manual mode
is also available if required). During the colder peri-
od, heat is also supplied through the soil via heating
pipes situated at a depth of 30 cm. The temperature
was maintained at no lower than 15°C-18°C in the soil
and 26°C-28°C in the air during the cold season. The
heating system for the winter period was supplied by a
solid-fuel stove, to which the soil and air heating sys-
tems for the greenhouse were connected.

The second and third sections housed the experi-
mental crops - cucumbers and tomatoes — which con-
stituted the subjects of this study. Each plot measured
3.64 m? (5.2 m in length and 0.7 m in width). The F1
hybrid of the cucumber variety Absolute was used for

the research. Planting was carried out in ordinary grey
soil, with the application of fertilisers at rates of 25 g
nitrogen, 35 g phosphorus, 70 g potassium, and 15 kg
of manure per m?, respectively. The mineral fertilisers
used were ammonium nitrate (34.5% nitrogen), ammo-
phos (10.0% nitrogen and 49.0% phosphorus), and po-
tassium chloride (60.0% potassium oxide), along with
fresh manure having standard nitrogen, phosphorus,
and potassium content and a moisture level of 78.0%
(Borisov, 1978). Prior to commencing the experiment,
all necessary preparatory work for cultivating vege-
tables in protected conditions was conducted follow-
ing established protocols, including soil and seedling
preparation, disinfection, etc. Seedlings were plant-
ed using a string guide in a two-row scheme, with a
distance of 50 cm between rows and 40 cm between
plants within a row, resulting in a bed width of 90 cm.
Harvesting was performed in the morning, three times
per week, with fruits being weighed on electronic
scales and their quantity simultaneously counted for
each experimental treatment.

In Kyrgyzstan, the use of various humate derivatives
is prevalent, with sodium humates (such as Kyrgyz-Gu-
mat, Nanogumus, Bioplant Flora, etc.) being the most
frequently employed in practice. Among these is an in-
novative preparation, “Nanogumate”, produced by OJSC
Union Group, Kyrgyz Republic. This product is based on
the comminution of humic substances into molecular
fragments as small as 45 nm. This specific preparation
was provided to the researchers by the Cabinet of Min-
isters of the Kyrgyz Republic and the Ministry of Water
Resources, Agriculture, and Processing Industry for test-
ing on cucumber crops under protected cultivation con-
ditions. This particular product is obtained by crushing
natural humic substances to a molecular nanostructure
of less than 5 nm. Consequently, the resulting humic
nanoparticles are exclusively of natural origin, having
been formed from natural raw material - leonardite,
found within brown coal. The research adhered to the
principles of the Convention on Biological Diversi-
ty 1992) and the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (1973).

Results and Discussion
As evidenced by the experimental results, cucumber
yield varied between 6.67 and 20.28 kg per 1 m? of cul-
tivated area, depending on the treatment (Table 1).

Table 1. Cucumber yield, kg per 1 m? of cultivated area, experiment 1

. .. Increase
Yield by replication ke %
No. Treatment o . B . T O .o . T Q
| 1l : s | 232 | =& g
<>t (@] ] (o] E ks o ] o E 3
1 No fertiliser (control) 7.60 8.91 6.67 7.71 - - 100 -

2 Mineral fertilisers 18.30 14.00 12.34 14.88 7.16 192.35 100

3 Manure 20.28 16.70 | 12.15 16.38 8.66 1.5 212.18 110.08

Source: compiled by the authors
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It was established that improving the nutritional
conditions for cucumbers plays a significant role in en-
hancing crop productivity. Specifically, the application
of a full complement of mineral fertilisers contribut-
ed to an average cucumber yield increase across three
replicates to 14.88 kg per 1 m? of area. This represents
an increase of 7.16 kg/m? over the control, or 192.75%.
An even more notable increase in yield was observed
with the application of manure, where 16.38 kg of
cucumbers were harvested per square metre. This is
8.66 kg or 2.12 times higher than the unfertilised con-
trol plots. This yield also surpasses the mineral fertil-
iser treatment by 10.28%. Consequently, manure serves
as a beneficial nutritional source for cucumber growth

Akhmatbekov et al.

and development when cultivated in field soil (native
soil) as a spring-summer protected crop.

An analysis of the elements contributing to cu-
cumber yield structure provides interesting insights.
These analyses reveal which structural components
primarily contribute to the additional yield observed
with the application of mineral and organic fertilisers.
As shown in Table 2, a significant component of the
yield structure is the weight of individual fruits. The
data indicates that, without fertilisation, the native
soil can produce fruits weighing between 82.87 and
93.76 g. Fertiliser application demonstrably contrib-
uted to a noticeable increase in the weight of each
cucumber fruit.

Table 2. Individual fruit weight, g, experiment 1

. . . ) Increase
Individual fruit weight by replicates
g %

S c S c
No. Treatment EP g g .g § g 2
1 1l g g EE g EE
2 g g8 g ge

é 3 (<) 3

1 No fertiliser (control) 93.76 90.11 82.87 88.91 - 100 -

2 Mineral fertilisers 108.83 109.54 97.21 105.19 16.28 - 118.31 100
3 Manure 103.94 103.16 92.14 99.75 10.84 -5.44 112.19 94.83

Source: compiled by the authors

However, the impact of the fertilisers on this pa-
rameter was not uniform. The greatest increase in indi-
vidual fruit weight was observed with the application of
mineral fertiliser, where the additional weight reached
16.28 g, an increase of 118.31% over the control. In
contrast, while manure increased the weight of individ-
ual cucumbers by 10.84 g, or 112.19%, compared to the
control, this was 5.44 g less than the increase seen with
mineral fertilisers, representing 94.83% of the increase
obtained with the mineral treatment.

Another significant component influencing cucum-
ber yield is the number of fruits harvested per unit
area of the experiment. As shown in Table 3, the fer-
tiliser treatments substantially increased the number
of fruits per plant. While an average of 316 fruits were
formed per unit area over the entire growing season
in the control, the mineral fertiliser treatment yielded
593 standard fruits from the same area. This represents
an increase of 197 fruits, or 162.34%, compared to the
unfertilised treatment.

Table 3. Number of fruits per unit area, pcs, experiment 1

) ) Increase
Number of fruits by replicates
pcs %
No. Treatment go ] . B § .3 . B §
I I T I VT 2 22z 2% 223
Z ] Eg 8 Eg
1 No fertiliser (control) 295 360 293 316 - - 100 -
2 Mineral fertilisers 612 465 462 513 197 - 162.34 100
3 Manure 710 589 480 593 277 80 187.66 115.60

Source: compiled by the authors

At the same time, manure, having resulted in an
average of 596 fruits across all three replicates, sur-
passed mineral fertilisers in this yield component. The
increase in this case was 80 fruits, or 15.50%. Relative
to the control, the additional yield in terms of fruit
number was even more substantial, reaching 280 fruits,
or 88.61%. This indicates that manure, while slightly

inferior to mineral fertilisers in terms of individual fruit
weight, significantly compensated for this by increasing
the number of fruits, thereby contributing to a higher
overall cucumber yield.

The figures for the total number of fruits per unit
area from the experimental plots appear even more dis-
tinct (Table 4). Fertilised plots yielded between 54.12
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and 76.10 more fruits compared to the control area. The
difference in fruit yield between the mineral fertiliser
and manure treatments is quite substantial, reaching

nearly 22 fruits per square metre, which underscores
the advantage of applying manure to cucumbers in
greenhouse operations.

Table 4. Number of fruits per square metre, pcs, experiment 1

5 ) Increase
Number of fruits by replicates
pcs %
I 'I“ K T
No. Treatment EP g g 2 g .QEJ 2
| I 1 5 8 E & g EZ
< g § g g
(e] o o o
1 No fertiliser (control) 81.04 98.90 80.89 86.81 - - 100 -
2 Mineral fertilisers 168.13 127.75 126.92 140.93 54.12 - 162.34 100
3 Manure 195.06 161.81 131.87 162.91 76.10 21.98 187.66 115.60

Source: compiled by the authors

The results of the second experiment, where all
three main treatment variants were combined with a
nanohumic substance, indicated that this physiological
stimulant exerted a discernible positive influence on
cucumber yield formation (Table 5). For instance, while
mineral fertilisers without nanohumic substance in-
creased the yield mass per square metre by 1 kg, repre-
senting 114.7% relative to the control, treatment with
nanohumic substance resulted in an additional yield of
1.40 kg, or 121.2% more than the nanohumic substance
treatment without fertilisers.

Simultaneously, a substantial increase in cu-
cumber productivity was ensured by manure, both in
combination with nanohumic substance and without

it. The increased cucumber yield in the former case
amounted to 5.05 kg/m?, equivalent to 176.5% over
the baseline (presumably the control without fer-
tiliser or nanohumic substance), and 4.40 kg/m?, or
164.2%, in the latter case (manure without nanohu-
mic substance compared to the control without fer-
tiliser or nanohumic substance). Overall, the use of
nanohumic substance proved most effective on native
greenhouse soil when it was fortified with manure
containing macro- and micronutrients, and favoura-
bly influenced the soil’s agrophysical properties. The
adequate supply of carbon dioxide, resulting from the
decomposition of fresh manure, likely played a signif-
icant role in this process.

Table 5. Cucumber yield recording per 1 m? of cultivated area, experiment 2

Increase
Yiel licati
ield by replication T %
No. Treatment & . © < @
| I 1 & 22 $ £
g (SIS (I
< (%] (5]
1 No fertiliser, no nanohumic 6.70 _ 6.67 6.80 _ 100
substance (control)
) No fertiliser with nanohumic 6.55 _ 6.65 6.60 _ 100
substance (control)
3 Mineral fert'.lhsers without 760 3.00 _ 7.80 1.00 114.7
nanohumic substance
4 Mineral fe_rtlllsers with 7.70 8.20 _ 8.00 1.40 121.2
nanohumic substance
5 Manure without nanohumic - 10.50 11.90 11.20 4.40 164.7
substance
6 Manure with nanohumic - 11.20 12.10 11.65 5.05 176.5
substance

Source: compiled by the authors

Pre-planting application of mineral fertilisers at a
dose of N, P K, prior to cultivation ensured max-
imum vyield in the experiment, with an increase of
1.61 kg/m? or 13.3% compared to the control treatment.
A systematic increase in the dose of mineral fertilisers

applied during pre-planting cultivation did not signif-

icantly influence the growth in crop productivity. The
average yield of cucumber fruits under protected cul-
tivation (2021-2022) in the control treatment (without
fertiliser application) was 11.85 kg/m?2. The highest cu-
cumber yield in the experiment was obtained with the

application of N, P, K, mineral fertilisers in spring
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prior to pre-planting cultivation. The yield exceeded
the control treatment by 1.73 kg/m? or 14.6%. The final

= (Control)

Akhmatbekov et al.

data on cucumber yield based on the experimental re-
sults are presented in Figure 1.

Without fertiliser with nanohumic substance (control) 6.55

= Mineral fertilisers with nanohumic substance 7.7

= Manure without nanohumic substance -

Figure 1. Cucumber yield with the use of mineral fertilisers

Source: compiled by the authors

As A. Kuramshin (2011) posits, the substrate is a
significant factor that largely determines the yield of
vegetable crops. Various types of substrates are used in
protected cultivation, including perlite, peat, rock wool,
expanded clay aggregate, and others. When selecting a
substrate, facility managers consider its cost, delivery
expenses, and disposal requirements. In practice, us-
ing a questionable substrate without knowledge of its
physicochemical properties or intended use, and with-
out guidance on working with it, leads to operational
difficulties (Autko, 2007). This often results in reduced
yield or plant death. According to A. Kuramshin (2011),
cultivating cucumbers under protected conditions, facil-
itates the production of ecologically safe produce: the
heavy metal content in the produce for individual ele-
ments is more than 10 times below the maximum per-
missible concentration, and nitrates are up to 2.5 times
lower. When growing cucumber plants in the third light
zone during the winter-spring period in a greenhouse,
it is recommended to apply organo-mineral fertiliser
at a base rate of 1,250 kg/ha (N,,P,.K,.) in conjunction
with simple mineral fertilisers (N, P,,.K,;,) to increase
yield and improve fruit quality (Yakovleva, 2003). In
the opinion of R. Bulavintsev (2017), the development
of greenhouse enterprises in the Russian Federation
will facilitate significant import substitution, enhance
the quality and competitiveness of vegetable produce,
and expand the assortment of crops grown under
protected cultivation.

I. Pigorev & N. Dolgopolova (2018) observe that
in greenhouse environments, where agrocenosis is
particularly susceptible to attacks from parasitic my-
cobiota due to the favourable microclimate and lim-
ited range of cultivated plants, the disruption of any
factor contributes to a loss of ecological stability. This,
in turn, leads to plant diseases and reduced yields. To
maintain stability and control the spread of harmful
organisms, it is necessary to implement an integrated
protection system encompassing prophylactic, agro-
technical, breeding and genetic, chemical, and biologi-
cal methods. A. Sergeeva (2020) found that to increase
cucumber yields under protected cultivation and en-
hance produce quality, it is essential to apply complex
feeding regimes combining root and foliar fertiliser
application. This approach can achieve a significant

increase in both yield and the proportion of standard
produce. M. Selivanova et al. (2013) emphasise that
optimising the mineral nutrition of plants, using both
root and foliar feeding and combining mineral and
organic fertilisers, is crucial for increasing cucumber
yields in protected cultivation and meeting consum-
er demand for vegetable produce. They highlight that
despite the effectiveness of individual fertiliser types,
their combined application yields the greatest eco-
nomic benefit, substantially increasing both produc-
tivity and profitability of production.

Conclusions

The experimental results demonstrate the feasibility
of achieving satisfactory yields in the region’s native
soil without the use of imported bulk substrate, pro-
vided there is adequate mineral or organic (manure)
fertilisation for spring-summer cucumber cultivation.
It was established that in field soil, the application
of mineral fertilisers at a rate of 25 g nitrogen, 35 g
phosphorus, and 70 g potassium per square metre re-
sulted in a nearly twofold increase in cucumber yield
compared to the control, reaching 14.88 kg per unit
area. Incorporating manure at a rate of 15 kg per m?
led to a further yield increase of 1.5 kg per square me-
tre compared to the mineral fertiliser treatment. This
represented more than double the yield of the control
and a 10.08% increase over the yield achieved with
mineral fertilisers alone.

In this instance, the crop’s productivity was primar-
ily determined by an 18.31% increase in individual fruit
weight and a 62.34% increase in the number of harvest-
ed fruits. Conversely, in the manure treatment, the main
factor contributing to the increased yield was the num-
ber of harvested cucumbers, which reached 187.66% of
the control yield per m2. This exceeded the yield from
the mineral fertiliser treatment by 80 fruits per plot
or 22 fruits per unit area. Although it should be em-
phasised that the weight of individual fruits here was
10.84 g heavier than the control, it was 5.44 g lighter
than with the mineral fertiliser treatment. As for the
effect of the physiological stimulant - nanohumate -
its application generally had a beneficial influence on
cucumber growth and development, which is evident
from the increased yield observed in conjunction with
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fertilisers. Moreover, this effect was more pronounced  microbial composition and fruit quality under the long-
when manure was used as the primary nutrient source  term application of these fertilisers.
for the cucumbers. Thus, manure can serve as a viable

alternative to mineral fertilisers for introducing organic ' Acknowledgements
farming practices and cultivating cucumbers in green-  None.

house settings, particularly in the native field soils of

the grey soil type prevalent in Kyrgyzstan. For a more Funding

comprehensive understanding of the impact of or- None.

ganic and mineral fertilisers on cucumber yield under

greenhouse conditions, a promising avenue for further Conflict of Interest
research involves investigating the dynamics of soil  None.
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AHHOTauusa. 3aMaHban anbin YapbacbiHLa Xep CEMUPTKUYTEPAM KONLOHYYHY ONTMManAalwTbipyy 6afblpaHabiH
TYLWWYMAYYAYIYH >KOropynaTyyHyH Herusrn daktopy 6onyn caHanat. Cantryy oOpraHuKanblK >Xep CeMUPTKMY
KaTapbl KblK >aHa MUWHepaniblk >Xep CEeMUPTKUYTEP >KaHA HaHOrymaTTap CbisikTyy 3amaHban anbin 4apba
NpoayKUManapbl 6CyMAYKTOPAY KEPEeKTYY a3blkTap MEHEH KaMCbI3 KbllyyAa MaaHuayy poib OMHOMT. byn MIWITUH
MaKCaTbl CaNTTyy OPraHuKasblK Xep CEMUPTKUYTMH (KbIK) ©3YHYe O3, OLOHAOM 3/1e HAHOIyMaT XaHa MUHepanablK
Xep CEeMMPTKMUYTEP MEHEH aWKanbllWTbipbin KOAAOHYYAA KYHOCKaHa lWapTTapbliHAa 6afblpaH, ©CyMAYKTOPYHYH
HaTbIMKaNYynyryH CanblWTbIpbin Tangoo 60nroH. byn canbiwTteipyy 6agpipaniblH MakCUManayy TYWYMAYYAYTyHe
XETYY YUYYH YPYKTaHIAbIPYYHYH ONTUManayy CTpaTermsnapbiH aHbIKTOOrO MYMKYHAYK 6epau. M3ungee Ab6contot
6apblpaH, rMOPUAMHMH XapAaMbl MEHEH KYHBCKaHa LUuapTTapblHAA KYPry3yireH. JKCNEePUMEHTTUH XXYPYLIYHAO
Xep CeMUPTKUUTEPAMH ap KaHAan KOMOMHaUMANapbl, aHblH MYMHAE KbiK, MMHEPANAbIK Xep CEMUPTKMUTEP >KaHa
HaHOryMaTTap KONLOHYNyN, aHAaH KUMWH anapiblH MEMe-KeMULITEPAMH TYLLYMAYYYTYHE XaHa canaTbliHa TUATU3reH
TaaCMpUHe Tangoo Xyprysynay. XXep ceMupTkMuTepaAnH BYTKYN KOMMNEKCUHWH — MUHEPabIK )XaHa KbIKTbl ©3YHUYE
YKaHa HaHOTyMaT MEHEH aiKanblWTbipyy — 6afblpaHablH OHAYPYMAYYYTYHE OH TaacMpu aHblKTanraH. bup xemMuwTuH
CanMarbl MUHepanblK Xep CEMUPTKMYTEPre CanbllUTbipManyy a3blpaak 601roHy MeHeH KblK KONAOHYYHYH (GOHYHAa
6apblpakablH TYLWYMAYYYITYHYH ©3rede onyTTyy ecywy 6aikanzbl. BUpoK, MeMe-XeMUWTepanH caHbl 6Mp Yapubl
MeTpre MUHepanbiK XXep CEMUPTKMUTEP MeHEH BONTOH BapuaHTTaH Bup TON aLbin KETTH, aHbIH 3CEOUHEH XXOTropKy
Tywym Ty3ynay. OWeHTUn, MUHepanabik Xep CEMUPTKUUTEPAM KONLOHYY 6afblpaHibliH TYLYMAYYAYIYH OUp yapubl
meTpaeH 14,88 kunorpammra YelinH )Xoropynatrbl, 6yn KOHTPONAYK KEPCOTKYYTOH 3kM 3ce ken. KbikTbl KONLoHYYAa
Tywymayynyk 1 vapubl MetppeH 16,38 kunorpammra uYemmH eckeH, Oyn MUHepanaplk Xep CeMUpTKMYTEpAU
KonpoHyyra kaparaHga 10,08 %ra xkaHa KOHTPONAYK KepCeTKyuTeH 2,2 3cere xoropy. byn MILTUH HaTblikanapbiH
KYHeCKaHa Yapbanapsbl xaHa dhepMepnep 6aabipaHabl XXep CEMUPTKUUTYY CUCTEManapabl ONTUMANAALUTbIPYY YUYH
nanganaHa anbiwat, 6yn NpoAyKLUMAHbIH TYLWYMYH XaHa CanaTbiH XXoropynaraTt

Heruzru cespgep: KyHeCKaHa Yapbachl; OpraHUKasbiK XXep CeMUPTKUY; MUHEPANAbIK XXepP CEMUPTKMY; HAHOIYMaT;
6afblpaHabiH ©HAYPYMAYYAYTY; 6CYMAYK CTPYKTYypachl; canmMak
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AHHOTauusa. B ycnoBMaX COBpPEMEHHOrO CeIbCKOro XO035MCTBA OMTMMM3aLMs UCMNOMb30BaHWUS yao6peHui
ABNAETCS KYEeBbIM (GAKTOPOM A/ NOBbILLEHUS YPOXXANHOCTM OrypLoB. HaBo3, kak TpaaMLMOHHOE OpraHmMyeckoe
ynobpeHue, U COBpPEMEHHbIE arpOTEXHUYECKME CPefCTBa, TakMe KakK MUHepasbHble yAoOpeHus U HaAHOryMmaTsbl,
UrpalT BaXKHYK po/b B 0becneyeHun pacTeHuit HeobXoAMMbIMU NMUTaTeNbHbIMU BellecTBamMu. Llenbio paHHOM
paboTbl OblT CpaBHUTENbHBIVM aHaNM3 3QMEKTUBHOCTU TPAAULMOHHOIO OpraHMYyeckoro yaobpeHus (HaBosa) npu
€ro UCMonb30BaHMM KaK OTAENbHO, TaK M B COYETAHMUU C HAHOTYMATOM M MUHEPANIbHbIMU Y0OPEHUAMU HA NOCEBAX
OrypLOB B YCNOBMUSIX TEMIIMYHOIO XO3GWCTBOBAHMS. Takoe CpaBHEHME MO3BOJAMIO OMpefeNiuTb ONTUManbHbIE
cTpaterMn ynobpeHus ons [OCTUXKEHMS MaKCMManbHOM YPOXaMHOCTM orypuoB. MccnefoBaHwe npoBOAMIOCH
B TEMIMYHBIX YC/IOBUAX C UCMONb30BaHWEM rnbpuaa orypua Abcontot. B xone skcnepvMeHTa MPUMEHSIUCH
pa3fiMyHble KOMOMHALMK yaoOpeHuiA, BKNOYas HaBO3, MUHepasbHble yA0OpeHUsa U HaHOrymaTbl, C NOCNeAYWUM
aHANN30M UX BAUSIHWS HA YPOXKAMHOCTb M Ka4eCTBO NA0A0B. YCTAHOB/IEHO NMONOXUTENbHOE BIMSIHUE BCEro Habopa
yA0OpeHUit — Kak MUHepasbHbIX, TaK M HABO3a B OTAENbHOCTU U B COYETAHUM UX C HAHOTYMATOM — Ha NPOAYKTUBHbIE
nokasatenu orypua. OcobeHHO CyLeCTBEHHbIV POCT ypoXas orypLoB Habnoaancs Ha GoHe NpMMEHEHUs HaBo3a,
XO0T Macca OAHOro Mnoja npu 3TOM Oblla MeHblue MO CPaBHEHWUKO C MUHepanbHbiMK yaobpeHusamu. OgHako
KOJIMYECTBO NIOAO0B HA KBAZPATHbIM METp CYLLECTBEHHO MPEBbIWAN0 BapUaHT C MUHEPAbHbIMU YA0OpEHUIMHU,
3a cyeT yero opmupoBanca bonee BbICOKMI ypoxal. Tak, MpUMEHeHMEe MUHepanbHbIX YA0OpeHui yBENNUYUIO
ypoxai orypuoB no 14,88 kr Ha KBagpaTHbIA METP, YTO B ABA pa3a MpeBbICMIO KOHTPO/bHbIMA NokasaTenb. [pu
MCMONb30BaHMM HaBO3a YPOXAMHOCTb Bo3pocna Ao 16,38 kr Ha kBagpaTHbii MeTp, uTo Ha 10,08 % Gonblue, yem
npu UCMNOJIb30BAHMU MUHEPAbHbIX YA0OpeHUI, 1 B 2,2 pa3a Bbllle KOHTPObHOro nokasartens. PesynbTatbl aHHON
paboTbl MOTYT BbITb UCMONBb30BAHbI TEMMYHBIMK X039MCTBAMU M PepMepamMu AN ONTUMU3ALUKN CUCTEM ya00peHus
OrypLOB, YTO MNO3BOJIUT NMOBLICUTb YPOXKAMHOCTb U KAYeCTBO NPOAYKLMM

KnioueBble cnoBa: TeninyHoe X035MCTBO; opraHu4yeckoe y,u,o6peHV|e; MUWHEpPanbHOE y,u,06peHl/|e; HaHOryMmar,
NPOAYKTUBHOCTb OrypLa; CTPYKTypa ypoXKad; Macca
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Abstract. The relevance of this study lies in the need to identify potato cultivars with the highest resistance
to diseases and pests under the unique high-altitude conditions of the Gornyi Altai, contributing to improved
crop yield stability. This study aimed to assess the resistance of early maturing potato cultivars - Belukha, Gorets,
Suvenir Gornogo Altaya, and Snegir - to diseases and pests under the conditions of the high-altitude testing site
in the Gornyi Altai. The research was conducted in 2023 in the village of Aktash, Ulagansky District, Altai Republic,
Russia. The main findings and conclusions concerned the following aspect: the level of resistance to diseases and
pests in each cultivar was influenced by various factors, including climatic conditions, soil composition, and the
presence of pathogens and pests at the testing site. The study employed field trials, phytopathological analysis,
and statistical data processing methods to assess the resistance of various potato cultivars. The presence and
severity of plant infection by phytopathogens such as late blight and common scab, as well as damage caused by
the Colorado potato beetle and other pests, were analysed. It was established that all cultivars exhibited complete
resistance to late blight,common scab, and dry rot, indicating a high level of adaptation to the regional conditions.
However, the cultivar Suvenir Gornogo Altaya showed minor infection by soft rot, with a damage level of 0.2%.
The productivity of the studied cultivars ranged from 1,120 g per plant (Snegir) to 1,870 g per plant (Belukha).
The findings support the recommendation of these cultivars for cultivation in the high-altitude conditions of the
Altai Republic, with the aim of minimising crop losses. The practical value of the study lies in the potential use of
its results to recommend well-adapted potato cultivars to farmers working in similar climatic conditions, thereby
reducing crop losses and plant protection costs
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Introduction

The topic of potato cultivar resistance to diseases and
pests in high-altitude testing sites, such as Gornyi
Altai, is of significant importance. The climatic con-
ditions of mountainous regions differ considerably
from lowland areas, creating unique ecological niches
and, consequently, specific agricultural challenges. In
this context, selecting suitable potato cultivars that
exhibit resistance to local pathogens and pests be-
comes a priority for agronomists and farmers working
in these highaltitude conditions. This research em-
phasises the need for potato cultivars adapted to the
specific environmental conditions of the Altai Repub-
lic’s high-altitude testing sites. It highlights the im-
portance of timely cultivar replacement and renewal,
along with a structured plan for providing the region’s
population with healthy seed material (Okasheva et
al., 2023a; 2023b). Therefore, evaluating the disease
and pest resistance of potato cultivars Belukha, Gorets,
Suvenir Gornogo Altaya, and Snegir in the highaltitude
Gornyi Altai region (Aktash Village, Ulagansky District)
is a crucial aspect for agricultural producers and re-
searchers. Special attention was also given to the
harmful insects that affect potatoes, as they can cause
substantial crop damage.

Long-term research by S.Krasnikov et al. (2023) iden-
tified common potato diseases found in the Altai Re-
public: late blight, common scab, and dry and soft rots.
These diseases were mainly observed in lowland are-
as, where potato infection rates ranged from 0.7%-3%
of total plantings. Air temperatures in these lowlands
remained more stable throughout the summer com-
pared to the highlands, where daytime temperatures
reached +30°C and nighttime frosts dipped to —4°C.
This extreme temperature fluctuation Llikely explains
the absence of potato pests in the highland regions.

Late blight is a widespread and serious potato dis-
ease caused by microorganisms from the Phytophthora
genus. These organisms can induce root and leaf ne-
crosis, as well as stem and flower bud rot (Chizhik et
al., 2024). As noted by N. Zoteyeva et al. (2024), late
blight can lead to significant yield losses if its progres-
sion is not prevented or controlled. Common scab is
caused by the Leptosphaeria maculans fungus, which at-
tacks the plant’s leaves and stems. Initial symptoms in-
clude dark spots on the leaves, which expand and cause
extensive leaf damage. The disease can then spread to
the stems and roots, hindering plant development and
reducing potato yields (Bethke & Jansky, 2021).

Dry and soft rots are diseases caused by vari-
ous types of fungi, including Alternaria, Fusarium, and
Rhizoctonia.Dry rots affect dry parts of the plant, such as
stems, leaves, and roots, forming grey-brown or brown
spots and lesions (Bomok & Pikovskyi, 2019). Soft
rots, on the other hand, typically affect plants in wet
weather conditions, forming grey-green or grey-brown
lesions on leaves and stems. A significant amount of

research focuses on studying the resistance of various
potato cultivars to these pathogens. For example, the
research of M. Anoumaa et al. (2022) emphasises the
importance of using cultivars that exhibit resistance to
late blight, one of the most destructive potato diseas-
es. Their research results showed that some cultivars,
when adapted to high mountain conditions, do not lose
their protective properties, making them promising for
use in such regions.

Research highlights that potato resistance to late
blight is a key area of study. For example, L. Weng et
al. (2024) explored the genetic mechanisms of re-
sistance to this disease, identifying markers that fa-
cilitate the breeding of resistant cultivars. T. Adeka-
nmbi et al. (2023) examined the impact of changing
climatic conditions across various ecological sites
on potato quality and yield, which is crucial in to-
day’s world. The authors emphasise that in moun-
tainous environments, where agroclimatic factors
can change rapidly, cultivars with multi-component
resistance are needed. Another study by D. Griffin et
al. (2022) investigates potato cultivars for their abili-
ty to withstand complex infections, i.e., combinations
of multiple diseases. A. Garcia-Serquén et al. (2024)
demonstrate that in the high-altitude regions of the
Peruvian Andes, different soil management tech-
niques are commonly used, especially for growing
potatoes on mountain slopes. These methods help
mitigate the effects of nighttime frosts, which are
more pronounced than in lowland areas.

This study aimed to assess the level of resistance
to major diseases (late blight, common scab, dry and
soft rots) and pests in selected potato cultivars under
high-altitude conditions in the Gornyi Altai testing site.
The research objectives were as follows: to examine
three early-maturing potato cultivars (with four repli-
cations) in the village of Aktash, Ulagansky District of
the Altai Republic, using the locally adapted cultivar
Snegir as a control; and to compare the resistance of
the cultivars Belukha, Gorets and Suvenir Gornogo Al-
taya to common diseases prevalent in the region.

Materials and Methods
The study materials consisted of early-maturing pota-
to cultivars developed by the Gorno-Altaisk State Uni-
versity: Belukha, Gorets, and Suvenir Gornogo Altaya
(cultivar authors: T. Streltsova, S. Krasnikov), with the
adapted cultivar Snegir used as a control. The planting
of the experimental cultivars took place on 8 June 2023
at the high-altitude site in Aktash, Ulagansky District,
Altai Republic, on a plot belonging to B. Kozhamiarov.
The planting date was selected due to the high amount
of precipitation and the location’s distance from Gor-
no-Altaysk (365 kilometres). The planting was done
according to the following scheme: 90x30 cm spac-
ing, with a planting depth of 10 cm, in two rows of
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60 plants, and four replications. The arrangement was
randomised, with cultivar-specific weeding, phytosani-
tary care, timely harvesting and other research stages
performed. The results are presented both before and
after storage. The tests were conducted following the
Guidelines for Ecological Testing of Potato Varieties
(Karmanov et al., 1982), Research Methods for Protect-
ing Potatoes from Diseases, Pests, Weeds, and Immunity
(Volovik et al., 1995), and the Field Experiment Meth-
odology by B. Dospekhov (1985). All procedures were
carried out in compliance with the Convention on Bio-
logical Diversity (1992).

remeruKu

Okasheva et al.

The research methodology encompassed physio-
logical and genetic selection, alongside direct obser-
vation of plant interactions with various pathogens and
pests. Agronomic analysis methods were used to eval-
uate the results. Yield was assessed in kilograms per
hectare, and the size and quality of tubers and disease
resistance were analysed. Statistical methods were also
employed to determine the significance of differenc-
es between cultivars. The studied cultivars (Fig. 1) are
known for their productivity and ability to withstand
diverse weather conditions and diseases, making them
popular among the local population.

J‘aﬁopn’l‘ol’"ﬂﬁ
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Figure 1. Studied potato cultivars
Note: the photo shows the potato cultivars Belukha, Gorets, and Suvenir Gornogo Altaya

Source: authors’ photo

The soil in the Aktash area is known for its fertil-
ity and loamy composition, providing good aeration and
moisture retention. During the study, no organic fertilisers
or mineral complexes were applied to the soil. The trials
were conducted on a natural soil background. Standard
agricultural equipment, including a tractor for ploughing,

was used, with all other tasks performed manually. The
climatic conditions in Aktash during the experiment fea-
tured a moderately warm summer with temperatures
ranging from 15°C to 25°C, which is favourable for potato
growth. Precipitation was moderate (Table 1), with periods
of increased humidity, supporting consistent plant growth.

Table 1. Precipitation and average air temperature in 2023 in the village of Aktash

Aktash testing site (month) Average air temperature, °C Precipitation, mm
May 11.3 31.2
June 28.6 11.9
July 17.9 74.7
August 18.9 58.3
September 17.3 42.4

Source: developed by the authors based on research

After harvesting, the potatoes were stored in a
purpose-built storage facility with controlled tem-
peratures between 2°C and 4°C and air humidity of
approximately 85%-90%. The storage was equipped
with a ventilation system to prevent condensation and
maintain optimal storage conditions. However, during
early spring, a roof leak occurred in the storage facil-
ity. Two sacks of the Suvenir Gornogo Altaya cultivar
were directly exposed to water, leading to rapid tuber

decay. When the potatoes became wet, they became
more susceptible to diseases such as soft and dry rot.
The excessive moisture and constant dampness cre-
ated ideal conditions for the growth of mould fungi.
Even if the external appearance of the potatoes did
not change immediately, their internal structure was
compromised by the excess moisture, deteriorating
the product’s quality. This ultimately reduced the nu-
tritional value and flavour of the cultivar.
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Results and Discussion
The study of the Gorets, Belukha, and Suvenir Gornogo
Altaya potato cultivars, with Snegir as a control, revealed
that regardless of the precipitation and air temperatures
experienced in the high-altitude testing site of Aktash,
Ulagansky District, Altai Republic, in 2023, the tested
cultivars exhibited resistance to diseases and pests. No
pests were observed, likely due to the low nighttime air

temperatures in the highlands. Only the Suvenir Gornogo
Altaya cultivar showed a 0.2% infection rate with soft rot,
attributed to storage conditions (Table 2). Considering
the site’s distance from Gorno-Altaisk, mechanical dam-
age to the tubers of the tested cultivars was expected,
but none was found. As the harvest occurred during dry
weather in the sandy soil of the highlands, all tubers were
clean, large and yielded more than the control cultivar.

Table 2. Disease resistance of studied genotypes

Potato diseases, %
No. Cultivars 5
Late blight Common scab Dry rot Soft rot
1 Belukha 0 0 0 0
2 Gorets 0 0 0 0
3 Suvenir Gornogo Altaya 0 0 0 0.2
4 Snegir 0 0 0 0

Source: developed by the authors based on research

The study found a lack of Colorado potato beetles
and other potato pests in the high-altitude Gornyi Altai
region. This absence can be attributed to several factors
related to the unique climatic and ecological conditions
of the area. The high-altitude climate is characterised by
cold temperatures and a short growing season. Colora-
do potato beetles and many other insect pests active-
ly reproduce and develop in warm climates. The cold
temperatures in the mountains may limit their life cycle
and survival capabilities. Additionally, at high altitudes
(above sea level), atmospheric pressure decreases, af-
fecting insect respiration and potentially hindering their
existence. The reduced oxygen levels and lower tem-
peratures further contribute to their inability to thrive.

The productivity levels in the highlands were
1,120 g/plant (Snegir cultivar), 1,340 g/plant (Su-
venir Gornogo Altaya), 1,570 g/plant (Gorets), and
1,870 g/plant (Belukha). These results indicate that
the studied potato cultivars demonstrate higher re-
sistance and productivity in highaltitude conditions,
enabling stable yields even in challenging climates.
A comprehensive approach, including breeding, im-
proved agricultural practices, and effective resource
management, is crucial for successful potato cultiva-
tion in mountainous regions.

Indian researchers V. Bhardwaj et al. (2022) iden-
tifled 1,253 locations across India for testing potato
cultivars with a cumulative positive temperature sum
of 70 days. They conducted similar studies on potato
cultivars at these test sites, considering meteorologi-
cal conditions. While the Aktash site experiences sig-
nificant negative nighttime temperatures (-4°C), India,
conversely, has high nighttime temperatures. This dif-
ference is crucial to consider when studying potatoes
in the context of changing climates.

Research conducted in the Himalayas by A. Choud-
hary et al. (2021) examined the combination of genet-
ically resistant cultivars with integrated crop manage-
ment methods. The results demonstrated that using

organic protection methods and selecting resistant
cultivars can significantly reduce crop losses from dis-
eases without substantially increasing costs. Consistent
with these findings, the current study identified resist-
ant potato cultivars - Gorets, Belukha, and Suvenir Gor-
nogo Altaya - that are ideally suited for cultivation in
the high-altitude environment of Gornyi Altai.

The studies of W. Pérez et al. (2022) and C. Patar-
royo et al. (2024) examined the resistance characteris-
tics of various potato cultivars to late blight, one of the
most destructive diseases, in the mountainous regions
of Peru and Colombia. Similarly, T. Dey et al. (2018) con-
ducted research in India. M. Gastelo et al. (2024) carried
out field trials that demonstrated that local cultivars,
bred using traditional knowledge, exhibited higher re-
sistance compared to commercial cultivars. The studied
potato cultivars in the Gornyi Altai region proved to be
highly productive and diseaseresistant.

W. Fry (2020) emphasises that Phytophthora infes-
tans populations, the causative agent of late blight, in
different regions of the world, are primarily represent-
ed by several clonal lines, whose dominance can be
temporary and variable. The migration of exotic strains
with new phenotypic characteristics poses a significant
threat, as they may be resistant to traditional disease
control methods and cause substantial damage. J. Ar-
cos-Pineda et al. (2024) studied the adaptive properties
of various potato cultivars in the high-altitude condi-
tions of the Andes. Similar to the Gornyi Altai conditions,
researchers found that cultivars with shorter grow-
ing seasons are better adapted to mountain environ-
ments, where growing seasons are shorter. P. Bagchi et
al. (2024) highlight the importance of selecting culti-
vars resistant to the low nighttime temperatures and
high UV radiation characteristic of mountainous regions.

Authors J. Gonzalez-Jiménez et al. (2023) developed
an effective model simulating potato crop losses due to
late blight. This model accounts for the dynamic inter-
action between disease development and crop growth,
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utilising available meteorological data. Despite the
complexity of these interactions, the authors success-
fully created a relatively simple model that closely cor-
relates with real-world crop loss data. Furthermore, the
model can predict the impact of climate change (tem-
perature increases) on both potato development and
late blight, suggesting that this increase may be more
detrimental to the pathogen than to the crop.

Therefore, the authors of this study recommend the
following key measures to prevent and control potato
diseases in the Altai Republic:

use resistant potato cultivars such as Gorets, Be-
lukha, and Suvenir Gornogo Altaya, which have genetic
resistance to major diseases;

apply preventive treatments with fungicides to
prevent fungal development and maintain plant health
in the lower-altitude regions of the Gornyi Altai, where
infected tubers were previously found;

employ appropriate sanitation and field-cleaning
methods to avoid the spread of diseases from previous
crops;

proper fertilisation and plant nutrition will
strengthen their immune system and reduce suscepti-
bility to diseases.

It is important to note that potato diseases can be
caused by microorganisms other than fungi, such as vi-
ruses and bacteria. Therefore, for accurate diagnosis and
effective disease treatment, laboratory analysis is nec-
essary to determine the specific cause of the disease.

Conclusions

The results of evaluating the disease and pest resist-
ance of potato cultivars in the high-altitude testing site
of Gornyi Altai (Aktash Village, Ulagansky District, Altai
Republic) can assist producers and experts in making
informed decisions about selecting optimal potato cul-
tivars for cultivation in the Gornyi Altai conditions. The
Belukha cultivar exhibits high resistance to the major
diseases and pests encountered at the testing site. This
may be attributed to its genetic potential and abili-
ty to adapt to adverse conditions. The Gorets cultivar
also demonstrates high resistance to the studied dis-
eases and pests. The Suvenir Gornogo Altaya cultivar
displays mixed results regarding disease and pest re-
sistance. Some aspects of resistance were high, while
others raised concerns related to the optimal storage
of the cultivar. The findings of this research can be
used to develop strategies for improving disease and
pest resistance in cultivated potato cultivars within
the Gornyi Altai region.

The studied cultivars demonstrated resistance to
late blight regardless of meteorological conditions and
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the testing site. The evaluation of the Belukha, Gorets,
and Suvenir Gornogo Altaya potato cultivars at the
Gornyi Altai testing site (Aktash Village, Ulagansky Dis-
trict) indicates that the high-altitude environment in-
fluences the level of disease and pest resistance in dif-
ferent potato cultivars. Factors determining resistance
levels include climatic conditions, soil composition,and
the absence of pathogens and pests at the testing site.
To protect potatoes from pests and preserve yields, a
comprehensive approach is necessary. This approach
should encompass preventative measures such as se-
lecting healthy seeds, implementing proper soil prepa-
ration and cultivation techniques, and utilising biologi-
cal control methods.

Studies in this field demonstrate a variety of ap-
proaches to evaluating potato cultivar resistance. They
highlight the interconnectedness of biodiversity, re-
gional climatic features, and agronomic practices. This
data forms the basis for further research and the de-
velopment of recommendations for selecting potato
cultivars best suited for cultivation in high-altitude
conditions. The experiment showed that all cultivars
exhibited high yields and resistance to local conditions,
confirming their suitability for cultivation in the tem-
perate continental climate of the Ulagansky district.
Evaluating the disease and pest resistance of pota-
to cultivars such as Belukha, Gorets, Suvenir Gornogo
Altaya, and Snegir in the high-altitude testing site of
Gornyi Altai is an important area of research. High-al-
titude regions have specific climatic conditions that
can affect the development of both cultivated plants
and pathogens. Prospects for further research include
developing biological control methods and studying
the impact of specific high-altitude climatic conditions
on potato development and resistance. These studies
will contribute to increasing the yield and resilience
of potato cultivars in Gornyi Altai and promoting the
development of the agricultural sector in this unique
climatic zone.
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AnHHoTaumsa. MuTuH akTyanayynyry Antai TOONOPYHYH YHUKANAyy WapTTapbiHAa UAAeTTepre xaHa 3blsiHkeuTepre
3H, TYPYKTYY KapToOLlKa COPTTOPYH aHbIKTOO 3apblnapbIrbiHAa TypaT, Oyn TyWwyMAYH TYPYKTYYNyryH xoropynaTyyra
ebenre Ty3eT. MwTKH MakcaTbl Toonyy AnTai NoNMIroHyHyH WapTTapbiHaa benyxa, lopeu, Toonyy AnTaii cyBeHupm
aHa CHervpauvH anravukbl COPTTOPYHYH MNAETTEPUHE XKaHa 3blHKEUYTEPUHE TYPYLITYK Bepyy LEHI33/IMH aHbIKTOO
6onroH. M3unpgee 2023 - xbiibl PoccusiHbiH AnTai Pecnybnukacbl YnaraH paloHyHAarbl AKTalw aibiibliHAA
XYPry3ynreH. WM3unoeeHyH Herusru Tabbiaranapbl aHa ThiHAKTapbl TOMEHKY acnekture OainaHbiWwTyy:
KapTOLKaHbIH ap BMp COpTyHAArbl 00Opynapra KaHa 3bliHkeuTepre TypyLTyK 6epyy AeHr331M KIMMaTTbIK LWapTTap,
TOMYpPAKTbIH KypaMbl KaHa NOMMIOHA0 NAaTOreHAep MeHEeH 3bisHKeUTepAMH BonyLly CbiSKTyy ap KaHAan dakropnop
MeHEH aHbIKTanaTt. M3unaee KapTowwKaHbIH ap KaH4av COPTTOPYHYH TYPYKTYYnyryH 6aanoo y4yH Tanaa CbIHOOCYHYH,
GUTONATONOMMUANBIK AHANU3LAMH XKaHA CTAaTUCTUKABIK MaanbiMaTTapabl UWTEN YbITYYHYH bIKManapblH KOLOHIOH.
@uTtonaTtoreHaep, Mucanbl, GUTODTOPA KaHa KaAUMKM KOTYP CbISKTYY 6CYMAYKTOPAYH KaTbILLYYCY XXaHa AapaXxachl,
owoHAoM 3ne Konopano KOHy3y XaHa bOallka 3biIHKeYTep KenTupreH 3biHAyynap TangaHabl. bapabik coptrop
KeY KyMyyre, KaflUMKU KOTypra >KaHa Kyprak UYMpuKKe TONyK TypylTyK ©epepu aHbikTanraH, 6yn copTTropayH
aMMaKTbIH LWAPTTapblHA XXOTOPKY blHrannawyycyH kepceTyn Typat. bupok, Antait ToocyHaarsl Cysenup copty 0,2 %
6y3ynyy AEHI33/1M MEHEH HbIMAYY YMPUKTEP MEHEH Bup a3 By3ynraHbliH KepCOTTY, an 3MU U3UNLEHTEH COPTTOPAYH
eHymayynyk kepcetkyvy 1120 r 6agan (CHernpb copty) 1870 r 6apan (benyxa copTy) COpTyH Ty34y. AnblHraH
MaanbiMaTTap TYLWYMAYH KOPOMXYNYIYH a3aiTyy yuyH ywyn coptropfy Antan Pecny6nukacbiHblH 6UiMK TooNyy
lIapTTapbiHAa 6CTYpYYre CyHyL KbUlyyra MyMKYHAYK OepeT. MWTUH npakTUKanblk MaaHUCU OKLLOW KAMMATTbIK
lwapTTapfia vwTereH gepMepnepre biNanibIKTALUTbIPbIITAH KapTOLKA COPTTOPYH CYHYLITOO YYYH U3MUNLeenepayH
HaTbIXanapblH KOMAOHYY MYMKYHUynyry 6onyn caHanat, 6yn eCyMAYKTepAy KOproo Y4YyH MNpPOAYKLMSHbIH
YKOTOTYYNapblH XaHa YbIrbIMAAPbIH a3aiTyyra MyMKYHAYK 6epeT

Herusru c€e3aep: reHoTun; Too; Eenyxa; AnTai TOOCyHAArbI CyBEHl/Ip; Key )Kapa; KagnMMKKU KOTyp
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AHHoTaumsA. AKTyanbHOCTb paboTbl 3aK/04aeTcs B HEOOXOAMMOCTU BbISIBNEHUS COPTOB KapTodens, Hanbonee
YCTOMUYMBBIX K BONE3HAM M BpeaUTeNsM B YHUKANbHbIX YCIOBUAX BbICOKOropbs [opHOro Antas, 4to cnocobcTayeT
MOBbILWEHMNIO CTabUnbHOCTU ypoxas. Llenb paboTbl coctosna B ToM, YTO6bl ONpenenuTb ypoBeHb YCTOMUMBOCTU K
6onesHsaM M BpeauTensm paHHux copTtoB kapTodens benyxa, lopeu, CyBennp FropHoro Antas u CHervpb B yCIOBUAX
BbICOKOrOpHOro nonuroHa FropHoro Antas. Miccneposanune npoxoamno B 2023 rogy B €. AKTal YaaraHCKoOro paioHa
Pecny6nuku Antai, Poccms. OCHOBHble HAaXOOKM M BbIBOAbI MCCNEN0BAHUS KAacaloTCs CiefyLWero acnekra: ypoBeHb
YCTOMYMBOCTM K BONE3HAM M BpeamuTensM y KaXAoro copta Kaptodens onpenensiercs pasnnyHbiMu Gaktopamu,
TaKMMM KakK KIMMaTU4eCcKue yC0BUS, MOYBEHHbIM COCTaB M HaIMYMe NAaTOreHoB M BpeauTenei Ha nonuroHe. B xone
MCCNefoBaHMS MPUMEHSANCH METOAbI MONMEBLIX MCMbITAHWI, GUTOMATONOrMYECKOrO aHanaM3a M CTaTUCTUYECKOM
00paboTKM [HOaHHbIX NS OLEHKM YCTOMYMBOCTM pasfiMuHbIX COpPTOB kKapTodens. bbino npoaHanusmpoBaHo
Hanuune M CTeneHb MOPAKEHWUS pacTeHWi GuTonaToreHamu, TakKMMK Kak dutodTopa M napwa obbIKHOBEHHaS,
a TaKXe MOBPEXAEHUS, HAHOCUMblE KONOPAACKMM XXYKOM M APYTMMU BpeauTensiMu. YCTaHOBAEHO, YTO BCE COPTa
NPpOSBASAIOT MOMIHYI0 YCTOMYMBOCTb K (GUTOPTOPO3Yy, Maplle O6bIKHOBEHHOM M CYXWMM THUASM, Y4TO FOBOPWT O
BbICOKOM afanTUPOBAHHOCTM 3TUX COPTOB K ycnoBusaM pernoHa. OaHako, copt CyBeHup MopHoro AnTtas nokasan
He3HauYuUTeNbHOe MOopaXeHWe MOKPbIMU THUASMK C ypoBHeM nopaxenus 0,2 %, a nokasatenu NpoayKTUBHOCTM
nsyyaembix copTtoB coctaBun ot 1120 r/kyct (copt CHernpb) go 1870 r/kycT (copT benyxa). [lonyyeHHble faHHble
MO3BONSIOT PEKOMEHAOBATb K BbIPALLMBAHMIO B BbICOKOTOPHbIX yCn0BMsAX Pecnybnnkmn Antai faHHble copta Ans
MWHUMM3ALMM NOTePb ypoxKas. [TpakTnyeckas LeHHOCTb paboTbl COCTOMT B BO3MOXHOCTM MCMOJIb30BaTh pe3y/bTaThl
nccnenoBaHMi AN pekoMeHAaunm aganTMpoBaHHbIX COPTOB KapTodens pepMmepam, paboTatoWwmMM B aHANOMMYHbIX
KNMMaTUYEeCKMX YCNOBUAX, YTO NO3BOSIUT CHU3UTb NOTEPU MPOAYKLMM M 3aTPaThbl HA 3aLLMTY pacTeHM
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Abstract. To analyse the involvement of immune cells in the pathogenesis of diseases of various aetiologies,
and to inform therapeutic and preventive interventions, it is essential to understand the normal morphology of
the immune system organs and tissues. This study presented the findings of a morphological investigation of the
secondary (peripheral) immune system organs in the Asian wild boar subspecies (Sus scrofa nigripes) inhabiting
the forest-steppe region of the Moskva District, Chily Region, Kyrgyz Republic. This research aimed to identify the
general morphological and functional features of the lymphoid structures of the spleen, mesenteric lymph nodes,
and haemolymph nodes in healthy animals. Study materials were collected from three sexually mature wild boars.
Anatomical and histological methods were employed to achieve the study aim. Anatomical methods were used
to determine the syntopy, shape, colour, and consistency of these organs. Histological studies were carried out
using standard techniques: haematoxylin and eosin staining was employed to examine the general structural
organisation of the organs, while Van Gieson’s method was used to differentiate muscular and connective tissue
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elements. Light microscopy was used to analyse the stromal and parenchymal structure, cellular composition,
and morphofunctional state of lymphoid formations. The study established the morphofunctional condition and
morphological characteristics of the spleen, lymph nodes, and haemolymph nodes in sexually mature Asian wild
boar subspecies. The findings represented the morphological norm for the secondary immune system organs of
this subspecies. These results may serve as a reference framework for future experimental and applied research
in the morphology and immunology of organs and tissues in wild boars, both under normal conditions and in
pathological states. The data may also be of practical use to veterinary specialists and biologists engaged in
functional, ecological, and comparative morphology of organs in domestic and wild animals

Keywords: spleen; lymph nodes; haemolymph nodes; trabeculae; organ parenchyma; lymphoid follicles;

lymphocytes

Introduction

The Asian wild boar subspecies (Sus scrofa nigripes) is
one of the largest wild animals inhabiting the moun-
tainous steppe territories of the Kyrgyz Republic and
serves as a primary target for sport hunting among
commercial species. According to data from the Nation-
al Statistical Committee of the Kyrgyz Republic (n.d.),
the population of these animals showed steady growth
between 2019 and 2023, reaching 3,089 individuals in
2023. The wild boar (Sus scrofa) is recognised as one
of the world’s most widely distributed omnivorous
mammals, present on all continents except Antarctica
(Markov et al., 2022). Despite its extensive range, there
is currently a lack of comprehensive scientific studies
focusing on the morphological and functional charac-
teristics of both the primary and secondary organs of its
immune system under normal conditions. Furthermore,
it should be noted that this topic remains relatively
understudied in current scientific practice. The avail-
able literature presents only isolated studies on this
subject: for instance, A. Panphilof et al. (2005) investi-
gated the cytoarchitecture of mesenteric lymph nodes;
Y. Bozkurt et al. (2019) conducted an analysis of the
histological and immunohistochemical characteristics
of abdominal and thoracic lymph nodes; and E. Chirk-
ova et al. (2023) examined the anatomical structure of
the heart and spleen in this species. A. Marunchyn et
al. (2023) studied the clinical manifestations of splenic
tumour lesions and associated structural changes.

It is recognised that the wild boar is the direct an-
cestor and close relative of all known breeds of do-
mestic pigs (Getmantseva et al.,, 2020). Unlike other
domesticated animals, pigs have undergone the few-
est genetic alterations. Compared to their wild coun-
terparts, they are frequently utilised as subjects in bi-
omedical and bio-veterinary experiments (Lunney et
al., 2021). Scientists in the field of porcine immuno-
morphology have achieved significant progress, lead-
ing to the accumulation of extensive data regarding
the morphology and morphofunctional state of lym-
phoid organs and tissues under normal conditions
and various pathological states. Information concern-
ing these investigations is detailed in the article by
R. Pabst (2020). Numerous high-quality studies have

been conducted on the morphology and morphofunc-
tional state of secondary lymphoid organs and tissues
in domestic pigs. For instance, age-related changes
in mucosa-associated lymphoid tissue (MALT) of the
conjunctiva in pigs were investigated by A. Irgashev et
al. (2020). They established that conjunctiva-associat-
ed lymphoid tissue in pigs contains all the necessary
structures and cells required for an immune response
and the protection of parocular tissues of the eye. In
addition, V. Grigoryev et al. (2023) examined the his-
togenesis and functional development of the thymus
and lymph nodes in piglets during the prenatal peri-
od. It was revealed that the thymus, as a central organ
of the immune system, begins to form in pig foetuses
from the 30t day of embryonic development, while the
lymph nodes, acting as sites of lymphoid haemato-
poiesis and components of the peripheral immune
system, attain morphofunctional maturity by the 70t
day. T. Chuluunbaatar et al. (2023) studied the ana-
tomical and histological characteristics of lymphoid
tissue associated with the reproductive organs, specif-
ically in the region of the vaginal vestibule, in healthy,
non-pregnant, adult goats and pigs.

Secondary organs of the immune system in animals
are recognised to include the spleen, lymph nodes, and
haemolymph nodes (Ghosh & Stumhofer, 2021; Pan et
al.,2023; Cruz de Casas et al., 2024). The spleen is a cru-
cial component of the immune system, responsible for
filtering blood to maintain immune homeostasis (Wei et
al., 2022). As noted by G. Crane et al. (2021), the unique
morphological organisation of this organ facilitates
a key role in the integration of the circulatory, reticu-
loendothelial, and immune systems. The organ filters
ageing erythrocytes, immune complexes (antigen-anti-
body), apoptotic bodies, damaged cells, and other el-
ements circulating within the blood. The histological
structure of the spleen reflects its functional diversity
and complexity. As a specialised lymphoid organ, the
spleen plays a significant role in both innate and adap-
tive immune responses. Populations of innate immune
cells, including B cells, natural killer cells (NK cells),and
macrophages, are located within different functional
zones of the organ (Aliyu et al., 2021).
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Lymph nodes are compact, highly organised struc-
tures of the secondary lymphoid organs, playing a key
role in coordinating innate and adaptive immune re-
sponses to exogenous antigens, including vaccine com-
ponents (Cakala-Jakimowicz et al, 2021). To perform
this function, specialised zones are formed within the
nodes, integrating blood and lymphatic vessels and
facilitating the directed migration of immune cells.
Specifically, according to L. Dubreil et al. (2022), B cells
are directed to lymphoid follicles, where they undergo
selection and maturation of clones producing high-af-
finity antibodies against antigens.

Haemolymph nodes are small, soft, dark red lym-
phoid organs found in mammals. They are typically lo-
cated along the vertebral column,abdominal aorta, and
within the perirenal adipose tissue, functioning as sec-
ondary organs of haematopoiesis and immunogenesis.
They are involved in the destruction of aged erythro-
cytes, processes of erythropoiesis, erythrophagocytosis,
and the activation of immune cells, thus contributing
to the body’s immune response (Arbaev et al., 2019). Ac-
cording to M. Yamada et al. (2025), haemolymph nodes
represent a unique immune organ, distinct from con-
ventional lymph nodes and the spleen.

Investigating the morphology of these organs in
wild boars is significant for both fundamental science
and the applied aspects of veterinary medicine and epi-
demiology. Such a study allows for assessing population
health status, identifying the impact of environmental
factors and pathogenic agents, and developing measures
for animal conservation and the control of infectious dis-
eases. Furthermore, analysis of the morphological fea-
tures of these organs in wild boars provides insights into
the state of their immune system and adaptation mech-
anisms in a changing environment. This study aimed to
examine the morphological and functional characteris-
tics of the lymphoid structures within the spleen, mes-
enteric lymph nodes, and haemolymph nodes in sexually
mature individuals of the Asian wild boar subspecies.

Materials and Methods

The subject of this study was the Asian wild boar sub-
species, inhabiting the mountainous steppe zone of the
Moskva District, Chly Region, Kyrgyz Republic. Research
materials comprised the spleen, mesenteric lymph
nodes, and haemolymph nodes, which were collected
during post-mortem examination (necropsy). Biological
material was obtained through the licensed harvesting
of animals for scientific purposes, carried out under
permission issued by the Department of Protection and
Rational Use of Natural Resources of the State Agency
for Environmental Protection and Forestry under the
Government of the Kyrgyz Republic. The harvesting was
conducted in the autumn of 2024, adhering to the prin-
ciples of humane animal treatment (European Conven-
tion..., 1986) and following the Hunting Rules in the
Territory of the Kyrgyz Republic (2003).

The study group consisted of three individuals: two
males and one female. Animal age was determined
based on age-related changes in the skull and den-
tal system, following the methodology described by
P. Kozlo (1973). The first boar was approximately four
years of age, and the second was approximately five
years of age. The age of the female corresponded to
indicators characteristic of four-year-old individuals.
The mass of the animal carcasses was not determined
due to the absence of weighing procedures. Immedi-
ately after harvesting, a post-mortem examination of
the animals was performed in the field, followed by
a detailed pathological inspection of the organs, dur-
ing which no macroscopically visible changes were
observed. During the visual inspection, the syntopy,
shape, colour, and consistency of the organs were as-
sessed. For histological analysis, tissue samples were
fixed directly on-site in a 10% aqueous solution of
neutral buffered formalin for 24 hours.

Under laboratory conditions, standard histological
processing of organ fragments was conducted, includ-
ing dehydration, embedding in paraffin, and the prepa-
ration of paraffin blocks. Tissue samples, fixed in a 10%
aqueous solution of neutral formalin, were initially
washed in running water for 24 hours before being se-
quentially dehydrated in increasing concentrations of
ethanol (50%, 60%, 70%, 80%, 90%, 96% |, and 96% lI).
Each dehydration step lasted for 24 hours. Residual
ethanol was removed using chemically pure xylene
over a period of three hours, after which the samples
were infiltrated with paraffin. Finally, paraffin blocks
were prepared and mounted onto wooden holders.

Serial sections, 4-5 um thick, were cut from the par-
affin blocks using a pfm Slide 4004M sledge microtome
(Germany). Sections were floated onto a water bath
heated to 37°C, then transferred to glass slides using a
dissecting needle and subsequently dried on a special-
ised hot plate. Histological sections were stained with
haematoxylin and eosin for general structural descrip-
tion and assessment of cellular composition, and Van
Gieson’s method was applied for the identification of
muscular and connective tissue elements.

Microscopic examination of the histological sec-
tions was performed using a MicroOptix MX 100
binocular microscope (Austria), and imaging of tis-
sue structures was carried out using a ToupCam
UCMOS01300KPA camera (China), specifically designed
for light microscopy. All aforementioned histological
procedures were performed manually under standard
conditions in the histological laboratory of the Depart-
ment of Veterinary and Sanitary Expertise, Histology
and Pathology at the Kyrgyz National Agrarian Univer-
sity named after K.I. Skryabin. The research was con-
ducted in compliance with established methodological
recommendations and requirements applicable to such
investigations, following the methodology detailed in
the guide by G. Merkulov (1969).
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Results and Discussion

The study was conducted on the spleen, mesenteric
lymph nodes, and haemolymph nodes of Asian wild
boars (Fig. 1a). Upon external examination, all har-
vested animals were found to be in good body condi-
tion, possessing elastic skin, a dense undercoat, and a
firmly attached hair coat. No macroscopically visible
pathological changes were observed in the organs
and tissues during necropsy. The anatomical investi-
gation established that the wild boar spleen is an un-
paired parenchymatous organ. It was situated in the
left hypochondrium, adjacent to the greater curvature
of the stomach. The dorsal pole of the spleen contact-
ed the left kidney and partially the pancreas, while
the ventral pole reached the umbilical region and
bordered the liver. The parietal surface of the organ
lay adjacent to the diaphragm, and the visceral sur-
face featured a ridge through which the splenic hilus
passed. The spleen exhibited an elastic consistency,
a dark red colour, and an elongated, flattened shape
with slightly rounded margins (Fig. 1b). These findings
are consistent with the results of studies by E. Chirk-
ova et al. (2023) investigated the location of the wild
boar spleen. Furthermore, the syntopy of the wild boar
spleen demonstrates similarity to the anatomical po-
sition of the pig spleen, as supported by data present-
ed by H. Kaur (2019).

Figure 1. Asian wild boar subspecies after harvesting
(@) and macroscopic appearance of the spleen (b),
indicated by arrows
Source: authors’ photo

Amirakulov et al.

Upon sectioning the spleen, the stroma and pulp
were discernible. Small, greyish-white punctate for-
mations were observed on the surface of the pulp.
Microscopic examination revealed that the spleen
of the Asian wild boar subspecies was encased in a
dense connective tissue capsule, comprising a se-
rous membrane. Large connective tissue trabeculae
extended inwards from the capsule into the organ
parenchyma, containing blood vessels - arteries and
veins. Collagen fibres and a small number of smooth
muscle cells were present within the capsule and tra-
beculae. Collagen fibres were distinctly evident in the
capsule and trabeculae, and to a lesser extent around
the walls of the blood vessels. Similar morphologi-
cal features are described by N. Shringi et al. (2018)
in their study of the spleen of the White Yorkshire
pig (Sus scrofa), indicating structural similarity
between the subspecies.

The organ parenchyma comprised white pulp
and red pulp. The white pulp included lymphoid fol-
licles and the periarterial lymphoid sheath, popu-
lated by corresponding populations of T and B cells,
which defined them as the T and B zones, respective-
ly. The T zone was represented by a diffuse infiltrate
of T cells surrounding the central artery. The B zone
consisted of lymphoid follicles situated adjacent to
the T zone and containing B cells. Lymphoid follicles
were characterised by the eccentric positioning of the
central arteries. Findings from studies by B. Steini-
ger (2015) and R. Asaro & P. Cabrales (2021) confirm
that the white pulp of the human spleen exhibits a
similar organisation. Lymphoid follicles are located
at varying distances from the commencement of the
periarterial lymphoid sheath and are found both in
the region where the artery branches from the tra-
becula and in its distal branching areas. However, ac-
cording to L.da Fonseca Filho et al. (2023), the central
artery within the white pulp of the brown-throated
sloth spleen is centrally located within the germinal
centres of the lymphoid follicles.

Lymphoid follicles within the spleen of the Asian
wild boar subspecies displayed diverse shapes, includ-
ing both round and oval forms. Functionally, they were
categorised into three groups: newly formed follicles,
resting follicles, and actively functioning follicles. New-
ly formed follicles were typically characterised by small
size, indistinct boundaries, and a loose cellular struc-
ture (Fig. 2a). This appearance was attributed to their
developmental stage and the absence of the morpho-
logical maturity characteristic of fully functional lym-
phoid structures. In contrast, resting lymphoid follicles
(lacking a germinal centre) generally exhibited a round
or oval shape, a compact arrangement of cells, and
relatively small dimensions (Fig. 2b). However, these
structures were observed relatively infrequently and in
limited numbers within the spleen parenchyma of the
Asian wild boar subspecies.
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Figure 2. Microscopic appearance of the spleen
parenchyma of the Asian wild boar subspecies
(haematoxylin-eosin staining)
Note: a. Newly formed lymphoid follicles: 1 - trabeculae,
2 - white pulp, 3 - red pulp. Magnification x40. b. Resting
lymphoid follicles: 1 - central artery, 2 - densely packed
lymphocytes around the central artery. Magnification x100.
c.Actively functioning lymphoid follicles: 1 - central artery,
2 - light (germinal) centre, 3 - mantle zone, 4 - marginal
zone, 5 - red pulp. Magnification x100. d. Primary lymphoid
follicles with loose cell arrangement: 1 - central artery, 2 -
trabecula, 3 - red pulp. Magnification x100
Source: authors’ photo

P

Within an actively functioning lymphoid follicle, a
germinal centre was observed - a lighter region con-
taining proliferating young cells - while the peripheral,
darker portion comprised mature immunocompetent
cells, including lymphocytes, monocytes, macrophag-
es, and plasma cells. A well-defined marginal zone was
distinctly evident, situated around the periphery of
the follicle and enclosing the T and B zones. This zone
served as a transitional area between the white and
red pulp (Fig. 2c). According to R. Riedel et al. (2020)
and G.Victora & M. Nussenzweig (2022), the formation
of the lymphoid follicle germinal centre is contingent
upon B cell activation in response to antigenic stimula-
tion. Furthermore, the findings obtained by the authors
of this article align with data from N. Fedorovskaya et
al. (2020), who established that the functional activ-
ity of lymphoid follicles is determined by the devel-
opmental stage of their germinal centre. An increase
in germinal centre size indicated an active phase of
the immune response, whereas its decrease pointed to
structural regression. Thus, the observed morphologi-
cal features of the lymphoid follicles reflected the dy-
namics of the immune response and the degree of ac-
tivation of splenic cellular elements contingent upon
the nature of antigenic exposure.

The red pulp of the spleen was comprised of splen-
ic sinuses and cords, containing a significant number
of blood vessels. It was located between the capsule,
trabeculae, and the lymphoid tissue of the white pulp.
Its stroma was formed by reticular tissue, which in-
cluded lymphocytes, macrophages, plasma cells, and
erythrocytes. The morphological characteristics of the
wild boar spleen’s red pulp were consistent with data
obtained in studies by R. Gnanadevi et al. (2019) in-
vestigating the spleen of sheep and goats, as well as
H. Kaur (2019) studying the spleen of pigs.

Accumulations of lymphocytes, capable of forming
new (primary) lymphoid follicles of the white pulp, were
observed in certain areas of the red pulp (Fig. 2d). This
finding was consistent with data presented by J. Kranich
& N. Krautler (2016). Their study demonstrated that a
significant portion of the red pulp lacks terminal capil-
laries and does not perform a filtering function. These
areas consisted of aggregates of B and T cells, along
with mononuclear phagocytes, at which sites lymphoid
follicles could subsequently develop.

Based on the findings, the mesenteric lymph nodes
of the Asian wild boar subspecies were determined to
have an oval or elongated shape, a dense consisten-
cy, and a greyish-yellow colour. These nodes were ar-
ranged in a chain within the mesentery of the small
intestine, between the loops of the colon, and in the
short mesentery of the rectum (Fig. 3a). Microscopic
examination revealed that the lymph nodes were ex-
ternally enclosed by a well-developed connective tis-
sue capsule. Wide trabeculae extended inwards from
the well-developed capsule into the organ, forming a
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branched structure within the cortical zone of the node.
The internal framework of the lymph node was consti-
tuted by the stroma, which consisted of reticular con-
nective tissue. The capsule and trabeculae comprised a
dense network of collagen fibres, which were revealed
as bright red structures when stained by Van Gieson’s
method (Fig. 3b). Collagen fibres were also present
within the walls of blood vessels, albeit in limited
quantities. Similar data were reported by A. Kalita et
al. (2014), who indicated that the capsule and trabecu-
lae of both the cortex and medulla of lymph nodes in
Mizo local pig (Zo Vawk) primarily consisted of collagen
fibres, with a lesser proportion of elastic fibres. The con-
tent of elastic fibres was notably higher in the blood
vessels situated within the capsule and trabeculae.
Furthermore, studies by Y. Bozkurt et al. (2019) demon-
strated that the capsule and trabeculae of the wild boar
lymph node were analogous to those of the domestic
pig. They contained both collagen and elastic fibres and
also included smooth muscle cells and fibroblasts.

Figure 3. Macroscopic and microscopic appearance
of the mesenteric lymph nodes of the Asian
wild boar subspecies
Note: a. Mesenteric lymph nodes (indicated by arrows). b.
Microscopic appearance of the lymph node cortex: 1 - organ
capsule, 2 - branched trabeculae, 3 - organ parenchyma.
Collagen fibres appear bright red in the capsule and
trabeculae. Van Gieson’s staining, magnification x40
Source: authors’ photo

The organ parenchyma primarily comprised lym-
phocytes at various stages of maturation and function-
al activity. Within its structure, three main zones were
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discernible: the cortex, the paracortical region, and the
medulla. The cortex was characterised by a high den-
sity of lymphocytes and was subdivided into the out-
er cortex and the paracortical zone. Lymphoid follicles
were located in the outer cortex and were subdivided
into primary (resting follicles) and secondary (actively
functioning follicles). Secondary follicles predominat-
ed among them, distinguished by a distinctly evident
light (germinal) centre, along with mantle and mar-
ginal zones. The germinal centre contained large lym-
phocytes (lymphoblasts) and was encircled by a layer
of densely packed small (mature) lymphocytes (Fig. 4a).
Similar morphological organisation has been noted
in other animal species, including sheep (Rahmoun et
al., 2020) and camels (Fares et al., 2023).

Figure 4. Microscopic appearance of the mesenteric
lymph nodes of the Asian wild boar subspecies

Note: haematoxylin-eosin staining, magnification: a -
x40, b - x100. a. Regions of the organ cortex: 1 - actively
functioning lymphoid follicles, 2 - resting lymphoid follicles,
3 - paracortical zone, 4 - medulla. b. Region of the medulla
surrounded by paracortical zones: 1 - paracortical zone, 2 -
medulla, 3 - primary lymphoid follicle
Source: authors’ photo

The paracortical zone of the lymph node was situ-
ated between the outer cortex and the medulla. It pri-
marily consisted of diffusely distributed lymphocytes
and surrounded both primary and secondary lymphoid
follicles. In addition to lymphocytes, the cellular com-
position of the paracortical zone included dendritic
cells and reticular fibroblasts. According to the study by
G. Slack (2016), this region was considered the T zone
of the lymph node, as it was predominated by mature
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T cells, as well as varying numbers of large transformed
immunoblasts, which could be either T or B cells. T cells,
upon exposure to antigens, were activated, proliferated,
and differentiated into effector cells or memory cells
(Notarbartolo & Abrignani, 2022).

In the medulla, numerous reticular cells with asso-
ciated reticular fibres were observed, interspersed with
lymphocytes, plasma cells, and macrophages. Primary
lymphoid follicles, lacking a distinctly defined separa-
tion zone, were identified in this region (Fig. 4b). Their
number was significantly lower compared to the cortex.
The cellular composition was predominantly represent-
ed by small lymphocytes, macrophages, and plasma cells.
These findings were consistent with data presented by
A.Panphilof et al. (2005),additionally noted that the main
cell type in wild boar lymph nodes comprises lympho-
cytes, reticular cells are second in prevalence, and mast
cells are present throughout all zones of the lymph node.

Haemolymph nodes identified in the wild boar were
primarily located within the abdominal cavity along the
abdominal aorta, in the perirenal adipose tissue, and

deep within the omentum (Fig. 5a). They presented
as formations of varying size, exhibiting a round-oval
shape, ranging from dark red to brown in colour, with
an elastic consistency. Similar haemolymph nodes have
been described in humans (Pototskaya & Lapsar, 2016)
and in the water deer (Artemeva, 2018). Upon section-
ing, the parenchyma of the nodes was saturated with
blood, while in certain areas, greyish-white inclusions
and connective tissue strands were observed. Micro-
scopic examination established that the haemolymph
node was covered by a capsule consisting of fibrous
connective tissue. Connective tissue trabeculae extend-
ed inwards from the capsule into the organ, dividing
the parenchyma into separate regions. According to
data from K. Arbaev et al. (2019), in the wild boar, the
trabeculae in the haemolymph nodes not only pos-
sessed significant width but were also welldeveloped.
A small number of smooth muscle cells and a signifi-
cant quantity of collagen fibres were found in the cap-
sule and trabeculae, which corresponded to data from
T.Kannan et al. (2019).

Figure 5. Macroscopic and microscopic appearance of the haemolymph node of the Asian wild boar subspecies
Note: a. Haemolymph nodes deep within the omentum (indicated by arrows). b. Microscopic appearance of the middle
zone of the haemolymph node: 1 - accumulation of erythrocytes in the parenchyma, 2 - lymphoid follicles in different

morphofunctional states. Magnification x200
Source: authors’ photo

The organ parenchyma was subdivided into zones
containing a mixture of blood and lymph, thus confirm-
ing the presence of haemolymph within the afferent
vessels and sinuses. Beneath the capsule lay a wide
subcapsular sinus, which was continuously connect-
ed to the trabecular sinuses. A significant number of
erythrocytes were observed within the subcapsular si-
nus and peritrabecular spaces, imparting the node its
characteristic red hue. According to studies by M. Zidan
& R. Pabst (2004), haemolymph nodes contained sub-
capsular sinus, trabecular and medullary blood sinuses,
indicative of their involvement in blood circulation and
filtration. Accumulations of erythrocytes were observed
throughout the entire parenchyma of the node, among
which regions featuring a local concentration of lym-
phocytes were encountered. These lymphoid accumu-
lations formed both follicles and diffusely distributed
zones within the interfollicular space (Fig. 5b). Sec-
ondary lymphoid follicles, separated by blood sinuses,
were predominantly observed. They were in an active

functional state, evidenced by the presence of well-de-
veloped germinal centres. A mantle zone was identified
around the periphery of the germinal centres. The cel-
lular composition included small, medium, and large
lymphocytes, macrophages, and plasma cells. These
findings indicated that haemolymph nodes functioned
as lymphoid organs. According to data from C. Park et
al. (2001), haemolymph nodes likely perform functions
related to haematopoiesis, blood filtration,and immune
responses. However, the precise mechanisms underly-
ing the functioning of this organ remain insufficiently
studied (Boes & Durham, 2017). Consequently, the mor-
phological characteristics of the secondary organs of
immunogenesis presented in this study for the Asian
wild boar subspecies serve as baseline data and reflect
their functional activity in a healthy state.

Conclusions

Morphostructural analysis revealed that the spleen,
mesenteric lymph nodes, and haemolymph nodes of
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the Asian wild boar subspecies possess characteris-
tic anatomical, histological, and cellular features. The
spleen exhibits an organisation typical of a parenchy-
matous organ, with a clear demarcation between the
white and red pulp. Its lymphoid follicles are present
at various stages of maturation, indicative of active
immune processes. The red pulp, comprised of retic-
ular tissue and an extensive vascular network, con-
firms its role in blood filtration and the destruction
of erythrocytes.

Mesenteric lymph nodes feature a well-developed
capsule and trabeculae containing collagen fibres. Their
structure includes distinct cortical and medullary zones,
as well as a paracortical region containing diffuse lym-
phoid tissue. The predominance of secondary lymphoid
follicles with germinal centres signifies active antigenic
stimulation. Haemolymph nodes are characterised by a
prominent sinusoidal system saturated with erythro-
cytes, indicating their involvement in blood filtration
and the destruction of aged erythrocytes. The active
state of lymphoid follicles further confirms their role in
the immune response and haematopoiesis.

Further studies should encompass age-related and
seasonal variations in the morphofunctional state of
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these organs, and include a comparative analysis with
domestic pigs to elucidate evolutionary differences in
immune system organisation. These findings are of im-
portance for veterinary medicine, ecology, and animal
husbandry, potentially contributing to the development
of strategies for controlling infectious diseases in wild
animal populations.

Acknowledgements

The authors express their sincere gratitude to the PhD
in Agricultural Sciences, Associate Professor Orozbek
Keneshovich Aidraliev, and the Department of Protec-
tion and Rational Use of Natural Resources of the State
Agency for Environmental Protection and Forestry un-
der the Government of the Kyrgyz Republic for provid-
ing the opportunity to collect experimental material
from wild animals.

Funding
None.

Conflict of Interest
The authors declare that there is no conflict of interest
in this study.

[1]
[2]
[3]
[4]

[5]

[6]
[7]

[8]
[°]

Aliyu, M., Zohora, F., & Saboor-Yaraghi, A.A. (2021). Spleen in innate and adaptive immunity regulation. AIMS
Allergy and Immunology, 5(1), 1-17. doi: 10.3934/Allergy.2021001.

Arbaey, K.S., Aidraliev, O.K., Amirakulov, M.M., & Azhybekoy, B.S. (2019). Comparative morphofunctional state of
hemolymph nodes in wild artiodactyls. Bulletin of Hunting Studies, 16(3), 178-183.

Artemeva, E. (2018). Histomorphology of haemolymph nodes of water deer (Hydropotes inermis argyropus):
Novel study. Basrah Journal of Veterinary Research, 17,314-325. doi: 10.33762/bvetr.2018.144960.

Asaro, RJ., & Cabrales, P. (2021). Red blood cells: Tethering, vesiculation, and disease in micro-vascular
flow. Diagnostics, 11(6), article number 971. doi: 10.3390/diagnostics11060971.

Boes,K.M., & Durham,A.C.(2017).Bone marrow, blood cells,and the lymphoid/lymphatic system.In J.F.Zachary
(Ed.), Pathologic basis of veterinary disease (pp. 724-804). Maryland Heights: Mosby. doi: 10.1016/B978-0-323-
35775-3.00013-8.

Bozkurt, Y.A., Atep, S., Kozlu, T., & Bapak, F. (2019). The architecture of the lymph nodes in the abdominal and
thoracic cavities of wild boar. Indian Journal of Animal Research, 53(5), 609-615. doi: 10.18805/ijar.B-759.
Cakala-Jakimowicz, M., Kolodziej-Wojnar, P., & Puzianowska-Kuznicka, M. (2021). Aging-related cellular,
structural and functional changes in the lymph nodes: A significant component of immunosenescence?
An overview. Cells, 10(11), article number 3148. doi: 10.3390/cells10113148.

Chirkova, E.N., Zavaleeva, S.M., Sadykova, N.N., Avtaeva, E.N., & Sedegov, SV. (2023). The boar heart and spleen
anatomy (Sus scrofa). Actual Questions of Veterinary Biology, 2(58), 16-19. doi: 10.24412/2074-5036-2023-2-16-19.
Chuluunbaatar, T., Ichii, O., Masum, M.A., Namba, T., & Kon, Y. (2023). Morphological characteristics of genital
organ-associated lymphoid tissue in the vaginal vestibule of goats and pigs. Veterinary Sciences, 10(1),
article number 51. doi: 10.3390/vetsci10010051.

[10] Crane,G.M.,Liu,Y.C., & Chadburn,A.(2021).Spleen: Development,anatomy and reactive lymphoid proliferations.

Seminars in Diagnostic Pathology, 38(2), 112-124. doi: 10.1053/j.semdp.2020.06.003.

[11] Cruz de Casas, P.,, Knopper, K., Dey Sarkar, R., & Kastenmdller, W. (2024). Same yet different - how lymph node

heterogeneity affects immune responses. Nature Reviews Immunology, 24(5), 358-374. doi: 10.1038/s41577-
023-00965-8.

[12] Da Fonseca Filho, L.B., et al. (2023). Topographic and morphological aspects of the spleen of Bradypus

variegatus (SCHINZ, 1825). Medicina Veterindria, 17(4), 210-216. doi: 10.26605/medvet-v17n4-5824.

[13] Dubreil, L., Ledevin, M., Hervet, C., Menard, D., Philippe, C., Michel, F..., Larcher, T., Meurens, F., & Bertho,

N. (2022). The internal conduit system of the swine inverted lymph node. Frontiers in Immunology, 13,

article number 869384. doi: 10.3389/fimmu.2022.8693%84.

Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 1 45


https://doi.org/10.3934/Allergy.2021001
https://elibrary.ru/item.asp?id=40103110
https://elibrary.ru/item.asp?id=40103110
https://www.researchgate.net/publication/333025733_26-_HISTOMORPHOLOGY_OF_HAEMOLYMPH_NODES_OF_WATER_DEER_HYDROPOTES_INERMIS_ARGYROPUS_NOVEL_STUDY
https://doi.org/10.3390/diagnostics11060971
https://doi.org/10.1016/B978-0-323-35775-3.00013-8
https://doi.org/10.1016/B978-0-323-35775-3.00013-8
https://arccjournals.com/journal/indian-journal-of-animal-research/B-759
https://doi.org/10.3390/cells10113148
https://doi.org/10.24412/2074-5036-2023-2-16-19
https://doi.org/10.3390/vetsci10010051
https://doi.org/10.1053/j.semdp.2020.06.003
https://doi.org/10.1038/s41577-023-00965-8
https://doi.org/10.1038/s41577-023-00965-8
https://www.researchgate.net/publication/377322394_Topographic_and_morphological_aspects_of_the_spleen_of_Bradypus_variegatus_SCHINZ_1825
https://doi.org/10.3389/fimmu.2022.869384

Morphostructural characteristics of secondary immunogenesis organs...

[14] European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific
Purposes. (1986, March). Retrieved from https://rm.coe.int/168007a67b.

[15] Fares, M.A., Khenenou, T., Rahmoun, D.E., & Houari, H. (2023). Gross anatomical, histological, and cytological
study of the one-humped camel (Camelus dromedarius) lymph nodes in southeastern Algeria. Iranian Journal of
Veterinary Medicine, 17(4), 333-344. doi: 10.32598/1JVM.17.4.202301.

[16] Fedorovskaya, N.S., Zheleznov, L.M., Zaitsev, V.B., Diakonov, D.A., & Koledaeva, Ye.V. (2020). Morphometric
characteristic of histoarchitectonics of the human spleen. Morphology, 157(1), 41-47. doi: 10.34922/
AE.2020.157.1.007.

[17] Getmantseva, LV., Traspov, A.A., Bakoev, N.F., Prytkov, Yu.A., Bakoev, S.Yu., Petrikeeva, LV., & Kostyunina, O.V.
(2020). Identification of “Selection signatures” in pigs and wild boars (review). Agricultural Biology, 55(2),
243-256.doi: 10.15389/agrobiology.2020.2.243rus.

[18] Ghosh, D., & Stumhofer, J.S. (2021). The spleen: “Epicenter” in malaria infection and immunity. Journal of
Leukocyte Biology, 110(4), 753-769. doi: 10.1002/JLB.4R11020-713R.

[19] Gnanadevi, R., Senthilkumar, S., Kannan, TA., & Ramesh, G. (2019). Comparative histoarchitectural study of
splenic components in sheep and goat. International Journal of Current Microbiology and Applied Sciences, 8(5),
1387-1394. doi: 10.20546/ijcmas.2019.805.158.

[20] Grigoryev, V.S., Khakimov, I.N., & Molyanova, GV. (2023). Morphofunctional development of lymphoid
hematopoiesis organs in pigs during the prenatal period. Bulletin Samara State Agricultural Academy, 8(2),
87-94.doi: 10.55170/19973225 2023 8 2 _87.

[21] Hunting Rules in the Territory of the Kyrgyz Republic. (2003, February). Retrieved from https://faoclex.fao.org/

docs/pdf/kyr104375.pdf.
[22] Irgashey, A., Kalandarova, Z., Amirakulov, M., Yethindra, V., & Tagaev, T. (2020). Age-dependent alterations

in gross appearance and histology of the conjunctiva-associated lymphoid tissue (CALT) in pigs. Veterinary
Practitioner, 21(1), 38-41.

[23] Kalita, A., Kalita, P.C., & Doley, PJ. (2014). Light microscopic study on the peripheral lymphnodes of Mizo local
pig (Zo Vawk). Asian Journal of Biomedical and Pharmaceutical Sciences, 4(28), 7-12.

[24] Kannan, TA., Gnanadevi, R., Senthilkumar, S., & Ramesh, G. (2019). Histomorphometric and immunohistochemical
details of hemal nodes in Indian buffalo. Journal of Entomology and Zoology Studies, 7(2), 384-387.

[25] Kaur, H. (2019). Histomorphological and histochemical studies on pig spleen. (Doctoral dissertation, Guru Angad
Dev Veterinary and Animal Sciences University, Ludhiana, India).

[26] Kozlo, P.G. (1973). Determination of age. selection, and capture of the wild boar. Minsk: Uradzhaj.

[27] Kranich, J., & Krautler, NJ. (2016). How follicular dendritic cells shape the B-cell antigenome. Frontiers in
Immunology, 7, article number 225. doi: 10.3389/fimmu.2016.00225.

[28] Lunney, J.K., van Goor, A., Walker, K.E., Hailstock, T., Franklin, J., & Dai, C. (2021). Importance of the pig as a
human biomedical model. Science Translational Medicine, 13(621), article number eabd5758. doi: 10.1126/
scitranslmed.abd5758.

[29] Markov, N., et al. (2022). The wild boar Sus scrofa in northern Eurasia: A review of range expansion history,
current distribution, factors affecting the northern distributional limit, and management strategies. Mammal
Review, 52(4),519-537.doi: 10.1111/mam.12301.

[30] Marunchyn, A, Kovalova, A., Palys, M., Tereshchenko, K., & Honcharenko, M. (2024). Clinical and morphological
analysis of splenic neoplasms. Ukrainian Journal of Veterinary Sciences, 15(3), 113-135. doi: 10.31548/
veterinary3.2024.113,

[31] Merkulov, G.A. (1969). Course in pathohistological techniques. Leningrad: Medicina.

[32] National Statistical Committee of the Kyrgyz Republic. (n.d.). Retrieved from https://stat.gov.kg/ru/statistics
turizm-otdyh-ohrana-okruzhayushej-sredy/.

[33] Notarbartolo, S., & Abrignani, S. (2022). Human T lymphocytes at tumor sites. Seminars in Immunopathology,
44(6), 883-901. doi: 10.1007/500281-022-00970-4.

[34] Pabst, R. (2020). The pig as a model for immunology research. Cell and Tissue Research, 380, 287-304.
doi: 10.1007/s00441-020-03206-9.

[35] Pan,W.R., et al. (2023). Hemolymph node - an immunomorphlogical organ: Modeling the hemolymph node by
allografting renal tissue in the rat. Cells Tissues Organs, 212(2),147-154. doi: 10.1159/000520360.

[36] Panphilof, A.B., Vidyakina, M.A., & Sokolof, V.I. (2005). The cytoarchitectonics of the mesenteric lymphonodes
of the wild pigs. Morphological Newsletter, 3-4,76-79.

[37] Park, C.B., Seong, J.K,, Lee, I.S., Lee, H.S., Lee, J.S., & Yoon, Y.S. (2001). Structure of hemolymph node in WKY
rats. Korean Journal of Veterinary Research, 41(3), 287-292.

[38] Pototskaya, O.Y., & Lapsar, H.S.(2016). Subtypes of human atypical lymph nodes, defined based on comparative
morphological analysis. Morphologia, 10(2), 45-52. doi: 10.26641/1997-9665.2016.2.45-52.

| 46 Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 1


https://rm.coe.int/168007a67b
https://doi.org/10.32598/ijvm.17.4.202301
https://doi.org/10.34922/AE.2020.157.1.007
https://doi.org/10.34922/AE.2020.157.1.007
https://doi.org/10.15389/agrobiology.2020.2.243rus
https://doi.org/10.1002/jlb.4ri1020-713r
https://doi.org/10.20546/ijcmas.2019.805.158
https://bulletin.ssaa.ru/1997-3225/article/view/568221
https://faolex.fao.org/docs/pdf/kyr104375.pdf
https://faolex.fao.org/docs/pdf/kyr104375.pdf
https://elibrary.ru/srrrux
https://elibrary.ru/srrrux
https://www.alliedacademies.org/articles/light-microscopic-study-on-the-peripheral-lymphnodes-of-mizo-local-pig-zo-vawk.pdf
https://www.alliedacademies.org/articles/light-microscopic-study-on-the-peripheral-lymphnodes-of-mizo-local-pig-zo-vawk.pdf
https://www.researchgate.net/publication/331949995_Histomorphometric_and_immunohistochemical_details_of_hemal_nodes_in_Indian_buffalo
https://www.researchgate.net/publication/331949995_Histomorphometric_and_immunohistochemical_details_of_hemal_nodes_in_Indian_buffalo
https://krishikosh.egranth.ac.in/server/api/core/bitstreams/aac580cd-cd05-41fd-ab7a-9ee98d80d239/content
https://e-catalog.nlb.by/Record/BY-NLB-br226964
http://dx.doi.org/10.3389/fimmu.2016.00225
https://doi.org/10.1126/scitranslmed.abd5758
https://doi.org/10.1126/scitranslmed.abd5758
https://doi.org/10.1111/mam.12301
https://doi.org/10.31548/veterinary3.2024.113
https://doi.org/10.31548/veterinary3.2024.113
https://stat.gov.kg/ru/statistics/turizm-otdyh-ohrana-okruzhayushej-sredy/
https://stat.gov.kg/ru/statistics/turizm-otdyh-ohrana-okruzhayushej-sredy/
https://doi.org/10.1007/s00281-022-00970-4
https://doi.org/10.1007/s00441-020-03206-9
https://doi.org/10.1159/000520360
https://elibrary.ru/mhwugh
https://elibrary.ru/mhwugh
https://koreascience.kr/article/JAKO200124457068047.page
https://koreascience.kr/article/JAKO200124457068047.page
https://doi.org/10.26641/1997-9665.2016.2.45-52

Amirakulov et al.

[39] Rahmoun, D.E., Barani,S., & Lieshchova, M.A. (2020). Anatomo-topographic and radiological study of the sheep
lymph node in Algeria. Journal of Veterinary Medicine and Research, 7(4), article number 1195.

[40] Riedel, R., et al. (2020). Discrete populations of isotype-switched memory B lymphocytes are maintained in
murine spleen and bone marrow. Nature Communications, 11(1), article number 2570. doi: 10.1038/s41467-
020-16464-6.

[41] Shringi, N., Mathur, R., Kumar, V., Rohlan, K., & Ganguly, S. (2018). Histological studies on the spleen of large
White Yorkshire Pig (Sus scrofa). Journal of Entomology and Zoology Studies, 6(1), 1142-1144. doi: 10.22271/].
ento.6.1.257.1.

[42] Slack, G.W. (2016). The pathology of reactive lymphadenopathies: A discussion of common reactive patterns
and their malignant mimics. Archives of Pathology & Laboratory Medicine, 140(9), 881-892. doi: 10.5858/

arpa.2015-0482-SA.
[43] Steiniger, B.S. (2015). Human spleen microanatomy: Why mice do not suffice. Immunology, 145(3), 334-346.

doi: 10.1111/imm.12469.
[44] Victora, G.D., & Nussenzweig, M.C. (2022). Germinal centers. Annual Review of Immunology, 40(1), 413-442.

doi: 10.1146/annurev-immunol-120419-022408.
[45] Wei, Y., Wang, T., Liao, L., Fan, X, Chang, L., & Hashimoto, K. (2022). Brain-spleen axis in health and diseases:
Areview and future perspective. Brain Research Bulletin, 182,130-140.doi: 10.1016/j.brainresbull.2022.02.008.
[46] Yamada, M.,Aizawa, E., Dohi,A., Sasaguri, K., Yamamoto, T., & Noguchi, T.(2025). Rat hemolymph nodes provide
a direct communication site for macrophages interacting with erythrocytes and mast cells. Cells Tissues Organs,

ahead of print. doi: 10.1159/000543747.
[47] Zidan, M., & Pabst, R. (2004). Histological, histochemical and immunohistochemical study of the haemal

nodes of the dromedary camel. Anatomia, Histologia, Embryologia, 33(5), 284-289. doi: 10.1111/j.1439-
0264.2004.00550.x.

Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 1 47


https://www.univ-soukahras.dz/en/publication/article/2270
https://www.univ-soukahras.dz/en/publication/article/2270
https://www.nature.com/articles/s41467-020-16464-6
https://www.nature.com/articles/s41467-020-16464-6
https://www.researchgate.net/publication/322909466_Histological_studies_on_the_spleen_of_large_White_Yorkshire_Pig_Sus_scrofa
https://www.researchgate.net/publication/322909466_Histological_studies_on_the_spleen_of_large_White_Yorkshire_Pig_Sus_scrofa
https://doi.org/10.5858/arpa.2015-0482-sa
https://doi.org/10.5858/arpa.2015-0482-sa
http://dx.doi.org/10.1111/imm.12469
https://doi.org/10.1146/annurev-immunol-120419-022408
https://doi.org/10.1016/j.brainresbull.2022.02.008
https://doi.org/10.1159/000543747
https://doi.org/10.1111/j.1439-0264.2004.00550.x
https://doi.org/10.1111/j.1439-0264.2004.00550.x

Morphostructural characteristics of secondary immunogenesis organs...

)Xanaibl kKaMaHaapaarbl UMMYHOFeHe3AUH SKMHYWINK
opraHgapbiHbIH MOP$OCTPYKTYpasiblKk MyHe34eMecy

Mapacyn6ek AMUpaKynoB

Buonorma nnnMoepuHMH KaHOWOATbl, OOLEHT

K.MN. CKkpsabuH aTbiHOarbl Kblprbi3 yAyTTyK arpapablk YHUBEPCUTETH
720005, MegepoB Keu., 68, BuLikek ., Kblprbi3 Pecrnybnmkacshl
https://orcid.org/0000-0002-2432-4670

Ky6aH Ap6aeB

BeTepurHapua ManMMaepuHMH OOKTopy, Npodeccop

K.N. CkpabuH aTbiHAarbl Kbiprbi3 ynyTTyK arpapiblK YHUBEPCUTETH
720005, MefepoB Keu., 68, bullikek L., Kbiprbiz Pecnybivkacsl
https://orcid.org/0000-0003-3910-5283

BakTbl6eK AXKbl6eKoB

BeTepuHapma unnMoepuHmMH KaHamnaoaTtol, OOUEHT

K.MN. CkpabuH aTtbiHOarbl Kblprbi3 yayTTyK arpapablKk YHUBEPCUTETH
720005, MegepoB Keu., 68, buLikek ., Kblprbi3 Pecnybnmkacshl
https://orcid.org/0000-0002-7079-6791

JTioamuna JbiIxuHa

BeTepuHapua unnMaepuHMH KaHaWMOaTbl, DOLEHT

K.MN. CKpa6buH aTbiHAarbl Kbiprbi3 yAyTTYK arpapablk YHUBEpCUTETU
720005, MegepoB Keu., 68, BuLikek w., Kblprbi3 Pecnybnmkacsol
https://orcid.org/0000-0002-9371-8278

Pacupa Kapa6aeBa

BeTepuHapuma nnuMoepuHmMH KaHanaoaTbol, LOLEHT

K.N. CKpsabuH aTbiHAarbl Kbiprbl3 yayTTyK arpapablk YHUBEpCUTETU
720005, MefepoB Keu., 68, bullkek L., Kbiprbiz Pecnybnvkacsl
https://orcid.org/0000-0001-5845-8020

AHHOTaumusA. Ap KaHZai 3TMoNOrMadarbl biNaH4apAblH MaTOreHesnHAe MMMYHAYK KNeTKanapAblH KaTbllWyyCyH
TaNf00 aHa aHbl AApbIIO0 XaHa anfdbiH anyy MWTEPUHAE KOMAOHYY YYYH UMMYHLAYK CMCTEMaHbIH OpraHAaapbiHbiH
KaHa TKaH4apblHbIH HOpMaaarbl MOpONOrUachiH 6unyy 3apbin. byn uwTe, Kbiprbiz PecnybamkacbiHbiH Yyit 061yCcyHYH
MockBa paiOHYHYH TOO-Taflaa aliMaKTapbliH KEpAEreH asus/ibliKk Typuemery kanawbl KaMaHzapabiH (Sus scrofa
nigripes) SKUHUMMK (YETKM) UMMYHOYK OpraHAapbIHbIH MOPGONOrUANbIK U3UNAS6NEPYHYH XKblibIHTbIKTApbl GEPUTEH.
M3unpeeHyH MakcaTbl 6oyn AeHn cak KaHblbapnapablH Kok 600pyHYH, ME3eHTEPMaNAbIK IMMda TYiyHASPYHYH XaHa
reMonumda TYMyHASPYHYH MMMOOUAANK TYy3YMASPYHYH XKanmnbl MOPdONOTUANbIK KaHa GYHKLMANbIK 83reUesyKTepyH
aHbIKTan KepceTyy caHanart. M3unaeeHyH MaTepuasibl XXbIHbICTbIK YXaKTaH XXeTUATeH yy Balll anaibl KaMaHAaH asblHraH.
KotonraH MakcaTka eTyy Y4yH aHaTOMUAbIK )KaHa FTMCTONOTMANbIK U3UMAE6 bIKManapbl NaiaanaHbiiraH. AHaTOMUANbIK
bIKManap apKblilyy opraHAapmblH CMHTOMMUACHI, GOPMAChI, TYCY aHa KOHCUMCTEHLMSCHI aHbIKTanraH. [McTonornsanbik
M3UNaeenep annbl Kabbll ablHraH blkManap 6GOKHYA KYPry3yAreH: opraHAblH Xanmbl TY3YMAYK YOMOYYAyryH
aHbIKTOO Y4YH reMaTOKCUMIMH KaHa 303MH DOEKTOPY, an 3Mu BYNYYH XaHa TYyTyMAALUTbIPrblY TKAHAbIH 3/1EMEHTTEPUH
aiblpManoo y4yH BaH-MM30H bikMackl KongoHyAraH. Xapblk MUKPOCKOBYHYH XapAaMbiHAA OpraHaapAblH CTPOMasbiK
XaHa napeHxMManblk Ty3yMaepy, KNeTkanblk Kypambl xaHa numdonaamnk naiga 6onyynapasiH MophodyHKLMANbIK
abangapbl TanmaHraH. MaungeenepayH XbldbIHTbINbIHAA XKbIHbICTbIK KaKTaH XETUIreH a3us/blk Typueaery xanabl
KaMaHAapAblH KeK G00pYHYH, uMda XaHa reMonuMba TyMYHLSOPYHYH MOPMONOrUs/biK ©3reuesykTepy aHa
MOphOdYHKUMANBIK abanbl aHbiKTangpl. A3Msnbik Typuyenery >kanaibl KamMaHnAaphblH MMMYHOYK CMCTEMAcbiHbIH
3KMHUYMNMK OpraHaapbl 6OHYA anblHraH MaanbiMaTTap MopdoorUsANbIK HOPMaHbl ©3YHe KaMTbIIT. XbIMbIHTbIKTAP,
anaibl KamMaH4apAblH OpraHaapbl MeHeH TKaHAapbiHbiH HOpMajarbl »aHa naToforusibik  abangappars
MOPMONOrMACH XaHa MMMYHOOMMACHI GOKOHYA MbIHAAH apKbl 3KCMEPUMEHTANAbIK aHa KONLOHMO MyHe3aery
ULLTEPAM XKYPTY3YY Y4YH HOPMATUBAMK HETU3 KaTapbl CyHywwTanaT. OwoHA0M 311e 6akMa XaHa xanaibl XaHbl6apnapabiH
opraHAapbIHbIH QYHKLMANbIK, SKOMOTUSIbIK KaHa CanbIWTbipManyy Mopdonoruscsl 60t0HYa anekTeHreH 61MoNoraopayH
)XaHa BeTepuHapAblK AapbirepNepamH WIUMMUIA KaHa MNpaKTMKanblK MIUMEPAYYIYIYHAS KOMLOHYAYWY MYMKYH

Herusrum ce3zpgep: kek 600p; numda TyinyHLepY; reMonumda TynyHAepY; Tpabekynanap; opraHablH NapeHX1MMachl;
numbonaamnk donnmkyngap; numbouunTTep
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AHHoTauus. YToObl NpoaHanM3npoBaTh y4aCTUE MMMYHHbIX KJIETOK B NaToreHe3e 60/1e3Hel pasiMyHoM 3TMON0ruu
M MCNONb30BaTb B nevyebHbIX U MpoPUNaKTUYeckux pabotax, HeobXxoAMMO 3HATb HOpPMasbHYH MOpPdONOruio
OpPraHoB W TKaHeW MMMYHHOM cucTeMbl. B paHHOM paboTe npenctaBneHbl pe3ynbTaTel MOPGONOrMyeckoro
uccnenoBaHUs BTOPUYHBIX (Nepudepuyeckux) opraHoB MMMYHHOM CUMCTEMbI AMKOro KabaHa a3uaTtckoro noasuia
(Sus scrofa nigripes), obuTaroWMX B rOPHOCTEMHOM MECTHOCTM MOCKOBCKOro parioHa Yyrickon obnactu Kelprbiackon
Pecnybnuku. Lienbto uccnenoBaHus 66110 BbisiBieHMe 00LLMX MOP)ONOrMYecknx U GYHKLMOHANbHbIX 0CODEHHOCTEN
NUMPONIHbBIX CTPYKTYp CENne3eHKW, Me3eHTepUasnbHbIX NMMMATUUECKMUX Y3/10B U reMonuMpaTnyeckux y3noB y
3[0POBbIX XMBOTHbIX. MaTepuanbl nccnenoBaHus Hbl1M 0TO6paHbl OT Tpex rofoB NOA0BO3peNbIX AUKUX KabaHOB.
[ins LOCTMKEHUS NOCTaBAEHHOM LLeNN UCMONb30BAHbI aHAaTOMUYECKME U TMCTONOrMYECKME METOAbI UCCIeLOBAHMINA.
AHaToMMyeckumMu Metonamu Obinu onpepeneHbl CUHTOMMSA, GOPMa, LBET M KOHCUCTEHLUMS AAHHbIX OpPraHoB.
[McTonornyeckue nccnenoBaHns NPOBOAMAMN MO OBLLENPUHATEIM METOAMKAM: NS BbIICHEHUS 0OLWeln CTPYKTYpHOW
OpraHu3aLMu opraHa OKpaliMBaIM TeMATOKCUIMHOM W 303MHOM, a And AudPepeHLMPOBKM MbIIEYHbIX U
COeQMHUTENIbHOTKAHHbBIX 3/IEMEHTOB MCNOoNb30BanM MeTopd BaH-Tm3oHa. C moMoLib0 CBETOBOrO MMKPOCKOMA
aQHaNU3MpoBanM CTPOMAJNIbHYD WM MAPEHXMMATO3HYH CTPYKTYPY, KNETOYHbIA COCTaB UM MOp(OdYHKLMOHANbHOE
cocTosiHMe NMMPOoMIHbIX 06pa3oBaHuit. B pesynbtaTte uccnenoBaHui Hb11M yCTaHOBAEHbI MOP(ODYHKLMOHANbHOE
COCTOsIHME 1 MOpdoNornyeckme 0CoOBEHHOCTU cene3eHKU, TMMMBATUYECKUX U reMoNnMdaTUYeCKUX Y3/10B Y AUKOTO
KabaHa a3naTCckoro nofBwAa B NMOMOBO3PENOM CTafuu. lonyyeHHble AaHHble O BTOPUYHbIX OpraHax UMMYHHOM
cucTeMbl KabaHa a3MaTCcKoro NoABuAa MpencTaBnsT cobor Mopdonornyeckyto Hopmy. PesynbTaTtel MOryT 6biTh
pEeKOMEHAO0BaHbl KaKk HOPMaTUBHasi OCHOBA A5l Aa/bHEWLMX 3KCMEePUMEHTANbHbIX U MPUKNAAHbIX pa3paboTok
Mop®d0n0rMu, UMMYHOIOTMM OPraHOB U TKaHelM AUKMUX KabaHOB B HOPME U MpU NATONOrMYEeCKUX COCTOAHMAX. Takxke
6yayT UCNOJIb30BaHbI B UCCNEA0BAHUAX M NPAKTUYECKOM paboTe BeTepUHapHbIX Bpayei U OMOoroB, 3aHUMaKLWMXCS
(YHKLMOHANbHOM, 3KONOrMYECKOM U CPaBHUTENbHOM MOP(ONOrMer OpraHoB AOMALUHUX U AUKUX XKMUBOTHbIX

KnioueBble cnoBa: cenes3eHka; nMM@aTnyeckue y3nbl; reMonuMdaTnyeckue y3nbl; Tpabekynbl; napeHxuma
opraHa; numdounaHble GoNAnKyAbl; IMMbOLMUTLI
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Abstract. The relevance of this study is conditioned by the need to develop scientifically sound methods to
optimise the processes of moisture and heat transfer in soils,which will increase the efficiency of water resources use
and improve crop yields. Under the conditions of global climatic changes and increasing deficit of water resources,
effective management of crop irrigation becomes one of the key tasks of agronomy.The purpose of the present study
was to create mathematical models describing the processes of moisture and heat transfer in soils to be applied
to optimise irrigation regimes. The study highlighted the significance of integrating mathematical modelling into
practical activities to achieve sustainable development of the agronomy sector. Convective diffusion processes in
soils attract the attention of scientific researchers, as it is associated with the broad penetration of mathematical
research methods in various fields of sciences. The great spread of surface irrigation methods necessitates the
creation of mathematical models and techniques for their solution, revealing the principal regularities of both
filtration and purely hydrodynamic processes. The study presented the key physical and mathematical reqgularities
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underlying the processes of moisture transfer and heat transfer in soil, as well as their interaction. The principal
result of the study was a plant and its optimal development, which is of final economic interest, and the object of
the study was soils, for which mechanical and mathematical models of the joint movement of moisture and heat
with their different characteristics were developed. This study investigated the non-stationary convective diffusion
equation. Based on the small perturbation method, the considered equation was represented as a linear equation
and its solution was found in the automodel form and two classes of solutions were determined. The findings of
this study may be useful for agronomists, engineers, and agricultural specialists seeking to implement modern
water management technologies and improve the efficiency of agricultural production

Keywords: convective diffusion equation; hypergeometric Gauss equation; diffusion coefficient; Kummer’s

transformations; filtration; nonstationary equation

Introduction

The relevance of the subject is driven by the growing
demands for efficient use of water resources in agri-
culture, especially in the context of climate change and
increasing global population. Optimisation of irrigation
is a key factor for increasing crop yields and sustaina-
bility, which requires a thorough understanding of soil
processes. Mathematical modelling allows not only
predicting the behaviour of moisture and heat in soils
but also developing adaptive irrigation strategies that
account for the specifics of various crops and climatic
conditions. This contributes to more rational water use,
cost reduction, and increased agricultural productivity,
which is crucial for food security.

V. Diaz-Gonzalez et al. (2022) performed numerical
simulations of the proposed model to represent soil
moisture content and plant growth dynamics and their
consistency with the results of mathematical analysis.
Furthermore, a concrete calibration was considered for
field data obtained from a wheat experiment, and then
these parameters were used to test the proposed mod-
el, resulting in an error in the estimation of soil mois-
ture content of about 6%. D. Vishwakarma et al. (2023)
argued that this simple model, which only requires soil,
irrigation, and modelling parameters, is a valuable and
practical tool for irrigation design. In this case, the net
yield profitability increases markedly compared to the
conventional method. It was also shown that the opti-
mum irrigation scheduling solution strongly depends
on the particular hydraulic properties of the soil at a
given field site (Fontanet et al., 2022).

The experimental findings of Z. Zhai et al. (2021)
showed that the recommended irrigation rate is com-
pared with the local experience of cultivation tech-
nology to obtain a decision accuracy of 81.7%. The ir-
rigation and fertiliser management plan obtained from
the intelligent decision-making system provides higher
plant height during the growth period than that of lo-
cally grown crops. I. Lakhiar et al. (2024) concluded that
the future of precision irrigation and water conserva-
tion systems looks bright due to the need for efficient
irrigation water management systems, technological
advancements, and increased environmental awareness.
As water scarcity is exacerbated by climate change and

population growth, precision irrigation and water conser-
vation systems are poised to play a crucial role in opti-
mising and modernising water use, improving water use
efficiency and reducing adverse environmental impacts,
thereby ensuring sustainable agricultural development.
S.Jaiswal & M.Ballal (2020) presented an automated
irrigation controller based on real-time fuzzy inference
implemented in LabVIEW, which utilises data from sen-
sor network and transmitted using GSM/GPRS module.
An efficient and sustainable irrigation mechanism re-
sults in reduced water losses and increased crop yields.
0. Novikov et al. (2021) proved that the development of
irrigation requires a systematic approach with mandato-
ry scientific support on the terms of public-private part-
nership and can increase revenues to the state budget.
Tremendous attention in reclamation and intensifi-
cation of agriculture is paid to improving the efficiency
of irrigated land use, creation of progressive irrigation
methods, improvement of irrigation techniques and
technology, significant saving of water reserves, preser-
vation of existing agricultural lands. The purpose of the
present study was to develop and apply mathematical
models for the analysis and optimisation of moisture
and heat transport processes in soils, which will im-
prove water resources management in agriculture.

Materials and Methods

Mathematical modelling was the principal method
employed in the present study, which helped to cre-
ate abstract models describing the processes of mois-
ture and heat transfer in soil. Comparative analysis was
used to compare various irrigation methods and their
effects on crop growth, which can help in selecting the
best approach. Using the systemic approach, processes
were considered in the context of the entire agro-eco-
system, including interactions between soil, plants, and
the atmosphere. These methods enabled a deeper un-
derstanding of soil processes and the optimisation of
irrigation systems to improve agricultural efficiency.

Groundwater always contains a certain amount of
dissolved salts. A certain amount of salts are in the soil,
in the solid phase, can be sorbed on soil particles, be
dispersed within soil pores, and appear as a result of
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irrigation (Hakami et al., 2024). When groundwater ris-
es, moisture approaches the soil surface at a fairly close
distance, intense evaporation takes place, and salts are
carried to the upper parts of the soil and to the soil sur-
face. At the same time, soil fertility decreases and after
a certain period the utilised land may become infertile
(Li et al., 2025). Therefore, methods of investigating the
water-salt regime of soils and subsoils are essential for
land reclamation (Bajpai & Kaushal, 2020). Both small
and large portions of water, food, heat, etc., are equally
bad for the plant.

Thus, the movement of salts in soils is driven by
their migration with solutes. This process of salt trans-
fer in soils, in the absence of chemical reaction and
sorption, is described by the following equation (1):

ac _ ac
m 5 =5 (PO)3) +
+5(0©-5) + 2 (DO F) —divevO, (@)

where C (x, y, z, t) is the salt concentration in the lig-
uid, v is the filtration speed, m, is the active porosity of
soil, which characterises the active volume of the pore
space, D (Q) is the diffusion coefficient,which in the gen-
eral case is a function of the salt concentration in the
liquid (Derbie et al., 2024). It was previously proposed
that the soil was assumed to be homogeneous, isotrop-
ic, and therefore the diffusion coefficient and filtration
rate components were considered constant in the first
approximation (Henri & Diamantopoulos, 2023). In this
case, equation (1) had the following form:

m ac _ [62c 92¢c azc]
09 = 70 [gxz " 9y2 ' 9z2
ac ac ac
-Uy——-V,—— — 2
UO dx Vo ay 052 ’ ( )

while the following initial-boundary conditions were set:

a.At the initial moment t=t,, C (x, y, x,t,) =P, (x,y,2) (3)

b. At the boundary C (x, y, x, t)) = Q, (X, ¥ Z,» 1) 4)
Next, a new function was introduced:

C(X,y,X: t0)=exp§0' Q (X’y’X’ t)’i()=
=a,x+byy+c,z+d,t, %)

and a linear equation of the following form was ob-
tained:

0=0,+0Q +Q, 6)

= Xy

which is an equation for further studies, therewith:

4 = Uo _ W _ W
0 7 2Dy’ "0 T 2Dy’ 0 T 2Dy’
UE+VE+WE Do
do = —4—, T=—t.
moDo mo

The solution of equation (6), invariant relative to
the uniparametric similarity transformation group:

X=2yx,Y'=>yy,2=>yz, 7=y, 0= y0,
which must have the following form:
Q. y,z,19) =" - P(1:),m = M (7)
By finding all necessary specific derivatives and
substituting them into the equation (6) under study,

the following ordinary differential equation can be
obtained:

P’ + [t +3m | P) 2Py =0, (8)
Comparing it with an equation of the form
xy" +(ax+b) y'+(cx+d)y=0, ©)

it is possible to write one of the solutions as follows:

y =xb2. g2, F< 2d-ab )‘

2+ a?-4c
%(b—l);X\/aZ—llc (10)
i.e., one of the specific solutions of equation (8) takes
the following form:

4n+1 11

P(n1)=771‘1'4'e"“/8-F(— ” .—1;1771)’ (11)

wherea=>,b=2,c=0d=-"%
4 2 4
The last solution can be written as a polynomial at
K=(4n -1)/4.The solution of the studied equation (6),

. . . 2 2 2
in general form, is written as follows 7, = &2+

D
=0,
mo

D n
Cxy,z0=expn, - (m—‘;t) -

. [n1_1/4] . eXpnl . F(_

4n+l 1 1
x '2al)

(12)

If a new variable n=-n1/4 is introduced, then de-
fining the first and second derivatives P, P,” and sub-
stituting into (8), the following expression is obtained:

nP’() + [t —n| P@) +nP) =0, (13)
which is a degenerate hypergeometric Gauss equation
and has two linearly independent solutions:

P, () = C,F, (_17; %i '7) + C,n'/?F, (_77 + %' %: ’7)- (14)

It is known that both linearly independent solu-
tions simultaneously cannot be written as an alge-
braic polynomial. The first solution has the form of a

polynomial when n=1, 2, 3....K, and the second when
n= 3/2,5/2,... (2xk+1)
S————
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Results and Discussion
Some exact solutions can be written for the first solu-
tion of equation (6) considering the planned solution (7)

Q. y,2,1)=C, (2T +n?),
atn=1,

QX y,z1)=C (122 +12tn+n?,
atn=2,

Q(x,y,z,71)=C (1207°+1807” n+ 30 tn* +n°),
atn=3,

Qxy,21)=
=C (a,i“+at* 'n+-a > +a n’),at n=k. (15)

For the second linearly independent solution of
equation (6), there will be other expressions Q (x,y,z,T)=
=C,n(6t+n?),atn=3/2,

Q(x 5, 7 1) = C,n (607% + 20Tn? +n*), atn= 5/2 ,

Qxy z1)=
= C,n (8073 + 4207212 + 42tn* +n®), atn=7/2

Q (x5, 1) = Con
X(bo‘[k'l/z + bl.[k-3/2772 + ,,,b"_lrn2k-3/2 + bnn2k+1/2)'
atn=n+1/2 (16)

Thus, the authors of this study developed two
classes of specific automodel solutions for equation (6),
which have many different solutions at varying n val-
ues. Using Kummer’s transformations, one can find oth-
er classes of specific solutions (Kamke, 1977).

A different solution of equation (6) was also con-
sidered, based on the group properties of differential
equations, where the invariance of the equation under
study relative to the transformation group of independ-
ent and dependent variables was observed (Singh et
al., 2020). Based on the above, the solution of equa-
tion (6) can be found in the following form:

Qxyz1)=
=(x+y+2)? - f(&), where &; =

T

17)

(x+y+z)?

By finding all the necessary specific derivatives and
substituting them into the equation, an ordinary differ-
ential equation of the second order can be obtained

&fo €) -

Li(n-da|reE)+™ sy =0. (18)
With the introduction of the new function
(&) =e%-&f(§), where & = &%, (19)

the following equation will be obtained:

Sagyndykova et al.

6@+ [Ee+ (2v+i+n)E]f©
+Ee+(n+2+E0)¢] - fo(0) +

+[H2 4+ (- v+t p@© =0 0

Assuming that the square bracket of the last term
of the resulting equation is zero, this is possible at
=-n/2 and v,=(1 - n)/2" and so for each value of v

the following two equations will be called degenerate
hypergeometric Gauss equations:

3+ [+ 5 S+

n-12

+[Ee -2 f =0,aty = -2 (21)
& + [+ 2| s+
+[Ee -2 =0,aty = -2 (22)

In the vicinity of the singular point =0, both lin-
early independent solutions of equation (21) will be
written as follows:

@& = exp(—5¢)

e (5 55) + e (52 5:55)]

(23)

where C,, C, are integration constants.

The general solution of equation (6), considering
the solution of (17, 19), will take the following form:

Q(xyz1) =1" - exp(=§/12) -

(e (5 5ig) + ee2 F (25 E)|es

Thus, the required function for equation (21) will
finally be written as follows:

Do n/2
N(x3, 20 = exp (agx + boy + oz — dot) - (22t )
0

mg(x+y+z)2)
Do+12t

exp

ClF["H 1, o .(m)z]+

27 12D, t

(25)

+C (mo (x+Y+Z)2)1/2F[n+Z 3. mo (x+y+z)2]
2\12p, t 2 "2’ 12D, t

The general solution for equation (22) will take the
following form:

@& = exp(—5¢)
[C1 (n+2 3 $)+CZ€1/2F(n+1 1 f)]

2’12 2 2712

(26)

then for equation (6) itself, the solution will be written
as follows:
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n—1

Qxyz1) = (—0 )T (X;}"Z,T)EXp(—%)-
'[Cl (n+2 3 §)+CE 1/2F(n+1 1 {)] (27)

2’2712 2’2712
and considering expression (5), ultimately there is

C(Xy 7z 0) = exp (agx + byy + coz — dyt) -

2
t 2 (x +y+2z)- exp( Mo (rty+z)” )

120, ¢t
2 —1/2
n+2 3 mo_ (x+y+2)? mgy (x+y+2)
e F (22 STy, (Lo Lty
"2 120, ¢t 120, ¢t

F(n+1 1. mg (x+y+z)2)]
2 '2712D, t

(28)
Next, the analysis will be made when each specif-
ic solution of the degenerate hypergeometric Gaussian
function can be represented in the form of an algebraic
expression. The first specific solution of expression (23)
is represented in the form of a polynomial when
n=-2k+1,and the second at n=-2k - 2.

Hence, it can be observed that at the same values
of the automodelling index, the specific solutions can-
not be simultaneously written in algebraic polynomials.
Some exact solutions of equation (6) will be defined, for
the first specific solution:

C(xy, 7 0 = exp(agx + byy + coz — dyt) -

-1/2 2
Do mo(x+y+2z)
(m t) -eXp(— 12Dt ) (29)
Cxyz0=
B ) 4 Dy , T3/
=exp (apx + byy + coz — dyt)- mot .
mg (x+y+2z)>? i _ mo(x"+y+2)?
cewp (M) [1-m0a] 6o

Next, two solutions at n=-2 and n=-4 will be writ-
ten out for the second specific solution:

CO

(x+y+z)exp -

Cxy,70=0C,

mo(x+y+2)?

. [(aox + byy + cpz + dot) — 200t (31)
Cxyz0=C, (Z—‘;t)S/Z (x+y+z)exp:
. [(aox + boy + coz — dyt) — %D};Z)Z] .
[t =

The authors of the present study defined a class
of exact solutions of equation (2,6), and the analysis
of the obtained solutions convinced specialists that
the number of summands obtained by polynomials
increases with decreasing of the automodelling in-
dex n. The integration constants C,, C, are determined

from the explicit setting of the initial boundary con-
ditions (3, 4). The principal result of the study was the
optimum development of various crops in the field,
which is of final economic interest, and the object of
the study was soil, for which mechanical and math-
ematical models of the joint movement of moisture,
heat, and various concentrations of salts with differ-
ent characteristics were developed.

Based on the principles of geochemical hydrody-
namics and the results of its application in the field
of irrigation and land drainage, the study investigated
and outlined the methodology for calculating the salt
regime of soils (Rachinskaya et al., 1963). According
to this, the equation of convective diffusion and mass
transfer during water filtration in soils was analysed
analytically (Sagyndykova & Tuganbaev, 2014), and
methods of calculation of these processes were pro-
posed. In irrigated areas, a significant problem is the
prevention of salinisation of fertile lands that were
abandoned due to the rise of saline groundwater and
other types of salinisation (Phogat, 2012). According
to W. Guo et al. (2001), salinisation of naturally saline
lands, which after desalinisation become suitable for
farming, continues to be relevant.

Therefore, measures preventing soil salinisation,
forecasting, and correct calculations of the conse-
quences of land irrigation are of paramount signif-
icance. M. Hagage et al. (2024) pointed out that the
application of reclamation measures substantially af-
fects the natural hydrochemical regime of the upper
part of the soil, which can cause severe environmental
consequences. Therefore, the development of sound
methods for predicting hydrochemical processes in
soils, aeration zone soils, and groundwater is criti-
cal (Zhai et al., 2021). The prediction should explain
why the same intervention, in some conditions gives
a strong effect, while in other conditions turns out to
be suboptimal and sometimes harmful. According to
H.Li & Z.Luo (2011), the correct forecast is based on
the methods of geochemical hydrodynamics, which
combines the principles of filtration theory, diffusion,
chemical kinetics, and modern mathematics.

A. Kostyakov (1960) attempted to uncover the
mechanism of salt movement in soil and to show quan-
titative interaction of factors. The researcher used the
equation to calculate the increase of groundwater sa-
linity where U is the rate of groundwater evaporation,
C is the salt concentration, v is the diffusion coeffi-
cient, x is the coordinate directed downwards, t is time,
n=0; 0.5;1.This equation is derived from the equality in
the equilibrium case of two salt fluxes (convective and
diffusive) in an arbitrary soil section parallel to the free
surface. However, the theoretical dependence obtained
from this equation cannot claim to be general at least
because it is obtained based on hypotheses with cer-
tain assumptions. Assumptions that it is possible to find
a single dependence for the entire zone of salt transfer,
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regardless of the soil structure and the nature of the
moisture regime in it, do not correspond to reality.

L. Rex (1968) offered analytical solutions of the
system of two equations for the case of steady and un-
steady groundwater regime, which allow making fore-
casts of soil salt regime under irrigation. However, in
practice, both progressive rise of groundwater table
in case of irrigation and its marked decrease in case
of evaporation take place. The process is non-station-
ary. Furthermore, the models of the above researchers,
when considering salt and moisture migration in soil
under natural conditions and under irrigation, did not
account for horizontal movement of groundwater flow
and did not determine the relationship between exist-
ing water-salt regimes of soils and groundwater flow. At
the same time, groundwater velocity and salinity sub-
stantially influence the distribution of salt concentra-
tions in soil (Xun et al., 2022). Notably, consideration of
solely the vertical movement of soil moisture leads to
the necessity of setting a concentration value at some
depth, which is factually an uncertain variable.

Conclusions
The mathematical model of uniform soil hydration
was theoretically substantiated, spatial mechanical
and mathematical model of heat and moisture trans-
fer and salt migration in different soils was developed
and their approximate analytical solutions under initial
boundary conditions with different physical and me-
chanical properties of soil were obtained. Since in the
Kyrgyz Republic surface irrigation is applicable for any
agricultural crop and is the most widespread, it comes
with both advantages and disadvantages. In this regard,
quantitative hydrodynamic studies on the selection of
the principal elements of irrigation technology, the-
oretical study of the processes of heat, moisture, and
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AHHOTaumMsA. byl MWTMH aKTyanoyynyry >Kep KbipTbilWbIHAAMbl HbIM >KaHa >KbiAyynyk Gepyy npoueccTepuH
ONTUMaNAaLTbIPYYHYH UMMM KaKTaH HEMM3AENTeH bIKMaNapblH ULUTEN YbIryy 3apbliAbirbl MEHEH LWAPTTaNraH, 6yn
Cyy pecypcTapblH naiaanaHyyHyH HaTblAKanyyayryH XoropynaTyyra xaHa TyLWYMAYYIYKTY XaKLWbIpTyyra MyMKYHAYK
6epeT. (nobanapik KAMMaTTbIK ©3repyyNepayH XKaHa Cyy pecypcTapbiHblH 6Cyn 6apaTKaH TapTbIWTbIrbIHbIH WApPTbIHAA
aibin yapba ecyMAYKTOPYH CyrapyyHy HaTblikanyy 6alikapyy — arpoHOMMWSIHbIH HErMsrM MUnaeTTepUHUH BUpK
6onyn kanyyga. byn MwTuH MakcaTbl cyraT pexxMmMaepuH ONTUManAaWTbipyy YUYH Xep KblpTbIlWbIHAATbI HBIMAYYYK
aHa Kblnyynyk 6Gepyy nNpoLEecCTepuMH CypeTTersH MaTemaTtukanblk Moaennepau Tysyy 6onroH. Makanapa
arpoceKTopaAyH TYPYKTYY ©HYIYYCYHO >KETULLYY Y4YYH MaTeMaTMKanblK MOLENAeeHY MpaKTUKalblK MULI-apakeTKe
MHTErpaLMANIO0OHYH MaaHUyyyry 6aca 6enruneHren. Xep KblpTbilbIHAATbI KOHBEKTUMBAYY AMbDOY3MS NpoLeccTepu
UNUMWUIA U3UNLEeYYNepayH KeHyNyH BypaT, aHTKeHM 6yn MAMMOMH ap KaHAai TapMakTapbiHa MaTeMaTuKablK
M3UNLE6 bIKManapbiHbIH KEHMPW >KaibliblWbiHa GainaHbiwTyy. Xep yCTyHAery cyraT pexMMAEpWHWUH KEHUpU
KaMbINbIWbl YbINKAN00 aHa TMAPOAMHAMMKANbIK MPOLECCTEPAMH HETU3rM YATYNSPYH aubin Gepe TypraH
MaTeMaTuKanblk MOLENAepaM, anapabl Yeyyy bikManapbiH Ty3yy 3apblUlabiTblH WAPTTAiT. Makanaga TonypakTars
HbIM XKaHa >blnyynyk 6epyy NpoLeccTepUHUMH, OLIOHAOM 31e anapAblH 63 apa apakeTTeHYYCYHYH HEru3ru husmKanbIk
)KaHa MaTeMaTMKasblK Mbli13aM YEHEMIYYYKTOPY KENTUPUITeH. M3UNAeeHYH HEernsrm HaTbiMKacbl ©CYMAYK XKaHa
aHblH OMTMManayy eHyryly 60/roH, an akblpKbl 3KOHOMMKAbIK Kbi3bITYyHY XapaTaT, a/l 3MU U3UNLee 06beKTUCH
ap KaHgai MyHe3aeMenepy MeHEH HbIMAYYNYKTYH XaHa XblyyayKTYH 6GUMprenelkeH KbliMblIbIHbIH MEXaHUKabIK-
MaTeMaTuKanblk MOAENAEPU ULITENUN YbIKKAH XEp KbIpThilbl 601roH. byn xepae koHBekTMBAYY AMDDY3UAHbIH
CTaUMOHapablK 3MeC TEHAEMECU M3UNAeHreH. YakaH TONKYHA0O0M0P bIKMACbIHbIH HETM3MHAE, Kapanbin XaTKaH
TEHAEME CbI3bIKTYY €N KOPCOTY/OT )KaHa aHblH Yblrapbi/ibillbl aBTOMOAENbAMK TYPAS TabblbIM, YbirapbliblLTapablH
3KM KNacChl aHbIKTanat. M3aunmeeHyH HaTbiMkanapbl arpoHOMIO0P, MHKEHEPNIEP XaHa aibln yapba afucTepu yuyH
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nanpanyy 6onywy MyMKyH, anap 3amaHban cyy pecypcTapbliH 6allkapyy TEXHONOrMSNapbiH KMPrU3yyre aHa
arpoeHep Xai eHAYPYLYHYH HATbIMXKaNyynyryH xKoropynartyyra yMTynywat

Herusrun cespep: KoHBEKTMBAYY AMbdY3ns TeHLeMecH; TayCcCTyH rMnepreoMeTpusbik TeHAEMECH; anubdy3us
K03 duumMeHTH; KyMMepauH e3repTyycy; YblNKanoo; CTalMoHapabiK IMeC TeHLEME

MaremaTtunueckoe MoaenmpoBaHue rnpoleccos
BNnaro- n tTensionepeHocCa B NO4YBOrpyHtTax
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AHHOTaumsa. AKTyanbHOCTb [AaHHOW paboTbl 0bOycnoBneHa HeOoO6XOAMMOCTbKO  pa3paboTKM  Hay4yHO
000CHOBaHHbIX METOL40B OMTMMM3ALMM MPOLECCOB BMAro- M TEnJonepeHoca B MOYBOrPyHTaX, YTO MO3BOAMUT
NoOBbICUTb 3PPEKTUBHOCTb UCMONb30BAHUS BOAHbBIX PECYPCOB U YNIYULINTb YPOXKANHOCTb. B ycnoBuax rnobanbHbix
KNMMaTUYEeCKMX M3MEHEHWI M HapacTawowero ae@uuUMTa BOAHbIX pecypcoB 3PdeKTUBHOE YynpasieHue
OpOLWEeHUEM CENbCKOXO3AMACTBEHHbIX KYNbTyp CTAaHOBMTCS OAHOM W3 K/KOYEBbIX 3aay arpoHomuu. Llenbto
[aHHOM paboTbl 6bIN0 CO34aHME MAaTEMATUUYECKMX MOAENEN, ONUCHIBAIOLLMX MPOLLECChl BAro- U TennonepeHoca
B MOYBAX, C Le/bl0 UX MPUMEHEHUS AN ONTUMM3ALUKM PEXMMOB OpolleHus. B cTaTbe moguyepkHyTa BaXKHOCTb
UHTErpaLnm MaTeMaTMyecKoro MoLeMPOBaAHUS B MPAKTUYECKYI0 AedTeNbHOCTb AN AOCTUXEHWUS YCTOMUYMBOIO
pa3BuTMSa arpocekTopa. lNpoueccbl KOHBEKTUBHOM ANPEDY3MM B NOYBOrpyHTaX MPUBMEKAOT BHUMAHUE HAYUHbIX
uccnegoBaTenei, Tak Kak 3TO CBSI3aHO C WMPOKMM NMPOHMKHOBEHMEM MATEMATUMYECKMX METOA0B MCCAedoBaHMS
B pa3fuyHble 00nacTM Hayk. bonblwoe pacnpocTpaHeHWe MNOBEPXHOCTHbIX CMNOCOOOB OPOLIEHUS AMKTYyeT
HeobX0AMMOCTb CO34aHNSA MAaTEMATUUYECKMX MOAENEN U METOAMK X PELUEHMS, MO3BONAIOLLMX BbIIBUTb OCHOBHbIE
3aKOHOMEPHOCTU KaK GUNbTPALMOHHbIX, TaK U YNCTO TMAPOAMHAMMYECKMX NpoLEeccoB. B paboTe npeacTaBneHbl
OCHOBHble (PU3MYECKME U MAaTEMATUUYECKME 3aKOHOMEPHOCTH, fiexallMe B OCHOBE NMPOLECCOB BAaronepeHoca u
Tennonepeaayn B NoYBe, a TakKe MX B3aMMOAENCTBUS. [NaBHbIM pe3ynbTaTOM UCCNef0BaHMs Oblno pacTeHUE U ero
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Abstract. Perennial weed species predominate in the fields sown with post-harvest green manure crops,
surpassing the number of annual weeds. These are mainly represented by persistent and difficult-to-eradicate
rhizomatous and root-sprouting noxious weeds. This study aimed to analyse the significance of the agroclimatic
potential of the central part of the Chiy Valley in Kyrgyzstan, along with the provision of uninterrupted irrigation
of fields during the introduction of post-harvest green manure crops into agricultural production,under conditions
where weed growth and development are stimulated on irrigated arable land.The study examined weed vegetation
in fields sown with intermediate post-harvest green manure crops (white mustard, oilseed radish, white sweet
clover, spring barley, and lacy phacelia) following the harvest of spring wheat. The subsequent incorporation of
phytomass into the soil was carried out to serve as a green fertiliser and to analyse its effect on the phytosanitary
condition of the soil. The findings confirmed that when green manure crops are incorporated as green fertiliser,
weed plants are destroyed in masse; that is, the green biomass of weeds undergoes mineralisation in the arable
layer and thereby serves as a source of green fertiliser. The agrotechnological approach of suppressing weed
growth in agricultural crop fields through the integration of intermediate post-harvest green manure agrocenoses
- white mustard, oilseed radish, white sweet clover, spring barley, and lacy phacelia - into the cropping structure,
without the need for additional arable land, reflects a high level of cultivation practice in the irrigated farming
systems of the Kyrgyz Republic. These green manure crops are sown after the harvest of spring wheat (the first
ten-day period of July) on irrigated fields with typical sierozem soils. This practice fully meets the key principles
of environmentally sustainable organic farming. The targeted use of plant phytomass (both intermediate post-
harvest green manure crops and weed vegetation) as green fertiliser possesses significant biological potential
for reducing greenhouse gas emissions from agricultural production. It also supports carbon sequestration
(CO2 capture) in the organic matter of soils and contributes to the resilience of agroecosystems in the face of
climate change, thus playing a crucial role in climate change mitigation

Keywords: green manure crops; weeds; damage; climate; soil fertility; arable land

Introduction
Despite the long-standing efforts of farmers to con- degree of weed contamination persists. Weeds are
trol weed infestation in agricultural crop fields, a high  natural competitors of cultivated plants, and their
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presence negatively affects the development conditions
of agrocenoses. Weeds not only reduce crop yields and
increase production costs but also diminish the quality
of agricultural produce. As noted by S. Shevchenko et
al. (2023), protecting agrocenoses from weed invasion,
reducing their density,and eliminating them altogether
represent significant untapped potential for increas-
ing agricultural output. Weeds compete with crops for
essential resources such as water, light, nutrients, and
space, resulting in lower yields and poorer quality of
produce. This competition is especially critical under
conditions of limited resources in irrigated arable land
and the need to ensure sustainable food production.
Losses caused by weed overgrowth directly affect the
income of farming enterprises and the availability of
food on the domestic market. Furthermore, they have a
detrimental impact on the socio-economic well-being
of rural populations (Junaid & Gokce, 2024). Thus, weed
control remains a key agrotechnological component in
ensuring national food security.

Existing methods of weed control - preventive,
agrotechnical, and chemical - each offer certain ben-
efits, and their combined application enhances both
the cost-effectiveness and efficiency of weed manage-
ment (Gao & Su, 2024). However, as noted by I. Shuvar
& H. Korpita (2023), excessive use of herbicides can
lead to significant environmental pollution, changes
in the species composition of weed flora, and reduced
sensitivity of many species to chemical treatments. This
highlights the relevance of ongoing research into weed
vegetation, shifts in species composition, and the use
of both traditional and environmentally sustainable
methods of weed control. According to M. Vasileiou et
al. (2024), the scientific justification and adoption of
new, ecologically safe technologies and methods for
controlling weed vegetation — aimed at reducing weed
infestation and ensuring the production of environmen-
tally friendly crops - represent an important scientific
and practical challenge with considerable national eco-
nomic significance. This issue is particularly pressing in
the context of growing concern over environmental
quality and the resilience of agriculture in the face of
global climate change.

Scientific research has demonstrated that the use
of green manure crops as fertilisers - when combined
with technogenic factors for soil fertility restoration
and the latest advances in agricultural production - has
a multifaceted positive impact on the agroecosystem.
This includes improvements in agroecological, phy-
tosanitary, energy-efficient, and economic aspects of
crop production (Lei et al., 2022).

Agrotechnologies involving the introduction of
intermediate green manuring, which make full use of
the region’s bioclimatic potential and renewable car-
bon sources, not only reduce anthropogenic pressure
on arable land but also support the controlled ger-
mination of weed vegetation. This, in turn, creates
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favourable conditions for targeted and effective weed
control at early stages of development. In developed
countries, green manuring is widely used as an agro-
technical practice to restore soil fertility, improve the
phytosanitary condition of arable land, and accelerate
the growth of the agricultural sector. This contributes
to an increase in the production of environmentally
friendly food through the implementation of organic
farming systems. Therefore, among the range of agro-
technical measures for controlling both perennial and
annual weed species, one of the most pressing tasks in
the protection of agricultural crops is the integration
of intermediate post-harvest green manure crops into
irrigated farming systems. This approach has proven
effective in reducing weed populations on irrigated ar-
able land (Chicouéne, 2020). This has become possible
with the advancement of the agroecosystem-based ap-
proach to biological farming, which promotes integrat-
ed and sustainable management of the crop produc-
tion sector. It places emphasis on natural mechanisms
for regulating biodiversity and restoring soil fertility.
One of the key tools in this progressive direction is
the agrotechnology of green manuring, which involves
cultivating specific crops for incorporation into the soil
with the aim of comprehensive improvement - includ-
ing phytosanitary conditions and weed suppression
(Karabaev et al., 2023). The present research aimed to
study weed vegetation in fields sown with intermediate
post-harvest green manure crops under irrigated condi-
tions on typical sierozem soils in the central part of the
Chdy Valley, Kyrgyz Republic.

Materials and Methods

The research focused on the study of weed vegetation
in fields sown with intermediate post-harvest green
manure crops - white mustard, oilseed radish, white
sweet clover, spring barley, and lacy phacelia follow-
ing the harvest of spring wheat. These green manure
crops were sown after the harvest of spring wheat on
irrigated typical sierozem soils in the central part of
the Chuy Valley, Kyrgyz Republic, and were used as
green fertilisers. Field experiments examining weed
presence in plots with post-harvest green manure
crops, sown following spring wheat, were conducted
during the growing seasons of 2019-2021. Observa-
tions were made from the third ten-day period of July
to the second ten-day period of October. The experi-
mental design was as follows:

1% Control + Potato - 50% NPK

2*. Green manure (annual white sweet clover) + Po-
tato - 50% NPK

3% Green manure (white mustard) + Potato - 50% NPK

4*, Green manure (oilseed radish) + Potato - 50% NPK

5% Green manure (lacy phacelia) + Potato - 50% NPK

6”. Green manure (barley) + Potato - 50% NPK,
where * is the control and all treatment variants were
conducted against an agrochemical background of
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50% NPK, equivalent to N =120 kg/ha of active sub-
stance, P=90 kg/ha, and K=90 kg/ha.

The study was conducted following the research of
H. Vetter (1959), E. Schieder & W. Breunig (1978), and
A. Berdnikov (1990), who noted that the combined ap-
plication of green and mineral fertilisers is more ef-
fective than their separate use. Furthermore, research
by B. Sotnikov (2004) demonstrated that incorporat-
ing green manure crops together with straw, against
a background of mineral fertilisation (ranging from 50
to 200 kg/ha of active substance), within a crop rota-
tion involving green manure fallow, increased the nu-
tritional value of maize silage by 0.02-0.03 feed units
compared with conventional fallow systems. In the
present experiment, the preceding crop was spring
wheat, harvested in the third ten-day period of July. The
agroclimatic potential of the central part of the Chiy
Valley allows for the successful sowing of post-harvest
green manure crops under conditions of irrigation us-
ing sprinkler systems.

The methodology for fieldwork on the experimen-
tal plot, as well as laboratory analysis of plant and soil
samples, was based on standard procedures accepted
in the Kyrgyz Republic (Kachinsky, 1925; Grishina &
Samoilova, 1971; Levin, 1973). Weed infestation levels
and species composition in the post-harvest green ma-
nure crop plots were assessed in late September, pri-
or to the incorporation of the green manure crops. A
quantitative method was used, employing a 1 m? frame
with four replications for each treatment (Samsonov et
al., 2006; Fetyukhin et al., 2018). All weed species pres-
ent within the plots were recorded and identified. In
cases where species identification proved difficult, her-
barium specimens were collected and later identified
under appropriate conditions using specialised litera-
ture (Fetyukhin et al., 2018). The study was carried out
by ethical standards for plant research and complied
with international bioethics regulations (Convention
on Biological Diversity, 1992). The species composition
and biological groups of the weeds were also deter-
mined concurrently.

Results and Discussion

Prerequisites for improving

the phytosanitary condition of arable land

The irrigated arable land of northern typical sierozem
soils at the experimental site is considered fertile,
characterised by a high standard of irrigated farming
practices. In the 1960s, large-scale land reclamation
was carried out in this area, and a reliable irrigation
system using sprinkler units has since been operat-
ing effectively to support agricultural crop production.
Under such favourable agrotechnical conditions, and
when following recommended cultivation practices, it
is possible to achieve target yields within agrocenoses.
However, even under these conditions, weed infesta-
tion remains a significant issue in irrigated fields. This

presents one of the most serious agrotechnical and
economic challenges for agricultural production, as
weeds reduce crop yields, may act as vectors for pests
and diseases, and diminish the quality of crop products
(Borodin & Tarushkin, 1987).

As a result of non-compliance with recommended
farming systems in Kyrgyzstan, agricultural crops are
often affected by moderate to severe weed infestation,
posing a serious risk of widespread proliferation of
persistent perennial rhizomatous and root-suckering
weeds. However, the current level of scientific research
addressing the phytosanitary challenges of farming
systems does not fully meet the requirements of eco-
logically balanced, soil-conserving and energy-efficient
agriculture, nor does it align with the realities of a di-
verse agricultural sector. The phytosanitary condition of
irrigated arable land plays a crucial role in determining
the overall effectiveness of agricultural production and
the resilience of agroecosystems to the challenges of
global climate change. In turn, this directly affects the
health of agrocenoses, animals, and humans. Therefore,
a comprehensive approach to agricultural management
is essential in order to control weed infestation. In this
context, the development of new.environmentally
friendly weed control methods is of increasing impor-
tance. Among these, the agrotechnical practice of using
post-harvest green manure crops (intermediate green
manuring) represents a highly relevant and sustainable
strategy for the protection of irrigated farmland.

Intermediate post-harvest green manuring within
the framework of innovative irrigated farming repre-
sents a promising agrotechnical approach based on the
rational use of bioclimatic potential and land resourc-
es. This method enables the production of an additional
yield of green phytomass from each hectare of irrigated
arable land during the second half of summer and early
autumn. The phytomass of green manure crops is used
as a green fertiliser, meaning that the cultivation of in-
termediate post-harvest green manures does not require
the allocation of additional irrigated land - a critical ad-
vantage in the context of limited agricultural land re-
sources. These crops serve as an additional renewable
source of ‘green” organic fertilisers, helping to replenish
the reserves of organic matter in irrigated soils, which
are often depleted due to excessive exploitation and
the neglect of scientifically based agricultural practices.

Currently, the use of irrigated arable land in the Kyr-
gyz Republic is largely driven by the intensive exploita-
tion of the soil’s fertility potential, frequently in viola-
tion of scientifically recommended farming systems.
This has led to a decline in soil fertility and reduced
crop yields (Karabaev et al., 2024). Over the years, the
consistent removal of large quantities of nutrients from
the soil with crop harvests, without adequate replen-
ishment, has resulted in a noticeable decline in organic
matter levels and the loss of valuable agrophysical and
agrochemical properties of arable land.
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The loss of soil fertility in irrigated agriculture pos-
es a serious threat to the food security of the Kyrgyz
Republic, which is directly linked to the rational and
careful management of soil resources. This challenge
has become increasingly pressing, as numerous issues
have accumulated in the country’s agricultural sector
in this regard. Addressing these problems requires the
support of innovative scientific research focused on the
nation’s land resources. A key priority is the collection of
data and materials concerning the current state of soil
fertility, using an agro-soil information system tailored
to agricultural land (Golozubov et al., 2024). In the near
future, this information is expected to be used strate-
gically in the development of policy measures aimed
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at strengthening food security and improving nutrition-
al outcomes for the population. It will also serve the
needs of all stakeholders within the agricultural sector
of the national economy.

Influence of agroclimatic potential

on plant development

The meteorological conditions of the region, along
with anthropogenic factors, can significantly influence
the spread of weeds on arable land by altering their
distribution, population density, and competition with
cultivated crops. Table 1 presents the average long-
term meteorological indicators for the central part of
the Chiy Valley in the Kyrgyz Republic.

Table 1. Average long-term meteorological indicators for the central part
of the Chuy Valley in the Kyrgyz Republic

I I n v v Vi vii Vil X X Xi Xil :,'::::L
Air temperature, °C
51 | 28 38 115 169 203 239 219 167 99 14 41 95
Soil surface temperature, °C
-85 | -47 40 | 137 | 210 265 302 | 272 | 195 102 | 10 | -50 112
Precipitation, mm
222 250 490 640 595 372 177 117 147 357 | 372 | 257 | 400.0
Relative air humidity, %
752 767 747 650 | 600 550 @ 512 | 517 @ 540 622 | 727 757 645

Source: developed by the authors

The agroclimatic potential of the study region, fol-
lowing the harvest of spring wheat in the third ten-day
period of July, enables the cultivation of post-harvest
green manure crops under irrigation (via sprinkler sys-
tems). These conditions also promote the emergence of
weed vegetation. This is evidenced by the climatic data
of the central Chuy Valley, where both air temperature
and soil thermal regime are favourable for the devel-
opment of post-harvest green manure crops as well as
weed species (Table 1).

During the growing season of post-harvest green
manure crops, the weather remains relatively dry.
Air humidity averages 51.7% in August and 54.0% in
September, while precipitation levels are low - only
11.7 mm in August and 14.7 mm in September. A no-
table increase is observed only in October, reaching
35.7 mm. The above-mentioned air temperature indi-
cators contribute to soil drying: in August, absolute soil
moisture is 13.1 mm, in September it drops to 9.5 mm,
and by October falls further to 6.8 mm. Even the higher
rainfall in October does not significantly improve soil
moisture levels. These meteorological data, along with
anthropogenic influences, indicate that the successful
cultivation of post-harvest green manure crops is not
feasible without regular irrigation.

The key method for optimising the water regime
in the hot summer climate of the Chiy Valley is sched-
uled irrigation, which ensures an optimal soil moisture

balance and enables the cultivation of post-harvest
green manure crops. Given the high daytime air tem-
peratures during the summer, irrigation of such crops
plays an important agrotechnical role in supporting
sustainable and productive farming practices. Chang-
es in soil temperature regimes under the influence of
irrigation have a positive effect on both soil formation
processes and plant development, including the emer-
gence of weed vegetation. Optimal regulation of the
water regime - through sprinkler irrigation - on fields
sown with post-harvest green manure crops enhances
the solubility of soil nutrients by acting as a solvent for
chemical compounds, thereby increasing nutrient avail-
ability for plants. It also stimulates soil microbiological
activity. This process promotes the mineralisation of
crop residues from the preceding spring wheat (straw
and roots), which in turn improves the nutrient status
of the soil. The freshwater used by sprinkler systems is
characterised by a neutral pH of 7.

Against this background of favourable agrome-
teorological conditions and the introduction of inno-
vative agrotechnical practices in irrigated farming, an
optimal balance of water, nutrients, and air in the soil
is achieved in the experimental plots. This creates a
sound basis for the advanced cultivation of post-har-
vest green manure crops. Such a combination of nat-
ural and anthropogenic factors in the cultivation of
intermediate green manures is essential for achieving
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the desired outcomes in the adoption of green fertil-
iser practices in agricultural production.

Components of weed vegetation

in green manure crop stands

As noted in the articles of B. Sotnikov (2004),
K. Dovban (2009), and L. Frolova & M. Novikov (2018),
the introduction of intermediate green manure crops
into agricultural production is one of the key ecolog-
ically sound agrotechnical practices for restoring soil

organic matter. These crops also serve a phytosan-
itary function on arable land. Although intermediate
post-harvest green manures are effective in suppress-
ing weed growth and development, weed species are
still found within these stands. The important ques-
tion is how these weeds may affect the phytosanitary
condition of the fields for subsequent crops in the
rotation. The species composition of the weed vege-
tation recorded in the authors’ third-year trial is pre-
sented in Table 2.

Table 2. Species composition of weed vegetation by treatment (third year of the trial)

Treatments of post-harvest green manure crops
White
Weeds e White sweet Spring Pacy- Oilseed radish
mustard clover barley phacelia

Volunteer wheat
7 2 3 3 2 3

Perennial weeds
Couch grass 4 3 3 2 3 2
Field bindweed 5 2 2 3 2 3
Field sow-thistle 6 3 3 2 3 2
Bermuda grass 4 1 2 3 2 1
Russian knapweed 5 2 3 3 3 3
Wintercress 3 1 1 2 2 2

Annual weeds

White goosefoot 5 1 2 3 2 1
Bristle grasses 7 1 1 2 1 1
Redroot pigweed 8 2 3 3 2 2
Field pennycress 5 1 1 2 1 1
Cockspur 4 1 2 2 2 2
Corncockles 3 1 1 2 1 1

Source: developed by the authors

As shown in Table 2, the fields under intermediate
post-harvest green manure crops are predominantly
infested with persistent and aggressive rhizomatous
and root-sprouting perennial weeds. These are among
the most harmful species in agriculture, as their ability
to reproduce vegetatively enables them to spread rap-
idly and regenerate even after partial removal of the
above ground biomass. Such weeds cause substantial
damage to agricultural production by reducing yields,
impairing crop quality, and negatively affecting the
overall economic efficiency of farming. Managing rhi-
zomatous and root-sprouting weeds requires additional
investment in herbicides, mechanical cultivation, and
other agrotechnical measures.

An analysis of the weed composition across the
experimental variants revealed the presence of high-
ly persistent perennial weeds, such as couch grass
(Elytrigia répens), field bindweed (Convolvulus arven-
sis), field sow-thistle (Sonchus arvensis), Bermuda grass
(Gynodon ddctylon), Russian knapweed (Rhaponticum
repens), wintercress (Barbaréa vulgdris). Among these,
rootsprouting perennials - field sow-thistle (Sénchus

arvénsis), field bindweed (Convalvulus arvénsis), Russian
knapweed (Rhaponticum repens) — were found along-
side rhizomatous species such as couch grass (Elytrigia
répen) and Bermuda grass (Cynodon ddctylon). Winter-
cress (Barbaréa vulgdris) reproduces both by seed and
root suckers. These species belong to a category of
particularly difficult-to-eradicate weeds. Root-sprout-
ing weeds are capable of propagating not only by seed
but also through root suckers or underground shoots.
They spread rapidly across irrigated arable land, form-
ing dense infestations and competing aggressively with
cultivated crops for essential resources.

The cultivation of agricultural crops presents sig-
nificant challenges in controlling perennial weeds that
propagate via root suckers and rhizomes. The resilience
of these weeds is largely due to their extensive and
well-developed root systems. These species are par-
ticularly problematic because they spread underground,
often to considerable depths, and can remain viable in
the soil for many years (Samsonov et al., 2006; Mazirov
& Korchagin, 2009). Under adverse environmental
conditions, their vitality is maintained in a dormant
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state — an important biological characteristic of these
weeds. Their vegetative propagation organs include re-
productive roots, root suckers, rhizomes, bulbs, tubers,
and surface runners. Even within a single growing sea-
son, these structures can produce several, or even doz-
ens, of new daughter plants.

During weed control measures and root pruning,
the above-ground parts of the plants may die off, yet
a vast number of vertical and horizontal roots and rhi-
zomes remain in the soil, retaining their viability for
many years. Under favourable conditions, these weeds
can regenerate even after remaining dormant in the soil
for three to four years. Furthermore, they are capable of
both vegetative reproduction and propagation by seed,
with seeds remaining viable in the soil for five years
or more and germinating when conditions become fa-
vourable (Spiridonoy, 1997). These hardy and persistent
species germinate en masse on irrigated arable land,
depriving crops of essential nutrients, suppressing
seedlings, and blocking access to sunlight, thereby re-
ducing the productivity of agrocenoses. Their control
requires significant labour and financial resources, ul-
timately increasing the cost of agricultural production.

The harmfulness of perennial weeds is determined
not only by their abundance and species composi-
tion but also by the sensitivity of cultivated plants to
their presence, which varies depending on the crop’s
growth stage. In the studies by Yu. Fadeev & K. No-
vozhilov (1984) and M. Sokolov & E. Litvishko (1993),
particular attention is given to biological methods
of weed control among agronomic practices. In this
context, the introduction of intermediate post-har-
vest green manure crops into the cropping systems of
agrocenoses can provoke a mass emergence of weed
vegetation. However, intermediate green manures such
as white mustard, oilseed radish, white sweet clover,
spring barley,and lacy phacelia exhibit vigorous growth
during the summer months, forming a dense above-
ground phytomass that effectively suppresses weed
growth and development.

Phenological observations of weed growth and
development under different green manure crop treat-
ments revealed that these plants can successfully sup-
press even the most persistent perennial weeds. This
occurs due to several factors:

the green manure crops actively utilise both an-
thropogenic and natural resources - irrigation water,
sunlight, and soil nutrients - which reduces the availa-
bility of these essential growth factors for weeds;

the green manures rapidly develop under the fa-
vourable meteorological conditions of the study region,
forming dense cover that shades the soil and limits
light penetration, thereby inhibiting the germination
and growth of light-dependent weed species.

However, as shown in Table 2, weed species were
still present across the experimental treatments. This
can be attributed to their adaptability, reproductive

Samieva & Karabaev

capacity, and resilience to adverse conditions. Such
traits allow weeds to compete effectively with cul-
tivated crops, making them a persistent challenge in
agricultural production. The primary weed-suppressing
function of intermediate post-harvest green manure
crops lies in their incorporation into the soil during au-
tumn ploughing, at which point both the green manure
and accompanying weeds serve as green fertilisers.
Importantly, prior to this ploughing, the weeds do not
have time to reach the seeding stage, meaning the seed
bank in irrigated fields with ordinary sierozem soils is
not replenished. Following autumn ploughing, during
the mineralisation process of plant residues (including
green manure crops and weeds), the vegetative organs
of the most aggressive perennial weeds lose viability
in both autumn and spring. These residues are decom-
posed by soil microorganisms, which actively prolifer-
ate in the phytomass of green manure crops and ac-
companying weed vegetation.

The green phytomass of post-harvest green manure
crops, when incorporated into arable soil in its fresh
state, contains 77.6%-83.1% moisture. At this stage, it
also features a narrow carbon-to-nitrogen ratio, which
promotes microbial activity in the soil. In addition,
the total biomass of weeds, when combined with the
phytomass of the green manure crops, serves as green
fertiliser. This contributes to the enrichment of organic
matter in irrigated arable soils and improves the soil’s
nutrient regime. Such targeted use of plant phytomass
(both green manure crops and accompanying weeds) as
green fertiliser holds significant potential for reducing
greenhouse gas emissions associated with agricultural
practices. It also supports the sequestration of carbon
in the soil’'s organic matter and enhances the resilience
of agroecosystems to climate change.

As demonstrated by the research findings, the culti-
vation technologies of intermediate postharvest green
manure crops - such as white mustard, oilseed radish,
white sweet clover, spring barley, and lacy phacelia -
on irrigated fields of ordinary sierozem soils in the
Chiy Valley of Kyrgyzstan contribute to a reduction in
the prevalence of perennial weeds. These ecological-
ly and economically viable agrotechnologies for weed
suppression in crop fields, through the introduction of
intermediate green manure crops, reflect a high stand-
ard of irrigated farming practice. Therefore, the full
range of measures and approaches for weed control -
including the integration of intermediate post-harvest
green manure crops into crop rotation - vegetation re-
mains highly relevant.

Conclusions
The integrated effect of post-harvest green manure
crops used as green fertilisers is reflected both in
their function as organic fertilisers and in their ability
to suppress weed growth during the growing season.
Emerging weeds are subsequently destroyed during
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autumn ploughing while still in their green state.
As the plant residues (both green manure crops and
weeds) decompose through mineralisation in autumn
and spring, the vegetative organs of persistent per-
ennial weeds lose their viability. This contributes to
a reduction in weed populations and prevents the re-
plenishment of the soil seed bank. The scientific jus-
tification and practical implementation of new, envi-
ronmentally safe technologies, methods, and means of
weed control through the cultivation of post-harvest
green manure crops help reduce weed infestation on
irrigated arable land in the Kyrgyz Republic. This ap-
proach also represents a cost-effective means of pro-
ducing ecologically clean agricultural yields, which is
of significant national economic importance. The use
of postharvest green manure crops for weed control in
crop fields serves as an indicator of advanced irrigat-
ed farming practices, promoting the sustainable use
of soil resources and minimising the environmental
footprint of agricultural production.

The use of post-harvest green manure crops con-
tributes not only to the improvement of the phytosan-
itary condition of arable land but also to the enhance-
ment of soil fertility through the enrichment of organic
matter and the improvement of agrophysical proper-
ties. This is particularly relevant in the context of soil
degradation caused by intensive land use, and it sup-
ports the longterm sustainability of agroecosystems.
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AHHoTaums. XXa3ablik O6yyaanabiH TYWYMY SKbliMHANraHOaH KUAMH OpPTO ME3rMAAE eCTYPYAreH Xallubll Xep
CEMUPTKMY TYPYHAS OCTYPYIreH CMAEpaTTap XaurawTblpbliraH CyraT ailgoo TanaanapbiHAA Kem XbiAgblK 0TOO
4enTepAyH CaHbl BUP XblNAbIK OTOO YeNTEPAYH CaHblHA KaparaHaa 6acbiMAyyNyK Kbl1aT XaHa anap eTe 3blsHayy
0TOO YenTep KaTapbl MyHe3penet. M3unaeeHyH Makcatbl 60nyn, KelproisctaHabiH Yyii epeeHyHyH bop6opayk
6enyryHYH arpoK/IMMaTTbiK NOTEHLMANbIHbIH OPTO Me3ruaAe eCcTypyareH cuaepaTrapibl aibin Yapba eHAYPYLLYHE
KMPrU3yy4ery pofiyH >KaHa aHTpornoreHAuk (akTop - TanaanapAbl Y3ryATyKCY3 >Kamrblpnatbin CyrapyyHyH
MaaHUYYYTYH aHbIKTOO KapanraH. M3unaee xyprysyyae, cyrat aitloo[0 XaLlbll )Xep CEMUPTKMUY TYPYHLO Ka3abIK
6yynainnaH KMAMH OpTO Me3runae ecTypyareH cuaepaTTapabiH (@K ropuumua, Mainyy Typn, ak TatTyy 6eae, xasrbl
apna, dauenus) TanaacbiH4a 0TOO YENTepPAYH CaHbIHbIH a3akblllbl TACTbIKTaNAbl XXaHa anapAbliH Xallbll Maccachl
CMaepaTTap MeHEH Yoryy, Ky3YHAe XXepre aifanraHaa oK KbibIHbIM, XaLlbll Xep CEMUPTKUUTHUH PONYH aTKapapel
aHbikTanabl. CyraT ail4oo asiHTTapbiHbIH CTPYKTypacbiHa OPTO ME3TUAAE OCTYPYIreH Kallbil Xep CEMUPTKMY
TYPYHA® NaiifanaHraH cuaepaTTap airawTblpbliraHAa 0TO0 YeNTePAY XKOK KbUTyYHYH 3KOMOMUSIIbIK KaKTaH Ta3a
arpoTexHONOrMACHI ULLKe KUprusunet. Ocymayk 6uomMaccachiH (CMAepaT KaHa 0TO0 YBNTep) XKallbli XXep CEMUPTKMUY
KaTapbl MakcaTTyy naifanaHyy 6arbiTbiHAArbI XYPry3yareH UwTep aiibin Yapba eHAYPYLYHAS NapHWK ra3fapbiHbiH
3IMUCCUACHIH a3aiTyy BarbiTbiHAA 30p MOTEHLMAra 33 KaHa TOMYpaKTblH OPraHMKanblK 3aTTapbiHAA KOMYPTEKTH
CEeKBECTPNee MpoLEecCHHEe xaphaM Oepyy MEeHEH arpo3KOCMCTEMaHbIH KIMMATTbiH rnobanayy e3repyluyHe
TYPYKTYYNYIYH XOropynatbin, KIMMaTTbiH F106aNabIK 83repyLUYHYH KECENETTEPUH XKyMLapTaT
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Xbipran CammneBa

[JokTop Buonorndyeckmnx Hayk, npodeccop

Kblprbl3CKO-Y36eKCKMIN MeXkayHapoaHbI yHMBepcUTeT UM. B. CbigblkoBa
723503, yn. Nanapa AnTtueBsa, 27, . Ow, Kblprbi3ckasa Pecrny6nmka
https://orcid.org/0009-0006-4703-4189

HypcynTtaH Kapa6aes

ACnnNpaHT

Kblprbl3CKMIN HaLMOHaNbHbIW arpapHbl yHUBepCUTeET UMeHU K., CkpabrHa
720005, yn. MefepoBa, 68, I. bulikek, Kblprbiackaa Pecnyb6nnka
https://orcid.org/0000-0001-9707-9963

AHHOTauusa. MHOroneTHMe COpHble PACTEHUA HA MOCEBAX MPOMEXYTOUHbIX MOXHUBHbIX CMAEPATOB NPEBANNPYIOT
Hafd, YMCNEHHOCTbIO MaNoMEeTHUX COPHSKOB, U OHU NPEeACTaBlEHbl TPYAHO WMCKOPEHAEMbIMU KOPHEBULLHBIMU
M KOPHEOTMPbICKOBbIMU 3/10CTHbIMKU COpHSKamu. Llenb paboTbl cocTosna B TOM, 4TOObl MpOaHanM3MpoBaTb
3HayeHMe arpoknIMMaTMyeckoro noteHumnana LleHtpanbHoi yactu Yyickoi gonuHel KeiproisctaHa n obecrneyeHune
H6ecnepeboiiHOro OpoLIEeHMSs NONEN NPY BHEAPEHUM B arpapHOe NPOM3BOACTBO MNOXHUBHbIX CUAEPANbHBIX KYAbTYP,
KOrfa Ha OpoLlaeMOM NallHe NPOBOLMPYETCS POCT U pa3BUTUE COPHAKOB. B npouecce paboTbl n3yyanacb copHas
pacTUTENbHOCTb Ha MOCEBAX MPOMEXYTOUHbIX MOXHUBHbIX CMAEepaToB (ropunua 6enas, pefbka MacanyHas, [OHHUK
6enbli, S4MeHb 9poBoN, hauenns psbUHKOANCTHAsA) nocne yOOpKM ApOBOM MLEeHMLbl, C NOC/eyoLel 3analKom
dbuTOMaCChl AN MCMONb30BaHUS B KayeCTBe 3e/eHblX YA0OpEeHUM U aHanm3a MX BAUSHWUS HAa QUTOCAHMUTapHOe
CoCTosiHMe Mo4Bbl. MccnegoBaHWe NOATBEPAMIO, YTO MPU MCMONb30BAaHUKM CMAEPATOB Ha 3efeHoe yaobpeHue
OHM MaCCOBO YHMYTOXAKOTCH, T.e. 3efleHas Macca COPHAKOB MWHEPanu3yloTCs B NallHe, TeM CaMbiM OHMU
MCMONb3YIOTCA B KayecTBe 3eNeHblX yaobpeHuit. ArpOTEXHONOMMUS YHUUTOXEHMS COPHbIX PACTEHWMIA HA MoceBax
CeNbCKOXO3AMCTBEHHbIX KYyNbTyp BHEAPEHUEM B CTPYKTYPY NMOCEBHbIX MIOWAAEN arpOLEHO30B NMPOMEXYTOUHbIX
MOXHWBHBIX CMAEPATOB — ropuuubl 6enoi, pefbkM MacIMYHOW, OOHHMKA 6enoro, sumMeHs spoBoro, dauenum
pSIBMHKONNCTHOM, KOTOpble pa3MeLlaloTcs nocsie ybopKku ypoxas SpoBOM MlWeHWUUbl (NepBas Aekada Mions) Ha
OpOLLAeMbIX MONAX OBbIKHOBEHHbBIX CEPO3EMOB M He 3aHMMAIOT LOMNOAHWTENbHOW NIOWAAN NALLUHW, ABASETCS
nokasaTesieM BbICOKOM KynbTypbl CMCTeMbl opolwaeMoro 3emnegenus Kbiproisckow Pecnybauku u oTBevaet
OCHOBHbIM TpebOBaHMSAM 3KONOrMYECKOro BeAeHUs OpraHMYeckoro CenbCKoro xo3sincrea. LleneHanpasneHnHoe
ncnonb3oBaHue GUTOMACChl PacTeEHUM (MPOMEXYTOUHbIE MOXHUBHbIE CUAepaTbl M COPHAas PaCTUTENbHOCTb)
B KayecTBe 3efieHblX ynobpeHuit ob6napgaeTr OrpoMHbIM  OMONOTMYECKMM MOTEHLMANoM MO COKPALLEeHUIO
aTMocdepHbIX BbIODPOCOB MAapHMKOBbLIX FA30B B CENbCKOXO34ACTBEHHOM MPOM3BOACTBE M MOMOraeT npoueccy
CBAA3bIBAHMS yrnepopa (cekBecTpaums yrnekucnoro rasa - CO,) B cocTaBe OpraHMYecKoro BELLEeCTBA MOYBbI, a
Takke GOpMMUpYeT YCTOMYMBOCTb arpoO3KOCUCTEMbI K M3MEHEHWIO KIMMaTa, COOTBETCTBEHHO, UrpaeT H0/bLyHo
ponb B CMArYEHUU NOCNEACTBUN U3MEHEHUS KIMMaATa
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Abstract. Biogeocoenotic pathology refers to the widespread occurrence of disease not only in animals but also
in humans and plants. Such conditions arise as a result of adverse changes in the environment. In this context,
the timely investigation of the ecosystem of the Chiiy Region of Kyrgyzstan as an aetiological factor, along
with early detection of pathologies in cattle resulting from these changes, has become particularly important.
This study aimed to examine biogeocoenotic pathology in Alatau breed cows in the Chily Region, to carry out
monitoring based on the “soil plant animal” system concerning the content of biogenic macro-and micronutrients
as well as toxic metals, and to develop recommendations for establishing an innovative ecological centre to
support ecosystem optimisation in Kyrgyzstan The experimental study involved Alatau cows in the second half of
gestation, with soil and plants used as key environmental components. The soil, plants and animal blood samples
were analysed using an atomic emission spectrophotometer. At the same time, key metabolic indicators in the
experimental and control groups of cows were assessed using standardised and unified methods. Analysis of soil,
forage plants and blood from cows kept in environmentally disadvantaged areas of the Chuly Region revealed a
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significant imbalance in the levels of macronutrients, micronutrients and heavy (toxic) metals. This imbalance
in the biochemical trophic chain has disrupted the circulation of substances within the specific biogeocoenosis
of the Chiiy zone, a phenomenon linked to ecological degradation - particularly in areas where major industrial
enterprises are concentrated. To support timely ecosystem monitoring in Kyrgyzstan, the authors have proposed
the establishment of an innovative scientific and educational ecological centre focused on protecting the health
of humans and animals. The findings of this study may be applied in medicine, agriculture, veterinary science,
ecology, and within both academic and research institutions

Keywords: cow; soil; plant; blood; innovative scientific and educational ecological centre; toxic metals

Introduction

Kyrgyzstan is a developing mountainous country, with
mountains covering up to 95% of its total territo-
ry. The country stretches approximately 900 km from
east to west and 410 km from north to south, lying be-
tween 39° and 43° N latitude. Its total area is near-
ly 200,000 square kilometres. The climate is sharply
continental, with extreme temperature fluctuations -
from as low as -53.6°C in winter to as high as +44°C
in summer. Annual precipitation ranges from 150 to
650 mm. Snow cover can vary from 4 to 200 cm, while
permafrost occupies around 34% of the country’s ter-
ritory. Solar radiation levels reach between 136 and
161 kcal/cm?2. Kyrgyzstan possesses extensive natural
pastures - around 9.2 million hectares, or 86% of all
agricultural land. However, over 60% of these pastures
have experienced various forms of degradation (Oru-
zbayeva, 1982). At the 29" Conference of the Parties
to the United Nations Framework Convention on Cli-
mate Change, attended by around 100 heads of state
and government, the President of the Kyrgyz Repub-
lic, S. Japarov, stated that glaciers in Kyrgyzstan are
melting at an unprecedented rate. Over the past 50 to
70 years, the total glacier area has decreased by 16%
due to climate change within the country (United Na-
tions Climate Change Conference, 2024). Speaking at
the international conference Global Mountain Dialogue
for Sustainable Development: Towards the Bishkek +25
Summit on 24 April 2025, President S. Japarov once
again drew the international community’s attention to
climate change, extreme weather events, natural dis-
asters, accelerated ecosystem degradation, and glacier
melt in mountainous regions (S.Japarov spoke..., 2025).

The main causes of these changes include global
warming, loss of biodiversity, ozone layer depletion,
air and water pollution, accumulation of industrial
and domestic waste, and greenhouse gas emissions,
among others (Essack, 2018; Eskew et al., 2020). In Kyr-
gyzstan, these issues ultimately lead to climate change
and the emergence of new pathologies affecting not
only plants and animals but also humans. Biogeocoe-
notic pathology is a field that studies mass diseases in
animals arising from adverse environmental changes
within ecosystems (biogeocoenoses). It views animal
diseases as closely linked to shifts in environmen-
tal conditions - such as climate change, ecotoxicants,

radioactive metals, and toxic gases - in ecosystems al-
tered by human activity. These diseases, along with the
resulting decline in the quality of livestock products,
pose a threat not only to animal health but also to hu-
man health (Elenshleger, 2016; Moskalchuk, 2021).

In this context, Kyrgyzstan endorsed the agree-
ment on the seventeen Sustainable Development Goals
(SDGs) to be achieved by 2030, adopted in Paris in 2015
(The 17 Goals, 2015).This document was signed by near-
ly 200 countries, including Kyrgyzstan. Industrial cities
such as Bishkek, Kant, Tokmok, and Kara-Balta have
particularly polluted atmospheres, contaminated by
emissions of heavy metals and toxic mixtures of smoke,
fog and dust (smog). According to reputable interna-
tional organisations, air quality in Bishkek is among the
most hazardous, with an Air Quality Index (AQI) rating
of 229. The average annual concentration of PM 2.5
is approximately 153.5 ug/m3, significantly exceeding
both national and international hygienic standards by
as much as 3.6 times (United Nations, 2022; 1QAir, n.d.).
Certain heavy metals, such as lead, mercury and arse-
nic, are classified as highly hazardous substances. Once
deposited in the bones, they lead to gradual degenera-
tion and accumulate in parenchymal organs such as the
liver, kidneys and heart. These toxicants can reduce the
immune system’s responsiveness, contribute to chronic
neurological disorders and, in some cases, cause cancer
(Skugoreva et al., 2016; Pourret & Hursthouse, 2019).

The ecological issue of biogeocoenotic pathology
in animals should be addressed through a comprehen-
sive approach aimed at improving environmental con-
ditions, involving experts from a range of fields, includ-
ing ecology, toxicology, technology, agrochemistry, land
reclamation, medicine and veterinary science. To inves-
tigate this problem in Kyrgyzstan in a holistic manner,
the authors of this article set the aim of studying cli-
mate change in the Chuy zone - an area with high lev-
els of atmospheric pollution caused by transport and
industrial emissions. The study involved monitoring the
“soil-plant-animal” system for macronutrients, micro-
nutrients and heavy metals; identifying biogeocoenotic
pathologies in Alatau breed cows; and developing pro-
posals for the establishment of an innovative ecologi-
cal centre dedicated to safeguarding the health of both
humans and animals.
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Materials and Methods

The experimental studies were conducted between Oc-
tober 2018 and July 2022 within a specific biogeocoe-
nosis — the Chiiy zone of Kyrgyzstan - at farms most af-
fected by anthropogenic influences: Vetka AC, Chabrets
Farm, and Kyrgyz IFIBS. These sites are located within 3
kilometres of the country’s main North-South highway,
as well as near major industrial cities such as Bishkek,
Kant and Kara-Balta The experiment involved Alatau
breed cows in the second half of gestation (10 animals
in total), divided into experimental (5 cows) and control
(5 cows) groups. The animals were selected based on
average body weight and external conformation meas-
urements. They were kept in open feeding and exercise
areas under identical feeding conditions. During the
autumn and winter months, the live weight of the cows
ranged on average from 361 to 368 kg.

The content of macronutrients, micronutrients
and heavy metals in the “soil-plant (forage)animal
(blood)” system was analysed using atomic emis-
sion spectrophotometry (ICP-AES OPTIMA 5300 DV
and ICP-MS Elan DRS). Sampling of experimental and
control specimens, including soil and forage plants,
was carried out following GOST 17.4.1.02-83 (1985),
GOST 17.4.3.01-2017 (2017),and SanPiN 42-123-4089-
86 (1986). Blood samples were collected following the
recommendations of the I. Kondrakhin et al. (1985). For
morphobiochemical analysis, blood from both experi-
mental and control cows was drawn in the morning be-
fore feeding. The parameters measured included eryth-
rocyte and leukocyte counts, haemoglobin, glucose,

3000 150 700
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lymphocytes, total protein, carotene, phosphorus and
calcium levels, using standardised and unified method-
ologies (Kondrakhin et al., 1985).All results were metic-
ulously recorded and documented in a specially bound
laboratory journal. The data were processed using
MS Excel software on a TRUCRED computer, and sta-
tistical analysis was conducted using Student’s t-test,
with significance thresholds of P<0.05 and P<0.5.The
experiment was conducted following the ethical stand-
ards outlined in the Code of Practice for the Housing
and Care of Animals Bred, Supplied or Used for Scientif-
ic Purposes (2014).

Results and Discussion
The results of the experimental study indicated that the
primary cause of biogeocoenotic pathologies in cows is
an imbalance of specific biogenic macro- and micronu-
trients, as well as heavy metals, in soil and forage. Sim-
ilar conclusions have been drawn by other researchers,
including V. Baturin et al. (1998) and M. Wrzecinska et
al. (2021), who reported that environmental contamina-
tion by toxic waste is one of the key factors contributing
to the development of biogeocoenotic pathologies in an-
imals. S. Mukhacheva & V. Bezel (2015) further asserted
that ecotoxicants (particularly heavy metals) affect not
only the mother but also the foetus, within the “moth-
er-placenta-foetus-offspring” system. This finding is
supported by the research of R. Nogoibaeva et al. (2020).
The results of the comparative analysis of macro- and
micronutrient content in soil, forage and the blood of
experimental cows are presented in Figures 1, 2, and 3.
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Figure 1. Content of macro- and micronutrients in the soil from the environment of experimental cows

Source: developed by the authors based on original research

Based on the data in Figure 1, it can be assumed
that the levels of certain macro- and micronutrients
in the soil of the environmentally compromised bio-
geocoenosis differ significantly from baseline values.
For example, the concentrations of manganese, iron,
cobalt, and selenium are considerably lower, where-
as the levels of calcium, phosphorus, and magnesium

are higher than the threshold concentrations. Figure 2
presents data on the macro- and micronutrient con-
tent in forage.

The concentrations of calcium and magnesium in
the forage increased by 24.2% and 39.3%, respectively,
compared with standard levels. However, other essential
elements - phosphorus, iron, manganese, zinc, selenium,
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and cobalt - were significantly lower than those found

in the control samples within this biogeocoenosis.
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Figure 3 presents data on the macro- and micronu-
trient content in the blood of the experimental cows.
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Figure 2. Content of macro- and micronutrients in the forage consumed by experimental cows

Source: developed by the authors based on original research
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Figure 3. Content of macro- and micronutrients in the blood of the experimental cows

Source: developed by the authors based on original research

In the blood of the experimental cows, the total cal-
cium level was at the lower limit of the physiological
norm, while the phosphorus concentration decreased
to 2.9 mg% compared with 6.9 mg% in the control
group. This suggests a potential disruption in the cal-
cium-to-phosphorus ratio (optimal ratio: 2:1). Further-
more, analysis of micronutrient levels in the blood in-
dicates that nearly all values were significantly lower
than those in the control group, pointing to impaired
metabolism in the experimental cows (Urazaev, 2000;
Elenshleger, 2003).

As noted by A. Sindreva (2012), E. Skorykh (2014),
and G. Samoilenko et al. (2018), an imbalance of certain
essential micronutrients in the “soil-plant-animal” sys-
tem can lead to metabolic disorders in animals. Within
the framework of this study, the authors examined the
presence of toxic elements such as lead, mercury, cad-
mium, nickel, and arsenic in the soil, forage, and blood
of the experimental cows. Similar studies were con-
ducted in Kazakhstan by A. Farmer & A. Farmer (2000).

According to the present findings, the average concen-
trations of heavy metals in the soil and forage did not
exceed the maximum permissible levels. Only the con-
centration of arsenic in the soil exceeded the MPL by
0.1 mg/kg, while in plants it reached a peak value of
0.3 mg/kg compared to 0.25 mg/kg in the control sam-
ples. In the blood, no exceedance of the maximum per-
missible concentrations was observed for lead, mercury,
cadmium, or nickel. However, the concentration of ar-
senic was found to be eight times higher, at 0.40 mg/L
versus 0.05 mg/L in the control animals. The harmful
effects of arsenic on both human and animal health
have been reported by T. Abdulmutalimova et al. (2019).
Thus, the imbalance of macro- and micronutrients
and heavy metals acts as an ecological factor in the
“soil-forage-animal” system, affecting animal health
(Gortazar et al., 2007; Duskaev et al., 2014; Gertman et
al.,2020). The results of the comparative analysis of the
morphobiochemical composition of the blood in the
experimental cows are presented in Figure 4.
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Figure 4. Comparative indicators of the morphobiochemical composition of blood in experimental cows

Source: developed by the authors based on original research

Based on the data presented in Figure 4, the num-
ber of erythrocytes decreased by 10.7%, white blood
cells by 21.3%, haemoglobin by 12.0%, and lymphocytes
by 17.6% (P £0.05). Significant changes were also ob-
served in glucose concentration (a decrease of 13.3%).
Conversely, the level of calcium increased by 12.0%,
while the levels of phosphorus, total protein, and caro-
tene decreased by 19.2%, 6.5%, and 4.4%, respectively
(P<0.05). These findings are consistent with the results
of previous studies by I. Shkuratova (2000), I. Donnik et
al. (2012), and M. Nogoibaev et al. (2023).

The authors of this study concluded that, in order to
optimise the ecosystem in Kyrgyzstan, it is essential to
establish an innovative scientific-educational ecological
centre for the protection of human and animal health.
This centre should integrate existing, independently op-
erating institutions into a unified, modern research and
training hub capable of addressing key issues related to
ecosystem optimisation in Kyrgyzstan. Its core mission
would be the timely assessment of climatic and bio-
geocenotic (ecosystem) conditions, as well as the early
detection of climate change. The centre is envisioned
as a creative community of highly qualified specialists
and researchers, founded on shared professional inter-
ests and committed to the humanistic values of educa-
tion and science. In the long term, the effective opera-
tion of this innovative centre will require the training
and involvement of highly skilled biogeocenologists.

Conclusions
In the environmentally compromised areas of the Chuy
Region of Kyrgyzstan, an imbalance in the levels of
macro- and micronutrients, as well as toxic elements,
has been identified in the soil, forage plants, and the
blood of Alatau breed cows used in the study. It was
established that the quantities of essential macro- and
micronutrients within the biogeochemical trophic food
chain in the Chiy area differ significantly from base-
line values, particularly in the calcium-to-phosphorus
ratio. The average concentrations of toxic elements
such as lead, mercury, cadmium, and nickel in the “soil-
forageblood” system did not exceed the maximum

permissible levels, except arsenic, which reached
0.40 mg/L compared to 0.05 mg/L in the control animals.

To ensure appropriate responses and early warning
of ecosystem changes, it is necessary to establish an in-
novative scientific-educational ecological centre in Kyr-
gyzstan dedicated to the protection of human and ani-
mal health. Looking ahead, the authors of this study aim
to continue indepth research on this issue across the
country and on other animal species. As Kyrgyzstan is
a highland country, climate change has become one of
the most significant and persistent factors contributing
to the emergence of various biogeocenotic pathologies
in animals. While the climatic conditions of lowland re-
gions have been thoroughly studied, the effects of cli-
mate change in other areas - such as Naryn, Issyk-Kul,
Osh and Talas - remain insufficiently explored. In this
regard, comprehensive climate research (including air
and water conditions, temperature changes, wind speed,
and other variables) is planned in the aforementioned
regions of Kyrgyzstan. The authors also intend to carry
out integrated monitoring of greenhouse gases, radio-
nuclides, and other toxic substances within the “soil-
water-air-plants-animals” system, and to investigate
the decline in the quality of livestock and crop produc-
tion. Experimental studies will include the manifesta-
tion of biogeocenotic pathologies in other animal spe-
cies,such as sheep, goats, and their young. The practical
value of this study lies in its status as the first compre-
hensive investigation into climate change in Kyrgyzstan
and the levels of macro- and micronutrients and heavy
(toxic) metals within the “soilplants (forage)-animals”
system under conditions of environmental contamina-
tion in the Chiy Region. It also marks the first devel-
opment and proposed implementation of the INUEC.
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AHHoTauusa. buoreoueHo3ayk natonorus — Oyn XanelpT TYpAe XaHblbapnapAblH raHa 3Mec, aflaM MeHeH
eCyMAYKTepAyH [Ha oopywy. byn oopyHyH nanpa 6Gonywy ainaHa-yerpenery >arbiMCbl3 e3repyynepayH
HaTbIMKacbiHAA 6ankanaT. Ywyra 6annanbiwtyy KbiprbiscTaHabliH Yyi 30HACbIHbIH 3KOCMCTEMACIH ©3 ybarbiHaa
UNIMKTEO, aHbl 3TMONOTUANBIK GaKTOp KaTapbl Kapan Ybiryy, OWOHAOM 31e YWyn e3repyynepayH HaTblikKacbiHAa
nanga 60nroH Mpu Mymysayy MangblH NaTONOrMANApbIH 3pTE aHbIKTaM, anfblH anyy e3reye akTyanayynykka 33
6onyyma. M3unpeeHyH Makcatbl — Yyi 30HACbIHAArbl anatay nopoAacbiHAarbl yinapablH 6uMoreoueHosmyk
NaToNorMACbIH M3MNAe6, ‘ToMypak-eCyMAyK-XaHbibap” cucreMachl GOKOHYA anapapblH KypaMbiHAarbl GuoreHamk
MaKpo- XaHa MWKPO3NEMEHTTEPAMH, OWOHAOW 3ne yynyy MeTanfapAblH AEHM33/IMH MOHUTOPMHE Kby >XaHa
Kbiprbi3cTaHAbIH 3KOCUMCTEMACHIH ONTUMANAALTLIPYY YY4YH MHHOBALMSAbIK 3KONOrMsanbik 6opbopay Ty3yy 60tHYa
CYHyWTapAabl mwTen ybiryy 6onay. SKCNepMMeHTaNablK TaXpbIiba YYYH CTENAMH 3KMHYM XKapbIMblHAArbl anatay
nopoaacbiHAarbl yinap KoAgoHyaay, an 3MU ainaHa-4emMpeHyH Hermsru KOMMOHEHTU KaTapbl TOMypak MeHeH
©CYMAYKTep anblHraH. Tonypak, 8CyMAYK XaHa XaHblbapnapablH KaHbl aTOMAYK-3MUCCUSBbIK CNEKTPOdOTOMETp
apKbINyy M3UNAEHAM, an 3MU Taxpbiiba >XaHa Ke3eMennery ymnapablH Hernsru metabonm3m KepceTKyuTepy
OUPAMKTYY YyHUbMUKauManaHraH metonnop 0O0wHYa aHbikTangpl. Yy 0BnyCyHYH XKarbiMCbl3 30HanapbiHAA
XaWralkaH Taxpbiibagarbl yrMnapAblH TOMyparbiHbIH, TOKT 6CYMAYKTOPYHYH >aHa KaHAApPbiHbIH aHaNU3UHUH
HaTbIAXaCbIHAA MAaKPO-, MUKPO3JIEMEHTTEP MEHEH 00p (YYy/nyy) MeTannaapAbiH Ma3MyHy 60t0HYa ONYyTTYy AMcbanaHc
aHbIkTanabl. byn 6Moxumusanbik TpoduMKanbiK YblHXbipAaarel aucbanaHc 6enrmnyy bup GuoreoueHo3no — TakTan
anTkaHaa, Kbiproi3ctaHabiH Yy 30HACbiHAA 3aT aAMallyy NPOLECCUMHUH By3ynyliyHa anbin KenreH, 6yn anpbikya
MPU BHBP Xal MLKaHanapbl TONTOATOH PAaMOHAOPAOTY 3KONMOrMsANbiK abangbiH By3ynywy mMeHeH GannaHbIWwTyy.
Kbiprbi3acTaHga 3kocucTeMaHbl ©3 ybarbiHOa M3MNAee MaKCaTblHAA aBTOPJOP afaM MeHeH >aHblbapnapabiH
CanamaTTbirblH KOProo 60HHYa WMHHOBALMANbIK WMAMMUI-OKYY 3KONOrMAnbiK 6opbopay Ty3yy CYHYLWYH wuwTen
YbIrbIWKaH. byn M3uMnaeeHyH XbIMbIHTbIKTapbl MeAMLMHAAA, albll 4YapbacbiHAa, BeTepuHApAblK MeauLMHAAa,
OLIOHA0M 3N1€e 3KON0orMsa TapMarbiHAa, OKYY XaHa UAUMKUIA MekeMenepae nanaanaHbiiblbl MyMKYH

Herusru cespep: yi; Tonypak; ©CyMAYK; KaH; MHHOBALMANbIK WIMMWIA-OKYY 3KONOTUSNbIK Gopbop; yynyy
MeTannaap
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AHHOTauusa. buoreoueHoTMueckas naTonorns — 3TO MaccoBoe 3aboneBaHWe He TOMbKO >XMBOTHbIX, HO
M yenoBeka M pacteHui. [aHHoe 3aboneBaHwe MposBNSETCS BCNeACTBME HeONaronpusTHbIX W3MEHEeHWH B
oKpyxatowen cpene. B 3Toi CBA3M CBOEBPEMEHHOE M3y4YeHMe 3KOoCUCTeMbl YyMcKoM 30HblI Kbiprbi3cTaHa Kak
3TMonorMyeckuii hakTop, a TakKe paHHee npenynpexneHne NaTonornii y KpynHoro poratoro CKOTa, BO3SHUKAKOLWMX
B pe3ynbTaTe 3TUX M3MEHeHMM, npuobpeno ocobyt akTyanbHOCTb. Llenbto uccnepoBaHus Obi1o M3yyeHue
61MOreoLLeHOTMYECKOM NAaTONOMMMN KOPOB anaTayCKmii Nopoabl B YyMCKoM 30He, NpoBeAeHNEe MOHUTOPMHIA MO CUCTEME
«MOYBA-PACTEHME-XKMBOTHOE» HA COAEPXKAHME B HUX BMOrEHHbIX MaKpo- U MMKPO3/1EMEHTOB, @ TakXXe TOKCUYHbIX
MeTannoB, M pazpaboTka pekoMeHAaLMi No CO34aHNUI0 MHHOBALMOHHOIO 3KOIOTMYECKOro LLeHTpa A8 ONTUMU3aLmm
skocucteMbl B KbipreidctaHe. [1ns 3KCNEpUMEHTANbHOrO OMbiTa WMCNOMb30BasM KOPOB anatayckon Mnopofbl
BO BTOPOM MONOBMHE CTENIbHOCTW, @ Kak OCHOBHOM KOMIMOHEHT OKpYyXatoLlweln cpeabl 6panu noysy W pacteHus.
MouBy, pacTeHUs U KPOBb XXMBOTHbIX UCCNEA0BAAM C MOMOLLbK aTOMHO-3MUCCMOHHOIO CrMeKTpodoTOMeTpa, a
uccnenoBaHMe OCHOBHbIX NMOKa3aTesie MeTabomM3Ma y OMbITHbIX U KOHTPOJIbHbIX KOPOB NMPOBOAMUIOCH MO €4UHbIM
YHUDULMPOBAHHBIM MeToauKaM. B pesynbTaTe aHanm3a MouBbl, KOPMOBbLIX PACTEHUIA U KPOBWU Y MOAOMbITHLIX
KOPOB, KOTOPblE HAXOAUNMUCb B HEGNAronpusaTHbIX 30Hax Yynckon 06nacTu, yCTaHOBNEH Cepbe3Hbli aucbanaHc no
COLEepXaHUI MaKpO-, MUKPO3NIEMEHTOB U TSXKENbIX (TOKCUYHBIX) MeTannoB. Takon aAmMcbanaHc B BUOXMMUYECKON
TpodUUECKOM Lenu NpuBen K U3IMEHEHUIO KPYroBOpOTa BeLLEeCTB B onpefefieHHOM buoreoueHose, T.e. B Yynckow
30He KbIprbi3cTaHa, YTO CBSI3aHO C HapyLeHWeM 3KONOorMyeckor O6CTaHOBKWM, OCOBEHHO B TeX paioHax, rae
COCpefoTOYEHbl KpyMHble NpoMblwaeHHble npeanpustusg. C Lenbld CBOEBPEMEHHOIO WM3YYEHUS 3KOCUCTEMbI
B KblprbisctaHe aBTopaMu pa3paboTaHbl peKkoMeHAauMu MNo CO343aHUI0 MHHOBALMOHHOIMO Hay4yHO-y4yebHOoro
3KONIOTMYECKOro LEeHTpa MO OXpaHe 34,0pOBbs YeIOBEKA M XKMBOTHbIX. Pe3ynbTaTbl JAHHOMO MCCNeA0BaHUS MOTYT
6bITb MCMONb30BaHbI B MeAMLIMHE, CENTIbCKOM XO35MCTBE, BETEPUHAPHOM MeMLUMHE, 3 TakKe B chepe 3KoNoruu, B
YUYEOHbIX U HAYYHbIX YUPEXAEHUSAX

Kniouesble cnosa: KOpOBad, NO4Ba, pacCTeHne; KpoBb, MHHOBALMOHHbIN HayHHO'yHE6HbIlZ 3KONOrMYeCKui LEHTP,
TOKCUYHbIE MeTaNibl
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Abstract. Wheat plays a crucial role in ensuring food security in the Kyrgyz Republic. Annually, approximately
250,000 hectares are allocated for wheat cultivation, with the area reaching up to 535,000 hectares in certain
years (e.g. 1996). Wheat is grown on irrigated, semi-irrigated, and rainfed lands across the country and is used to
produce bread and related products. The development and use of initial breeding material at the early stage of
breeding programmes is a key factor in improving their effectiveness. This study aimed to evaluate the outcomes
of wheat breeding programmes in Kyrgyzstan from 1935 to 2024, focusing on the development of high yielding
and well-adapted varieties, and identifying future directions for their enhancement under the conditions of the
Kyrgyz Research Institute of Agriculture. It was established that both cultivated and wild platforms are used
as initial breeding material. The main methods employed in wheat breeding include the use of natural and
hybrid populations, as well as induced mutations and polyploid forms. The use of both intraspecific and distant
hybridisation in the breeding activities of the Department of Wheat Breeding and Primary Seed Production
has enabled the development of original genetic material. Through individual selection, this material has led
to the creation of varieties approved for cultivation in the Kyrgyz Republic, including Lutescens 46, Adyr, and
Erythrospermum 13. In global climate change, the development of varieties adapted to local soil and climatic
conditions remains a key objective. Individual selection helps to identify forms with increased adaptability, while
the adaptive potential of winter wheat is enhanced by genetic recombination. Primary seed production remains
a vital factor in the sustainable development of the sector. The Green Evolution of wheat breeding in Kyrgyzstan
is associated with the introduction of high-yielding winter and spring wheat varieties possessing valuable
agronomic traits. The study highlighted the need for further improvement in breeding programmes to ensure
resilient agricultural production under changing climate conditions

Keywords: food; security; irrigation; initial material; the Green revolution; variety; primary seed production

Introduction
Wheat plays a crucial role in ensuring food secu- proportion of these wheat crops are situated on
rity in the Kyrgyz Republic. As the main food crop in  non-irrigated or semi-irrigated lands. Increasing grain
Kyrgyzstan, wheat occupies between 250,000 and production and enhancing its economic efficiency
535,000 hectares in certain years (National Statistical are closely tied to the development and implementa-
Committee of the Kyrgyz Republic, n.d.). A significant  tion of superior, high-yielding varieties (Urazaliev &

Suggested Citation: Pakhomeey, 0., & Ibragimova, V. (2025). Results and prospects of wheat breeding in Kyrgyzstan. Bulletin
of the Kyrgyz National Agrarian University, 23(1), 79-90. doi: 10.63621/bknau./1.2025.79.
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Yesimbekova, 2016) As far back as the 20" century, sci-
entists such as M. Tovstik et al. (1983) established that
the yield of cereal crops depends by 25%-30% on the
correct varietal choice, provided essential agricultural
practices and cultivation technologies are adhered to.

The substantial growth in global grain production
during the 20" century, exceeding 40%, is attributed to
the selective improvement of cereals, with outstanding
examples of wheat breeding efforts termed the Green
Revolution (Pingali, 2024) Global climate change, man-
ifesting as soil and atmospheric drought, alongside
reduced water flow due to the disappearance of cer-
tain glaciers within the Kyrgyz Republic, has necessi-
tated the creation of new wheat varieties possessing
enhanced heat and drought tolerance Under irrigated
conditions, there is a need to develop varieties that ef-
ficiently utilise high-input agricultural environments
to boost their yield potential (Afanasyeva et al., 2023).
This necessitates a local adjustment of breeding pro-
grammes. For instance, late spring frosts often lead
to erratic grain development and a sharp decline in
yields, a problem particularly prevalent in early-ma-
turing wheat varieties. Conversely, a shift in the frost-
free period, extending it later into autumn, requires an
adjustment of sowing dates, especially for facultative
varieties. As the FAO (2016) notes, in the face of cli-
mate change, heat and drought resistance will become
critical traits for cereal crops. Several countries have
already introduced heat-tolerant wheat varieties devel-
oped from germplasm stored at CIMMYT (International
Maize and Wheat Improvement Center) and the Interna-
tional Center for Agricultural Research in the Dry Areas
(ICARDA). The CIMMYT-supported wheat improvement
network is actively researching the possibility of devel-
oping high-yielding wheat varieties capable of thriving
in Kazakhstan’s increasingly hot summer seasons.

Research undertaken as part of the “Formation of
the Gene Pool of Agricultural Crops for Sustainable
and Competitive Development of the Agro-Industrial
Complex of the Republic of Kazakhstan” project from
2012-2014 focused on establishing a gene pool adap-
tive to both biotic and abiotic stresses across Ka-
zakhstan’s main agro-climatic zones (Yesimbekova et
al.,2015). The intensification of the continental climate,
which began in the Don region of Russia in the late 20"
century, has continued even more significantly into the
215t century. This primarily leads to a greater amplitude
in the manifestation of negative environmental fac-
tors, with drought emerging as the foremost concern,
according to A. Grabovets & M. Fomenko (2015). In this
situation, there is a growing need to create populations
with more pronounced genetic variability. They recom-
mend that ecological plasticity should be assessed pri-
marily by the potential productivity of new varieties.

In the Kyrgyz Republic, the primary focus for wheat
breeding aimed at drought resistance is the crea-
tion of varieties characterised by rapid development

during the spring, prior to the onset of summer drought.
These varieties are designed to effectively utilise au-
tumn-winter and spring soil moisture reserves. This
strategy allows the grain-filling stage to conclude be-
fore the summer drought takes hold, a consideration
that has guided the breeders (Lyubavina, 1984). Devel-
oping and creating an optimal varietal model, adapted
for specific soil and climatic conditions, as well as for a
broader geographical range, remains a pertinent chal-
lenge in winter wheat breeding (Korkhova et al., 2023).
The application of reliable quantitative criteria for trait
expression, underpinned by a deep understanding of
plant morpho-physiology and genetics, enables the
prediction of a scientifically sound model for the ideal
winter wheat variety for its intended cultivation zone,
proving useful for breeders (Krishnappa et al., 2021).
Enhancing the adaptive potential of winter wheat va-
rieties is achievable through the genetic mechanism of
recombinogenesis. Obtaining unusual recombinations -
known as transgressions - and then stabilising them in
subsequent generations is currently a key area of focus.

One of the principal threats to food security stems
from crop diseases and pests. For wheat, which pro-
vides 20% of the world’s consumed calories, diseases
play a significant role. M. Koyshybaev (2018) notes that
in the Central Asian republics, particularly the south-
ern and south-eastern regions of Kazakhstan, yellow
rust, septoria, and yellow spot are especially dangerous
diseases for winter wheat. During years of epiphytotic
yellow rust development in Tajikistan and Uzbekistan,
grain losses on untreated fields could reach 30%-40%
or more. This disease periodically appears in wheat
crops within the Kyrgyz Republic. This necessitates
an effective strategy for breeding for disease resist-
ance. Several authors have developed principles and
approaches for implementing precise disease control
in wheat agro-phytocoenoses (Bespalova et al., 2019).
They emphasise that chemical treatments should only
be applied when varieties are unable to cope with the
disease independently.

The Italian scientist G. Azzi (1922) was the first to
clearly articulate the idea of an ecological classifica-
tion of wheat, characterising varieties based on their
geographical distribution. To determine their adaptive
potential, new Kyrgyz-bred varieties undergo ecological
testing in the conditions of the Issyk-Kul basin (IEBS)
and the Naryn zone (NES). For the identification of
drought-resistant varieties, breeding material is sown
under harsh rainfed conditions in the lowland area
of the Chuy Valley (Zhany-Pakhta breeding farm). This
study aimed to assess the effectiveness of wheat breed-
ing efforts in Kyrgyzstan between 1935 and 2024, as
well as to analyse the outcomes and future prospects of
wheat breeding at the Kyrgyz Research Institute of Ag-
riculture. The study employed methods of retrospective
analysis of the Institute’s breeding programmes from
1935-2024. This included evaluating the effectiveness
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of using intraspecific and distant hybridisation, individ-
ual selection, and genetic recombinogenesis to develop
adapted wheat varieties. A review of breeding pros-
pects, considering climatic changes and primary seed
production, was also conducted.

Main directions in wheat breeding

In N. Vavilov’s (1962) seminal work, Scientific Bases
of Wheat Breeding, the practical application of dwarf-
ing in wheat was set as a crucial objective. During the
1960s, this strategic challenge in the microevolution of
the genus Triticum L. was successfully addressed by the
distinguished breeder N.. Borlaug. The highly produc-
tive semi-dwarf wheat varieties he developed are in-
trinsically linked to the Green Revolution - a significant
increase in wheat yields achieved through breeding
(Dorofeev et al., 1987).

The alteration of plant architecture, notably in the
1930s when the Italian breeder Nazareno Strampel-
li used the Japanese variety Akakomyghi in crosses to
create the short-stemmed winter wheat varieties, Ar-
dito and San Pastore, can be considered the first Green
Revolution. A striking example of effective breeding
work is the creation of the winter wheat variety Bezos-
taya 1, a masterpiece of global breeding, by Academi-
cian P. Lukyanenko at the Krasnodar Research Institute
of Agriculture. This variety, alongside Bezostaya 4, was
cultivated in numerous countries worldwide for many
years, leading to a doubling of yields through varietal
replacement, which can rightly be termed the second
Green Revolution (Bespalova, 2001). An analysis of the
pedigree of many wheat varieties has revealed that the
genetic lineage of Bezostaya 1, Bezostaya 4, Kavkaz,
and Aurora flows through over 300 varieties devel-
oped worldwide (Rabinovich, 1972) The rapid, dramatic
increase in yields in many countries during the early
1960s (particularly in India and Pakistan), achieved
through the short-stemmed varieties created in Mexico
(CIMMYT) by 1970 Nobel laureate N. Borlaug, became
known as the Green Revolution. The origins of scien-
tific breeding in Kyrgyzstan trace back to 1928 with
the breeding and seed production department of the
Republican Experimental Station. However, its work
ceased in 1930, and all materials were transferred to
the Central Asian Breeding Centre. Wheat breeding re-
sumed in 1934 at the Frunze Integrated Agricultural
Experimental Station, which was subsequently reor-
ganised in 1937 into the Kyrgyz State Breeding Station,
and then in 1956 into the Kyrgyz Research Institute
of Agriculture. The Kyrgyz Breeding Centre was estab-
lished there in 1971.

From 1938 onwards, breeding activities also com-
menced at key field stations in Przhevalsk, Naryn, Nurus,
and Uzgen. Pioneers in this field included G. Kuzmin,
N. Konovalov, N. Moskvin, I. Ryzhey, V. Lyubimova,
V. Nikolayev. In the initial years of this breeding work,
varieties were developed using mass and individual
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selection from existing local varieties. Subsequently,
methods of intraspecific and intergeneric hybridisa-
tion were employed, followed by single or multiple
selections. For example, the first spring-type varieties -
Erythrospermum 41, Erythrospermum 14 (authored by
M. Linchenko), and Ferrugineum 87 (authored by V. Ly-
ubimova) - were derived through individual and mass
selection from local wheat and subsequently region-
alised between 1946 and 1954 for the Issyk-Kul and
Tian Shan regions. In the late 1940s, new locally bred
winter wheat varieties were developed in Kyrgyzstan,
including Erythrospermum 9 (. Ryzhey and V. Nikolaye-
va), Erythrospermum 72, and Erpitrospermkum 115
(I. Ryzhey). Towards the end of the 1960s, a new rainfed
winter wheat variety, Kyrgyzskaya 16, was created by
M. Tovstik. During the same period, Kyrgyzskaya 3 (I. Ry-
zhey, R. Lyubavina) was developed and regionalised in
1960, along with Batkan Krasnaya (N. Bataleva, S. Bat-
alev, V. Kantemirov), regionalised in 1957. Additionally,
spring soft wheat varieties were developed at the Osh
field station by M. Tovstik (Oshskaya or Taldykskaya)
and at the Issyk-Kul experimental station by M. Nest-
erov (Przhevalskaya 1).In 1965, at the Osh Pedagogical
Institute, I. Shuvalov bred the winter durum wheat vari-
ety Oshskaya 60. From 1968, a new Kyrgyz-bred variety,
Dzhany-Budai (selected from Krasnodarskaya 362), was
regionalised.Between 1961 and 1970, almost the entire
wheat acreage in Kyrgyzstan (350,000 hectares) was
sown with the Bezostaya 1 variety. Among the winter
wheat varieties, only Kyrgyzskaya 16, grown under rain-
fed conditions, managed to withstand the dominance
of Bezostaya 1 (Tovstik, 1969). Subsequently, from 1970
to 1980, Kyrgyz breeders extensively used Bezostaya 1
and other sources in hybridisation to develop and sub-
mit six new intensive-type varieties for State Trials,
four of which were regionalised: Kyrgyzskaya 100, In-
tensivnaya, Erythrospermum 80, and Frunzenskaya 60.
During this same period, spring varieties were also
bred and regionalised: Kyrgyzskaya Yubileynaya, a soft,
semi-intensive type, and Kyrgyzsky Polukarlik, a du-
rum wheat. At the Przhevalsk irrigated variety testing
plot, V. Mishchenko used Bezostaya 1 in hybridisation
to create the winter soft wheat variety Przhevalskaya.
In 1973, this variety yielded a record harvest of 11.05
tonnes per hectare, the highest in the entire previous
history of State Variety Trials in the USSR. From 1975,
Przhevalskaya was regionalised for the Issyk-Kul region.

Working as the director of the Main Botanical Gar-
den of the USSR Academy of Sciences, N. Tsitsin utilised
distant hybridisation - specifically crossing cultivated
plants with wild relatives, such as wheat with couch-
grass. This approach yielded a vast diversity of forms,
including perennial and annual grain-forage wheat,
which exhibited significant biological and morpho-
logical differences from all existing wheat species
(Golikov, 2020). M. Tovstik, in collaboration with R. Ly-
ubavina at the Kyrgyz Research Institute of Agriculture,
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incorporated Bezostaya 1 into intergeneric hybridisa-
tion with elongated couch grass (Agropyrum elongatum)
and the Tibetan dwarf wheat Tom Pouce. This effort re-
sulted in large-eared, short-stemmed forms that were
subsequently integrated into further breeding pro-
grammes. However, the first variety derived from this
material, Lutescens 46, despite achieving a record yield
of 11.85 tonnes per hectare at the Przhevalsk irrigat-
ed State Variety Trial site in 1984, exhibited poor grain
quality due to weak gluten. Nevertheless, it was region-
alised across all agricultural zones of the republic from
1987 (Udachin & Shakhmedoyv, 1984).

Among other Kyrgyz-bred varieties, Dzhany-Bu-
dai (selected from Krasnodarskaya 362) has been re-
gionalised since 1968. Wheat varieties developed in
subsequent years for irrigated conditions - Erythros-
permum 13, Tilek, Kyyal, Asyl, Dzhamin, Dank, Araket,
Kasiyet, Almira, Melyanopus 223, Vassan and Nazdan -
have demonstrated high efficiency and profitability in
organised seed-producing, peasant, and other types of
farms. The winter wheat variety Bermet was also rec-
ommended for use in the Kyrgyz Republic. However, due
to its severe susceptibility to yellow rust and a drastic
reduction in yield during an epiphytotic outbreak in the
early 21t century, its production was discontinued. Con-
versely, varieties of soft winter wheat with plasticity,
adapted for use in both arid, rainfed conditions and ir-
rigated lands, have gained widespread adoption. These
include Erythrospermum 760, Adyr, Kayrak, Ralyub,
EHOL, and Taazhy (Ministry of Agriculture of the Kyrgyz
Republic, 2023).

As of 2025, the older winter wheat varieties Eryth-
rospermum 80 and Frunzenskaya 60 remain approved
for use in the Kyrgyz Republic and are recommended for
cultivation on both rainfed and irrigated lands. Annual-
ly, a significant acreage is dedicated to the facultative
wheat variety Intensivnaya, which is recommended for
cultivation under both rainfed and irrigated conditions.

Soil and climatic conditions

for research in the Kyrgyz Republic

The Kyrgyz Republic is situated in the north-east-
ern part of Central Asia, nestled between two major
mountain systems: the Tian Shan and the Pamir-Alay.
Only a tenth of the Republic’s total area (198,500 km?)
comprises intermontane pastures and basins, where
the majority of agricultural activity is concentrated
(Prokhorov, 1979). In some years, the total arable land
in the Republic exceeds 1.2 million hectares. The cli-
mate of the Kyrgyz Republic is distinctly continental,
characterised by significant fluctuations in air tempera-
ture, low humidity, moderate atmospheric precipitation,
minimal cloud cover, and extensive periods of sunshine
(averaging 2,600 hours annually).

The mountainous terrain dictates a pronounced
vertical zonation in the distribution of climatic indica-
tors, such as heat, moisture, and temperature. Desert
and semi-desert climates prevail in the lowland areas,
while the mountains experience steppe, forest-steppe,

meadow, and high-altitude tundra climates. The annu-
al moisture regime is divided into two distinct periods:
from October to April, moisture accumulates in the soil
due to melting snow, as well as late autumn and early
spring precipitation; and from late April to September,
there is intense moisture depletion due to increased
temperatures and strong winds, leading to high evap-
oration and plant uptake. The average annual relative
humidity across Kyrgyzstan ranges from 50% to 70%.
The lowest levels are typically recorded between July
and September, while the highest values are observed
between January and March (Mamytov et al., 1966).

Cereal crops are cultivated across all agricultural
zones in Kyrgyzstan. In the low and midmountain val-
leys, which benefit from extended frost-free periods,
both winter and spring cereals, as well as maize, are
grown. Higher-altitude valleys, with their shorter frost-
free seasons, primarily focus on cereal crops. In certain
regions experiencing harsh winters and brief summers,
only spring cereals, predominantly barley, are cultivat-
ed. Wheat breeding in Kyrgyzstan is conducted for four
distinct zones, each presenting varying natural and cli-
matic conditions:

rainfed conditions in hot and dry lowland val-
leys, which receive the highest amount of precipitation,
mainly in winter and spring, and experience moderately
severe, unstable winters. Varieties developed for this
zone must be resistant to both soil and atmospheric
drought, and exhibit rapid growth and development
during the spring months;

irrigated conditions in lowland valleys, where
intensive-type varieties are required. These must re-
spond well to irrigation and fertilisation, and possess
high heat tolerance along with improved resistance to
lodging and disease;

mild conditions of the central and eastern Is-
syk-Kul basin, which call for intensive-type varieties
suitable for both rainfed and irrigated systems, with
good disease and lodging resistance;

high-altitude valley conditions with short frost-
free periods and cool summers, where varieties must be
tolerant to night-time temperature drops.

In the Fergana, Chiy, and Talas valleys, as well as
Eastern Issyk-Kul - regions that encompass the major-
ity of the country’s wheat-growing areas connection -
there is an optimal balance of air temperature, daylight
length, and solar radiation. These conditions provide a
favourable climatic environment for the development
of the agricultural seed production sector. The low at-
mospheric humidity during the summer (30%-32%),
combined with other climatic factors, inhibits the de-
velopment of plant pathogens. As a result, the pro-
duced agricultural seed material tends to be healthy.
Furthermore, the sierozem soil and its subtypes, where
the main wheat cultivation areas are located, yield high
wheat harvests when recommended agricultural prac-
tices are followed. Therefore, greater attention should
be given to the development of the agricultural seed
production sector, including wheat, in Kyrgyzstan. This

82 Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 1



would open avenues for intensification and make agri-
culture more profitable, thereby significantly elevating
the economic standing (FAO, 2018).

Based on annual precipitation, rainfed lands are
conventionally categorised into zones: one classification
distinguishes between under-supplied (250-350 mm
per vyear), partially supplied (350-500 mm), and
well-supplied (over 500 mm); another uses classifica-
tions of 200-300 mm and over 400 mm, respectively
(Borzdyko & Simonov, 1935). The highest wheat yields
(7-8 tonnes per hectare) are achieved on rainfed lands
in the foothills and Eastern Issyk-Kul, where suffi-
cient rainfall (450-800 mm per year) occurs. In the
under-supplied rainfed areas of the country’s valley
regions, with insufficient moisture (200-350 mm per
year), yields rarely exceed 1.5-2.5 tonnes per hectare.
Furthermore, droughts occurring every 2-3 years fre-
quently negate all efforts made by farmers. Achieving
high yields under rainfed conditions is only possible
with the use of droughtresistant and heat-tolerant
varieties bred by the Kyrgyz Research Institute of Ag-
riculture, such as Erythrospermum 760, Erythrosper-
mum 80, Intensivnaya, and Taazhy.

Research at the Kyrgyz Research Institute
of Agriculture

In recent years, the wheat breeding programme at the
Kyrgyz Research Institute of Crop Production, which fo-
cused on both winter and spring wheat varieties, has
primarily employed hybridisation. This involves cross-
ing introduced genetic material obtained from inter-
national centres such as CIMMYT-ICARDA, along with
local varieties and lines (Pakhomeev et al., 2023). Vari-
ous crossing types are utilised, including simple, paired,
backcross, and saturating. Forced pollination is the
standard method. Hybridisation is carried out in field
conditions, with the selection of elite spikes, possess-
ing desired characteristics, occurring within the F3 to
F5 hybrid populations. The selected progenies are then
studied in the first-year breeding nursery. Here, they are
rigorously compared against the best-regionalised vari-
eties. Stable lines demonstrating high productivity and
resistance to lodging and diseases are advanced to the
second-year breeding nursery. Promising lines identi-
fied from the second-year nursery are then moved to
the control nursery. The final stage of evaluating se-
lected varieties involves preliminary and competitive
variety ftrials. Successful varieties are subsequently
submitted for State Variety Trials, based on the results
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of which they are approved for use. To obtain a patent
for a new variety, the Department for the Examination
of Agricultural Crops conducts a DUS examination over
two years, following which Kyrgyzpatent issues a con-
clusion on the variety’s protectability.

The wheat breeding and primary seed production
department at the Kyrgyz Research Institute of Agri-
culture is currently focused on: “Creating wheat vari-
eties adapted to environmental stress factors for both
irrigated and rainfed lands, possessing a high level of
economically valuable traits and characteristics, and
conducting ecological testing”. The considerable diver-
sity of soil and climatic conditions, coupled with sharply
defined vertical zonation, dictates two primary direc-
tions for wheat breeding in Kyrgyzstan: a) developing
highly intensive varieties for irrigated agriculture, aim-
ing for yields of up to 10 tonnes per hectare and above;
b) creating varieties adapted to arid rainfed conditions,
targeting yields of 3-5 tonnes per hectare and above.

Field experiments and seed production plantings
are established on the semi-irrigated lands of the Kyr-
gyz Experimental Breeding Station, as well as on the
rainfed experimental plot at Zhany-Pakhta breeding
farm in Sokuluk District, Chiy Region. Ecological test-
ing is also carried out at the Issyk-Kul Experimental
Breeding Station and the Naryn Experimental Station.
Breeding work follows a comprehensive scheme of the
selection process: a study of the germplasm collection;
hybridisation; cultivation and selection of hybrid popu-
lations (F2-F5); first-year breeding nursery; second-year
breeding nursery; control nursery; preliminary trials;
competitive variety trials; environmental and produc-
tion testing; multiplication of promising varieties; sub-
mission of advanced lines for State Variety Trials; and
submission of new varieties for DUS testing.

The winter soft wheat variety Adyr was developed
at the Kyrgyz Research Institute of Agriculture using
a hybridisation method. It originated from a cross be-
tween the variety Erythrospermum 80 and a line de-
rived from a cross involving a wheat-wheatgrass hybrid
[Lutescens 25 x (Bezostaya 1 x wheatgrass hybrid) x Tom
Pouce x Polukarlik 49]. It has been approved for use in
the Kyrgyz Republic since 2001. This variety exhibits
resistance to lodging, is drought-tolerant, and shows
resistance to rust pathogens and loose smut. Further-
more, it possesses good baking qualities. Its potential
grain yield in rainfed conditions with sufficient precip-
itation is 6.67 tonnes per hectare, rising to 9.50 tonnes
per hectare under irrigated conditions (Table 1).

Table 1. Yield potential and grain quality of wheat varieties bred by the Kyrgyz Research Institute of Agriculture

1,000 . Overall
Grain quality grain Vitreousness, baking
. Growing  Yield, A % .
No. Variety o weight, g score, point
conditions = t/ha Test weight
Protein, % Gluten, % GDI g/Lg ’
Irrigated 9.5 48.3
1 Adyr Rainfed 6.67 14.6 29.0 80 810 40.0 92.0 4.8
Erythrospermum  Irrigated 9.2 37.0
2 760 Rainfed 6.35 13.6-14.9 28.4 83 800 40.0 94.5 4.7
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Table 1. Continued

1,000 . Overall
. . . Vitreousness, .
. X Grain quality grain % baking
No. Variety Growing | Yield, weight, g ¢ score, point
conditions | t/ha Test weizht
Protein, % Gluten, % GDI en%,
g/L
Irrigated 8.35
3 Kayrak Rainfed 6.55 12.6-13.2 25.1-28.4 | 60 790 43.6-45.8 93.0 4.5
Irrigated 9.02
4 Ralyub Rainfed 6.5 13.1 26.6 39 700 40.0 91.0 3.8
5 EHOL Irigated 8.7 4 288 90 810 43.4-47.1 96.0 5.0
Rainfed 6.45 ’ ’ ’ ’ ’ ’
Winter 965
6 Intensivnaya wheat 6.35 13.4-16.0 28.9-35.5 &5 790 36.2-47.6 91.0 4.9
Spring wheat
Irrigated 8.75
7 Taazhy Rainfed 6.15 13.8 27.5 85 820 40.0 94.0 4.7

Source: developed by the authors

The winter soft wheat variety Erythrospermum 13
was also developed using material derived from distant
hybridisation. This variety originated from a cross of
[Red River 68 x Bezostaya 1] x [Bezostaya 1 x A9 elon-
gatum] x Tom Pouce, followed by a single selection in
the F2 generation. This variety boasts a potential grain
yield of 9.36 tonnes per hectare and exhibits good bak-
ing qualities. Its grain contains up to 14.4% protein and
29.9% gluten. It is characterised by moderate suscepti-
bility to brown rust and common bunt but is resistant
to loose smut and powdery mildew, and possesses high
winter hardiness.

Through individual selection from the introduced
Romanian variety F 474 S 82, the winter soft wheat va-
riety Almira was developed. Similarly, the facultative
variety Dzhamin was bred from the introduced Yugosla-
vian variety NS-55-58/VEE. Both these varieties are ap-
proved for use within the Kyrgyz Republic. Under a joint

project, 20 winter wheat varietal samples obtained from
the Kazakh Research Institute of Agriculture and Plant
growing underwent trials. During a severe yellow rust
epiphytotic in the 2024 season, these samples proved
tolerant and delivered high yields, comparable to the
standard variety Adyr (6.35 tonnes per hectare). For the
2025 harvest, these varieties have been sown in arid
rainfed conditions at the Zhany-Pakhta breeding farm.
Testing of 350 varietal samples obtained from
CIMMYT has shown that they are virtually unaffected by
yellow rust. This material is undergoing further breeding
development. Eight varieties bred by the Kyrgyz Research
Institute of Agriculture, namely Adyr, Kayrak, Ralyub,
EHOL, Dank, Nazdan, Vassan, and Taazhy, are protected
by patents (Fig. 1). In 2024, two soft wheat varieties and
one durum wheat variety were submitted for State Test-
ing Trials. A new winter soft wheat variety, Taazhy, has
also been approved for use across the Kyrgyz Republic.

Figure 1. Wheat varieties bred by the Kyrgyz Research Institute of Agriculture, supported by patents

Source: authors’ photo
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Acrucial aspect of the wheat breeding department’s
work is primary seed production. In 2024, high-genera-
tion wheat seeds (P1, P2, R1, R2) were produced across
53 nurseries. These were primarily transferred to the
Kyrgyz Experimental Breeding Station (KEBS) for Sugar
Beet for further multiplication.

In summary, the breeding and seed production
work within the wheat breeding and primary seed
production department at the Kyrgyz Research In-
stitute of Agriculture is being conducted to a high
standard. In recent years, new wheat varieties such as
Nazdan, Vassan, and Taazhy have been developed and
approved for use in the Kyrgyz Republic. Three new
varieties have been submitted for State Testing Trials.
A patent has been obtained for one variety, Vassan,
and patents for eight wheat varieties are maintained
annually. The primary seed production of bred vari-
eties is ongoing at the Kyrgyz Research Institute of
Agriculture, ensuring the planned implementation of
their varietal rotation and renewal.

In 2024, the competitive variety trial conduct-
ed on the semi-irrigated lands of the KEBS for Sugar
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Beet involved the study of 55 wheat varieties, plant-
ed in three replicates. Each plot for yield assessment
measured 12 m2 The average yield for the soft wheat
standard, Tilek, was 5.96 tonnes per hectare, while
the durum wheat standard, Melyanopus 223, yield-
ed 4.00 tonnes per hectare (Table 2). The most sig-
nificant increases in grain yield over the standard
(tonnes per hectare) among the winter soft wheat va-
rieties were observed in: Erythrospermum 302 (0.62),
Erythrospermum 518 (0.92), Lutescens 1457 (0.87),
Nazdan (0.72), 6 WONYR 03-222 (1.41), RWKLDN
03-49 (2.80), selection No. 24 - Erythrospermum
13 (2.76), 8WONIR 05-334 (1.05), 16 FAWWON
0911 (1.34), Lutescens 1704 (1.52), Erythrosper-
mum 1708 (0.32), Lutescens 1687 (1.78), Lutescens
1694 (1.95), Lutescens 1706 (2.76), Grecum 1667 (1.94),
CACWITIR 132 (1.09), 16IWWIYTIR 139830 (2.23), and
Dostuk (0.51). Among the durum wheat varieties, the
following showed the greatest yield increases rela-
tive to the standard: S/r 1 (1.81), S/4 (2.99), IDYT-SA
0502 (2.37), IDYTMD 05-35 (2.84), ICARASHA-1 (3.38),
SWANA 32 IDYT MD (1.27),and 35 IDYT_MD 11-2 (2.36).

Table 2. Characteristics of winter wheat varieties in competitive variety trial, 2024

Deviation . Number of Number of Grain . Test
.. . . Harvest, Vitreous . . . 1,000-grain .
Col.  Origin, variety, line t/ha from avg. ness. % spikes, grainsin | weight per e weight,
standard, t/ha ! pcs. spike, pcs spike, g ’ g/L
1 Erythrospermum 302 6.58 0.62 87.0 19.0 48.0 2.5 50.4 778
2 Erythrospermum 518 6.89 0.92 91.0 18.6 42.8 2.1 48.8 760
3 Erythrospermum 976 5.67 -0.29 67.5 21.4 49.7 2.6 52.0 761
4 Lutescens 1457 6.83 0.87 86.0 20.6 52.2 2.5 47.2 785
5 Tilek, standard 5.89 -0.07 76.0 21.0 55.4 2.1 39.8 742
6 Erythrospermum 13 6.13 0.17 82.0 22.3 63.7 3.0 47.2 785
7 Nazdan 6.68 0.72 45.5 21.0 53.5 2.3 41.6 776
8 | Erythrospermum 1627  5.56 -0.4 98.0 20.6 45.9 2.1 46.4 -
9 | Erythrospermum 1686  5.24 -0.72 83.0 19.7 45.1 1.6 394 -
10 7 EYTIR03-9882 5.11 -0.85 87.0 20.5 44.7 2.0 38.6 777
11 6 WONIR03-222 7.37 1.41 73.5 21.7 63.9 2.1 40.8 760
12 6 WONIR03-228 4.75 -1.21 66.0 21.1 43.4 1.7 40.8 741
13 8 EITIR 04-9868 5.3 -0.65 74.5 18.9 43.4 1.6 39.2 -
14 RWKLDN 03-49 8.76 2.8 89.0 20.3 58.9 2.6 43.2 768
15 Tilek, standard 5.4 -0.56 88.0 21.9 56.0 2.2 40.8 794
16 Erythrospermum 13 6.51 0.55 87.0 22.1 62.7 2.4 394 754
17 8 WONIR 05-334 7.01 1.05 82.0 20.4 53.4 2.1 43.2 747
18 16 FAWWON 0911 7.3 1.34 86.0 21.7 47.8 2.0 41.6 768
19 Lutescens 1704 7.48 1.52 92.0 20.3 49.3 1.7 42.4 760
20 | Erythrospermum 1708  6.28 0.32 86.5 21.4 50.5 2.4 39.6 730
21 Lutescens 1687 7.74 1.78 91.0 22.4 55.8 1.7 42.6 772
22 Lutescens 1694 7.91 1.95 89.0 23.5 54.9 2.5 44.0 756
23 Tilek, standard 6.48 0.52 85.0 22.6 47.1 2.0 42.8 760
24 | Erythrospermum 13 8.72 2.76 79.5 22.3 70.5 3.0 42.4 752
25 Lutescens 1695 6.47 0.51 88.0 22.3 39.2 2.1 51.2 792
26 Grecum 1697 4.45 -1.51 84.5 20.7 49.0 2.2 45.6 -
27 Lutescens 1706 7.72 2.76 84.0 24.7 55.0 2.7 50.4 738
28 Grecum 1667 7.9 1.94 70.5 21.1 57.3 2.4 40.0 770
29 13 IWWYTIR 1057 5.87 -0.09 59.5 19.6 63.1 2.7 44.8 770
30 15t CACWITIR 132 7.05 1.09 47.5 20.9 54.8 2.2 40.8 747
31 1t CACWYTIR 1310 5.57 -0.39 61.0 19.7 47.2 2.0 43.2 782
32 1t CACWYTIR 1337 5.87 -0.09 66.0 18.2 48.6 1.8 36.0 748
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Table 2. Continued

Deviation . Number of Number of Grain . Test
. . . . Harvest, Vitreous . .. . 1,000-grain .
Col.  Origin, variety, line t/ha from avg. ness. % spikes, grainsin | weight per el weight,

standard, t/ha ! pcs. spike, pcs spike, g ! g/L
33 Tilek, standard 6.06 0.1 80.0 20.4 58.7 2.5 43.2 750
34 Erythrospermum 13 6.31 0.35 75.0 21.6 64.9 2.5 39.2 760
35 16 IWWYTIR 139819 5.09 -0.87 76.0 194 53.1 1.9 35.4 770
36 | 16 IWWYTIR 139830 8.19 2.23 56.5 19.9 58.1 2.5 44.8 760
37 12 IWWYT-SA 1040 4.42 -1.54 49.0 19.2 48.9 1.4 36.2 736
38 Adyr 6.0 -0.04 75.5 21.5 49.9 2.2 40.8 774
39 12 IWWYTSA 1054 4.82 -1.14 93.0 19.1 57.1 2.4 47.6 741
40 12 IWWYTSA 1057 4.96 -1 86.0 20.8 45.5 2.0 45.2 771
41 Leucurum 121 5.21 1.21 89.0 24.4 40.0 1.8 46.4 781
42 Me|ya”°2;‘ds 223,258 49 - 84.5 22.6 345 1.1 35.7 725
43 S/r1 5.81 1.81 90.0 25.1 47.4 2.2 44.0 778
44 S/ra 6.99 2.99 93.0 19.3 55.3 2.6 46.4 754
45 | Melyanopus 223, std. 4.31 0.41 87.0 23.2 31.6 1.2 37.6 735
46 Kyrgyz Polukarlik 4.84 0.84 75.5 18.9 43.0 2.0 52.6 776
47 IDYT-SA 05-02 6.37 2.37 73.0 19.0 55.1 2.9 52.0 754
48 IDYT_MD 05-35 6.84 2.84 79.5 19.5 50.6 2.7 50.4 768
49 ICARASHA 1 7.38 3.38 76.5 18.9 66.5 3.1 44.8 780
50 | Melyanopus 223, std. 3.68 -0.32 82.0 21.9 27.3 0.9 33.8 715
51 SWANA 32 IDYT MD 5.27 10.27 74.5 18.8 50.1 2.4 46.4 784
52 35IDYT-MD 11-2 6.36 2.36 71.5 18.7 49.8 2.3 46.6 770
53 Dostuk 6.47 0.51 65.0 20.7 56.1 2.3 40.8 770

54 Kyzyl-dan 4.76 -1.2 71.0 20.3 50.0 1.9 40.8 -

55 Bermet 3.35 -2.61 39.0 24.1 53.3 1.3 30.6 -
Avg. Tilek, standard 5.96 - 83.0 21.5 54.3 2.2 41.7 762

LSD 05 0.31

Source: developed by the authors

Almost all varieties exhibited a high vitreousness
of grain (60%-90%), except Bermet, which was severe-
ly affected by yellow rust. The test weight across all
varieties ranged from 740 to 780 g/L, with Lutescens
1706 (738), 12 IWWYT-SA 1040 (736), and Melyanopus
223 (725) being exceptions High 1000-grain weights
were observed in the soft wheat varieties Erythrosper-
mum 302 (50.4 g), Erythrospermum 518 (48.8 g), Eryth-
rospermum 976 (52.0 g), Lutescens 1457 (47.2 g), Eryth-
rospermum 13 (47.2 g), Lutescens 1706 (50.4 g), and
Lutescens 1695 (51.2 g). Similarly, high values were
seen in the durum wheat varieties Kyrgyz Polukar-
lik (52.6 g), IDYT-SA 05-02 (52.0 g), and IDYT-MD
05-33 (50.4 g). The tallest plants were found in the
varieties Erythrospermum 1708 (114 cm), Lutescens
1694 (111 cm), and Lutescens 1706 (117 cm).

The results of these investigations have been pre-
sented at numerous international scientific and prac-
tical conferences In the view of the authors of this
article, the entire process of developing new wheat
varieties at the Kyrgyz Research Institute of Agricul-
ture over the last 90 years (1934-2024) can be aptly
described as the Green Revolution of wheat breeding
in Kyrgyzstan. At the same time, it is considered neces-
sary to strengthen efforts to establish licensing agree-
ments with licensors in order to obtain commercial
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compensation in the form of royalties for the use of
patented varieties in seed production.

Conclusions
The breeding and seed production work at the Kyrgyz
Research Institute of Agriculture demonstrates con-
sistent progress in developing high-yielding and ad-
aptable wheat varieties for both semi-irrigated and
rainfed lands. In recent years, three new soft wheat va-
rieties - Nazdan, Vassan, and Taazhy - have been bred
and approved for use across the Kyrgyz Republic, with
a patent also secured for the Vassan variety. Patents
for seven other varieties (Adyr, Kayrak, Ralyub, EHOL,
Dank, Nazdan, and Taazhy) are consistently maintained,
underscoring the high calibre of the breeding efforts.
Two soft wheat varieties and one durum wheat vari-
ety have been submitted for State Testing Trials, and
primary seed production ensures planned varietal ro-
tation and renewal. The ecological trials of new vari-
eties at the Issyk-Kul and Naryn experimental stations
have allowed for an assessment of their adaptability
to diverse soil and climatic conditions, including arid
regions and areas with distinct vertical zonation The
use of hybridisation, individual selection, and the intro-
duction of genetic material from international centres
(CIMMYT, ICARDA) has been instrumental in creating
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varieties with enhanced resistance to diseases, drought,
and lodging, alongside superior baking qualities.
Future research will focus on intensifying efforts
to create varieties with enhanced tolerance to climatic
stresses, such as drought and extreme temperatures, by
integrating modern genetic and biotechnological ap-
proaches. A key direction involves expanding collabo-
ration with international breeding centres to introduce
new genetic resources and implementing digital tech-

Pakhomeev & Ibragimova

Kyrgyzstan. The Green Revolution of wheat breeding in
Kyrgyzstan over the past 90 years provides a solid foun-
dation for sustainable agricultural development in the
face of global challenges.
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Bacunsa U6parnmosa

YNyK UNMMUM Kbi3MaTKkep

KbIprbi3 AblIMKaHYbITbIK UTUM U3UNO0O UHCTUTYTY

720027, T. DpyH3e keu., 100/1, BuLkeK ., Kbiprbiz Pecriy6amnKkachl
https://orcid.org/0009-0000-9983-9583

AHHoTtauums. byyaai Kbiproi3 PecnybnaunkacbiHAa asblK-TyayK KOOMCY34YryH Kamcbi3 Kbilyyaa MaaHWayy posnb
OMHOWMT. Ap XbIN caiblH 60/mKon MeHeH 250 MuH rekTap xep Byyaai aryyre nanaanaHbiat, an 3M1 alpbIM Xblaaapbl
(Mmcanbl, 1996-xbinbl) 6yn kepceTkyd 535 MuUH rektapra YeiuH xeTkeH. byyaai pecnybnvkaHbiH WwapTTyy cyrat
YaHa Karpakbl XepaepuHae ecTypyayn, HaH a3biKTapbliH OHAYPYY YYYH KonaoHynat. Cenekumsanbik MWTUH BaliTankebl
3TabbiHAa BawTankbl MaTepuanibl TY3YY )XaHa KONAOHYY aHbIH HATbIAKaNYynyryH XKoropynaTyyqy MaaHunyy Gakrop
6onyn caHanat. M3unaeeHyH MakcaTbl — 1935-2024-xbinaap apanbirbiHaa Kelproi3ctaHaa XKOropKy TyWyMAYY >KaHa
XEePruMKTYY LapTTapra biiarblKTalWwKaH 6yynan COpTTOPYH MLITEN Ybiryy 60K0HYA CeneKuMsbIK nporpaMmmanapabliH
HaTbIMKanyynyryH 6aanoo >aHa Kbiprbi3 AblKaHYbINbIK WMAMMUA-U3UNAE6 WHCTUTYTYHYH LWapTbiHAA anapAabl
OPKYHASBTYY MYMKYHUYYIYKTOPYH aHblkToo 6onroH. Cenekumspa GawTankbl MaTepuan Katapbl MajaHWi >kaHa
Xanarbl ecyMAyKTepayH Gopmanapbl KongoHynat. byyaai cenekumsacbiHoa 6awwTankbl Matepuangpbl anyy y4yH
Hernsru bikManap KaTtapbl XKapaTbliblll XaHa rMbpuanmk nonynaumsanap, OLWOHAONM 31e XacanMma MyTaumsnap aHa
nonunnonaauk dopmanap naWpanaHbinat. byyoan cenekumscsl aHa 6aluTankbl YpPeHUYNYK 661yMyHA® TYKyM
WUYMHOETU XaHA aNbiCKbl rMOpMALEWTUPYY bIKManapbiH KOAAOHYY OpurMHanayy 6awTtanksl MaTepuanibl anyyra
MYMKYHAYK 6epwvn, aHAaH MHAMBMAYanAyy TaH[oo xony MeHeH Kbiprbi3 PecnybnukacbiHaa KOnLOHyyra ypykcart
H6epunreH copTTop ublrapbinraH: JliotecueHc 46, Anbip, dputpocnepmyM 13. [nobanfblk KAMMATTbIH ©3repyLuy
WapTbIHAA XEPTUAMKTYY TOMYpaK-KAMMATTbIK WapTTapra blAaMbIKTalWKaH COPTTOPAY MLWTEN 4biryy akTyanayy
Macene 60MAOH Kanyyaa. MHOMBMAYanayy cenekums Xoropy agantaumsnaHraH dopManapabl aHblKTooro ebenre
TY36T, an 3MM KbllWKbl OyyAanabliH afanTMBAYYYK MOTEHLMANbIH XXOropynatyy reHeTuKanblk peKoMOuHoreHes
apKblTyy Xy36ere awblpbinat. TapMakTbiH TYPYKTYY 6HYTYYCYHYH MaaHunyy daktopy 6onyn 6awTankbl ypeHUYayK
kanyyna. KelpreiacTaHzarsl 6yyaai ceNekumsachiHbIH “Kallibln” 3BOMOLMSCHI KOTOPKY TYLWIYMAYYIYKKE XaHa 6aanyy
yapbaubinbik Benrmnepre 33 OONTOH KbIWKbI XaHa >Ka3rbl Oyynan COPTTOPYH KMPrulyy MeHeH 6ainaHbilwTyy.
MN3nnpee e3repyn xaTkaH KAMMAT WapTTapbiHAA arbll Yapba eHAYPYLWYHYH TYPYKTYYAYryH Kamcbi3 Kbllyy Y4yH
cenekuusnbIK mporpaMmanapabl MbiHAAH apbl ©PKYHASTYYHYH 3apbliabirblH KOpCeTTy

Herusru cespep: asblK-TY/YK; KOONCY3A4yK; cyraT; 6aluTankbl MaTepuan; “Kalblian” 3BONOLMS; COPT; BaluTankbl
YPOHUYYK
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CTapLUuM HayYHbIN COTPYOHWK

KbIprbI3CKMM HayYHO-MUCCNeaoBaTeNbCKUM MHCTUTYT 3eMnefenmsa
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AHHoTauums. lNweHnLa UrpaeT BaXHYK posib B 0becneyeHuun npoaoBOabCTBEHHOM H6e3omnacHOCTU Kbiprbi3ckoin
Pecnybnuku. ExerofHo nop nweHuuen 3aHato 250 TbicAY rekTapoB, a B OoTAeNbHble rofabl (1996) nnowanb
BO3[eNblBaHUS focTurana 535 Tbicsy rektapos. lNueHnLa BO3LeNbIBaE€TCS HA OPOLLIAEMbIX, YCIOBHO OPOLLIAEMbIX
M BorapHbIX 3eMnsx pecnybnvkmM U UCNONb3yeTcs AN NPOU3BOACTBA xNneba u xnebHbix npoayktos. Co3paHue U
MCMONb30BaHWE UCXOAHOIr0 MaTepuana Ha HauyanbHOM 3Tane CeNekLMOHHOM paboTbl ABNSETCS BAXKHbIM PaKTOPOM
noBbleHns ee 3hDEKTUBHOCTU. Llenbto nccnenoBaHus 6bina oueHka pe3ynbTaTUBHOCTH CENEKLMOHHBIX MPOrpamMmm
no pa3paboTke BbICOKOMPOAYKTUBHBIX U afAanTUPOBAHHbIX COPTOB NuweHuupbl B Kbiprbi3cTaHe 3a nepuof ¢ 1935
no 2024 ropbl, @ Takxke onpefeneHve nepcrnekTMB UX COBEPLUEHCTBOBAHMUS B YC10BMAX Kbiprbi3CKOro Hay4yHo-
MCCNenoBaTeNbCKOro MHCTUTYTa 3eMnefenus. YCTaHOB/IEHO, YTO B KayecTBE MCXOLHOro Matepuana B cenekuuu
MCMONb3YHT KYNbTYPHbIE U IKME POPMbl pacTeHUI. B cenekumm niweHmLbl NPUMEHSIOT CleayoLue OCHOBHbIE BUAbI
M cnocobbl MOMYYEHUS UCXOLHOTO MaTepuana: eCTeCTBEHHbIE U TMOPUAHbIE MONYASALMU, @ TAKXKE UCKYCCTBEHHbIE
MyTaLMK U NoAunaouaHble GopMbl. Micnoib30BaHME BHYTPUBUAOBOW U OTAANEHHOM rTMBpUaM3aLMK B CENEKLMOHHON
paboTe oTaena cenekumu U NeEPBUYHOr0 CEMEHOBOACTBA MLIEHMLLbI MO3BOM0 NOMYYUTb OPUTMHANBHbBINA UCXOAHbIN
mMaTepwuan, U3 KOToporo nyTeM WMHAMBMAYANbHOrO 0TOOpa ObIIM CO3AaHbl COPTa, AOMYLLEHHbIE K MCMNONb30BaHUIO
Ha TeppuTopuun Kbipreidckoit Pecnybnuku: JliotecueHc 46, Anbip, dputpocnepmyM 13. B ycnosusix rnobanbHoro
M3MEHEHUS KNuMMaTa akTyanbHOW 3ajayenr aBngetcs pas3paboTka COPTOB, aAaNTUPOBAHHbLIX K JIOKANbHbIM
NOYBEHHO-K/IMMATUUYECKMUM YCNOBUAM. MHOMBUAYANbHAS CeNneKkLus CnocobCcTBYeT BbISIBNEHUIO POPM C NOBbILLEHHOMN
a[lanTMBHOCTbIO, @ YCUNIEHWE aanTMBHOrO MOTEHLMANa 03MMOM MLUEHMLbl LOCTUrAeTCsS 3@ CYET reHeTUYeCKoro
pekoMbuHoreHesa. BaxxHbIM (akTOpPOM YCTOMYMBOrO pa3BMUTUS OTPAC/IM OCTAeTCs NepBMYHOE CEMEHOBOACTBO.
«3eneHas» 3BONOLMS Cenekumm nieHmubl B Kblproi3cTaHe CBA3aHa C BHEAPEHUEM BbICOKOMPOAYKTUBHbIX COPTOB
03MMOMI U1 IPOBOM MLLEHMULbI, 0613JAMLWMX LEHHBIMU X039MCTBEHHBIMU MPU3HaKaMK. MiccnenoBaHue NnogvyepKHyNo
HeobX04AMMOCTb [anbHeNIlero COBEPLIEHCTBOBAHUS CENEKUMOHHbIX MporpamMm Ans obecneyeHns yCToMYMBOro
CeNbCKOX039MCTBEHHOMO MPOU3BOACTBA B YC/IOBUSIX MEHSOLLErOCS KAMMaTa

Kniouesble cnosa: NpoAoBO/bLCTBME; 6E30MaCHOCTb; OPOLIEHME; UCXOMHbIM MaTepuan; «3efeHas» 3BONOLMS;
COpT; NepBUYHOE CEMEHOBOACTBO
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Abstract. Analysis of the effectiveness of agricultural resource use is becoming particularly important in
the context of current climate and economic transformations. The study addressed the correlation between the
indicators of orchard area, yield and gross harvest of fruit crops in the Chiy Region of the Kyrgyz Republic for
the period 2022-2024. The study aimed to establish statistical correlations between the primary indicators of
production and economic performance to support decisions aimed at enhancing the efficiency of the region's
agricultural sector. The study used official statistical data, the calculation of Pearson's coefficients to identify
linear dependencies and visual methods of presenting data. The analysis covered data for seed and stone fruit
crops (apple, pear, plum, cherry, sweet cherry, apricot, peach), including area, gross harvest, yield, revenue, costs,
profit and efficiency. The analysis showed a steady increase in yields and gross volume with a decrease in planted
areas, indicating the introduction of a more intensive model in horticulture. High positive correlations were found
between area and gross harvest (r>0.7) and between gross harvest and yield (r>0.8). A direct correlation between
revenues and profits was also identified, which confirmed the importance of financial resource management. At
the same time, the level of efficiency demonstrated a weaker dependence, indicating the multifactorial nature
of its formation. The data obtained can be used to create regional strategies aimed at increasing the economic
return on perennial fruit crops, with an emphasis on increasing yields, optimising costs and applying modern
agricultural technologies. The findings highlighted the importance of integrating statistical methods of analysis
into agricultural practice, which not only improved the accuracy of assessment of the current state of production but
also created forecast models for effective resource management.Thus, the study demonstrated that the introduction
of an integrated approach, including agrotechnical, economic and analytical components, is a key condition for
increasing the sustainability and competitiveness of horticulture in the Chily Region and similar agro-climatic zones
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Introduction

Modern agriculture is under the influence of many fac-
tors that significantly affect its efficiency and sustaina-
bility. One of the key challenges is global climate change,
which manifests itself in the form of rising temperatures,
more frequent dry periods, shifting growing seasons
and instability in the distribution of precipitation. This
determines a need for the agricultural sector to adapt
to changing environmental conditions. In addition to
climate, economic and social challenges, urbanisation,
labour shortages, inflation and volatile markets are also
increasing pressure on the agricultural sector, especial-
ly in emerging economies (Murabildayeva et al., 2024).

In the face of such challenges, it is especially im-
portant to find effective strategies for managing peren-
nial plantations as one of the stable and resource-in-
tensive segments of agricultural production. In Central
Asian countries, including the Kyrgyz Republic, there is a
downward trend in the area of agricultural land, includ-
ing perennial plantations, due to soil degradation, water
shortages and urbanisation. At the same time, statistics
show an increase in yields, which indicates a transition
to more intensive horticultural models. Such a transi-
tion is only possible with the introduction of modern
drip irrigation technologies, breeding improved varie-
ties, balanced plant nutrition and biological protection.

In this context, correlation analysis is substantial,
identifying the relationship between agricultural and
economic indicators and thus improving the accuracy
of forecasts and the validity of management decisions.
As noted by A.Ragimov & M. Mazirov (2022), correlation
analysis is effective in assessing the impact of climatic
and agronomic factors on fruit crop yields. O. Andree-
va et al. (2022) emphasise that simple expansion of
areas does not always lead to a proportional increase
in yields and gross harvest, especially without proper
agronomic support. T. Huang et al. (2024) proved the
importance of varietal structure and irrigation meth-
ods for the optimal use of land resources. The study
emphasised that the combination of high-yielding
varieties with innovative cultivation methods can in-
crease yields without extensive expansion of the ter-
ritory. N. Parashar et al. (2024) showed that the use of
multiple correlations makes it possible to quantify the
contribution of each factor to the gross yield. A. Popova
& 0.Naumova (2021) added that without the cost com-
ponents (e.g., costs per hectare), the economic analysis
of agricultural activities loses its practical significance.
It should also be noted that studies in Central Asian
countries, including Kazakhstan and Uzbekistan, show
similar trends. S. Shaitura et al. (2021) emphasise that
regions that are actively implementing precision agri-
culture demonstrate higher production and econom-
ic efficiency even with limited natural resources. This
data confirms the need for an integrated approach to
managing perennial plantations, where economic and

managerial aspects are taken into account alongside
agricultural techniques.

For the Chiy Region of the Kyrgyz Republic, which
is one of the national leading fruit-growing regions,
the task of increasing the efficiency of the agricultur-
al sector is particularly urgent. Given the limited land
and water resources, as well as the growing demand for
food, the region faces the need to develop and imple-
ment scientifically based solutions aimed at increasing
the profitability and sustainability of production. In-
ternational studies and regional experience show that
analysis of the relationship between production indi-
cators (area, gross harvest, yield) and economic results
(income, costs, profit, efficiency) optimises agricultural
policy and increases the effectiveness of investments
(Talgarbekov et al., 2025).

The study aimed to conduct an economic and corre-
lation analysis of the relationships between plantation
area, gross harvest and yield of fruit crops in the Chiy
Region of the Kyrgyz Republic for the period 2022-2024.
Research goals include: analysis of the dynamics of
production indicators for perennial plantations; deter-
mination of correlations between the main agricultural
and economic indicators; and development of practical
recommendations for improving the efficiency of per-
ennial plantations management in the Chuy Region.

Materials and Methods

The study was conducted based on an analysis of offi-
cial statistical data on perennial fruit crops grown in the
Chuy region of the Kyrgyz Republic in 2022-2024. The
data were obtained from reports from the Ministry of
Agriculture of the Kyrgyz Republic (n.d.) and the Nation-
al Statistical Committee of the Kyrgyz Republic (n.d.).
The methodological basis included an economic cor-
relation analysis aimed at identifying the relationships
between three key indicators: the area of fruit-bear-
ing plantations (ha), gross production (cwt), and yield
(cwt/ha). Pearson’s linear correlation coefficients were
used to process the data, which made it possible to
quantitatively assess the direction and degree of de-
pendence between the variables. Microsoft Excel and
SPSS Statistics software were used to process the infor-
mation, which provided high accuracy of analysis and
clear graphical representation of the results in the form
of tables, graphs and diagrams.

The sample was based on complete annual data for
the following crops (crops with incomplete data or an
insignificant share in gross production were excluded
from the sample):

seeds: apple tree, pear tree;
stone fruits: plum, cherry, sweet cherry, apricot,
peach.

The following formulas were used to calculate the
economic indicators:

92 Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 1



Revenue (gross profit) was calculated using the fol-
lowing formula:

Revenue = Gross sales x Unit price, (1)

where Gross harvest — volume of products received in
centners (c); Unit price - average market price (in con-
ventional units) for 1 cwt of products.

Growing costs were determined by the formula:

Costs = Planted area x Average cost per hectare, (2)

where Planted area - total area of perennial crops (in
hectares); Average costs per hectare - total costs of cul-
tivation technology per 1 ha.

Profit was calculated as the difference between in-
come and expenses:

Profit=Revenue Costs, (3)

where Income - value from formula (1); Expenses - val-
ue from formula (2).

Efficiency of land use was calculated using the fol-
lowing formula:

.. Profit
EffLCLency = Plantation area’ (4)
where Profit is calculated using formula (3); Plantation
area in hectares. The indicator reflects the profit per
hectare and is used as an indicator of the economic ef-
ficiency of cultivating a particular crop.

The methodology for calculating Pearson’s correla-

tion coefficient is described in the following formula:
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nyxy— YXxYy
r= , 5
VnEZxZ-C )DL y2-(y)?2) ©)

where: x, y - values of two variables; n - number of ob-
servations; r — Pearson’s correlation coefficient, which
characterises the direction and strength of the relation-
ship between the variables.

These formulas quantified the production and eco-
nomic parameters of perennial fruit growing in the re-
gion. This methodology can be successfully replicated
in other areas with similar agro-climatic conditions and
statistical bases.

Results and Discussion

The results of the study demonstrated that between
2022 and 2024, there was a decrease in the area of or-
chards in the Chly Region, accompanied by an increase
in harvest volumes and productivity indicators. This in-
dicates an increase in the productivity and efficiency of
agricultural land use. A correlation analysis revealed a
moderately positive relationship between the area of
plantations and gross harvest, confirming the impor-
tance of this indicator for forecasting production vol-
umes. At the same time, the study determined a stable
positive relationship between yield and gross harvest,
emphasising the importance of technical and agro-
technological solutions in ensuring productivity (Filip-
pova, 2025). Fluctuations in yield recorded in different
years are probably due to unstable weather conditions,
as well as differences in the application of agrotechni-
cal measures (Konovalov et al., 2005).

The fluctuations in yields recorded in different years
are possibly determined by unstable weather conditions,
including longer dry spells and lower rainfall (Table 1).

Table 1. Changes in temperature, precipitation and dry periods in the Chiy Region

Year Average air temperature, °C
2022 11.8
2023 12.4
2024 12.4

Amount of precipitation, mm  Duration of dry period, days

420 34
390 41
360 45

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

The highest yields were observed in those farms
where innovative approaches to drip irrigation systems,
modern fertilisation methods and high-yielding plant
varieties were used, which confirms the importance
of technological modernisation (Chekunov, 2019). The
analysis of statistical data showed that the value of
correlation coefficients between the main indicators
for different years was in the range of 0.68-0.82, which
characterises a high degree of interconnectedness.

Comparative analysis with the results of other
studies demonstrated that sustainable yield growth,
even with a reduction in planted areas, is possible due
to the widespread adoption of modern agricultural
technologies. In particular, studies in Kazakhstan and

Uzbekistan show similar trends, where efficiency gains
are achieved not through extensive expansion of plant-
ed areas, but through improved management decisions
and more precise agricultural operations (FAO, 2018).

The analysis of the economic characteristics of key
types of perennial crops for 2022-2024 revealed signif-
icant differences in income and costs of growth, which
is an important factor for the subsequent analysis of
their profitability and efficiency. The analysis calculated
the total revenues and costs of growing each crop, in-
cluding apple, pear, plum, cherry, sweet cherry, apricot,
peach and other fruit trees. Costs were calculated based
on typical costs per hectare, incorporating the specifics
of agricultural practices for each fruit crop (Table 2).
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Table 2. Revenues and expenses for perennial plantations in the Chuy Region in 2022-2024 (KGS)

Income, KGS
Perennial plantations
2022 2023
apple 4,575,100 3,937,850
pear 213,200 307,150
plum 531,400 593,450
cherry 876,450 1,012,200
sweet cherry 216,650 130,300
apricot 169,500 167,600
peach 2,400 14,900
others (cherry plum, etc.) 2,400 1,750
Total 6,587,100 6,165,200

Costs, KGS
2024 2022 2023 2024
4,117,800 5,917,000 3,331,000 3,277,000
249,900 340,000 94,000 94,000
603,250 478,000 392,000 392,000
1,073,300 680,000 616,000 616,000
116,850 38,000 30,000 30,000
151,450 237,000 99,000 99,000
15,150 5,000 10,000 10,000
1,750 3,000 2,000 2,000
6,329,450 7,698,000 4,574,000 4,520,000

Source: compiled by the authors based on data from the Ministry of Agriculture of the Kyrgyz Republic (n.d.)

Table 2 presents data on revenues and costs of
perennial plantations (apple, pear, plum, cherry, sweet
cherry, apricot, peach and other crops) for the period
from 2022 to 2024. The table shows the following data
for each crop. Revenues for 2022, 2023 and 2024 were
calculated using a formula (e.g. for apple trees in 2022,
the gross harvest was 91,502 centners and the price per
unit was set at 50 conventional units):

Revenue,
pple

=91,502x50=4,575,100

The cost of perennial plantations was calculated
based on the area of plantations and a fixed cost per

hectare (e.g. 1,000 conventional units per hectare). A for-
mula for calculating costs (e.g. for apple trees in 2022, if
the area is 5,917 ha and the cost per hectare is 1,000 units):

Cost,,,=5,917x1,000=5,917,000

1

The data demonstrates the profitability of individ-
ual crops and the feasibility of further investment in
certain areas of horticulture.

Table 3 presents data on the profit and efficiency of
perennial plantations (apple, pear, plum, cherry, sweet
cherry, apricot, peach and other crops) for the period
from 2022 to 2024.

Table 3. Profit and economic efficiency of perennial crops in the Chiy Region for 2022-2024
(in thousands KGS and KGS/ha, rounded to the nearest tenth)

Perennial plantations Income, KGS
2022 2023
apple -1,341.9 606.9
pear -126.8 213.2
plum 53.4 201.5
cherry 196.5 396.2
sweet cherry 216,650 100.3
apricot -67.5 68.6
peach -2.6 49
others (cherry plum, etc.) -0.6 -0.3
Total -1,110.9 1,591.2

Efficiency of som/ha

2024 2022 2023 2024
840.8 773.2 1,182.2 1,256.6
155.9 627.1 3,267.6 2,658.5
211.3 1,111.7 1,513.9 1,538.9
457.3 1,288.9 1,643.2 1,742.4
86.9 5,701.3 4,343.3 3,895
52.5 715.2 1,692.9 1,529.8
5.2 480 1,490 1,515
-0.3 800 875 875
1,809.5 855.7 1,347.9 1,400.3

Source: compiled by the authors based on data from the Ministry of Agriculture of the Kyrgyz Republic (n.d.)

Example calculation for apple trees (2022). Profit:

Profit,,.=4,575,100 - 5,917,000=-1,341,900
Efficiency:
P _ —1,341,900 _
Efficiencyapple = BT 773.2

The analysis demonstrated that the profitability of
different crops varied, and not all provided a sustain-
able positive income during the period under review.
For instance, in 2022, negative profit was recorded
for such crops as apple, pear, apricot and peach, due
to high costs and relatively low income. However, by

94

2023-2024, there was an improvement in financial
results, which was due to the modernisation of pro-
duction and increased efficiency of technologies, the
use of new agricultural technologies and, possibly, fa-
vourable weather conditions. The maximum efficiency
indicators in the analysed years were characteristic of
cherries and cherries, which indicates their high finan-
cial attractiveness for further investment in the Chiy
Region. The dynamics of profits and efficiency over the
analysed period is a substantial basis for the formation
of regional programmes to support and develop specif-
ic areas of fruit growing.

It is also worth noting the positive dynamics of
crops such as plums and pears, which initially showed
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moderate profitability, but significantly improved their
positions in 2023 and 2024. Plums, with stable costs,
showed consistent profit growth, indicating the crop’s
high adaptability to regional conditions and the poten-
tial for scaling up production. Despite negative profits
in the initial period, pears became an economically sta-
ble crop by 2023, indicating a potential return on in-
vestment with proper agronomic support. In turn, crops
such as peaches, apricots and others (cherries, etc.)
remain less economically viable. Although there has
been an improvement in indicators in some years, the
overall level of profit and efficiency remains low, which
requires further analysis of the economic feasibility of
their continued cultivation in the region under review.
In addition, the use of profit and efficiency indicators
enables not only current assessment but also planning
of economic results for the future. The analysis suggests
that with the steady introduction of modern agricultural
technologies, such as precision irrigation, biologisation
of farming, and the use of resistant varieties, a signifi-
cant increase in profitability is possible even for crops
that currently seem to be economically unprofitable.
Table 4 presents a correlation analysis between
revenues, profits and efficiency of perennial plantations
for the period from 2022 to 2024. The table presents
correlation coefficients that show the relationship be-
tween various economic indicators for each year.
Income: Reflects the correlation between income in
different years. For instance: The correlation between the
2022 and 2023 earnings is 0.997, indicating a high degree
of correlation between the earnings in these two years.
Profit: Profit margins show the correlation be-
tween profits in different years. For instance: The cor-
relation between the 2022 Earnings and the 2023
Earnings is -0.592, which indicates a weak negative re-
lationship between the 2022 and 2023 earnings.
Efficiency: The correlation between efficiency in
different years shows how stable the economic efficien-
cy indicators are. For instance: The correlation between
Efficiency 2022 and Efficiency 2023 is 0.776, indicating
a moderately high positive correlation.
Correlation between different indicators. The
values of the correlation coefficients range from -1 to
+1. Positive values indicate that the two indicators are
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moving in the same direction, while negative values
indicate an inverse relationship. For example, Revenue
2022 and Profit 2022 have a negative correlation of
-0.846, which may indicate an inverse relationship be-
tween revenue and profit in the first year.

Profit: Profit figures show a high degree of cor-
relation between different years. For example, the cor-
relation coefficient between profits in 2022 and 2023
is 0.984, and between 2023 and 2024 is 0.991, which
indicates the stability of profit dynamics while main-
taining the management and technological policy at
the enterprise.

Efficiency: In contrast to revenue and profit, the
level of correlation between performance indicators
was less pronounced. For instance, the correlation co-
efficients between efficiency in 2022 and 2023 were
0.894, and between 2022 and 2024 0.855. This may be
due to the fact that efficiency is an integral indicator
that depends on many variables: weather conditions,
level of mechanisation, production costs and cost struc-
ture, which reduces the predictability of its fluctuations.

In general, the results of the correlation analysis
confirm the stable dynamics of revenues and profits in
the context of stable technological support, while the
level of efficiency requires a more differentiated ap-
proach to planning. The data presented in the table can
serve as a basis for developing forecasting models and
making strategic decisions in the field of resource plan-
ning, financial management and investment analysis in
the perennial plantations sector. The data obtained are
of high applied value and can be used to build fore-
casting models, as well as to develop investment pro-
jects and state support programmes for the agricultural
sector. Stable relationships between key economic in-
dicators confirm the expediency of integrating statis-
tical methods of analysis into the system of strategic
management of agricultural production. Based on the
analysis, it is recommended to pay more attention to
the management of factors affecting the yield and cost
of production, which will increase the level of efficiency
evenwith limited resources.In addition,the results of the
study can be adapted to the conditions of other regions
with a similar agroclimatic structure, which expands
the scope of their application and scientific significance.

Table 4. Correlation analysis of revenue, profit and efficiency of perennial plantations (2022-2024)

Income

Name
2022 2023 2024 2022
'"C:(;'Z':“ 1 0.997434116 | 0.997819172 | -0.846147469
'"C:(;'Z':“ 0.997434116 1 0.999882883 | -0.812215052
'"C;’(;'Z': of 0997819172 0.999882883 1 -0.814563021
P’Z":zt;f -0.846147469 | -0.812215052 | -0.814563021 1
Profit of
sops | 0919425132 0.94397262 | 0.940750247  -0.592032868
Profit of
oz | 0952758633  0.97135938 0969546951 -0.656398594

Profit Efficiency

2023 2024 2022 2023 2024
0.919425132 | 0.952758633 ' -0.181387501 @ -0.32322199 | -0.288174244
0.94397262 | 0.97135938  -0.195861817 @ -0.32865571 | -0.292328653
0.940750247 | 0.969546951 | -0.196259129  -0.335186393 | -0.297735392
-0.592032868 | -0.656398594 = 0.277157172 | 0.313607104 | 0.322790943
1 0.994116137 | -0.159002475 | -0.245643012 | -0.205726993
0.994116137 1 -0.169757591 | -0.288662766  -0.244887716
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Income
Name
2022 2023 2024 2022
Efficiency | 191387501 -0.195861817 -0.196259129 0277157172
of 2022
Efficiency | 37322199  -0.32865571  -0.335186393 0313607104
of 2023
Eff'cz'g::y -0.288174244 | -0.292328653 | -0.297735392 | 0.322790943

Source: compiled by the authors

Table 4. Continued

Profit Efficiency

2023 2024 2022 2023 2024
-0.159002475 | -0.169757591 1 0.776644504 | 0.834519326
-0.245643012 | -0.288662766 | 0.776644504 1 0.98997595
-0.205726993 | -0.244887716 0.834519326 = 0.98997595 1

Table 5. Correlation analysis of area, gross harvest and yield of perennial crops (2022-2024)

2022
Name
Area Gross Yields Area
revenue
Area of 2022 1 0.992223001  -0.079765936 0.994722027
Gross
collection | 0.992223001 1 0.025458512 = 0.999050476
2022
Yield per
hectare -0.079765936 = 0.025458512 1 -0.013627645
2022
Area of 2023 0.994722027 @ 0.999050476 | -0.013627645 1
Gross
collection | 0.980865009 0.996656165 | 0.066940179 | 0.994248194
2023
Yield per
hectare 0.081107004 0.177223789 = 0.920010452 @ 0.138426527
2023
Area of 2024 0.994277347 | 0.999144384 | -0.010359902 0.999989495
Gross
collection | 0.980867086 @ 0.996813984 @ 0.06309829 @ 0.994796068
2024
Yield per
hectare 0.076359908 | 0.176776488 | 0.929733425 | 0.13887889
2024

Source: compiled by the authors

Table 4 shows the correlation between revenue,
profit and efficiency for each year, which identified how
changes in one indicator can affect the others. Correla-
tion gives an indication of how strongly two indicators
are related to each other but could not determine cause
and effect. An example of a positive correlation is effi-
ciency in 2022 with efficiency in 2023 (r=0.776), which
means that higher efficiency in one year is associated
with higher efficiency in the following year.

Table 5 presents a correlation analysis between the
area, gross harvest and yield of perennial plantations
for the period from 2022 to 2024. The table presents
correlation coefficients that show the relationship be-
tween these indicators for different years.

Area: Reflects the relationship between the area
of perennial plantings in different years. For example:
The correlation between the area in 2022 and the area
in 2023 is 0.9947, indicating a strong positive correla-
tion, i.e., changes in the area in 2021 are strongly relat-
ed to changes in 2023.

Gross yield: Shows the correlation between
gross revenue in different years. For instance: The cor-
relation between the gross collection in 2022 and the
gross collection in 2023 is 0.9967, which indicates a

926

2023

Gross
revenue

0.980865009

2024

Gross
revenue

0.980867086

Yields Area Yields

0.081107004 = 0.994277347 0.076359908

0.996656165 = 0.177223789 = 0.999144384 | 0.996813984 0.176776488

0.066940179 | 0.920010452 | -0.010359902 | 0.06309829 | 0.929733425

0.994248194 | 0.138426527 | 0.999989495 | 0.994796068 | 0.13887889

1 0.228852348 | 0.994691998 | 0.999851324 | 0.230001785

0.228852348 1 0.141811692 = 0.220543555 = 0.99747342

0.994691998 0.141811692 1 0.995234776 = 0.142409385

0.999851324 ' 0.220543555 = 0.995234776 1 0.222667385

0.230001785 | 0.99747342 | 0.142409385 | 0.222667385 1

high positive correlation between the collections in
these two years.

Yield: Reflects the correlation between yield per
hectare in different years. For example: The correlation
between the 2022 yield and the 2023 yield is 0.9200,
which indicates a high degree of positive correlation
between the yields in these two years.

Correlation between different indicators: The
correlation between Area and Gross Collection in dif-
ferent years also shows a strong positive relationship.
For example, area in 2022 and Gross Revenue in 2022
correlate 0.9922, indicating a strong relationship be-
tween these indicators.

The correlation between gross harvest and Yield
for 2022 was 0.025, which indicates a weak relation-
ship between these indicators.

Table 4 demonstrates the relationship between
area, gross harvest and yield for each year. This identi-
fied how changes in one indicator can affect the others,
for example, how an increase in area can affect gross
yield and yield. Positive values of correlation coefficients
(close to 1) indicate that an increase in one indicator is
associated with an increase in the other, while negative
values (close to -1) indicate the opposite relationship.
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In some cases, an increase in area is not accompa-
nied by a corresponding increase in yield, which indicates
the importance of introducing innovative approaches
such as drip irrigation, selection of high-yielding varie-
ties, and improvement of soil fertility. This highlights the
need for comprehensive management of factors affecting
yield. Thus, correlation analysis not only reveals statis-
tical links between key production indicators but is also

Esenbek Belek uulu et al.

used for making informed decisions when planning the
development of perennial crops in the context of climate
and economic change. For a more visual interpretation of
the relationship between income and profit of farms for
2022-2024, a logistic regression model was constructed.
This model divided farms into two groups according to
their level of efficiency, using income and profit values as
classification criteria. The results are visualised in Figure 1.
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Figure 1. Logistic regression (income and profit classification) for 2022-2024

Source: compiled by the authors

Figure 1 shows a logistic regression model that
classifies farms according to two economic indicators:
income (X-axis) and profit (Y-axis). The coloured back-
ground of the graph shows the model’s decision bound-
aries: the blue area corresponds to one class (e.g. less
efficient farms), and the red area to another (e.g. more
efficient farms). Each point on the chart represents a
single observation. The colour of the point indicates the
class to which the point belongs based on its income
and profit values. Thus, the logistic regression model di-
vides the sample into two groups and shows the areas

of difference. This visualisation can be used to analyse
the efficiency of farms based on income and profit for
the period 2022-2024.

In addition to the previous classification model,
an alternative version of the logistic regression mod-
el based on two generalised attributes was built. This
model analysed the division of the sample under con-
ditions of a different distribution of data, simulating
differences between groups of farms in terms of effi-
ciency, profitability or profitability. The visualisation is
shown in Figure 2.
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Figure 2. Logistic regression (alternative distribution) for 2022-2024

Source: compiled by the authors

Figure 2 visualises the results of applying a logistic
regression model for the two-dimensional classifica-
tion of data with the alternative distribution. The two
clusters of points on the graph correspond to two dif-
ferent classes of objects, conventionally designated by
colours: one class is red, the other is blue. These classes
may represent, for example, farms with different de-
grees of efficiency, profitability or income levels. The
coloured background shows the areas of space in which
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the model assigns objects to one class or another. The
boundary between the colours is the decision boundary
constructed by the logistic regression model. It shows
the values of the two features at which the model
changes its decision about whether an object belongs
to a particular class. The axes of the graph are labelled
Feature A and Feature B, but in an applied context, the
axes can be interpreted as any economic, agricultural or
social indicators (e.g. income and profit, crop area and
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yield, cost level and profitability, etc.). Thus, Figure 2
demonstrates the visual ability of logistic regression to
classify objects based on two features and can be used
for visual analysis of the effectiveness of separation in
economic research.

Table 4 shows the relationship between area, gross
harvest and yield for each year. This part of the chart
shows strong correlations between area and gross har-
vest, as well as between yield and gross harvest, which
helps to understand how changes in area or yield affect
the total harvest. The construction of diagrams based
on the results of the correlation analysis demonstrat-
ed the dependencies between the main economic and
agricultural production indicators of perennial planta-
tions. The value of graphical interpretation lies in the
ability to visualise how a change in one parameter af-
fects the others, which contributes to a more accurate
understanding of cause-and-effect relationships and
the development of informed management decisions.

The results of the analysis showed a pronounced
positive correlation between revenues and profits
throughout the entire period under study (2022-2024),
which indicates a direct impact of revenue growth on
profit growth. This emphasises the importance of an ef-
fective pricing and sales policy in ensuring sustainable
profitability of perennial crop production. At the same
time, the study noted that the correlation between the
level of efficiency (profit per hectare) and other indica-
tors is less pronounced. This may be due to the multi-
factorial nature of efficiency formation, including not
only financial parameters but also agrotechnical, or-
ganisational and natural and climatic conditions.

The analysis also confirmed the existence of a sta-
ble positive correlation between the area under cul-
tivation and gross yield, which logically reflects the
quantitative side of production. However, yield had a
decisive influence on gross harvest, demonstrating a
strong correlation with the total volume of production.
This highlights the need to focus more attention on
increasing yield per hectare using resource-saving and
innovative technologies. Thus, increasing crop yields,
rational management of cultivated areas and the use
of modern agricultural techniques are key factors de-
termining the growth of gross harvest and total profits
from fruit production in the Chiy Region.

The results of the study emphasise the importance
of the relationship between revenues, profits and the
efficiency of perennial crops. The high correlation be-
tween revenues and profits confirms the importance of
revenue management for improving the overall profit-
ability of agricultural production. It also points to the
need to improve market strategies aimed at increas-
ing revenues, which can be a major driver of economic
growth in agriculture. Nevertheless, the results also
demonstrated that the efficiency of perennial planta-
tions does not always correlate directly with revenues
and profits. This may reflect the complexity of economic

processes in the agricultural sector, where other factors
such as seasonal fluctuations, commaodity price volatil-
ity or climatic conditions can significantly affect finan-
cial performance. Efficiency could depend on a variety
of other variables such as management technology, la-
bour quality and inputs used in the production process.

Furthermore, the correlation between area and
gross harvest demonstrates a direct correlation: an in-
crease in planted area leads to an increase in gross har-
vest. This confirms the hypothesis that expanding the
area under perennial crops can significantly increase
production. However, it is worth noting that an increase
in area may also be associated with additional costs for
the maintenance and cultivation of these lands. There-
fore, the expansion of the area must be balanced with
improvements in technology to optimise costs and in-
crease overall production efficiency.

Yields, as an important factor, also demonstrated a
significant impact on gross harvest. This underlines the
importance of introducing innovative technologies to in-
crease productivity per hectare, which will be a key factor
in increasing production without significantly increasing
the area. Based on the results obtained, it is possible
to conclude that successful management of perennial
plantations requires an integrated approach, including
both increasing the area and increasing yields using
modern technologies. However, these changes must be
balanced with economic feasibility, which requires ad-
ditional research and consideration of many factors.

Conclusions

The results of the study confirm the existence of a di-
rect positive correlation between income and profits
from perennial crops in the Chly Region for 2021-2023.
This highlights the importance of effective income
management as a key factor in improving the overall
profitability and financial sustainability of agricultural
holdings in a changing climate. The analysis showed
that increasing the area of perennial crops directly
contributes to the growth of gross harvest. Expanding
the area remains an important direction for increas-
ing production volumes. However, in the context of
global climate change, achieving maximum economic
efficiency requires not only extensive growth but also
the introduction of advanced agricultural technologies
that reduce costs and adapt to climate risks. The study
established that the yield of perennial crops has a sig-
nificant impact on total gross harvest. Increasing yields
per hectare without the need for significant expansion
of the area improves the efficiency of the use of avail-
able resources, optimisation of production processes
and reduction of costs, especially in conditions of un-
stable climatic conditions.

To sustainably increase the profitability and ad-
aptability of perennial plantations, an integrated ap-
proach is required, combining increased areas, higher
yields and the use of modern agricultural technologies.
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This approach ensures an optimal balance between
costs and profits, which is especially important in the
context of global climate and economic challenges. It
is recommended to conduct further research aimed at
a deeper study of the impact of external factors, in-
cluding climate change, market fluctuations and poli-
cy changes, on the efficiency of perennial plantations.
This will improve the accuracy of economic forecasts
and adaptation strategies.

Thus, to achieve high profitability and sustainability
of the agricultural sector in the context of global cli-
mate change, it is necessary to combine the expansion
of perennial plantations with increased yields through
the introduction of innovative technologies. The inte-
grated management of production parameters forms
the basis for improving the overall economic efficiency
and sustainable development of agriculture. For future
research, it may be useful to conduct a more detailed
analysis of the factors affecting efficiency, as well as
consider the impact of climate and market conditions

Esenbek Belek uulu et al.

on financial performance. This will improve recommen-
dations for the agricultural sector and identify optimal
strategies to improve the economic sustainability of
perennial plantations.
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AHHoTaumsA. KnMMaTTbIH )XaHa 3KOHOMMKANbIK WapTTapAblH ©3repyLIyHYH WapTbiHAA akibln Yapba pecypcTapbiH
nanfanaHyyHyH HaTblianyynyryH 6aanoo 6apraH caibiH MaaHunyy 6onyn 6apatar. Makana 2022-2024-xbingap
apanbirbiHaa Keiprbiz PecnybnvkacbiHbiH Yy 061acTbiHAA KON XKbINAbIK 8CYMAYKTOAYH aSHTbIHbIH, AYH Kbl AbIMbIHbIH
XaHa MOMe-XeMWL 6CYMAYKTOPYHYH TYLUYMYHYH OpTOCYHAArbl 6aiNaHbIWTbiH 3KOHOMUKANbIK KOPPEeNSaUUsbIK
aHanM3MHe apHanraH. M3mnaeeHyH MakcaTbl perMoHAYH aibln Yapba CEKTOPYHYH HATbIMXaNyyayryH )Xoropynartyyra
BarbiTTanraH 4yeuyMmaepiu HErmMs3nee YYYH HeruMsrm eHAYPYWTYK >XaHa 3SKOHOMMKANbIK KepCOTKYYTepAYH
OpTOCYHAArbl CTaTUCTMKANbIK BainaHblWTapabl aHbIKTOO 60nyn caHanat. M3unneeHyH MeTOA0N0MMSNbIK Hernsu
pacMuit CTaTUCTUKANbIK MaanbiMaTTapabl UWTEN YbITyyHY, [TMPCOHAYH CbI3bIKTYY KOppensuuns KosdhduULuMeHTTepHH
KONAOHYYHY >KaHa HaTblMKanapabl BM3yanAalTbipyyHy KamTblAbl. TanAoo asHTTapAbiH, AYH KblbIMAAPAbIH,
TYLWYMAYYAYKTYH, KMPELIEHWH, YbiralaHbliH, NakAaHbiH XaHa 3GdeKTUBAYYIYKTYH KOPCOTKYYTOPYH KaMTbIraH
aHapnyy XXeMuW ecyMAYKTepy (anMa, anMypyT, Kapa epyk, anya, anya, abpukoc, wabaansl) 600HYa MaanbiMaTTap
KaMTbIaraH. Hernsrm XblAbIHTbIKTap alAA,00 asHTbIHbIH KbICKapYyCy MEHEH Aa TYLYMAYYAYKTYH XXaHa AYH Kbl AbIMIbIH
TYPYKTYY OCYLWYH KepceTTy, byn 6arbaHublNbIKTbIH MHTEHCUBAYY MOAENVHE Kapal TeHAEHUMSHbI YarbiiabipaT.
ASHT MeHeH AYH XblvibiM (r>0,7), OWOHAON 3n1€e AYH XbIibIM MeHeH Tywymayynyk (r> 0,8) optocyHaa )oropky
OH, Koppensguusnap 6enrnneHreH. Kupele MeHeH nanaaHbliH OPTOCYHAArbl Ty346H-Ty3 OainaHbIlW A3 aHbIKTaNAbl,
6yn GUHAHCLIBIK pecypcTapabl 6alwkapyyHyH MaaHWAYYAyryH TacTbikTagbl. OWwon ane yuypaa HaTblAxKanyynykTyH
[LeHrd3/M ancbi3blpaak Ke3 KapaHAbUIbIKTbl KepceTTy, Oyn aHblH KanbIMTaHbIWbIHbIH Ken (akTopayynyryH
KepceTeT. M3unaeeHyH MNpaKTUKaNblK MaaHWCKM aHblH KbIAbIHTBIKTAPbIH  TYWYMAYYAYKTY >KOropynaTtyyra,
YbIrbIMAAPAbI ONTUMANAALWTBIPYYra aHa 3aMaHban arpoTexHonornanapAbl KoagoHyyra 6acbiM »acoo MeHeH
Kemn XblablK 6arbaHybINbIKTbIH peHTabenayynyryH xoropynatyy 60tHYa perMoHAyK nporpamMManapibl uwTen
YbIryy YYYH nanpanaHyy MyMKYHUYyayryHAe TypaT. AnblHraH HaTblikanap arnbin yapba npakTMkacbiHa Tangoo
XYPTY3YYHYH CTaTUCTUKANbIK biIKManapblH MHTErPaLMSNO0HYH MaaHunyynyryH 6aca 6enruneit, 6yn eHOypywWwTyH
ydyypaarol abanbiH parbl Tak 6aanooro raHa 3Mec, pecypCTapAbl HaTbiikanyy 6awkapyyHyH 6omkonayy
MoAenaepuH KanbiNTaHAbIpyyra MyMKYHAYK 6epeT. OweHTun, usnnnee arpoTexHuKanbiK, 3KOHOMMUKANbIK XKaHa
aHaNUTUKANbIK KOMMNOHEHTTEPAN KaMTbIraH KOMMIEKCTYY MaMUiieHM mLiKe awwbipyy Yy 06nacTeiHAa XaHa ylyn
CbISIKTYY arpoknMMatTbik 30HanapAa 6arbaHybINbIKTbIH TYPYKTYYAYIYH XaHa aTaaHAALTbIKKA XeHAeMAYYAYTYH
YKOrOpynaTyyHYH HErM3ru WapTbl SKEHWH KepceTyn TypaT
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AHHoTauusA. AHann3 pe3ynbTaTMBHOCTM NPUMEHEHUS arpapHbIX PeCcypcoB CTAHOBUTCS OCOOEHHO BaXKHbIM Ha
(hOoHe TeKyLMX KAMMATUYECKMX M 3KOHOMMYeckux TpaHchopmauuin. B paboTe paccMoTpeHa KoppensuMoHHas
B3aMMOCBSI3b MeX/y NokasaTensMu NaoLaan cafos, ypoOBHEM ypOXKalnHOCTU M 06beMOM BanoBoro cbopa nioaoBbIxX
KynbTyp B Yyiickor obnactu Keiproizckoi Pecnybnvku 3a nepuon 2022-2024 rr. iccnepoBaHue 66110 HanpasieHo
Ha yCTaHOB/IEHWE CTaTUCTUYECKMX KOPPEeNSLMIA Mexay OCHOBHbIMM NOKa3aTensiMvM NpOM3BOACTBA M SKOHOMUYECKOM
pe3ynbTaTUBHOCTYM AJ11 000CHOBAHUS peLleHuWid, HanpaB/ieHHbIX Ha NOBbIWeHWe 3hdEeKTMBHOCTM arpapHOro CeKTopa
pernoHa. B nccnepoBaHum ncnonb3oBanncb oduumanbHble CTaTUCTUYECKME CBeAEeHUs, pacyeT Ko3hdULMEHTOB
MMpcoHa AN BbISIBNEHWUS NIMHEWHbIX 3aBUCMMOCTEM, @ TakXKe BM3yasbHble MeToAbl NpeAcTaBfeHUs AAHHbIX.
AHanu3 oxBaTblBaN AaHHble MO CEMEYKOBBIM M KOCTOYKOBbIM KynbTypaMm (9610HS, rpyLia, CInBa, BULLHS, YepeLUHs,
abpwukoc, nepcuk), BKOYas nokasatenu niaowaam, Banosoro cbopa, ypoxKanHoCT1, LOXOAOB, 3aTpaT, NpubbIIU 1
3bdeKTMBHOCTU. AHaNM3 NPOLEMOHCTPUPOBaN CTabunbHOe yBennMveHMe nokasaTtesieil ypoXKalnHoCTU 1 BanoBOro
obbemMa npu yMeHbLUEHUM MOCEBHbIX MAOLWAAEN, YTO YKa3blBaeT Ha BHeapeHWe Oosee MHTEHCMBHOM MoLenu B
capoBoAacTBe. bbiin ycTaHOBNEHbI BbICOKME MONOXMTENbHbIE KOPPENsSLMU MeXAy NIoWwaabio 1 BanoBbiM c6opoMm
(r>0,7), a TakxXe Mexay BanoBbiM cOOPOM 1 ypoxkanHocTbio (r>0,8). Takxke Hbina BbisBAEHA NpsMas 3aBUCUMMOCTb
MexAy [,0X04aMU U MPUObINbIO, YTO NOATBEPXKAAN0 3HAYMMOCTb YNpaBAeHns PUHAHCOBLIMM pecypcaMu. BToxe Bpems
ypoBeHb 3 HeKTMBHOCTM AEMOHCTPUPOBan 6onee cnabyto 3aBUCMMOCTb, CBUAETENBCTBYHOLLYIO O MHOTO(aKTOPHOM
xapaktepe ero GopMupoBaHus. lonyyeHHble AaHHble MOryT ObiTb MPUMEHEHbl NPWU CO34AHUM PEermoHabHbIX
CTpaTerui, Hanpas/ieHHbIX HA NOBbILIEHWE SKOHOMUYECKON OTAAYM MHOFONIETHUX MAOA0BbLIX KY/JbTYp, C aKLLEHTOM
Ha MOBbILIEHNE YPOXKANHOCTH, ONTUMM3ALMIO 3aTPaT U MPUMEHEHME COBPEMEHHbIX arpoTeXHONOorMi. lNonyyeHHble
pe3ynbTaTbl NOAYEPKHYNMU BAKHOCTb MHTErpaLMM CTAaTUCTUYECKUX METOLO0B aHanu3a B arpapHyl MpakTuKy, YTo
MO3BOJSIET HE TONbKO TOYHEee OLEeHMBATb TeKyllee COCTOSIHME MPOM3BOACTBA, HO M GOPMMPOBATL NMPOTHO3HbIE
mMogenu Ans 3GQeKTMBHOrO ynpaBieHWs pecypcamMu. Takum obpasoM, MccnefoBaHWe NpOAEMOHCTPUPOBAno,
4YTO BHeLpEeHMEe KOMMIEKCHOro MOAXOAa, BK/KYAMOLWEro arpoTexHUYeckne, SKOHOMUYECKME WU aHANUTUMYeCKMe
KOMMOHEHTbI, IBNSETCS KNOYEBbIM YCIOBUEM MOBbILLEHWUS YCTOMYMBOCTU U KOHKYPEHTOCMOCOOHOCTM Caf0BOACTBA
B ycnoBuax Yyinckorn 061actv M aHanormyHbIX arpokIMMaTUYeCcKUX 30H
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