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UKJIAM V3T APUIIN IHIAPOUTHIA CYB TEXKOBUH CYFOPHIII

TEXHOJIOT USIJTAPHUHT CAMAPAJOPJIMT MTHU OLLIUPUII BA KUILIJIOK
XVKAJIUTUIA CYB PECYPCJIAPUJIAH OKMJIOHA ®OMJIATAHUILIHUHT
NJIMHU ACOCJIAPU

masany ookmopanm Axpamos @.0,
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AnHoTtanus: koM y3rapumm riodan MUKECAA KUIUIOK XY KAIUTHTa XUJIHN TabCHp KypcaTuo,
CYB pecypcllapy TaHKHCIHIH, 00-XaBO Y3rapyBUaHIUIU Ba HKCTpEMall MKJIUM XOIUCAJapUHHHT
Ky4aifuing kKabu MyaMMONAapHH KeATHPUO YiKapMoKaa. YOy Makosa Y36eKHCTOH KaOH KypyK Ba
ApUM KypYyK HKJIMM 30HAJapHjia CyB TE€KOBUU CYFOPHIL TEXHOJIOTHSUIAPUHUHI CaMapaJopJIuIMHU
OLIMPUII Ba KHUIUIOK XYXalUTWIa CyB pecypclapuliaH OKHWIOHA (OWJaNIaHUIIHUHT HIMUN
acociapura OaruuuiaHaad. Makosaga TOMYMJIATHO Cyropull, EMFUpIATHO CyFOpHULI, Ja3epiu
TEKUCJIall Kabu 3aMOHABUI TEXHOJOTHsJIAPHUHT a3aJUIMKIapU, aMaluil KYJUIAaHUIIN Ba YJIapHUHT
UKJIMM Y3TapuIlnra MOCHAIIyBAard poid Taxymia KunuHanu. Lyauwnrnek, reorpaduk axOoopoT
tuzuminapu  (GIS), ceHcop TexHonormsulapu, macodaBwii 30HITA Ba Marematik Momeramn
BOCHUTAJIAPH OPKAIA CyB OOMIKAPyBMHH ONTUMAUIAIITHPHUII Macajlalapy KypuO YHKHIAIH.
HxTuconnii, 5KOJIOTUK Ba MKTUMOUN OMUJUIAPHU WHOOATTa OJITaH X0J1J1a, MaXaJUTUi IIapouTiiapra
MOCJAlraH MHTerpauusiaHral EHAAIIYBIAPDHUHI MYXUMIUIH — TabKUUIaHAAW. TaJKUKOT
HAaTWXKaJIapy KHULUIOK XYKQIMTMHUHT OapKapop pHUBOXJIAHUIIMHU TabMHMHJAIl Ba HKJIUM
Y3rapuiura MoCIalIuil y4yH aMaiuid TaBcusiiap 6epaiu.
KaiuT cy3nap: ukiauMm y3rapuiiy, CyB TEXKOBUM CYFOPUIL, TOMYMJIATHO CyFOpHIL, EMFUpPIATUO
CYFODHIN, JIa3epiy TEKHUCIAIl, CyB PpECypClapWHU OOINKAPHIN, KHUIIIOK XYXKaJlurd, Oapkapop
PUBOXJIAHUIIL, Teorpaduk axo0poT TU3UMIIapH, MateMatik Mozaestanl, MmacodaBuii 30H 1a1.

HAYYHBIE OCHOBBI IIOBBIIHEHUS D@PP®EKTUBHOCTHU BOAOCBEPEIAIOLIINX

TEXHOJIOTWI OPOIIEHWS U PAITTMOHAJIBHOT'O UCIOJIb30BAHMS BOJHBIX

PECYPCOB B CEJIbCKOM XO3SMCTBE B YCJOBUSX N3MEHEHUSA KJIUMATA
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Taanu ookmopanm Aobynxaes 3. A.
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AHHoTauusi: V3MeHeHHe KiIMMaTa OKa3blBaeT CEpbE3HOE BIMSHHUE HA CEIbCKOE XO3SHCTBO B
riio0anbHOM MacinTade, BRI3bIBasi TAaKUE MPOOIIEMBI, KaK Ie(UIIUT BOJHBIX PECYPCOB, N3MEHYNBOCTD
MOTOJIBl M YYallleHHE SKCTPEMAIBHBIX KIMMATHUECKUX siBJIeHUU. CTaTbs MOCBSIIEHA HAYYHBIM
OCHOBaM IOBBIIICHHS () (HEKTUBHOCTH BOIOCOEPETAIONINX TEXHOJIIOTHI OPOLICHHUS U PAIHOHATILHOTO
UCTIONIB30BaHUSI BOJHBIX PECYPCOB B CEIBCKOM XO3SHCTBE B 3aCYIUIMBBIX W TIOTY3aCyIUIABBIX
KJIMMAaTHYEeCKUX 30HAaX, TaKUX Kak Y30ekucraH. B craThbe aHAMM3UpPYyIOTCS MpeuMylIecTBa
COBPEMEHHBIX TEXHOJIOTUH, TAKUX KaK KalleJIbHOE OPOLICHUE, T0KAEBAHUE U JIa3epHas IUIaHUPOBKaA,
UX MPaKTHYECKOE MPUMEHEHHE U POJIb B a/IalTalliy K U3MEHEHUIO KinuMara. Takke paccMaTpuBaeTcs
ONITUMU3ALMS YIIPABICHHUS BOJHBIMU PECYpCaMM C UCIIOJIb30BaHUEM T€OMH()OPMAIIMOHHBIX CHCTEM
(T'MC), ceHCOpHBIX TEXHOJIOTWH, JUCTAHIIMOHHOTO  30HIMPOBAHHMA U  HMHCTPYMEHTOB
MaTeMaTHYECKOTO MOZETUpoBaHus. [logyepkuBaeTcsi BaXHOCTh KOMIUJIEKCHBIX —ITOJIXOJIOB,
Q/IaTITHPOBAHHBIX K MECTHBIM YCIIOBHSIM, C YI€TOM SKOHOMHUYECKUX, IKOJIOTHIECKUX U COLUAITBHBIX
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YCTOﬁHHBOFO Pa3BUTHA CCIILCKOT'O XO0351CTBa U agarnTanyuu K ISMEHCHHUIO KJIMMaATa.

KaruyeBble cjoBa: M3MCHCHHC KJIMMara, B0n0c6eperalomee OpOLICHUEC, KaIICJIbHOC OPOIICHUC,
AOKIACBAHUE, JIa3€pHasd IUUIaHUPOBKaA, YIIPABJICHHUEC BOJHBIMHU PpECypCaMH, CECIbCKOC XOS}IP'ICTBO,
YCTOI>'I‘II/IB06 pa3sBUTHC, FGOI/IH(bOpMaLII/IOHHBIe CUCTEMBI, MATEMATHUYCCKOC MOJJACINPOBAHUC,
JAUCTAHIMOHHOE 30HANPOBAHUC.

ENHANCING THE EFFICIENCY OF WATER-SAVING IRRIGATION TECHNOLOGIES
AND THE SCIENTIFIC FOUNDATIONS OF RATIONAL WATER RESOURCE USE IN
AGRICULTURE UNDER CLIMATE CHANGE CONDITIONS
Doctoral candidate Akramov F.O.

Doctoral candidate Abulkhaev E.A.

Doctoral candidate Toirzhonov A.Sh.

Abstract: Climate change poses significant challenges to global agriculture, intensifying issues such
as water scarcity, unpredictable weather patterns, and the increasing frequency of extreme climate
events. This article focuses on enhancing the efficiency of water-saving irrigation technologies and
the scientific foundations of rational water resource use in agriculture, with a particular emphasis on
arid and semi-arid regions like Uzbekistan. It provides a comprehensive analysis of modern
technologies, including drip irrigation, sprinkler irrigation, and laser leveling, evaluating their
advantages, practical applications, and critical role in adapting to climate change. The study also
explores the integration of advanced tools such as geographic information systems (GIS), sensor
technologies, remote sensing, and mathematical modeling to optimize water management. By
considering economic, ecological, and social factors, the article underscores the importance of
tailored, integrated approaches to local conditions. The findings offer practical recommendations for
promoting sustainable agricultural development, enhancing resilience to climate change, and ensuring

long-term food security in water-scarce regions.

Keywords: climate change, water-saving irrigation, drip irrigation, sprinkler irrigation, laser
leveling, water resource management, agriculture, sustainable development, geographic information
systems, mathematical modeling, remote sensing, food security.

Climate change is a defining global challenge that profoundly impacts agriculture, threatening food
security and sustainable development. Rising global temperatures, prolonged droughts, shifting
precipitation patterns, and the growing frequency and intensity of extreme weather events—such as
heatwaves, floods, and storms—are significantly increasing the demand for water resources.
According to the Food and Agriculture Organization (FAO) of the United Nations, agriculture
consumes over 70% of global freshwater resources, highlighting the urgent need for efficient water
use practices. In regions like Uzbekistan, where water resources are limited, these challenges are
particularly acute. The country’s dependence on transboundary rivers, such as the Amu Darya and
Syr Darya, combined with aging irrigation infrastructure and the adverse effects of climate-induced
weather variability, creates complex water management issues. The drastic reduction of the Aral Sea,
coupled with widespread soil salinization and degradation, further exacerbates the threats to
agricultural sustainability. These conditions necessitate innovative approaches to water management,
particularly through the adoption of water-saving irrigation technologies and scientifically grounded
strategies for rational water use.

Water-saving irrigation technologies, such as drip irrigation, sprinkler irrigation, and laser leveling,
are pivotal in promoting efficient water use and enhancing crop productivity. Drip irrigation, for
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instance, delivers water directly to the root zone of crops through a network of pipes and emitters,

minimizing water loss due to evaporation and runoff. Research demonstrates that drip irrigation can
reduce water consumption by 30-50% compared to traditional flood irrigation methods while
improving crop yields by 20-40% for crops like cotton, vegetables, and fruit trees. In Uzbekistan, drip
irrigation has gained traction, particularly in cotton farming, where it has significantly reduced water
use while maintaining or increasing yields. This technology also mitigates soil erosion, enhances
nutrient uptake through precise fertilizer application (fertigation), and reduces weed growth by
limiting water distribution to non-crop areas. However, its high initial installation costs approximately
2-3 million UZS per hectare in Uzbekistan and the need for ongoing maintenance and monitoring
present significant barriers, particularly for small-scale farmers. These challenges necessitate targeted
financial and technical support to ensure widespread adoption. Sprinkler irrigation, another effective
water-saving technology, distributes water evenly across large fields through pressurized systems,
mimicking natural rainfall. This method is particularly suited for high-evapotranspiration
environments and crops such as cereals, vegetables, and forage crops. Sprinkler systems promote
uniform crop growth and can be adapted to various soil types and topographies. However, their
efficiency is influenced by external factors such as wind direction, soil structure, and ambient weather
conditions, which can lead to water loss if not properly managed. Advances in automation and sensor
technologies have addressed these challenges by enabling real-time adjustments to irrigation
schedules based on weather data and soil moisture levels. For example, automated sprinkler systems
equipped with weather sensors can reduce water wastage by pausing irrigation during high winds or
rainfall, optimizing water use and improving crop health. In Uzbekistan, sprinkler irrigation has been
implemented in regions like Samarkand and Bukhara, demonstrating improved water use efficiency
(WUE) in large-scale farming operations. Laser leveling technology complements these irrigation
methods by ensuring a flat field surface, which prevents water pooling and runoff. By creating a
uniform field gradient, laser leveling enhances water distribution efficiency, reducing consumption
by 15-20%, as evidenced by studies conducted in Uzbekistan’s Fergana, Andijan, and Khorezm
regions. This technology is particularly valuable in areas with uneven topography or heterogeneous
soil structures, where traditional irrigation methods often result in significant water loss. Laser
leveling has been successfully integrated with both drip and sprinkler systems in Uzbekistan,
contributing to higher yields and reduced environmental degradation. For instance, in Khorezm, laser-
leveled fields have shown improved water retention and reduced soil salinization, a critical issue in
the Aral Sea basin. The rational use of water resources in agriculture relies heavily on scientifically
grounded approaches. Mathematical modeling, geographic information systems (GIS), and remote
sensing technologies are indispensable tools for optimizing water management. Models such as
CROPWAT, AquaCrop, and SWAT provide precise forecasts of crop water requirements, enabling
the development of efficient irrigation schedules. These models integrate data on soil moisture,
weather patterns, and crop growth stages to minimize water waste while maximizing productivity. In
Uzbekistan, the AquaCrop model has been effectively used to assess the water needs of cotton and
wheat, leading to tailored irrigation strategies that enhance yields under water-scarce conditions.
Similarly, CROPWAT has been applied to optimize irrigation in vegetable farming, reducing water
use by up to 25% in some regions.

Geographic information systems (GIS) play a crucial role in mapping water resource distribution,
analyzing soil properties, and assessing irrigation needs at regional and local scales. By integrating
spatial data, GIS enables policymakers and farmers to identify areas prone to water scarcity or soil
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degradation, facilitating targeted interventions. For example, GIS-based mapping in Uzbekistan’s

Fergana Valley has identified zones with high salinization risks, guiding the implementation of
drainage systems and water-saving technologies. Remote sensing technologies, including satellite
imagery (e.g., Sentinel-2) and drones, provide real-time data on soil moisture, crop health, and
weather conditions. These tools allow farmers to monitor fields with high precision, adjusting
irrigation schedules to avoid over- or under-watering. In Uzbekistan, Sentinel-2 data have been used
to assess the irrigation needs of cotton and vegetable crops, improving water use efficiency by 10-
15% in pilot projects. The successful adoption of water-saving technologies depends on their
economic feasibility and adaptability to local conditions. The high upfront costs of drip irrigation
systems, for instance, remain a significant barrier for small-scale farmers in Uzbekistan. To address
this, government subsidies, low-interest loans, and capacity-building programs are essential. In recent
years, Uzbekistan’s government has launched initiatives like the “Agricultural Modernization”
program, which provides financial support and training to farmers adopting water-saving
technologies. These programs have facilitated the installation of drip irrigation systems in regions
like Kashkadarya and Surkhandarya, boosting agricultural productivity and resilience. Additionally,
raising farmers’ awareness through workshops and extension Services is critical for ensuring the
proper operation and maintenance of these technologies. Community-based approaches, such as
water user associations (WUAs), further enhance water management by fostering collaboration
among farmers and promoting equitable water distribution.

Integrated Water Resources Management (IWRM) principles are vital for addressing the complexities
of transboundary water use in Central Asia. Uzbekistan’s reliance on the Amu Darya and Syr Darya
necessitates regional cooperation to ensure fair and sustainable water allocation. Agreements on water
sharing and joint monitoring systems among Central Asian countries have improved water
distribution efficiency, reducing conflicts and enhancing resource availability. For example, the
Interstate Commission for Water Coordination (ICWC) facilitates dialogue and data sharing, enabling
better management of shared water resources. Moreover, addressing ecological challenges such as
soil salinization and erosion is critical for long-term sustainability. Practices like crop rotation, cover
cropping, and agroecological methods can mitigate these issues while improving soil health and water
retention. Climate change adaptation requires a multifaceted approach that integrates technological
innovation, scientific research, and socioeconomic support. In Uzbekistan, training programs and
demonstration plots have played a key role in promoting technologies like drip irrigation and laser
leveling. For instance, pilot projects in the Tashkent region have showcased the benefits of combining
drip irrigation with fertigation, resulting in higher yields and reduced input costs. Similarly,
educational campaigns targeting smallholder farmers have increased the adoption of precision
irrigation techniques, empowering communities to cope with water scarcity. The government’s
commitment to modernizing agriculture, coupled with international partnerships, has further
accelerated the deployment of water-saving technologies.

In conclusion, enhancing the efficiency of water-saving irrigation technologies and promoting
rational water use are critical for ensuring the sustainable development of agriculture in the face of
climate change. Technologies such as drip irrigation, sprinkler irrigation, and laser leveling
significantly reduce water consumption while boosting crop yields, making them indispensable for
water-scarce regions like Uzbekistan. Scientifically grounded tools, including mathematical
modeling, GIS, and remote sensing, provide the foundation for optimizing water management and
improving agricultural resilience. Adapting these technologies to local conditions, addressing
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economic and social barriers, and fostering regional cooperation are essential for success.

Government support through subsidies, affordable financing, and capacity-building programs is

crucial for scaling up adoption. By implementing these measures, agriculture can adapt to the

challenges of climate change, safeguard ecological sustainability, and strengthen global food security.
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