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The current stage of development in the agricultural sector is characterised by profound
transformation, driven by the introduction of digital technologies, big data analysis tools and automated
management systems. In the context of climate change, unstable weather conditions and the growing
anthropogenic pressure on agroecosystems, improving the accuracy of yield forecasting and the efficiency of
production process programming in crop farming is of particular importance.

Yield forecasting and programming are interrelated components of modern agricultural management,
ensuring scientifically sound planning of agricultural production. Traditional approaches, based on statistical
generalisations, are gradually giving way to integrated digital models capable of accounting for a significant
number of factors in real time.

Forecasting crop yields is a complex systemic process based on the analysis of the interaction between
biotic and abiotic factors. Key factors influencing crop yield include climatic conditions, the agro-physical
and agro-chemical properties of soils, the genetic potential of crops, and cultivation technologies [5, 8].

Modern approaches to forecasting involve the use of: statistical models, mathematical modelling, plant
growth simulation models, and machine learning algorithms.

A distinctive feature of modern models is their ability to account for non-linear dependencies and
complex interrelationships between factors. This ensures greater forecast accuracy compared to traditional
methods.

Yield programming, in turn, involves actively influencing the yield formation process by optimising
agronomic practices. It is based on determining a target yield level and developing a system of measures to
achieve it [8].

An important condition for effective programming is taking into account the farm’s resource potential
and environmental constraints.

The effectiveness of yield forecasting depends to a large extent on the quality and completeness of the
information available. In modern conditions, the information base is formed through the integration of
various data sources: meteorological observations, soil surveys, remote sensing results, field sensor data, and
historical agronomic data [1, 8].

The use of digital platforms allows this data to be consolidated into a single system and utilised to
build predictive models.

Of particular importance is the spatio-temporal analysis of data, which ensures that the dynamics of
changes in crop growing conditions are taken into account.
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Geographic Information Systems (GIS) play a key role in modern agricultural production, ensuring the
integration, processing and visualisation of spatial data. The use of GIS in yield forecasting allows for:
detailed mapping of fields, analysis of spatial soil heterogeneity, modelling of yield distribution, and zoning
of territories [1].

GIS provides the basis for differentiated management of agrotechnological processes. This is a crucial
element of yield programming, as it allows technologies to be adapted to the specific conditions of each field
plot.

Earth remote sensing (ERS) technologies are one of the most effective tools for monitoring the
condition of crops. They provide timely information on plant development and the state of agrocenoses.

The main applications of ESR include: determining vegetation indices, assessing plant biomass,
identifying stress factors, and forecasting yield [1, 2].

Satellite data and data from unmanned aerial vehicles (UAVS) enable the collection of information
with high spatial and temporal resolution, which significantly improves the accuracy of forecasts.

Sensor technologies and the Internet of Things (IoT) ensure continuous monitoring of environmental
parameters. The use of sensors allows data to be obtained on: soil moisture and temperature, microclimatic
conditions, and nutrient levels [3].

Integrating this data into forecasting systems enables a rapid response to changes in growing
conditions and the adjustment of agronomic practices.

Artificial intelligence and machine learning algorithms open up new possibilities for analysing
agricultural data. They enable the identification of hidden patterns, the construction of highly accurate
predictive models, and the optimisation of management decisions [1].

The use of neural networks, regression methods and cluster analysis allows for the consideration of
complex interrelationships between factors and improves the reliability of forecasts.

Yield programming is implemented through a precision farming system, which involves a
differentiated approach to field management. The main elements are: variable fertiliser application rates;
adaptive irrigation systems; management of crop density; and optimisation of the timing of agricultural
operations.

Field zoning is a fundamental element of yield programming, allowing for the spatial heterogeneity of
fields to be taken into account and ensuring the efficient use of resources [1].

The main idea behind precision farming is to account for field heterogeneity, which allows for:
optimising fertiliser application; improving water use efficiency; reducing resource consumption; and
increasing crop yields [5, 6].

The use of digital technologies in yield forecasting and programming provides significant economic
and environmental benefits. In particular: a 15-25% increase in yield [4], a reduction in costs for fertilisers
and resources [7], a reduction in negative environmental impact, and increased stability of agricultural
production.

The environmental benefit is reflected in the reduction of excessive agrochemical use and the rational
use of natural resources.

Despite the significant benefits, the introduction of digital technologies in the agricultural sector is
accompanied by a number of challenges: substantial capital expenditure, insufficient digital competence
among specialists, limited access to high-quality data, and imperfect regulatory frameworks [5].

Addressing these issues requires a comprehensive approach at the level of government policy
and the education system.

The further development of crop forecasting and programming is linked to: the integration of artificial
intelligence technologies, the development of big data analysis systems, the automation of agricultural
production, and the introduction of digital management platforms.

These technologies are expected to become an integral part of modern agricultural production.

Thus, crop yield forecasting and programming is a key factor in improving the efficiency of
agricultural production. The application of digital technologies, geographic information systems and
artificial intelligence contributes to an increase in the accuracy of forecasts, the rational use of resources and
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the stabilisation of production processes. In the long term, the development of these approaches will ensure
the establishment of a highly efficient, competitive and environmentally balanced agricultural sector.
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IHHOBALIMHI PECYPCO3BEPITAIOUI TEXHOJIOTII B ATPAPHOMY CEKTOPI:
€BPOIIEMCHKHNM JOCBIJ TA YKPATHCHKI HEPCIIEKTUBH
INNOVATIVE RESOURCE-SAVING TECHNOLOGIES IN THE AGRICULTURAL SECTOR:
EUROPEAN EXPERIENCE AND UKRAINIAN PROSPECTS

BikTopist badanb
binoyepkiscokuii nayionanvhuii acpapHuti ynisepcumem
bina Ilepxsa, Ykpaina

Cy4acHHif PO3BHTOK arpapHoOro CeKTopy BiAOyBaeThCS B yMOBax MOCHJIEHHS €KOJOT1YHUX BUKIIHKIB,
cepen SKUX Jerpajaiis IpyHTIB, 3HMKCHHs POJIOYOCTI Ta 3MIHU KJIiMaTy. 3a OIIIHKaMH MIXKHApOIHHUX
opraizaiiii, 3HayHa 4YacTHHA CUIBCHKOTOCIIONAPCHKUX 3€MeNlb 3a3HA€ HEraTHBHOTO AaHTPOIOTEHHOTO
BIUIMBY, III0 3yMOBIJIIOE€ HEOOXITHICTh MEPEXOy MO CTAIMX MOJeed BHPOOHHWITBA. Y IIHOMY KOHTEKCTI
0co0IMBOrO 3HAa4YeHHA Ha0yBalOTh pecypco3depiraroui Ta €KOJIOTIYHO Oe3meuHi TEeXHOJIOorii, sKi
3a0e3neuyroTh e(h)eKTUBHE BUKOPHCTAHHS MPUPOTHIX PECYPCIB 32 MiHIMAJIHHOTO BIUTUBY HA JIOBKIJLIS.

MeTor0 JOCTIJDKEHHST € aHajli3 €BPONEHCHKOro JOCBiAYy BIPOBAKEHHS pecypco30epirarouux
TEXHOJIOT1H Ta OI[IHKa MEepPCIEeKTUB iX 3aCTOCYBaHHS B YKpaiHi.

3a pmanumu FAO [3], monan 33% rpyHTIB y cBiTi mnepeOyBaioThb Yy CTaHi JAerpajarii.
Pecypco3bepexeHHs B arpapHOMY CEKTOpi mepeadavae BIPOBAHKCHHS 1HHOBAIIIWHUX MMIIXO/IIB 10 BEICHHS
rOCHoJIapcTBa, 30KpeMa MIHIMAIBHOTO a00 HYJIbOBOIO OOpPOOITKY IPYHTY, BUKOPHUCTaHHS TEXHOJOTIH
TOYHOTO 3emJiepoOcTBa, Olosorizamii BUPOOHMIITBA Ta aAIbTEPHATHBHOI CHEPreTUKH. Taki MiaxXoau
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