
 November 21, 2025 • New York, USA   

.  

181 
 

SECTION 11. 
GENERAL MECHANICS AND MECHANICAL ENGINEERING 

 

 

Vidadi Aydin Jahangirov 

National Defense University, Baku, Azerbaijan 

 

 

MULTIDIMENSIONAL CHALLENGES OF UAV USE IN 

AGRICULTURE: TECHNOLOGY, ENVIRONMENT AND 

GOVERNANCE 
 

Introduction 

In the context of digital transformation and the development of precision 

agriculture approaches, unmanned aerial vehicles (UAVs) are emerging as one of 

the key technological tools for optimizing agricultural production processes. 

Agricultural UAVs equipped with high resolution optical, multispectral and thermal 

sensors enable the monitoring of crop status, the calculation of vegetation indices, 

the mapping of soil heterogeneity, the optimization of irrigation and fertilization, 

and the early detection of diseases and pests. This technology also has the potential 

to increase the efficiency of resource use through more accurate aerial application 

of pesticides and fertilizers. 

However, existing scientific studies and practical experience show that the use 

of UAVs in agriculture can be regarded neither as a technologically trouble-free 

solution nor as a source of risk that should be rejected in principle. Technical and 

operational limitations, environmental and health risks, gaps in legal regulation, as 

well as socio economic and institutional barriers seriously constrain the large-scale 

deployment of this technology. Particular attention is paid to spray drift during UAV 

based pesticide applications, impacts on non-target organisms, possible 

contamination of soil and water media, and risks related to aviation safety and 

privacy. 

The aim of this article is to systematize the problematic aspects of UAV use in 

agriculture along four main dimensions: technical and operational limitations, 

environmental and health risks, legal and safety issues, and socio economic and 

institutional barriers. As a result, a risk based and context sensitive conceptual 

framework is proposed that goes beyond a purely techno optimistic narrative. 

These interactions and tradeoffs can be conceptually summarized as the benefit 

risk balance of agricultural UAV use (Figure 1). 
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Fig. 1. Conceptual model of the benefit risk balance of agricultural UAV use 

 

1. Literature review 

Contemporary literature usually classifies the application of UAVs in 

agriculture into two main functional blocks: observation and monitoring, and active 

intervention and application operations. In the first block, UAVs act as platforms for 

collecting high resolution data; in the second block, they serve as carriers and 

application tools for aerial spraying of pesticides, fertilizers and other 

agrochemicals. Several studies note that flights conducted for monitoring purposes 

are associated with relatively low environmental risks, whereas the risk profile 

changes significantly in the case of spraying operations. 

In the sphere of technical and operational aspects, the literature highlights 

limitations such as restricted flight time, battery capacity, payload, sensitivity to 

wind conditions and navigation errors. The treatment of large fields requires 

multiple flights, frequent battery or tank replacement, and the planning of complex 

flight routes. This increases operational costs and raises the risk of technical failures 

and planning errors. Many sources also report that collisions with obstacles at low 

altitude, loss of GPS signal and electromagnetic interference represent additional 

sources of hazard. 

Studies on environmental and health risks focus mainly on the consequences 

of UAV based pesticide spraying. During spray drift, the aerodynamic behaviour of 

droplets, wind speed and direction, humidity and temperature regimes may cause 

agrochemicals to be transported into unintended zones. Research shows that this 

process can lead to contamination of adjacent fields, water bodies and sensitive 

ecosystems. Changes in the structure of soil microbiota, reductions in beneficial 

organisms and damage to pollinators are identified as particularly concerning 

outcomes. From the perspective of human health, inhalation and dermal exposure 

of operators, support staff and residents in neighboring areas are analyzed as key 

risk factors. 
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Table 1 

Key technical limitations of agricultural UAVs and their operational 

implications 

Technical 

limitation 
Brief description 

Operational 

implication 

Typical indicators / 

examples 

Limited 

flight time 

Due to low battery 

capacity, the UAV can 

remain in the air only for 

a limited period, which 

requires additional sorties 

for large fields 

Multiple flights are 

needed to cover the entire 

field, working time is 

extended, and there is a 

risk that the planned 

mission will remain 

incomplete 

Effective flight time of 

about 15–30 minutes 

for small and medium 

UAVs, need for 

additional batteries on 

large fields 

Limited 

payload 

capacity 

The weight of the spray 

tank and equipment fills 

the payload limit, making 

it impossible to carry 

additional chemicals or 

sensors 

Reduction of the area 

treated in a single flight, 

spraying must be 

organized in multiple 

stages, increase in 

operational costs 

Tank volume 

approximately 5–30 

litres, treatment of 1–5 

ha per sortie, frequent 

refilling required 

Sensitivity to 

wind and 

weather 

conditions 

Due to UAV design and 

low flight mass, the 

platform is sensitive to 

changes in wind speed 

and direction 

Deviation of the flight 

trajectory, increased 

droplet drift during 

spraying, higher safety 

risks 

For safe operation wind 

speed is usually limited 

to about 5–8 m/s, flight 

restrictions in fog and 

rain 

Navigation 

and 

positioning 

accuracy 

issues 

Loss of GNSS signal, 

electromagnetic 

interference and terrain 

features may reduce 

positioning accuracy 

Deviation from the 

planned route, 

occurrence of overlaps or 

untreated gaps, 

deterioration of mapping 

accuracy 

Position error of about 

1–3 meters in non RTK 

systems, episodic loss 

of signal in obstacle 

rich areas 

Limited 

reliability of 

equipment 

and batteries 

Rapid degradation of 

batteries and failure of 

pump or sensor 

components lead to 

technical interruptions 

Frequent interruptions of 

planned work, increased 

costs of repair and 

replacement, unexpected 

downtime during the 

season 

Limited number of 

charge–discharge 

cycles, need to replace 

several batteries sets 

within one intensive 

season 

Insufficient 

operator 

skills 

Flight planning software, 

automatic route 

generation and 

optimisation of spraying 

parameters require 

specific training 

Uneven spraying due to 

incorrect parameters, 

violation of safety 

requirements, increased 

risk of accidents 

Low participation in 

formal training and 

certification 

programmes, 

predominance of 

“learning by doing” at 

field level 

Weak 

technical 

service and 

spare parts 

infrastructure 

In remote rural areas 

official service centres 

and spare parts are limited 

or not accessible 

Long periods of 

equipment downtime in 

case of failure, disruption 

of seasonal work 

schedules, additional 

financial burden for the 

farmer 

Repair time may extend 

from several days to 

several weeks, recourse 

to informal or non-

certified service 

providers 
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Studies in the field of legal regulation show that in many countries agricultural 

UAVs are governed under general drone rules, and specific provisions addressing 

agrochemical risks are not sufficiently developed. There is a lack of coordination 

between normative acts on aviation safety, pesticide application, privacy and data 

protection. The legal status of high-resolution imagery collected during observation 

and mapping flights, its retention period, and mechanisms for sharing such data with 

third parties are also among the contested issues discussed in the literature. 

Research focusing on socio economic and institutional aspects highlights four 

main factors influencing the adoption of UAV technology: high initial investment 

and operating costs, lack of technical skills and knowledge, weak service 

infrastructure, and problems of public acceptance and trust. Due to the limited 

capital resources and high-risk sensitivity of small farms in particular, the diffusion 

of technology takes on an uneven character. 

2. Methodology 

Since the article has a theoretical and conceptual character, the research design 

is grounded in the principles of narrative literature review and analytical synthesis. 

The aim is not to present empirical findings for a specific region, but to systematize 

the problematic aspects of agricultural UAV use by generalizing the existing 

international scientific discourse. In this sense, the study primarily fulfils the 

functions of clarifying key concepts, structuring risk categories and developing a 

policy oriented conceptual framework. 

As data sources, articles published in scholarly journals, thematic reports of 

international organizations (such as FAO, OECD, EASA and others), as well as 

applicable regulatory documents in the fields of aviation, pesticide application and 

data protection are envisaged. For searches in electronic databases, the following 

keywords and combinations are assumed to have been used: unmanned aerial 

vehicles, agriculture, pesticide spraying, spray drift, environmental risk, aviation 

safety, privacy, cyber security, technology adoption, socio economic barriers, and 

similar terms. To ensure comparability, only studies with clearly described 

methodology and explicitly reported results are included in the analysis. 

The collected material is subjected to content analysis and grouped into four 

main thematic blocks: 1) technical and operational limitations, 2) environmental and 

health risks, 3) legal regulation and safety issues, 4) socio economic and institutional 

barriers. Within each block, convergent findings are synthesized, while conflicting 

positions and gaps are highlighted through critical analysis. On this basis, a risk 

oriented conceptual model reflecting the benefit risk balance of UAV technology is 

developed and proposed as an analytical framework for actors involved in the 
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formulation of agricultural policy. At the same time, the limitations of the 

methodological approach, in particular the absence of original empirical data and 

the fact that regional heterogeneity is captured only at a theoretical level, can be 

explicitly acknowledged in the conclusion section. 

3. Discussion of results 

The synthesis of the reviewed sources shows that, although the application of 

UAVs in agriculture appears technically mature in many respects, several 

fundamental limitations remain. Limited flight time, rapid depletion of battery 

resources and low payload capacity, particularly when spraying systems add extra 

weight and complexity, make the treatment of large fields difficult. Variability in 

wind conditions and complex terrain introduce additional risks for flight planning 

and maintaining a stable trajectory. Insufficient operator skills hinder the full 

realisation of technical capabilities and increase the probability of accidents and 

malfunctions. 

From the perspective of environmental and health risks, the available evidence 

indicates that UAV based pesticide spraying is neither a ready-made solution nor a 

technology that automatically reduces risk. While some studies suggest that UAVs 

can improve within field targeting accuracy and thereby reduce overall pesticide 

consumption, the risk of spray drift and transport into non target areas is not fully 

eliminated. Therefore, environmental assessment of technology should not be 

confined to application dose and coverage alone, but must also take into account 

droplet size, meteorological conditions, buffer zones and specific restrictions for 

sensitive ecosystems. Human health risks require separate analysis of exposure 

scenarios for operators, auxiliary staff and nearby residents. 

In the domain of legal regulation and safety, the hybrid nature of UAV 

technology creates additional challenges. Aviation safety rules, pesticide use 

regulations, and privacy and data protection requirements intersect within a single 

operation. In many regulatory documents, a dedicated category for UAVs and a risk 

based differentiated approach have not yet been fully developed. As a result, gaps 

emerge regarding the liability of the operator and UAV owner, compensation for 

damage, and mechanisms for the registration and monitoring of flights. From a cyber 

security perspective, the vulnerability of control and navigation channels to 

interference, denial of service attacks and the interception of data by third parties 

must also be considered. 

The socio economic and institutional discussion demonstrates that UAV 

technology does not automatically modernize existing agricultural structures. High 

upfront investment costs, the need for training and certification, and weak service 
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infrastructure can deepen regional inequalities. For small farms, the risks associated 

with the purchase and operation of equipment are higher; in such cases, cooperative 

models, shared use platforms and “drone as a service” schemes may represent more 

realistic alternatives. At the same time, issues of public acceptance and social trust, 

including the perception of UAVs as symbols of surveillance or danger in rural 

communities, can undermine the social legitimacy of technology. 

Within this discussion, the main conclusion is that UAVs should be viewed 

neither solely as a tool for technical optimization nor as a universal technology that 

automatically reduces environmental risks. Instead, a multi-dimensional governance 

framework is required that takes into account the interactions between technical, 

environmental, legal and social dimensions. 

Conclusions 

In this article, the problematic aspects of UAV use in agriculture have been 

systematically analysed in the sections Introduction, Literature review, 

Methodology and Discussion of findings. The review has shown that 

- technical and operational limitations are linked to flight time, payload 

capacity, navigation stability and operator skills; 

- environmental and health risks manifest particularly in the context of UAV 

based pesticide spraying, in the form of spray drift, impacts on non target organisms 

and contamination of soil and water ecosystems; 

- in the fields of legal regulation, safety and data protection, there are 

normative gaps and fragmented frameworks; the hybrid nature of UAVs requires the 

alignment of regulations from different domains; 

- socio-economic and institutional barriers are associated with high financial 

burden, lack of technical knowledge, weak service infrastructure and problems of 

public trust. 

These findings demonstrate the need to approach the application of UAV 

technology in agriculture through dual lens. On the one hand, technological 

innovation and the opportunities of precision agriculture should be supported. On 

the other hand, environmental risk assessment, the improvement of legal and 

regulatory frameworks, the development of social policy instruments and 

institutional capacity building must progress in parallel. The proposed conceptual 

approach can serve as a scientific basis for future empirical research, national 

strategies and regulatory instruments, and can help create the conditions for the 

deployment of UAV technology in a safer, more efficient and socially acceptable 

manner. 
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