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ABSTRACT:  This paper expounds in detail the extensive applications of unmanned aerial vehicles (UAVs) in 

the agricultural field, including aspects such as plant protection, crop monitoring, sowing, and fertilization. It 

analyzes how UAVs contribute to agricultural production by means of precise operations, efficiency 

enhancement, and cost reduction. The paper further explores the challenges encountered in the application of 

UAVs and the corresponding countermeasures, and prospects their future development in the agricultural 

domain. Presented in a format that combines text and graphics, it demonstrates the transformations and 

opportunities brought about by UAVs to agriculture, offering a comprehensive reference for promoting the 

development of agricultural modernization. 
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I. INTRODUCTION  

 

Agriculture, as the fundamental industry underpinning human survival and development, plays a 

crucial role in terms of production efficiency and quality[1]. With the rapid progress of technology, unmanned 

aerial vehicle (UAV) technology has gradually made inroads into the agricultural domain, emerging as a 

robust impetus for agricultural modernization[2]. Leveraging its distinctive advantages, such as high 

maneuverability, efficient operation, and accurate pesticide application, UAVs have introduced innovative 

solutions to agricultural production, thereby redefining the traditional agricultural production methods and 

management paradigms[3]. 

 

II. Overview of Unmanned Aerial Vehicle (UAV) Technology 

 

1.The composition of unmanned aerial vehicles (UAVs) 

Unmanned aerial vehicles (UAVs) are principally composed of several key components, namely the 

fuselage, power system, flight control system, navigation system, communication system, and mission 

payload.  

The fuselage serves as the primary structural element of the UAV. Typically fabricated from 

lightweight materials, it aims to reduce weight and enhance flight performance[4].  

The power system generally consists of either electric motors or fuel engines, which supply the 

necessary thrust for the UAV's flight[5].  

The flight control system lies at the heart of the UAV. It is tasked with regulating various flight 

maneuvers, including takeoff, landing, hovering, and maintaining the flight attitude, thereby ensuring the 

stability and safety of the flight[6].  

The navigation system, leveraging technologies such as satellite positioning (e.g., GPS) and inertial 

navigation, provides the UAV with accurate position information. This enables the UAV to follow pre - 

determined flight paths[7].  

The communication system facilitates the transmission of data between the UAV and the ground 

control station. This allows operators to monitor the UAV's flight status in real - time and issue commands 

regarding mission execution[8].  

The mission payload varies depending on different agricultural application requirements. For instance, 

plant protection UAVs are equipped with spraying mechanisms for the application of pesticides and fertilizers. 

Monitoring UAVs are outfitted with a variety of sensors, such as high - definition cameras, multispectral 

cameras, and thermal imagers, to acquire data on crop growth[9]. 

2.The working principle of unmanned aerial vehicles (UAVs) 

Unmanned aerial vehicles (UAVs) receive commands from the ground control station via the flight 

control system or operate in accordance with pre - programmed flight sequences. They utilize the navigation 



Drones: The New Engine for Agricultural Modernization  

www.ijres.org                                                                                                                                             211 | Page 

system to determine their own positions and flight attitudes[10].  

The power system drives the rotation of propellers to generate lift, enabling the UAV to take off and 

remain airborne. During the flight process, the flight control system adjusts the rotational speed of the motors 

in real - time. This adjustment is based on information fed back by sensors, such as attitude angles, velocity, 

and altitude, to ensure the stable flight of the UAV.  

When carrying out missions, the mission payload functions according to predefined parameters. For 

instance, in the case of plant protection UAVs, they accurately control the spraying volume and coverage area 

according to the size of the crop fields and the growth status of crops, thus achieving uniform pesticide 

application. Monitoring UAVs, on the other hand, collect data such as crop images and spectral information 

through sensors and transmit this data back to the ground control station for analysis and processing. 

3.The Applicability of Drones in Agriculture 

(1). High Flexibility 

UAVs can effortlessly traverse narrow farmland paths and intricate terrains. They are capable of 

reaching areas that are inaccessible to traditional agricultural machinery, such as farmlands in mountainous 

and hilly regions. Even for scattered small - scale farmlands, UAVs can still conduct effective operations. This 

flexibility stems from their compact size and agile flight capabilities, which enable them to adapt to diverse 

geographical and topographical conditions within agricultural landscapes. 

(2). High Operational Efficiency 

In contrast to manual operations, UAVs are able to accomplish large - scale farmland tasks in a 

relatively short time. For example, a medium - sized plant protection UAV can cover dozens to hundreds of 

mu of farmland per hour. This substantially improves the timeliness of agricultural production. Especially 

during the outbreak of pests and diseases, UAVs can be rapidly deployed to take control measures. Their 

ability to quickly cover extensive areas allows for timely intervention, preventing the spread of pests and 

diseases and minimizing potential crop losses. 

(3). Precision Pesticide and Fertilizer Application 

Leveraging advanced sensor technologies and precise positioning systems, UAVs can accurately 

regulate the application volume and location of pesticides and fertilizers according to the actual growth status 

of crops. By detecting factors such as the distribution of pests and diseases and the nutrient requirements of 

crops, UAVs can ensure that the application of agricultural inputs is tailored to specific areas within the 

farmland. This not only reduces waste but also enhances the efficiency of resource utilization. Moreover, by 

minimizing over - application, it helps to mitigate environmental pollution, contributing to more sustainable 

agricultural practices. 

 

III. The current application status of unmanned aerial vehicles in agriculture 

 

1.Plant protection  

(1).Application scenarios and advantages 

In the process of crop growth, pest and disease control constitutes a pivotal aspect. The conventional 

manual pesticide - spraying approach is characterized by high labor intensity, low efficiency, and potential 

risks to human safety. This is because farmers are required to be exposed to a pesticide - laden environment for 

extended durations. Nevertheless, the emergence of plant protection unmanned aerial vehicles (UAVs) has 

revolutionized this scenario.  

These UAVs are capable of swiftly traversing farmlands and conducting large - scale, homogeneous 

pesticide - spraying operations on crops. For example, during the period of high incidence of wheat rust, plant 

protection UAVs can spray pesticides over extensive wheat fields within a short timeframe, thereby effectively 

arresting the spread of the disease.  

Plant protection UAVs are renowned for their precision pesticide - application capabilities. Equipped 

with sensors such as multispectral sensors, these UAVs can assess the health condition of crops and pinpoint 

areas afflicted by pests and diseases. Subsequently, in accordance with pre - set parameters, they perform 

targeted spraying only in these specific areas. This approach not only circumvents the waste of pesticides and 

environmental contamination resulting from large - scale, indiscriminate spraying but also optimizes the 

utilization of resources.  

Furthermore, the pesticide droplets sprayed by UAVs are minute and evenly distributed, enabling 

them to adhere more effectively to the surfaces of crop leaves. This significantly enhances the utilization 

efficiency of pesticides. In comparison to traditional sprayers, plant protection UAVs can reduce pesticide 

consumption by 30% - 50%. 

(2).Practical Operation Cases and Effects 

Taking a large - scale rice planting base as an illustrative case, in the past, this base employed manual 

backpack sprayers for pest and disease management. Each laborer was only capable of treating approximately 
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ten to twenty mu of rice fields per day. Additionally, due to the inherent non - uniformity of manual 

operations, some areas were over - applied with pesticides, while others did not receive sufficient treatment to 

effectively control pests and diseases. 

After the adoption of plant protection unmanned aerial vehicles (UAVs), a single UAV can cover 

hundreds of mu of rice fields daily. In the process of controlling Chilo suppressalis (rice stem borer) and 

Magnaporthe oryzae (rice blast) in this base, the UAVs sprayed pesticides according to pre - determined flight 

paths and dosages. Through comparative trials, it was demonstrated that in the rice fields treated by UAV - 

based plant protection measures, the efficacy of pest and disease control exceeded 90%. Moreover, the amount 

of pesticides used was reduced by 40%.  

Simultaneously, the reduction in the time farmers spent working in the fields minimized their 

exposure to pesticides, thereby ensuring the well - being of farmers' physical health 

2.Crop monitoring 

(1)Monitoring of growth conditions 

Unmanned aerial vehicles (UAVs), equipped with high - definition cameras and multispectral 

cameras, are capable of conducting regular aerial surveys of farmland. Through the analysis of the acquired 

images, valuable information regarding crop growth, including plant height, leaf area index, and vegetation 

coverage, can be effectively retrieved.  

For example, vegetation indices, such as the Normalized Difference Vegetation Index (NDVI), can be 

extracted from multispectral imagery. This index serves as a crucial indicator, reflecting the greenness and 

growth vigor of crops. By continuously monitoring the fluctuations in NDVI, farmers can gain timely insights 

into the growth trends of crops, enabling them to accurately identify potential issues such as nutrient 

deficiencies, drought stress, or the presence of pests and diseases.  

In the case of certain tall - growing crops, such as corn and sorghum, traditional manual methods of 

measuring growth parameters on - site are not only extremely time - consuming and labor - intensive but also 

pose challenges in obtaining accurate data across large areas. In contrast, UAV - based monitoring systems can 

effortlessly cover the entire expanse of farmland, offering comprehensive and detailed growth - related 

information.  

Specifically, through the in - depth analysis of UAV - captured images of large - scale corn fields, 

parameters such as the plant height and stem diameter of corn can be precisely measured. Leveraging these 

data, farmers and agricultural researchers can comprehensively assess the growth status of corn and predict its 

yield potential with a high degree of accuracy. 

(2).Monitoring of pests, diseases and disasters 

In the incipient stages of pest infestations and disease outbreaks, symptoms typically manifest in 

localized areas. However, these early signs are often elusive to manual detection. Unmanned aerial vehicles 

(UAVs) outfitted with high - resolution cameras and thermal imaging devices are capable of conducting 

extensive surveillance of agricultural fields from elevated positions. This allows for the timely identification of 

the nascent indicators of pests and diseases.  

For example, when certain pests consume crop leaves, they induce alterations in leaf coloration or 

morphological damage. Such subtle changes can be discerned through the high - definition imagery captured 

by UAVs. Thermal imaging technology, on the other hand, can monitor variations in the thermal signatures of 

crops. This is because pest and disease infections or physiological anomalies within plants frequently result in 

localized temperature fluctuations, either increases or decreases.  

UAVs also assume a pivotal role in the context of natural disasters, including floods, droughts, and 

hailstorms. During flood events, UAVs can rapidly traverse inundated agricultural areas. By capturing detailed 

imagery of water levels and the degree of crop submersion, they furnish crucial data that underpins informed 

disaster - relief decision - making.  

In times of drought, by leveraging spectral characteristics associated with soil moisture content and 

integrating meteorological data, it becomes possible to quantitatively assess the impact of drought stress on 

crops. This enables the timely implementation of corrective measures such as irrigation. For instance, in a 

particular region afflicted by drought, the utilization of UAV - based multi - spectral monitoring data, in 

conjunction with soil moisture models, facilitated the precise demarcation of the extent and severity of drought 

- affected areas. This, in turn, empowered farmers to implement targeted irrigation strategies, thereby 

mitigating the losses incurred due to drought. 

3.Sowing and Fertilizing 

(1).Sowing application 

Regarding certain small - sized seeds, such as rapeseeds and grass seeds, seeding via unmanned aerial 

vehicles (UAVs) represents an efficient approach. UAVs distribute seeds uniformly across agricultural fields 

in accordance with pre - defined trajectories and seeding densities. This method is especially well - suited for 

projects involving irregular terrains or large - scale areas, including wasteland reclamation and grassland 
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restoration initiatives.  

For example, in grassland ecological restoration projects, UAVs can precisely disperse improved grass 

seeds within specified areas. This not only enhances the efficiency of seeding but also improves the uniformity 

of seed distribution, thereby creating favorable conditions for the germination and growth of grass seeds.  

In contrast to traditional seeders, UAV - based seeding is not constrained by terrain. It can effectively 

operate in complex environments such as slopes and wetlands. Furthermore, the seeding rate and depth can be 

tailored to the specific soil conditions and crop requirements of different regions. By integrating specialized 

seeding mechanisms, such as centrifugal spreaders, UAVs can ensure that seeds are evenly disseminated 

during flight, thereby elevating the quality of seeding operations. 

(2).Fertilizer application 

Drone - based fertilization shares similarities with the pesticide - spraying mechanism of plant 

protection drones, yet it utilizes fertilizer solutions. Leveraging precise positioning and variable - rate 

fertilization techniques, drones are capable of accurately applying fertilizers of diverse types and quantities. 

This is achieved by taking into account the soil fertility conditions and the nutrient requirements of crops in 

different regions of the farmland.  

For instance, within orchards, fruit trees in different areas may exhibit varying fertilizer demands 

owing to soil heterogeneity or differences in tree age. Drones can utilize data acquired from soil nutrient 

sensors to perform personalized fertilization for individual fruit trees or groups of trees in distinct areas. This 

approach not only enhances the utilization efficiency of fertilizers but also minimizes fertilizer wastage and 

concurrently reduces the costs associated with fertilization.  

In the context of large - scale agricultural fields, drone - based fertilization enables rapid task 

completion. It effectively circumvents the issue of uneven fertilizer distribution that often plagues manual 

fertilization or operations involving traditional fertilization machinery. Additionally, drone - based fertilization 

allows for the timely application of top - dressing fertilizers during crucial growth stages of crops, such as the 

jointing stage of wheat and the tillering stage of rice. By doing so, it can adequately meet the substantial 

nutrient requirements of crops, thereby promoting their growth and development and ultimately increasing 

yields. 

4.Farmland water conservancy management 

(1).Irrigation planning and monitoring 

Unmanned aerial vehicles (UAVs) are capable of monitoring soil moisture in agricultural fields by 

being equipped with devices such as thermal imagers and multispectral cameras. Thermal imagers can 

indirectly reflect the soil moisture status by detecting temperature variations on the soil surface. This is 

because moist soil exhibits a higher heat capacity compared to dry soil, resulting in relatively slower 

temperature changes. Multispectral cameras, on the other hand, are able to acquire spectral reflectance 

information associated with soil moisture. By establishing a soil moisture model, the spectral data can be 

effectively converted into soil moisture values. 

Relying on these monitoring data, farmers can formulate more scientifically sound and rational 

irrigation plans. For instance, regions with relatively low soil moisture can be given precedence in irrigation, 

while for areas with higher moisture levels, irrigation can be appropriately postponed or the irrigation volume 

can be reduced. Through the regular monitoring carried out by UAVs, issues within the irrigation system, such 

as local waterlogging or drought conditions caused by pipe fractures or nozzle blockages, can be promptly 

identified. This enables timely maintenance and adjustment of the irrigation strategy, thereby enhancing the 

utilization efficiency of water resources. 

(2).Drainage system assessment 

In the context of the rainy season or subsequent to farmland irrigation, an efficient drainage system is 

of paramount importance in preventing crop waterlogging. Unmanned aerial vehicles (UAVs) can be 

employed to conduct aerial surveys of farmland drainage ditches, channels, and other related infrastructure, 

thereby facilitating an assessment of the drainage system's hydraulic efficiency and capacity.  

Through the in - depth analysis of aerial imagery, it becomes feasible to detect potential problems, 

including blockages in drainage ditches caused by debris accumulation, as well as any deformations or 

damages within the channels. For example, if the drainage ditches are impeded by the buildup of weeds or silt, 

which can significantly impede the flow rate of water, the precise location and severity of the blockage can be 

accurately discerned from the UAV - captured images.  

Subsequently, farmers can promptly initiate cleaning and maintenance operations. This proactive 

approach ensures the unimpeded flow of water in the farmland, thereby minimizing the detrimental impacts of 

waterlogging on crop growth and productivity. 

 

 

 



Drones: The New Engine for Agricultural Modernization  

www.ijres.org                                                                                                                                             214 | Page 

IV. The mechanism by which drones promote agricultural production 

 

1.Precision operations enhance the efficiency of resource utilization. 

(1).Precision application of pesticides and fertilizers 

As previously elaborated, drones are capable of executing precise operations during the processes of 

crop protection and fertilization, tailored to the actual requirements of crops. Consider pesticide application as 

an illustrative case. In traditional manual spraying or operations involving large - scale field sprayers, a 

standardized dosage is typically uniformly applied across the entire expanse of farmland. This approach leads to 

an over - application of pesticides in certain regions. Not only does this escalate costs, but it also inflicts 

environmental contamination. Concurrently, in some areas, uneven spraying may result in suboptimal pest and 

disease control efficacy.  

Conversely, drones can leverage sensors to identify regions affected by pests and diseases or areas 

exhibiting variations in soil fertility. Subsequently, these problem areas can be targeted for intensified pesticide 

or fertilizer application, while the usage of pesticides and fertilizers in healthy areas can be scaled back. 

Statistical data indicates that precision pesticide application can enhance the utilization efficiency of pesticides 

by 30% - 50%, and precision fertilization can achieve a reduction in fertilizer consumption by 20% - 30%. 

These improvements significantly enhance the efficiency of agricultural resource utilization.。 

(2). Precision Irrigation 

Drawing upon the monitoring data of soil moisture and other hydrological conditions acquired by 

unmanned aerial vehicles (UAVs), farmers are enabled to implement precision irrigation strategies. By carefully 

regulating the volume and duration of irrigation, the soil moisture content within agricultural fields can be 

maintained within an optimal range conducive to crop growth.  

This approach not only guarantees that crops receive an adequate water supply to meet their 

physiological needs but also effectively mitigates the wastage of water resources. For example, in arid regions, 

precision irrigation helps prevent the exacerbation of soil salinization caused by excessive watering. In contrast, 

in regions with high precipitation, the frequency and volume of irrigation can be adjusted in accordance with 

real - time soil moisture data. This adjustment serves to prevent waterlogging in farmland, thereby safeguarding 

the overall health and productivity of the agricultural ecosystem. 

2.Enhance labor productivity and operational efficiency 

(1). Labor Savings 

Traditional agricultural production methods necessitate a substantial amount of manual labor across 

various stages, including crop protection, sowing, fertilization, and harvesting. For example, manual crop 

protection operations are characterized by low efficiency. Moreover, farmers are exposed to potential health 

risks associated with long - term contact with pesticides. The adoption of drones has significantly diminished the 

reliance on manual labor. A single operator of a crop - protection drone can, within a relatively short period, 

accomplish a workload equivalent to that of dozens or even hundreds of manual pesticide - spraying workers.  

In the context of sowing and fertilization, drones can likewise substitute a portion of manual labor, 

particularly in large - scale agricultural fields, where their impact is more remarkable. This enables farmers to be 

emancipated from arduous physical labor, facilitating their engagement in more value - added agricultural 

management tasks or transition to other sectors. 

(2). Shortening of the Operational Cycle 

The high - speed operational capacity of drones has substantially reduced the time required for each 

crucial phase within the agricultural production cycle. Consider pest and disease control as an illustration. 

During the early onset of a pest or disease outbreak, if timely intervention is not implemented, it may result in 

significant yield losses or even complete crop failures over large areas. Crop - protection drones can be rapidly 

deployed to conduct extensive pesticide - spraying operations across farmland, effectively arresting the spread 

of pests and diseases.  

Conversely, manual pesticide - spraying is a time - consuming process, and it may be impossible to 

complete the task within the optimal pest - control window. Regarding crop growth monitoring, drones can 

regularly and efficiently gather information from farmland. By promptly detecting issues and implementing 

appropriate countermeasures, potential problems arising from delayed monitoring can be averted, thereby 

ensuring the seamless progression of agricultural production and enhancing overall operational efficiency. 

3.Data-driven agricultural decision support 

(1). Data Collection and Analysis 

During the course of agricultural applications, drones amass a vast quantity of data. This encompasses 

data regarding crop growth conditions, such as plant height, leaf area index, and vegetation coverage; data on 

pests and diseases, including the types, distribution scope, and severity of infestations; soil - related data, like 

soil moisture content, fertility levels, and pH values; as well as meteorological data, such as temperature, 

humidity, illumination intensity, and wind speed.  
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These data are transmitted to ground control stations or cloud platforms via wireless communication 

technologies for storage and subsequent analysis. For example, with the utilization of specialized agricultural 

data analysis software, multi - source data can be comprehensively integrated and processed to construct crop 

growth models. Through in - depth analysis of these models, it becomes possible to forecast crop yields, 

growth trends, and potential issues that may arise.  

(2). Decision Optimization 

On the basis of data analysis outcomes, farmers and agricultural technicians are enabled to formulate 

more scientifically grounded and rational agricultural decisions. For instance, by leveraging the yield 

predictions and growth trends derived from crop growth models, harvest plans, sales strategies, and planting 

plans for the subsequent season can be meticulously pre - arranged.  

If the model suggests that crops in a particular area may experience yield losses due to nutrient 

deficiencies, targeted fertilization can be promptly executed using drones. In the realm of pest and disease 

management, by relying on monitoring data and predictive models, proactive prevention and control measures 

can be taken in advance. This involves selecting the most opportune time for intervention and the most 

effective pesticides, thereby circumventing haphazard pesticide applications.  

This data - driven decision - making support system facilitates the transition of agricultural production 

from a traditional experience - based approach to a more science - oriented one. As a result, it enhances the 

success rate of agricultural production and bolsters its economic viability. 

 

V. Challenges and Solutions in the Application of Unmanned Aerial Vehicles (UAVs) 

 

1.Technical challenges 

(1). Limited Endurance 

At present, the majority of drones exhibit relatively short endurance periods, typically spanning from 

dozens of minutes to a few hours. This characteristic imposes certain constraints on the operational scope and 

continuous operation capabilities of drones. For example, during large - scale agricultural pest control 

operations or extensive field monitoring tasks, frequent battery or fuel replacements are inevitable. This not 

only undermines operational efficiency but also escalates the complexity of the operation process. 

To address this challenge, several strategies have been proposed. Firstly, research efforts are focused 

on developing battery technologies with higher energy densities, such as novel lithium - ion batteries and 

hydrogen fuel cells. Secondly, optimizing the power system and fuselage design of drones can effectively 

reduce energy consumption. Additionally, the development of efficient energy management systems that can 

allocate power resources rationally is crucial for extending the endurance of drones. 

(2). Inadequate Payload Capacity 

In some agricultural applications that demand the carriage of substantial task payloads, such as large - 

volume pesticide tanks for crop protection or multiple high - precision sensors for comprehensive monitoring, 

the payload - carrying capacity of existing drones often falls short of requirements. This deficiency may lead to 

suboptimal operational outcomes, including insufficient pesticide application and inaccurate monitoring data. 

To enhance the payload capacity, two main approaches can be taken. On one hand, the use of 

lightweight materials in the construction of drone fuselages and task payload equipment can significantly 

reduce the overall weight. On the other hand, the development of innovative task payload integration 

technologies and the optimization of payload layout can enhance the effective payload capacity of drones. 

Moreover, tailoring specialized high - performance drone platforms to different agricultural application 

scenarios can ensure that the payload requirements of specific tasks are met. 

(3). Flight Stability and Anti - interference Capability 

The agricultural production environment is characterized by its complexity and variability, with 

challenges such as strong winds, magnetic field interference, and signal blockages. These factors can 

potentially compromise the flight stability and navigation accuracy of drones, causing them to deviate from the 

intended flight path or even result in loss of control and subsequent crashes. 

To enhance flight stability and anti - interference capabilities, a multi - pronged approach is required. 

Strengthening the design of the drone's flight control system is of utmost importance. The integration of 

advanced sensor fusion technologies, which combine satellite positioning systems, inertial navigation systems, 

and visual navigation systems, can significantly improve the accuracy and reliability of positioning. 

Furthermore, optimizing flight control algorithms can endow drones with enhanced adaptability to 

external interferences. For example, in the face of strong winds, drones should be able to autonomously adjust 

their flight attitudes and speeds to maintain stable flight. Similarly, when signals are obstructed or disrupted, 

drones should be capable of leveraging backup navigation systems to ensure safe flight continuation. 

2.Cost challenges 

(1). High Equipment Acquisition Costs 
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Drones and their associated ancillary equipment, such as mission payloads and ground control 

stations, command high prices. For individual farmers or small - scale agricultural operators, the upfront 

investment is substantial. This factor, to a certain degree, hinders the widespread adoption of drones in the 

agricultural sector.  

To mitigate the burden of equipment acquisition costs, the government can formulate relevant 

policies. Subsidies can be provided to farmers or agricultural enterprises purchasing agricultural drones. For 

example, several local governments have already incorporated crop - protection drones into the scope of 

agricultural machinery purchase subsidies, thereby alleviating the financial strain on farmers.  

Furthermore, drone manufacturers can reduce production costs through economies of scale in 

production and optimized supply - chain management. Promoting the development of drone rental services can 

also enable a larger number of agricultural operators to access drones for agricultural production at a relatively 

lower cost. This approach not only makes the technology more accessible but also aligns with the principles of 

cost - effectiveness and resource utilization efficiency in the agricultural industry. 

(2). High Operational and Maintenance Costs 

During their operation, drones necessitate regular maintenance and servicing. This encompasses tasks 

such as battery charging, motor inspections, sensor calibrations, and airframe repairs. These maintenance 

activities not only demand specialized technical personnel and equipment but also incur significant time and 

financial resources.  

In addition, mission payload components of drones, such as nozzles and sensors, are prone to damage 

or wear over time and thus require timely replacement. To effectively reduce these operational and 

maintenance costs, targeted training programs for farmers and agricultural technicians should be strengthened. 

This training can enhance their proficiency in basic maintenance tasks, enabling them to perform routine 

checks and minor repairs independently, thereby minimizing reliance on external service providers and 

associated costs. 
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