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ARTICLE INFO ABSTRACT

Conventional sprayers used for controlling pests, diseases, and weeds often lead to several
challenges, including excessive water and pesticide consumption, low spraying efficacy,
and significant risks to both humans and environment. In recent years, unmanned aerial
vehicles (UAVS) sprayers has emerged as a promising alternative technology with
considerable potential for improving spraying performance.

Obijectives: The main objective of this research was to evaluate the performance of a
UAV sprayer and compare it with three conventional spraying systems: a tractor-mounted
- ; turbine sprayer, a tractor-mounted boom sprayer and a tractor-mounted lance sprayer.
Revised: 29 April 2026 Method: Key parameters such as water and pesticide usage, spraying quality, water and pesticide
Accepted: 02 May 2026 loss, and crop damage were measured and compared for the four investigated sprayers.
Published: 15 May 2026 Findings: The results indicated that water and pesticide consumption in the turbine, boom
and lance sprayers were 17, 16 and 25 times higher than that of the UAV sprayer,
respectively. Among the tested systems, the boom sprayer had the highest field efficiency,
while the UAV sprayer had the highest uniformity. Furthermore, the UAV sprayer
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Keywords: demonstrated superior spraying efficacy compared to the other methods two weeks after
Hazards, application. In terms of environmental impact, The UAV sprayer had the lowest water and
Precision Agriculture, pesticide usage, and the lance sprayer had the highest. In fact, the UAV sprayer poses
Unmanned Aerial Vehicle, lower environmental hazards due to lower pest consumption. The boom and lance sprayers
Spraying. caused 3.85% and 4.45% crop damage, respectively.

Conclusions: The findings suggest that UAV spraying technology can significantly
reduce input use and environmental risks while maintaining or improving spraying
performance. Therefore, the use of UAV sprayers is recommended, whereas the lance
sprayer is not advised due to its comparatively higher environmental hazards.
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Introduction
Pests, diseases, and weeds constitute major threats to agricultural production, human health and
environmental sustainability due to their adverse effects on crop yield. At present, their control largely
the application of chemical pesticides. These substances are inherently toxic and can cause relies on
,significant harm to human health, soil, water resources, and animals. According to available reports at
least 44% —roximately one billion individualsestimated at app—of the global farming population
experience pesticide poisoning annually. Chemical pesticides pose health risks through direct contact
with farmers, contamination of soil and water resources, and the presence of residues in food products,
ding to diseases such as cancerpotentially lea.

In recent years, UAV sprayers have emerged as a novel technology for spraying. Compared with
conventional sprayers, UAV sprayers offer greater spray uniformity, higher field efficiency, improved
reduced environmental risks operational performance and. Furthermore, in contrast to traditional
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spraying methods, aerial spraying minimizes damage to crops and soil structure, requires less labor,
lower energy and reduces both water and pesticide consumption. Additional advantages include
consumption, reduced spray drift, and diminished environmental hazards.

A review of previous studies indicates that numerous investigations have been conducted on the

evaluation of UAV sprayers, sfor various agricultural crops. In these studie, UAV sprayershave
primarily been assessed based on technical and, in some cases economic criteria. However, given the
critical importance of environmental protection and the pollution associated with conventional
luate this technology from an environmental perspective and spraying methods, it is essential to eva
compare it with traditional spraying approaches.Therefore, the main objective of this study is to
ree assess spraying drones in terms of their environmental impacts, compare their performance with th
conventional sprayers, and identify the most suitable technology with the lowest environmental
footprint.

Methods

In this study, a UAV sprayer -was evaluated and compared with three conventional sprayers a tractor
mounted turbinemounted lance sprayer. Field -ted boom sprayer and a tractormoun-sprayer, a tractor
experiments were conducted under real conditions in a canola field for aphid control. The pesticide
imidacloprid was applied at a rate of 1 and mixed with water at a ratio of 'L ha~ 1:10 being before
introduced into the sprayer tanks.The following parameters were evaluated: spray solution application
rate, field efficiency spray quality coefficient, spray drift, and crop damage.

Results

Consumption Water and Pesticide

The application volumes for the UAV sprayer, turbine sprayer, boom sprayer, and lance sprayer were
11.1, 187.6, 179.0, and 279.0 L ha™!, respectively. Thus, the UAV sprayer exhibited the lowest
application volume, followed by the boom, turbine, and lance sprayers. In fact, the application
volumes of the turbine, boom, and lance sprayers were approximately 17, 16, and 25 times higher than
that of the UAV sprayer, respectively. The lowest and highest pesticide consumption corresponded to
the UAV sprayer and lance sprayer, respectively, while the turbine and boom sprayers showed similar
pesticide usage. Considering the direct relationship between increased pesticide consumption and
environmental pollution, it can be concluded that the UAV sprayer generates less environmental
contamination compared with the three conventional sprayers.

Field Efficiency of Sprayers

The field efficiencies of the UAV sprayer, turbine sprayer, boom sprayer, and lance sprayer were
51.4%, 32.3%, 56.8%, and 41.6%, respectively. Accordingly, the boom sprayer demonstrated the
highest field efficiency, followed by the UAV sprayer, while the lance sprayer exhibited the lowest
efficiency. Higher field efficiency implies reduced operational delays and time losses during spraying.
Spraying speed is particularly critical during pest outbreaks. Therefore, the boom sprayer and UAV
sprayer, due to their higher field efficiency, are more effective under such conditions.

Spray Quality Coefficient

The numerical median diameter of droplets for the UAV sprayer, turbine sprayer, boom sprayer, and
lance sprayer was 541.8, 680.3, 144.1, and 246.3 um, respectively. The volumetric median diameter
values were 618.1, 814.0, 282.5, and 814.6 um, respectively. The smallest droplet size was observed
for the boom sprayer. According to previous studies, droplet size is a key factor influencing pesticide
penetration and deposition. It also plays a crucial role in spray efficiency, drift, and coverage
percentage on plant surfaces. Small droplets (less than 200 pum) are prone to evaporation and drift,
whereas excessively large droplets fail to provide adequate coverage. Therefore, an optimal droplet
size is essential to achieve maximum spraying efficiency while minimizing environmental impacts.
The average spray quality coefficients for the UAV sprayer, turbine sprayer, boom sprayer, and lance
sprayer were 1.15%, 1.21%, 1.96%, and 3.3%, respectively. These results indicate that the UAV
sprayer provides superior spray quality and uniformity compared with other sprayer types.
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Spray Drift and Loss of Water and Pesticide

The average spray drift values for the UAV sprayer, turbine sprayer, boom sprayer, and lance sprayer
were 10%, 33%, 21%, and 36%, respectively. The lowest losses of water and pesticide per hectare
were observed for the UAV sprayer, while the highest losses were associated with the lance sprayer.
Due to manual operation and non-uniform spray width and height, the lance sprayer has consistently
been identified as one of the least efficient spraying methods, a finding confirmed by the present
study. Conversely, the UAV sprayer, with minimal water and pesticide losses, represents the most
environmentally compatible spraying method and poses the least risk to both humans and the
environment. Furthermore, given the limitations of water resources, the use of UAV sprayers is
strongly recommended due to their lower water consumption.

Crop Damage

Crop damage was zero for both the drone sprayer and turbine sprayer, while it was 3.85% and 4.45%
for the boom and lance sprayers, respectively. These results indicate that the lance sprayer causes the
greatest crop damage, leading to yield reduction. The total cultivated area of canola in the country is
98,720 hectares, with a total production of 197,315 tons. Consequently, approximately 3,801 and
4,393 hectares of cultivated land are lost due to the operation of boom and lance sprayers,
respectively. The corresponding yield losses amount to 7,598 and 8,780 tons, which can significantly
affect food security.

Conclusion

The objective of this study was to evaluate a UAV sprayerbased on environmental criteria and
mounted-compare it with three conventional sprayers, namely a tractor turbine sprayer,

mounted lance sprayer-boom sprayer, and a tractor mounted-a tractor.The main findings are
summarized as follows:

- The UAV sprayer exhibited the lowest application volume, while the turbine, boomand lance
sprayers used approximately 17, 16 and 25 n, respectivelytimes more spray solutio.

- The lowest and highest pesticide consumption were observed for the UAV sprayer and lance
sprayer, respectively. Therefore, due to lower pesticide usage of UAV spraying results in
sreduced environmental pollution compared with other method.

- The boom sprayer had the highest field efficiency, followed by the UAV sprayer, whilethe lance
sprayer had the lowest efficiency.

- The UAV sprayer demonstrated superior spray quality and uniformity along with the lowest spray
drift. boom sprayer exhibited lower drift than the Additionally, theturbine and lance sprayers.

Overall, the application of UAV sprayers is recommended due to lower spray solution

consumption, reduced water and pesticide losses, lower environmental pollution, absence of crop
mage, and higher spray quality compared with other spraying methodsda. In contrast, the use of
turbine and lance sprayers is strongly discouraged due to their high water and pesticide consumption
and associated crop losses.
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