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Figure 1. Destructive effect of silver oxide nanoparticles (right) and copper oxide nanoparticles (left) on plants
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Table 1. Comparative comparison of nanoparticle, artificial intelligence and robotics technologies

Criteria Nanoparticles Artificial Intelligence (AI) Robotics References
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Fraceto et al.,
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Lottes et al.,
Processing speed - 20-35 fps 1-5 hectares per day
2020
Average (dependent on Low (depends on
Scalability High (use in various soils) Duke, 2022
training data) infrastructure)
Crop yield reduction 0-2 (possible mechanical Oliveira et al.,
0-5 (if properly designed) Zero

(percentage) damage) 2021
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Figure 3. Robot equipped with artificial intelligence weeding (right) and the use of pulsed laser with an intelligent robot in

weed control (left)
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Table 2. Challenges and solutions regarding new technologies

Challenges Solutions

Nanoparticle toxicity Development of biodegradable nanoparticles such as

nanocellulose
High cost of robots Use of collaborative robots (Robotics-as-a-Service)

Limited weed database Participation of farmers in data collection (Citizen Science)
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Abstract

Weeds are a serious threat to global food security, causing more than $100 billion in
economic losses annually. Weed management, as one of the fundamental challenges
of modern agriculture, faces problems such as herbicide resistance, environmental
pollution, and economic costs. New technologies such as nanoparticles, artificial
intelligence, and robotics offer promising solutions to address these challenges.
Nanoparticles with the ability to target and control herbicide release reduce pesticide
consumption by up to 75% and significantly increase their efficiency. Artificial
intelligence, by processing satellite and ground images, identifies and predicts weed
growth patterns with 95% accuracy. Agricultural robots, using mechanized and
intelligent systems, also provide the possibility of local physical and chemical control
of weeds and are able to perform weeding operations automatically at high speed (20
decisions per second). The combination of these three technologies could
revolutionize weed management and develop integrated systems that both optimize
input use and increase farm yields. With global food demand projected to increase by
60% by 2050, the application of these new technologies could not only ensure food
security but also achieve sustainable and environmentally friendly agriculture. These
developments represent a shift towards more precise and intelligent agriculture, in
which advanced technologies play a central role in solving global agricultural
challenges.

Keywords: Precision weed management, Agricultural robotics, Sustainable
agriculture, Herbicide resistance, Al in weed science.

109



