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1. Introduction 

Modern agriculture faces the dual challenges of increasing food production while mitigating 

environmental and health risks associated with conventional chemical pesticides. According to Zhang et 

al. (2021), nano pesticides, which incorporate nanomaterials into active formulations, offer a promising 

alternative by enhancing the stability, bioavailability, and target specificity of active ingredients. Ahmed 

et al. (2020) further highlight the potential of nanoparticles, including liposomes, polymeric 

nanoparticles, and metal-based nanocarriers, to improve the delivery and controlled release of 

pesticides. Recent studies by Kumar and Gupta (2019) suggest that nano pesticides have improved 

efficiency in pest control while minimizing environmental contamination. 

 

Nano Pesticide Design and Formulation 

Nanomaterials in Pesticide Delivery 

Abstract 

The development of nano pesticides represents a paradigm shift in agricultural practices by providing 

targeted pest management with reduced environmental impact. This review synthesizes recent 

advances in nano pesticide design, formulation, and delivery mechanisms, with an emphasis on 

efficacy, environmental safety, and regulatory challenges. We discuss the physicochemical properties 

that underpin nano pesticide behavior, their interaction with biological systems, and the implications 

for integrated pest management. The paper also highlights the need for further research to address 

potential risks associated with nano-enabled formulations and provides recommendations for future 

studies. 

Keywords: Nano pesticides, nanotechnology in agriculture and controlled pesticide release. 



Vol.1, Issue 1, April-June 2025, Page: 28-31                                                                      ISSN: 3107-4863 

 

Global Journal of Science and Technology (GJST) 

Nanomaterials used in pesticide formulations include biodegradable polymers, inorganic nanoparticles, 

and lipid-based carriers. Li et al. (2022) emphasize that these materials can encapsulate active 

ingredients, protect them from degradation, and facilitate controlled release. Singh et al. (2020) further 

explain that the choice of nanomaterial depends on factors such as enhanced adhesion to plant surfaces 

and improved penetration into pest organisms. 

 

Synthesis and Characterization 

Common synthesis techniques for nano pesticide formulations include solvent evaporation, 

nanoprecipitation, and emulsion polymerization. According to Patel and Desai (2019), emulsion 

polymerization is particularly effective in producing stable nano pesticide formulations. 

Characterization methods such as dynamic light scattering (DLS) and transmission electron microscopy 

(TEM) are crucial for assessing nanoparticle stability, as discussed by Garcia et al. (2021). 

 

Applications and Efficacy 

Targeted Pest Control 

Nano pesticides can be engineered to release active ingredients under specific environmental conditions, 

thereby reducing off-target effects. Brown et al. (2020) explain that stimuli-responsive nano pesticides 

release their active components upon exposure to pest-induced biochemical triggers. Field studies by 

Wilson et al. (2021) demonstrate improved pest control efficacy in crops such as corn, soybeans, and 

cotton when using nano formulations compared to conventional pesticides. 

 

Reduced Environmental Impact 

By enabling controlled release and targeted action, nano pesticides minimize environmental 

contamination. Liu et al. (2022) report that nano formulations reduce pesticide drift and non-target 

species exposure. However, Davis and Martin (2019) caution that the long-term environmental fate of 

nano pesticides requires further research. 

 

Environmental and Toxicological Considerations 

Ecotoxicity 

 Concerns have been raised regarding the potential ecotoxicity of nano pesticides. Robinson et al. (2020) 

note that nanoparticles behave differently in environmental matrices compared to bulk materials, 

potentially leading to bioaccumulation and trophic transfer. Studies by Thomas et al. (2018) highlight 

the variability in nanoparticle toxicity in aquatic and terrestrial organisms, emphasizing the need for 

standardized testing protocols. 
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Regulatory Framework 

The regulatory landscape for nano pesticides remains uncertain. According to Müller et al. (2019), 

current guidelines struggle to accommodate the complexities of nanoparticle behavior in biological and 

ecological systems. Hernandez et al. (2020) stress the need for harmonized global regulations to ensure 

both efficacy and safety. 

 

Future Perspectives 

Advancements in nanotechnology continue to drive innovation in pesticide formulation. Fernandez et al. 

(2021) discuss the potential of multifunctional nanocarriers that not only deliver pesticides but also 

monitor environmental conditions or release remedial agents when crops experience stress. Kim et al. 

(2022) argue that long-term, real-world studies are necessary to fully understand the environmental and 

human health impacts of nano pesticides. Furthermore, O’Connor et al. (2018) highlight the potential for 

integrating nano pesticides with precision farming technologies to improve sustainability. 

 

Conclusion  

Nano pesticides represent a significant advancement in agricultural chemistry, offering improved pest 

control, reduced environmental contamination, and potential integration into sustainable farming 

systems. However, their benefits must be carefully weighed against potential risks. Continued 

interdisciplinary research in nanotechnology, toxicology, and environmental science is essential for the 

responsible development and deployment of these technologies. 
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