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Abstract

Nanotechnology is recognized as the most promising due to its eco-friendly nature and nanomaterials (NMs) delivered in very low quantity can develop an effect on many plants through various mechanisms. The intervention of nano sciences in agriculture can have a positive impact on plant growth and yield attributed to its multiple derivatives that can reinforce plant systems. The reinforcement includes triggering nutrient use efficiency, extreme weather conditions resistance, nutrient-gaining ability of the roots, pest resistance, and bio-availability of vital nutrients. SiO2 NPs have a variety of uses in agriculture, including stimulating plant development, serving as nanocarriers, and conditioning soil. They are distinguished by their porous architectures, nutritional advantages, and nanoscale dimensions. Numerous studies have demonstrated that SiO2 NPs can improve plant resistance to various biotic stressors (like pests and diseases) and abiotic stressors (such as heavy metal toxicity, drought, and salinity), thereby boosting consistent plant growth, yield, and quality. The structure of SiO2 NPs makes them excellent carriers for the delivery of chemicals (including fertilizers, pesticides, and plant growth regulators) and bioactive molecules (such as DNA and proteins) in agricultural production. Nanoparticles can readily penetrate root and shoot tissues of plants due to their small sizes. After entering the plant roots or shoots, nanoparticles translocate between roots and shoots via the xylem and phloem, respectively. The uptake of silica is facilitated by several transporters, including LSi1, LSi2, LSi3, and LSi6. However, excessive or prolonged exposure may lead to phytotoxicity, emphasizing the need for controlled application. This will also highlight mechanisms of nanoparticle uptake and translocation, alongside implications for biosafety and future research in nano-enabled agriculture.
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