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Application of nanoparticles in enhancing tolerance to
biotic and abiotic stresses in plants
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Abstract

The demand for agricultural products continues to increase in parallel with the rapid
growth of the global population. However, plants are exposed to a wide range of
biotic stresses, including pests, diseases, and weeds, as well as abiotic stresses such
as drought, salinity, heat, cold, and heavy metals. These stresses significantly reduce
plant growth and crop productivity worldwide, posing a serious threat to agricultural
production and global food security. Moreover, they result in substantial economic
losses. To control pests, weeds, and plant pathogens and to maximize crop yields,
agrochemicals have been widely used. However, the excessive use of these
compounds has led to severe environmental consequences, posed risks to human
health, and imposed considerable economic costs. Therefore, the need for
sustainable utilization of natural resources and the reduction of environmental
impacts has increased interest in the development and application of innovative
technologies. Among these, nanotechnology has emerged as a promising and
effective approach for providing sustainable solutions in various fields, including
crop management. In recent years, the application of nanoscale agricultural inputs,
including nanofertilizers, nanopesticides, and nanoherbicides, has attracted
considerable attention as an innovative and promising strategy for promoting plant
growth, enhancing crop productivity, and improving agricultural performance.
Compared with conventional agrochemicals, these nanomaterials offer greater
efficiency, improved targeted delivery, and reduced environmental impacts. The aim
of this study is to comprehensively review the applications of nanoparticles in
enhancing plant tolerance to biotic and abiotic stresses and to elucidate their role in
improving crop productivity and strengthening global food security to meet the
demands of the growing world population.

Keywords: Food security, Biotic stress, Abiotic stress, Nanoparticles, Plant
productivity
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Table 1. Green synthesis of nanoparticles and its application in agriculture.
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Table 2. Application of nanotechnology in plant breeding and genetic engineering.
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