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Abstract

Biological synthesis of metallic nanoparticles has emerged as an innovative and environmentally friendly
approach that has attracted considerable attention in nanotechnology in recent years. Among the biological
systems, microorganisms such as bacteria and fungi are recognized as efficient biofactories for nanoparticle
production due to their ability to secrete enzymes, secondary metabolites, and natural reducing agents.
These systems enable the synthesis of nanoparticles with controllable size, shape, and stability while
eliminating the need for hazardous chemicals and reducing production costs, thereby providing sustainable
and scalable alternatives. Biologically synthesized metallic nanoparticles exhibit broad applications in
various fields including medicine, pharmaceuticals, environmental remediation, and particularly
agriculture. In agroecosystems, such nanoparticles can act as nano-fertilizers, plant growth promoters, and
agents for disease management, thus contributing to enhanced crop productivity. Nevertheless, challenges
such as process optimization, production standardization, precise control of physicochemical properties,
and comprehensive biosafety assessment remain to be addressed. This review aims to discuss the biological
mechanisms underlying microbial synthesis of metallic nanoparticles, while highlighting their potentials,
limitations, and future perspectives in biotechnology and agriculture.

Keywords: Biological synthesis, Metallic nanoparticles, Microorganisms, Biotechnology, Sustainable
agriculture
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