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Abstract

Sustainable plant disease management has long been a major issue in agriculture since the
excessive reliance on broad-spectrum pesticides exacerbates chemical resistance,
presenting environmental and health hazards. Taking cues from nature's intricate defense
mechanisms, scientists are exploiting bioactive agents involved in plant-pathogen/pest
interactions to develop novel strategies to combat diseases. Embracing biomolecules in
agriculture offers an eco-friendly alternative to chemical pesticides. However, traditional
delivery methods for biomolecules often suffer from low utilization rates and low field
stability, diminishing the overall effectiveness of active compounds. The motivation for
this work comes from the challenges faced in hard-to-transfect animal cells, a similar
difficulty that exists in plants due to their rigid cell walls, highlighting the potential to apply

successful strategies across diverse systems.

The advent of nanotechnology has facilitated the design of novel delivery systems for
biomolecular cargoes, further enhancing their capacity to adhere to the plant surfaces and
make disease control strategies effective. Tailored depending upon the extent of infection
and type of plant species, innovative nanoparticle strategies maximize the effectiveness of
delivery by modifying the size, surface characteristics, and adhesion capacity of the
particles to suit particular requirements. The goal of this thesis is to explore how bioactive
agents, including genetic and biochemical agents, can serve as alternatives to chemical
pesticides, as well as the potential of various nanocarriers for the delivery of biomolecules

in plant disease management and genetic enhancement.

In conclusion, by harnessing biomolecules as potent agents, we are effectively leveraging
nature’s own defense mechanisms to combat pathogens. The integration of
nanotechnological advances in biopesticide delivery marks a significant stride in plant
disease management. This innovative approach enhances the efficacy of biopesticides
while also reducing their environmental impact. This not only ensures targeted delivery but
also reduces the need for frequent applications, thereby promoting sustainable agriculture
practices. Furthermore, formulations tested in plant disease management often lack in vitro
cytotoxicity studies to assess their biosafety for human health. In this work, we also
conducted these crucial studies to ensure that the formulations are safe for human use,
bridging the gap between agricultural and biomedical safety.
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Chapter 1 discusses the various challenges and recent developments in the field of plant
disease management. In Chapter 2, investigates the use of silica nanoparticles with size
variations to enhance the uptake efficiency and translocation of AC2-derived double-
stranded RNA (dsRNA) for protection against tomato leaf curl New Delhi virus
(ToLCNDV). This chapter also highlights how nanoparticles can contribute to the stability
of biomolecules, offering a protective shield against environmental degradation and
improving their overall effectiveness. However, in actual field conditions, agrochemicals
often suffer from low utilization efficiency due to challenges such as poor penetration

through plant cell wall and cuticle surfaces.

Thus, Chapter 3 addresses these challenges by focusing on enhancing the adhesion and
retention of biomolecules on tomato plant surfaces, enhancing the utilization efficiency of

biomolecules, thus providing protection against Botrytis cinerea infections.

While the previous chapter investigated the use of antimicrobial agents for the protection
against pathogens, this chapter shifts towards utilizing plant secondary metabolites that do
not have direct antimicrobial properties. Instead, these metabolites serve to prime the
plant’s immune system, triggering an active defense response. By activating the plant's
intrinsic immune mechanisms, this approach enables the plant to fight off pathogens more
effectively, leveraging its own natural defenses. This strategy holds potential for
sustainable, eco-friendly crop protection. Also, dicots have relatively permeable cuticles,
monocots have more hydrophobic surfaces, posing unique challenges for biomolecule
delivery. Thus, Chapter 4 investigates by developing smart nanocomposites loaded with
secondary metabolites designed for enhanced deposition on superhydrophaobic rice leaves,

providing protection against Xanthomonas oryzae pv. oryzae infections.

While the strategies explored in previous chapters significantly improved the delivery,
stability, and efficacy of biomolecules in plant disease management, they also underscore
the limitations of relying solely on exogenous treatments to address plant health.
Ultimately, ensuring long-term advances in plant disease management requires a more
integrated approach, particularly through genetic manipulation. Chapter 5 investigates the
use of piezoelectric nanomaterials to facilitate efficient, genotype-independent plant cell
transfection via sonoporation. Chapter 6 discusses the conclusion and future outlook of
the thesis.

Vi
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