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Introduction

The agricultural sector is grappling with
significant challenges due to pests and diseases,
which lead to substantial crop losses despite
existing protection measures. The urgency for
effective disease and pest control is heightened
by climate change, which impacts global food
security. Traditional methods like genetic
resistance, chemical control, and biological
approaches have crop
protection. However, increasing regulations on
pesticide use, especially in the European Union
and other regions, have limited the availability
of conventional pesticides, pushing the need for
alternative  solutions. In this context,
biopesticides are emerging as crucial
Current Methods of Disease Control
Historically, plant disease control has relied on

been central to

a combination of genetic resistance, chemical
treatments, and biological control. However,
chemical control has dominated the field,
particularly in the form of pesticides. Over
time, the negative environmental impact of
synthetic pesticides has led to stricter
regulations and a reduction in their availability.
This decline in pesticide use has not been fully
offset by the development of alternative
solutions, leading to insufficient control over
many plant diseases.

Functional Peptides: A Novel Solution
Functional  peptides  are
originating from living organisms or synthetic

biopesticides

components of sustainable plant protection,
with functional peptides representing an
exciting new class of these biopesticides.
Derived from living organisms or synthesized,
functional peptides offer novel mechanisms for
Yet, their

challenges,

combating plant pathogens.

widespread  adoption  faces
including stability in plant environments,
potential pathogen resistance, the necessity for
effective formulations, and high production
costs. Despite these obstacles, there is growing
optimism that functional peptides will soon be
commercially viable for controlling plant

diseases.

Bacterial diseases, in particular, remain a
significant challenge. Unlike fungal pathogens,
which have more control options, bacterial
pathogens often resist conventional treatments.
Furthermore, the emergence of resistance
existing
disease

within pathogen populations to
pesticides ~ further  complicates
management efforts. These factors have fueled
the search for safer, more effective alternatives
like functional peptides.

analogs. Their mode of action involves

disrupting the cellular processes of pathogens,
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making them effective against a broad range of
plant diseases. These peptides can target
bacteria, fungi, viruses, nematodes, and other
pathogens. They are favored for their
specificity, which reduces the likelihood of
harming non-target species and the
environment.

Multifunctional peptides are highly valuable in
plant protection due to their ability to act
through multiple mechanisms simultaneously.
By targeting various aspects of a pathogen's
biology, these peptides reduce the likelihood of
resistance development, providing enhanced

Key advantages of functional peptides include:

Novel Modes of Action: Functional peptides
work through mechanisms different from
traditional chemical pesticides, helping to
reduce the development of resistance in
pathogens.

Challenges and Considerations

While promising, the deployment of functional
peptides faces several challenges:

Stability: Peptides can degrade in the plant
environment, reducing their effectiveness.
Finding ways to stabilize these compounds is
crucial for their practical use.

Formulation and Delivery: Peptides must be
formulated in a way that maximizes their shelf
life and ensures their delivery to the target
pathogens. This requires innovative
Sources of Functional Peptides

Functional peptides can be derived from
various natural sources, including
microorganisms, plants, and animals. They are
classified based on their origin, structure, and
amino acid composition. These peptides adopt
various structures, such as a-helix, B-sheet, and
looped configurations.

Microbial Peptides: Bacteria, fungi, and
actinomycetes produce antimicrobial peptides
such as bacteriocins, peptaibols, and cyclic
lipopeptides. These compounds are highly
effective against a range of plant pathogens and
are a focus of research for developing new
biopesticides For example, Bacillus species
synthesize CLPs such as iturins, fengycins, and
surfactins, which have been shown to inhibit

protection. For example, the peptide BP178
showcases multifunctionality by combining
bactericidal activity with the ability to trigger
plant defense responses. This dual action makes
BP178 effective against a broad range of
pathogens. Similarly, MaSAMP, a peptide
derived from a disease-resistant citrus variety,
offers dual protection by both killing bacteria
and inducing plant defense mechanisms. This
makes MaSAMP particularly effective against
pathogens like Candidatus  Liberibacter
asiaticus, the cause of huanglongbing (HLB).

Biodegradability: Being naturally derived,
these peptides are biodegradable, thus less
likely to accumulate in the environment
compared to synthetic chemicals.

approaches, especially for application methods
in different agricultural settings.

Toxicology: Despite their natural origin,
peptides must be assessed for their
toxicological profiles to ensure they are safe for
use in food production.

Cost of Production: Producing peptides at scale
for agricultural purposes can be costly. This is
particularly true for synthetic peptides, which
require sophisticated manufacturing processes.

plant pathogens. Similarly, fungi like
Trichoderma and Gliocladium produce
peptaibols, which are short antimicrobial
peptides that play a role in plant disease control.
Plant-Derived Peptides: Plants produce
defense peptides as part of their immune
response to pathogen attacks. These include
thionins, defensins, and heveins, which exhibit
antifungal and antibacterial properties.

Animal Peptides: Animal-derived peptides,
such as cecropins from insects and defensins
from mammals, also show promise in
combating plant pathogens. Their role in animal
immune systems translates well to plant
protection when adapted for agricultural use.
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Mechanisms of Action

Functional peptides work through several
mechanisms to inhibit pathogen growth:
Membrane Disruption: Many peptides interact
with the membranes of pathogens, causing
pores to form and leading to cell lysis. These
lytic peptides are typically amphipathic and
cationic, interacting with the negatively
charged membranes of bacteria and fungi.
Inhibition of Cellular Processes: some
peptides penetrate the target cell and interfere
with internal cellular processes, such as DNA
synthesis, replication, or translation. Peptides
like magainins disrupt the metabolic processes
within bacteria and fungi, while cathelicidins
inhibit essential functions like protein
synthesis. Other peptides act as cell-penetrating
peptides (CPPs), allowing them to deliver cargo
molecules, such as nucleic acids, into cells
without disrupting the membrane. Certain

Cell lysis

Spore
germination
inhibition

peptides also target external cell structures,
such as lipopolysaccharides in bacteria or chitin
in fungi, preventing the pathogen from
penetrating plant tissues.

Biofilm Inhibition: Certain peptides prevent
the formation of biofilms, which are protective
layers that bacteria use to survive in hostile
environments, including plant tissues.
Induction of Plant Defenses: Some peptides
act as elicitors, triggering the plant's immune
system to defend against pathogens. These
peptides activate signaling pathways within the
plant, leading to the production of defensive
compounds. Additionally, functional peptides
can prime the plant immune system by
triggering defense responses, including the
production of reactive oxygen species (ROS)
and antimicrobial proteins.

Antiviral

Mode of action
of antimicrobial

Antibiofilm

Disrupt internal
cellular processes.

peptides

External cell
structures

Nematicidal

Fig-1: Mode of action of antimicrobial peptides
Examples of Functional Peptides in Plant Protection

Research has identified numerous peptides with
potential applications in agriculture:

BP100: A synthetic peptide effective against
various plant-pathogenic bacteria, including
Erwinia  amylovora and  Xanthomonas
vesicatoria. Its mode of action involves
membrane disruption, leading to bacterial cell

death.

Trichokonins:  Peptaibols produced by
Trichoderma species, effective against fungal
pathogens. These peptides also induce systemic
resistance in plants, offering dual protection.
Magainins:  Originally  discovered in
amphibians, magainins have been adapted for
use in plants to combat bacterial and fungal
infections.
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Production of Functional Peptides
Producing functional peptides at scale for
agricultural use presents both opportunities and
challenges. Methods include:

Microbial Fermentation: Microorganisms like
Bacillus and Trichoderma can be cultivated to
produce peptides in large quantities. This
approach leverages the natural ability of these
organisms  to antimicrobial
compounds.

synthesize

Chemical Synthesis: While effective, chemical
synthesis of peptides is expensive and typically
reserved for high-value products. Advances in
synthesis technology may reduce costs over
time, making it more viable for agricultural
applications.

Biotechnological Production: Genetic
engineering allows for the production of
Future Prospects

The future of functional peptides in agriculture
looks promising, with several advancements on
the horizon:

New Peptide Discovery: Continued research
into natural sources and the de novo design of
peptides will likely yield new compounds with
enhanced efficacy and stability.

Improved  Formulations:  Advances in
formulation technology, such as
nanoencapsulation, will help protect peptides
from degradation and improve their delivery to
target pathogens.

Conclusion

Functional peptides represent a novel and
promising class of biopesticides that could
revolutionize plant disease control. With their
diverse mechanisms of action and potential for
multifunctionality, these peptides offer a
sustainable  alternative to  conventional
chemical pesticides. However, further research
and development are needed to overcome the
challenges associated with their
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