Iranian Plant Protection Research

https://jpp.um.ac.ir R

Review Article
Vol. 39, No. 4, 2026, p. 361-372

The Role of Chitosan in Management of Plant Viral Diseases

M. Salati’*'™", A. Entezari?

1- Faculty of Plant Protection, Agricultural Research Center of Khorasan Razavi Province, Mashhad, Iran
2- Department of Plant Pathology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran
(*- Corresponding author's Email: m.salati@areeo.ir

Received: 02-07-2025 How to cite this article:
Revised: 27-08-2025 Salati, M., & Entezari, A. (2026). The role of chitosan in the management of plant
Accepted: 30-08-2025 viral diseases. Iranian Plant Protection Research, 39(4), 361-372. (In Persian with

Available Online: 10-02-2026 English abstract). https://doi.org/10.22067/jpp.2025.94223.1237

Introduction

Chitosan is a natural polymer industrially derived from the deacetylation of chitin. Chitosan is recognized as
a safe and biocompatible biological compound that acts by stimulating plant growth, inducing the plant’s general
defense response, and increasing plant resistance to pathogens, including bacteria, fungi, nematodes and
especially viruses. This compound has demonstrated significant efficacy as an elicitor of plant resistance to viral
infections. Unlike other plant pathogens, effective treatments for viral infections are currently lacking. Two main
strategies in managing plant viral diseases are the use of resistant cultivars and induction of plant defense
mechanisms using elicitors.

Elicitors are physical or chemical stimuli derived from biotic or abiotic sources that can induce physiological,
morphological responses and the accumulation of phytoalexins in plant cells. Chitin is a linear polysaccharide
that is known as the most abundant natural polymer after cellulose. Chitosan is obtained by removing the amide
group from the chitin chain. The extraction of chitosan from natural sources containing chitin depends on various
steps including deproteinization, deacetylation and demineralization. The chemical structure of chitosan depends
on the molecular weight, deacetylation degree (DD) and its pattern. Unlike chitin, chitosan is a positively
charged polymer and is very strongly cationic and readily soluble in acidic conditions. The higher degree of
deacetylation of chitosan, the more positive charges is formed on its surface.

Chitosan contributes to the reduction of plant diseases through two primary mechanisms. The first is direct
antimicrobial action against pathogens, such as damage to the plasma membrane, interaction with DNA and
RNA (electrostatic interactions), and deposition on the microbial surface and the second is induction of plant
defense responses resulting from downstream signaling, transcription factor activation gene transcription and
ultimately cellular activation. Chitosan has the ability to inhibit viral infections both locally and systemically.
Efficacy of chitosan depends on the dose and method of its application and the molecular structure of chitosan
especially the molecular weight and degree of acetylation. However, the antiviral activity of chitosan decreases
with increasing molecular weight. The possible reason for this may be the ability of small chitosan molecules to
better penetrate into plant tissue. Chitosan also prevents the replication of viruses and viroids and enhances the
host’s hypersensitivity response during infection. Increasing plant cell resistance as a result of using chitosan in
plants such as potatoes, tomatoes, and cucumbers has been proven by various researchers. Regarding the
antiviral effect of chitosan, it should be noted that it is also able to suppress viral infections in many different
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plant families which affects the occurrence of a hypersensitivity response (HR) to viral infections and prevents
the systemic spread of viruses in the plant. Some reports indicate that it stimulates the plant’s defense response
and improves its general defense mechanisms. These results have been proven in mung bean, pea and peanut
plants by foliar spraying against their viruses. Studies show that several pathways are activated after chitosan
application, most of which are related to activation of the plant’s innate immunity, for example accumulation of
salicylic acid (SA) and activation of systemic acquired resistance (SAR) in the plant. The SA acts as a signaling
molecule that activates multiple pathways and initiates various changes in plant cell physiology and gene
expression. This phytohormone has a negative effect on viral replication. Translocation of the virus within the
host plant plays a very important role in replication of the virus. This translocation may be local intercellular or
systemic transmission in the host. Since chitosan also induces the formation of calloses, cell-to-cell movement of
the virus is also reduced by deposition of calloses around the plasmodesmata and reduction of their permeability.
One of the nanoparticles that has received great attention today is nanoparticles composed of chitosan. Due to
the large positive charge on the surface of this molecule, it can target the virus coat protein and also increase
growth parameters in the plant.
Conclusion

Chitosan and its derivatives are regarded as powerful tools for activating various plant defense pathways.
Based on the results of research and extension experiments conducted on the farms, this compound showed high
efficiency as an inducer of plant resistance against viral infections. In addition to reducing infection severity, it
contributed to improved crop yield. Therefore, the use of this polymer and nanoparticle products based on it can
be considered as suitable alternative to traditional chemical pesticides, which is an important step towards
reducing the use of chemical pesticides and establishing sustainable agriculture.
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Figure 2- Schematic representation of the putative mechanisms related to CHT-mediated plant resistance to viral infection
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Table 1- Chitosan application for induction of plant resistance to viral infections.

Type of

Plant Virus chitosan Effect References
Phaseolus CHT from krill Treatment of Bean leaves with chitosan reduced the
; AMV number of local necrotic spots caused by AMV by Iriti & Varoni, 2015
vulgaris (bean) and crab : - - - -
indusing systemic acquired resistance.
- This formulation led to the stimulation of genes El Gamal et al.,
BYMV Nanochitosan involved in resistance including PR-1 2022
Vicia faba CHT from krill By inducing host resistance against BYMV, disease
(faba bean) BYMV and crab severity was reduced compared to untreated plants. Sofy etal., 2020
Solanum CHT from krill Chitosan (1mg/ml) prevented infection with PVX Chirkov, 2002;
tuberosum PVX, PVY and crab and PVY as the virus did not move beyond the Komarova et al.,
(potato) inoculated leaves in most of the plants tested. 2024
ToMV .
CHT from krill Chakraborty et al.,
and crab 2020
CHT from krill Inducing resistance against TOMYV and increasing
rom kri lant vegetative growth
PVX and crab P g g Koma;())\ﬁ etal.,
Reducing in the number of plants systemically
CHT from krill infected with PVX.
and crab
Solanum PSTV Prevents the development of systemic infection Koma;%\ﬁ etal,
lycopersicum caused by PSTV
(tomato) CHT from krill
and crab The use of chitosan as a preventive treatment before
CMV CMYV inoculation was able to prevent its
accumulation in the plant by 100% and prevented the
development of systemic infection.
Prevents the development of systemic infection Rendina et al., 2019
CHT from krill
and crab Komarova et al.,
™V 2024
- CMV CHT from krill . L .
Cucumis melo ' Development of resistance to viral infections and .
CYSDV, and crab . - Salati et al., 2023
(melon) CABYV increased plant vegetative growth
Gangireddygari et
CMV, Nanochitosan %“ 20);%
PMMV Leads to increased expression of resistance causing 7
Capsicum genes NPR1 and cysteine protein inhibitor
annuum
(pepper) The application of chitosan nanoparticles 24 hours
after artificial infection with AMV had an inhibitory .
Nanochitosan effect of up to 90%. EI_Ganalny etal.,
AMV 2023
L Nanochitosan In greenhouse conditions, it reduced disease severity
Nlco_tlana and reduced virus accumulation. In addition, it Abdelkhalek et al.,
glutinosa AMV

induced genral acquired resistance, increased total
carbohydrates and total phenolic content.

2021

(Sg) Jilb s Slige g g PMMV (o ligsS sl (63,5 wg g CABYV (ligas 55 SgsS ug g :CYSDV
CYSDV: Cucurbit yellow stunting disorder virus, CABYV: Cucurbit Aphid-Borne Yellows Virus, PMMV: Pepper mild mottle virus
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