Exploring the Role of Chitosan: A Natural Solution for Plant Disease and

Insect Management

Abstract

Chitosan is an eco-friendly and multipurpose biopolymer that is obtained from the deacetylation
of chitin. It is a polysaccharide with several uses. Chitosan is a useful option in phytopathology
because of its biocompatibility, biodegradability, and bioactivity. Two naturally occurring
substances that may be used in agriculture to manage plant diseases are chitin and chitosan. It was
found that these compounds are toxic and that they prevent the growth and development of fungi.
According to reports, they were effective against viruses, bacteria, and other pests. When host
plants are exposed to microbial infections, fragments of chitin and chitosan have been shown to
elicit activities that trigger a range of defence responses, such as the accumulation of phytoalexins,
pathogen-related (PR) proteins and proteinase inhibitors, lignin synthesis, and callose formation.
Thus, the goal of this study is to give the reader current knowledge about the use of chitosan
formulations as pest and diseases control tools as well as information about their potential uses.
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1. Introduction

Agrochemical overuse harms the ecosystem, therefore a smart way to mitigate the problem is to
release the chemicals under regulated conditions from biodegradable-particles. Alternative,
biodegradable, and ecological materials have been sought for by research for a variety of scientific
uses in recent decades. Although agriculture is essential for providing food, fibre, and a host of
other necessities for human survival it faces a number of significant challenges that need to be
resolved to ensure the sustainability and security of food supply worldwide. Due to the highly
competitive context and the more stringent ecological parameters, it becomes the prime concern
of the scientist, researchers, farmers, etc. to be conscious about quality and ecology. Scientists

started looking for safe, natural pesticide substitutes that are both inexpensive and very effective,



in keeping with the idea of going back to nature and utilising science to increase plant efficiency
and lower disease risk. In addition to these substitutes, biopolymer-derived particles are becoming
a more common and perfect resource for sustainable agriculture. Natural polymers called
biopolymers are produced by living organisms’ cells which are made up of monomeric units that
are covalently bound together to create bigger molecules, much like other polymers. They are
numerous, diverse, and their byproducts are essential to life. Their intriguing characteristics make
them more and more significant for various uses [1]. Proteomics and poly (amino acids),
polysaccharides (cellulose, starch, and xanthan), chitosan, alginate, and carrageenan, and organic
polyoxoesters [poly (hydroxyalkanoic acids), poly (malic acid), and cutin] are among the vast array
of polymers that can be synthesised by living substances. Biopolymers have gained popularity in
agriculture recently. Many studies on the effectiveness of biopolymers in agriculture have been

conducted in this respect [2-3].

Chitosan, a linear copolymer composed of D-glucosamine and N-acetyl-D-glucosamine units
connected by B-(1-4) glycosidic linkages, is widely employed in control plant disease and insects,
improving plant properties, and keeping the biological balance between plants and beneficial
microorganisms in the soil. Rouget developed chitosan in 1859 by heating chitin in an alkaline
solution [4]. Hoppe-Seyer dubbed this substance "chitosan" a few years later, but its chemical
makeup wasn't discovered until 1950 [5] (Fig. 1). Chitosan's antibacterial, antioxidant, and
chelating qualities, in addition to being nontoxic and biocompatible, have made it popular. As a
byproduct of living things, chitosan (CHT) is produced when chitin is deacetylated from the
exoskeleton of crustaceans, including shrimp, shellfish, crabs, cuttlefish, squid pens, and crawfish
[6]. In addition, alginate and carrageenan, which formed a naturally occurring anionic
polysaccharide that was recovered from seaweeds, are two of the most often used and researched
biopolymers [7]. Chitosan may also be made from fungal chitin_ and insects [8]. Chitosan and its
derivatives have a great deal of promise for use in agriculture. These compounds boost crop yields
through physiological processes that include quickening the rate of germination and stimulating
plant growth [9], boosting photosynthetic pigment, increasing nitrogen-fixing nodes in the
leguminous family [10-11], decreasing water loss through transpiration to prevent drought

conditions, lowering stress levels, and boosting the uptake of minerals and nutrients [12].
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Fig. 1: Chemical structure of chitosan_(give your reference)

Apart from growth and development of crop, chitosan has well-known antimicrobial, antioxidant,
and antitumoral properties [13], and its application has spread to many sectors, including the
pharmaceutical, medical and veterinary sectors. Furthermore, heavy metals including lead,
uranium, copper, and mercury may be removed from soil and agricultural effluent by chitosan,
allowing it to be utilised again for irrigation [14]. Following several ground breaking discoveries
about the protective properties of chitin and chitosan in the early 1980s, a remarkable amount of
research on the application of these molecules in agricultural settings has been published. This
article provides an overview of chitosan-based derivatives used in plant protection as well as a

summary of some of the applications of chitosan in agriculture.
2. Mode of action of chitosan (CHT)

Plants have been shown to respond biologically to chitosan in a variety of ways, depending on the
molecule's structure and quantity as well as the species and stage of development of the plant.
Chitosan's exact mode of action is yet unknown. Chitosan may directly influence gene expression
through chromatin interaction to induce a defence response in plants [15-17]. It has been
demonstrated that CHT promotes plant development, plant biocontrol, and increases resistance to
both biotic and abiotic stress. The involvement of nitric oxide and hydrogen peroxide in CHT
signalling is suggested by the stimulating impact of various enzyme activities on the detoxification
of reactive oxygen species. Its antibacterial activity is mediated by a variety of pathways,
including chelation of trace metal elements and interactions with histone proteins and plasma
membrane phospholipids. Other mechanisms for the antimicrobial effect of chitosan includes
agglutination [18], disruption of bacterial cell membrane with leakage of intracellular substances

[19], inhibition of toxin production and microbial growth [20], and disruption of cell wall integrity



and alteration of intracellular ultrastructure [21]. The effects of chitosan on plant growth,
development, and production have not been well studied; nonetheless, it is primarily thought that
chitosan stimulates plants' defences against microbes like bacteria [22]. According to Lizarraga-
Paulin et al. [23], chitosan is a biopolymer that possesses antiviral, antibacterial, and antifungal
characteristics. Plants that are treated with chitosan have less transpiration [24]. Chitosan is
essential to plants' defence mechanisms. Applying CHT foliarly promotes crop development and
aids in obtaining a sustainable yield [25]. This compound's ability to establish physical barriers
around infection penetration sites and stop them from spreading to healthy tissues is another
benefit of its biopolymer characteristics. Chitosan and its bioactive derivatives have the ability to
activate H+-ATPase, depolarize biological membranes, and cause additional series of events. It

has also been reported to induce programmed cell death (PCD).
3. Chitosan (CHT) antimicrobial properties against phytopathogens

Depending on the kind of chitosan (native or modified), its degree of polymerization, the host, the
chemical and/or nutritional content of the substrates, and the ambient circumstances, chitosan
demonstrates a range of antibacterial properties [26]. It has been observed in certain investigations
that oligomeric chitosans (pentamers and heptamers) had superior antifungal activity compared to
bigger units [27]. In many instances, the antibacterial activity rose in tandem with the chitosan
molecular weight [28], and it appeared to work more quickly on algae and fungus than on bacteria
[29].

Chitosan can interfere with electronegative charges on the microbial cell's exterior because of its
polycationic nature [30]. In gram-positive bacteria, teichoic acids, lipopolysaccharides, and fungal
cell membranes, there is an external electrostatic interaction between the positive amino
glucosamine groups (NHs+) of chitosan and the negative charge on the cell surface. This
interaction causes changes in cell permeability, leakage of intracellular electrolytes and
proteinaceous constituents, and cell death [31]. Repetitive amino groups on the polymer structure's
backbone may be the cause of chitosan's antibacterial qualities, according to Divya et al. [32]. Due
to its ability to chelate metals and essential nutrients, chitosan has been shown to starve
microorganisms and hinder their growth [33]. This is because the amine groups inside the chitosan
molecules regulate the intake of metal cations through chelation. Because the amine groups are

not protonated and the electron pair on nitrogen in the amine group is accessible for donation to



metal ions, chitosan's metal-binding ability rises at high pH [34]. Because of a polymer coating on
the cell surface that prevents the cell from accessing nutrients, the high molecular weight of

chitosan may reduce the permeability of the cell membrane [35].
3.1 Chitosan's against viruses

It has been demonstrated that chitosan increases the host's hypersensitive response to infection and
prevents viruses and viroids from spreading throughout the plant systemically [27]. Depending on
the molecular weight of chitosan, different viral infections were suppressed to varying degrees
[28]. Potato virus X, tobacco mosaic and necrosis viruses, alfalfa mosaic virus, peanut stunt virus,
and cucumber mosaic virus have all been linked to similar findings [26].

3.2 Chitosan's against bacteria

Numerous types of bacteria are inhibited from growing by chitosan. Different species have
minimum growth-inhibiting doses ranging from 10 to 1,000 ppm. It has been demonstrated that
quaternary ammonium salts of chitosan, such as N,N,N-trimethylchitosan, N-propyl-N,N-
dimethylchitosan, and N-furfuryl-N,N-dimethylchitosan, are efficient at preventing Escherichia
coli from growing and developing [36], particularly in acidic environments. Likewise, it has been
demonstrated that a number of chitin and chitosan derivatives suppress E. Coli, Staphylococcus
aureus [37], several Bacillus species.

3.3 Chitosan’s against fungi and oomycetes

Chitosan has been shown to have fungicidal effect against a variety of fungus and oomycetes [38].
The lowest amounts that inhibited development ranged from 10 to 5,000 parts per million [39].
Chitosan's highest antifungal activity is frequently seen in the vicinity of its pKa (pH 6.0). Using
a radial hyphal growth bioassay of B. cinerea and P. grisea, Rabea et al. [40] reported on the
fungicidal activity of 24 novel derivatives of chitosan (i.e., N-alkyl, N-benzyl chitosans) and
shown that all derivatives had a stronger fungicidal effect than the original chitosan. With EC50
values of 0.57, 0.57, and 0.52 gL, respectively, N-dodecylchitosan, N-(p-isopropylbenzyl)
chitosan, and N-(2,6-dichlorobenzyl) chitosan were the most active against B. cinerea. N-(m-
nitrobenzyl) chitosan was the most effective against P. grisea, with 77% inhibition at 5 g.L™%. The
most active compound against B. cinerea (EC50 = 1.02 g.L™) was O-(decanoyl) chitosan at a mol

ratio of 1:2 (chitosan to decanoic acid), and the most active compound against P. grisea (EC50 =



1.11 g.L™%) was O-(hexanoyl) chitosan. At relatively high concentrations (1.0, 2.0, and 5.0 g.L™Y),
several of the derivatives also inhibited the production of spores [41]. Chitosan may permeabilize
the plasma membrane of Neurospora crassa and kill the cells in an energy-dependent way, as
recently shown by Palma-Guerrero et al. [42]. Chitosan may permeabilize the plasma membrane
of Neurospora crassa and kill the cells in an energy-dependent way. With the exception of
Zygomycetes, which have chitosan integrated into their cell walls, most fungus and oomycetes
may be inhibited in vitro by applying chitosan at a rate of 1 mg/mL [43]. Nemato-/entomo-
pathogenic fungi with extracellular chitosanolytic activity represent another group of fungi that

appear to be resistant to chitosan's antifungal effects [42].
4. Chitosan (CHT) in Plant Disease Control

Elicitors that increase host resistance to infections include CHT [44]. Low molecular weight CHT
has the ability to stimulate biotic responses in plants by triggering defence mechanisms and
activating several pathways that enhance plant resistance. Via a series of biochemical and
molecular processes, chitosan is an effective "resistance elicitor” that may activate the plant's
innate immune and defence systems. Plant defence genes are activated by chitosan through the
octadecanoid pathway. The biopolymer causes a number of reactions, including the manufacture
and accumulation of phytoalexins in different host cells [45], callose formation, lignification
responses, and the creation of proteinase inhibitors [46]. Depending on the pathosystem, the
derivatives used, the concentration, the degree of deacylation, the viscosity, and the applied
formulation (i.e., soil amendment, foliar application; chitosan alone or in association with other
treatments), chitosan has been extensively explored as a plant pathogen control method with

varying degrees of success (Fig. 2).
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Fig. 2: Chitosan in the enhancement of plant defense system and inhibition of

phytopathogens (is it original figure? if no, please write the reference)
4.1 Chitosan as seed coating agents in plant disease control

Since chitosan has so many different properties—including a molecular weight that may span a
wide range of aspects—it might be useful for seed coating. Because low molecular weight CHT
induces resistance, it has a significant deal of potential to protect plants against illnesses [45]. For
example, CHT induced resistance in plant defence against Verticillium dahliae-induced potato
verticillium wilt, reducing vascular invasion and wilt symptoms. Tomato seedlings and seeds have
been successfully resistant to Fusarium oxysporum f.sp. radisis-lycopersici by the use of CHT
[47]. Treating tomato seeds with CHT under in vivo conditions reduced tomato wilt incidence.



According to Photchanachai et al. [48], CHT treatment of seeds stimulated the lignification process
in chilli plants, boosting seedling survival and decreasing the anthracnose disease-causing
pathogen, Colletotricum sp. According to Sharathchandra et al. [49], pearl millet was 48% less
susceptible to downy mildew disease in greenhouse settings when treated with Elexa, a
formulation containing 4% CHT. Studies on the processes governing illness control have shown
that systemic resistance is the cause. Another study looked into how CHT seed priming affected
pearl millet's ability to develop disease resistance against Sclerospora graminicola-caused downy
mildew. By raising the levels of the defence-related enzymes CHTase and peroxidase in
comparison to the untreated pearl millet seedlings, the results demonstrated that CHT was efficient
in suppressing downy mildew under in vivo and in situ circumstances [50]. By causing phenolics
and lignin to accumulate, chitosan treatment of wheat seeds reduced F. graminearum infection and
boosted resistance in seedlings [51]. In sunflower seedlings treated with CHT, Nandeeshkumar et
al. [52] found an increase in the enzymes catalase (CAT), phenylalanine ammonia lyase,
peroxidase, polyphenol oxidase, and chitinase (CHI). This resistance was produced against downy
mildew caused by Plasmopara halstedii. The antifungal activity of CHT against R. solani was
discovered by analysing the effects of three different forms of CHT against the rice sheathe blight.

4.2 Chitosan applied as foliar treatment in plant disease control

Foliar CHT use has been documented in several systems and for a variety of uses. Applying CHT
topically to barley plants, for instance, caused an oxidative burst and the deposition of phenolic
compounds in the treated leaves, creating an unsuitable environment that inhibited the growth of
fungus [53]. Through the induction of defence mechanisms in tobacco plants, CHT demonstrated
antiviral action against enhanced tobacco necrosis necrovirus (TNV) and reduced virus symptoms.
Micro-oxidative bursts, microlesions, and callose apposition were associated with this resistance
[54]. Iriti et al. [55] looked at the effectiveness of a CHT formulation [Kendal (Kc)] in protecting
grapevines against powdery mildew disease in a different research. The results obtained indicated
that the induction of plant defence mechanisms and polyphenol production led to a considerable
decrease in the severity of the illness. Tomato plants developed resistance against B. cinerea after
receiving foliar spraying of CHT solution. The buildup of JA and its conjugated JA, as well as the
priming of callose at the infection site, were all linked with the CHT-induced resistance.

Furthermore, illness resistance was linked to Avr9/cf-9 expression [56]. By using CHT as a foliar



therapy, rice plants were shielded from bacterial late blight (BLB) and their production of the
defence enzymes peroxidase and oxidase was enhanced [57]. When rice seedlings were sprayed
with CHT, many modes of bacterial suppression by the compound have been documented. In
addition to the extraction of phenylalanine ammonia-lyase, peroxidase, and polyphenol oxidase
against Xanthomonas oryzae pv. oryzae and Xanthomonas oryzae pv. oryzicola, which cause leaf
blight and leaf streak, respectively, the biofilm destruction and membrane lysis as a direct activity.
Applying CHT to watermelon seedlings against Acidovorax citrulli, which causes bacterial fruit
blotch, had similar effects [58].

4.3 Chitosan applied as soil amendment in plant disease control

According to research, adding CHT to soil enhances its structure and modifies the rhizosphere's
habitat, shifting the microbial balance in favour of helpful bacteria and away from pathogens.
Actinomycetes and pseudomonas populations have been shown to rise in soil supplemented with
CHT [59]. When CHT was added to strawberries, the Bacillus subtilis population grew [60].
Mishra et al. [61] discovered that CHT had an effective anti-tomato leaf curl virus (ToLCV) effect
on tomato plants and increased the quantity of Pseudomonas sp. bacterial cells. Vesicular-
arbuscular mycorrhizal fungi were more prevalent in soil amended with CHT [62]. Additionally,
due to its chelating properties, CHT may shield plants from the damaging effects of pesticides,
fertilisers, and hazardous materials. CHT has a beneficial effect on both the plant and the microbial
organisms in the soil. According to several investigations, CHT stimulates and evokes the host
defence mechanism in response to pathogens that are carried by soil. For example, CHT
depolarized the plasma membrane of the root cell and produced hormones, lipid signalling, and
substances involved in plant defence, such as phenolics, which in turn induced the release of
tomato root exudates. Under in vitro settings, these reactions significantly inhibited the growth of
M. javanica and F. oxysporum f. sp. radices-lycopersici [63]. The causative agent of bell pepper
root and crown rot, Phytophthora capsica, was successfully managed by soil amendment using
CHT [64]. Subsequent research has demonstrated that tomato plants developed resistance to F.
oxysporum f.sp. radices-lycopersic when exposed to a soil amendment with a mixture of B.
pumilus and CHT [65]. According to Algam et al. [66], in a greenhouse setting, CHT used as a
soil drench inhibited R. solanacearum growth and induced some plant defence responses, such as

the synthesis of chitinase and B-2,3-glucanase.



5. Chitosan (CHT) against Insects and Pest control

While several chitosan derivatives have shown pesticide action against a variety of agricultural
pests, chitosan itself can improve the availability and stabilisation of certain insecticides or
botanicals [13] (Fig. 3). As a safe and ecologically acceptable substitute for synthetic pesticides,
chitosan is presently approved by the EU as an active and non-toxic basic chemical for plant
protection (Regulation EC No 1107/2009) [67]. A range of chitosan formulations that were
enhanced with synthetic or natural insecticides were investigated for their potential to safeguard

food as well as be used in agriculture and public health to combat insect pests [68].
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The polymer has specifically been used in a wide range of formulations, such as a basic
formulation of chitosan that is sprayed on leaves, wood, and paper; derivatives of chitosan;
chitosan—metal complexes; chitosan nanoparticles that are loaded with insecticides and essential
oils (EOs); chitosan coating; and chitosan formulations that contain nematodes. Numerous

investigations have been conducted on the use of chitosan in various formulations.

5.1 Plain Chitosan



Chitosan has just come to light in a few publications as a useful technique for managing insect
pests in food, agriculture, and public health. However, it appears that the chitosan's antimicrobial
action, which disrupts the gut microbiota of the insects, is connected to the insecticidal activity.
According to Muryeti and co-authors [69], termites treated with milled paper combined with
chitosan had higher death rates (80 and 45%, respectively) than the control group. This appears to
be because termites use chitosan paper to obstruct their eating, which disrupts the symbiotic
protists' capacity to function in the termites' digestive tract. This sparked an investigation into how
chitosan affected the kind and quantity of protists in termites' bellies. Additionally, it was noted
that chitosan could be useful in protecting wood from termites [70]. Specifically, after being
exposed to 2% of chitosan for 28 days, wood treated with the substance demonstrated a statistically
significant mortality of over 94% against subterranean termites for Reticulitermes flavipes
(Blattodea, Rhinotermitidae) [71]. Furthermore, the impact of treating wood with chitosan on the
protists of Reticulitermes virginicus (Blattodea, Rhinotermitidae) was examined. According to the
findings, termites in the control group had 10 different species of protists in their hindguts, but

only two species were present in the specimens that had chitosan treatment [72].
5.2 Chitosan Coating

In agriculture, chitosan coatings have also been explored for treating fruit and seeds to promote
plant development and reduce disease [73]. Specifically, it has been observed in certain
investigations that the chitosan covering deters insects and prevents some developmental instars
from settling. The growth of eggs and larvae of Mexican fruit flies, Anastrepha ludens and
Anastrepha obliqua (Diptera Tephritidae), was in fact suppressed by a chitosan coating on mango
fruit, as reported by Salvador-Figueroa et al. [74] and Limon et al. [75]. In each instance, the fruit's
weight was decreased and the ripening process was markedly slowed down by the chitosan
covering. Regarding the mechanism of action, the suppression of egg and larval development was
caused by an increase in the concentration of phenolic chemicals and in the fruit's gas exchange.
Furthermore, because the treated fruits had distinct hues and were less permeable, the chitosan
coating acted as a barrier, making the fruits less alluring to pests and preventing the oviposition of
insects [76].

5.3 Chitosan Coating with Essential Oils (EO)



The efficacy, durability, and availability of EOs have been improved by the coating of chitosan
loaded with various EOs, which has shown antifeedant and anti-toxic effects. Ascrizzi et al. [77]
found that the chitosan coating film produced by adding Ferulago campestis EO to bean seeds
demonstrated a statistically significant dose-dependent repellent effect (93.3% repellence at the
highest concentration 57.7 pL/L of air) against the seed pest Acanthoscelides obstectus
(Coleoptera Bruchidae), without negatively affecting the germination and growth of bean plants,
while simultaneously being effective in suppressing the germination of weed seeds in vitro. A
chitosan covering with eight distinct EOs was created by Hossain et al. [78] in conjunction with
ionising radiation, notably gamma radiation at 100 and 300 Gy. The rice treated with eucalyptus
and tea tree essential oils coated in a chitosan coating had the highest efficacy against Sitophilus
oryzae (Coleoptera Curculionidae), resulting in 100% mortality at the lowest doses of 0.2 pL/mL
after 24 to 48 hours of incubation. Even after 14 days of treatment, 100% of the insects died from

the combination of gamma radiation, giving the food packaging total pest control.
5.4 Chitosan Nanoparticles

Lately, polymeric nanoparticles have become more and more common in many different
applications, primarily in the field of agriculture [79]. Because of their regulated delivery methods,
chitosan nanoparticles in particular are being researched for their potential as active material
carriers as well as for stabilising biological components like proteins, peptides, or genetic material
[80]. Chitosan nanoparticles are created via ionotropic gelation, polyelectrolyte complex,
microemulsion, emulsion solvent diffusion, and inverse micellar methods. Nonetheless, the first
two methods listed above are the most often used ones. Nanospheres, which are solid structures
with a homogeneous matrix in which the active ingredient coats them uniformly on the outside,
and nanocapsules, which are hollow structures with a polymer membrane and an inner core
containing the active ingredient, are the two main groups of nanoparticles based on their
morphology [81]. The size, shape, surface area, and area/volume ratio of nanoparticles, which have
diameters ranging from 1 to 100 nm, are essential qualities for their effective application in pest
management [82]. The smaller size of the nanoparticles guarantees improved permeability,
bioavailability, and coverage of the active ingredient. It also improves the formulation stability,

slow-release capability, mobility, resistance to degradation, and increased insecticidal activity.



Additionally, it increases water solubility for otherwise insoluble active ingredients. As a result,

the most often used particle size in chitosan formulations is nanoscale [83].

Adding EOs to chitosan nanoparticles to boost the oils' stability and bioactivity is one of the
formulation's most popular applications. In comparison to the plain product, chitosan nanoparticles
help to slow down the release of essential oils and extend their effects over time. Chitosan
nanoparticles loaded with Piper nigrum EO were assessed against S. oryzae and Tribolium
castaneum (Coleoptera Tenebrionidae) Rajkumar et al. [84]. Utilising an impregnated paper assay
for fumigation toxicity tests, chitosan nanoparticles loaded with P. nigrum EO demonstrated
statistically significant prominent mortality after 24 hours, with LC50 values of 25.03 and 29.02
uL/L air for S. oryzae and T. castaneum, respectively, in comparison to the pure EO (LC50 values
0f48.97 and 55.77 pL/L air, respectively). Furthermore, in antifeedant bioassays, the nanoparticles
demonstrated higher wheat grain protection against T. castaneum and S. oryzae assault (0% of
damages detected for both species) in comparison to the control (74% damages observed for S.
oryzae and 86% for T. castaneum). Fumigation studies using chitosan nanocapsules loaded with
Rosmarinus officinalis EO revealed an increase in T. castaneum mortality over time (20%
mortality after 60 days compared to 2.1% mortality for the pure EO at the same time) (Soltani et
al., 2021). The rosemary oil nanoencapsulated by chitosan demonstrated 82% and 50.7% mortality
after 60 days against Oryzaephilus surinamensis (Coleoptera, Silvanidae) and Carpophilus
hemipterus (Coleoptera, Nitidulidae), respectively, according to Soltani and co-authors [85-86].

Extracts from plants have inherent insect-repelling qualities [87]. Furthermore, it seems that the
insecticidal action of plant extracts is amplified when paired with chitosan nanoparticles. Indeed,
48 hours after exposure, chitosan nanoparticles loaded with Nerium oleander leaf extract had a
statistically significant larvicidal activity against M. domestica when added to an artificial diet.
The pupation rate and adult emergence were reduced by 27% and 60%, respectively, and the LC50
was 0.64 ppm [88]. Additionally, chitosan nanoparticles have been used as agrochemical
nanocarriers [89]. In this context, H. amigera larvae were used as test subjects for the chitosan-
based nano-encapsulation of Poneem, a botanical insecticide that contains neem oil, Karanja oil,
azadirachtin, and Karanjin [90]. Tripolyphosphate (TPP) or glutaraldehyde (GLA), which are
frequently utilised as crosslinking agents in the manufacture of chitosan nanoparticles, were used

to obtain the chitosan nanoparticles, hence augmenting their durability. Furthermore, 48 hours



after treatment, the chitosan nanoparticles containing insecticidal metabolites from the fungal
biocontrol agent Nomuraea rileyi that were sprayed on leaves demonstrated up to 99% larvicidal
activity for the fourth larval stage of Spodoptera litura (Lepidoptera Noctuidae) [91].

Chitosan nanoparticles have been more widely used recently as an ingredient in formulations for
double-strand RNA (dsRNA) and small interfering RNA (siRNA) [92]. Due to its cationic
properties, chitosan nanoparticles may be applied for RNA interference (RNAI), a non-invasive
method that allows particular RNA fragments (dsRNA and siRNA) to stifle gene expression in
mosquito larvae by feeding [93]. By interfering with the locomotor and metabolic processes
involved for growth and development, RNAI technology, specifically, employing chitosan
nanoparticles, has enhanced its efficiency as a pest control tool, especially for Anopheles gambie
(Diptera Culicidae) and Ae. aegypti.

Future prospect

Chitosan has been the subject of much research, but its exact method of action in controlling plant
immunity and inhibiting the pathogen has not been fully understood. It is believed that there may
be more overlapping features in the method of action of chitosan, which will require more research
in the future. Among the modern fields that has proven effective in examining the worldwide
fluctuations in protein expression in living things under many environmental circumstances is
proteomics. It is important to think about how these derivatives could affect the ecosystem.
Contradictory reports on the toxicity of these metal-complexed derivatives on humans and
ecosystems make the case for more research to rule out any potential negative effects on living
things. Chitosan's low solubility restricts its applicability; however, it can be enhanced chemically
by adding hydrophilic groups to the macromolecular chain of chitosan, for example. In fact,
compared to ordinary chitosan, the chitosan derivatives NAC, NBC, and OAC containing alkyl,
benzyl, and acyl groups are more soluble and, more importantly, have more insecticidal efficacy.
Certain modified chitosan types, such oligosaccharides and chitosan-metal complexes, might be
deemed appropriate based on their practicality, efficiency, and environmental friendliness.

Conclusion

Pathogens have seriously harmed agricultural goods in recent decades, leading to decreased
growth, lower yields, poor quality, and enormous financial losses. Therefore, it is important to take



pest and plant pathogen control into consideration in order to preserve the quality and health of
agricultural goods. Overuse of pesticides over the past century has led to the emergence of resistant
strains and worsened effects on the environment and human health. Offering substitute techniques
would address the actual issues with agriculture output. Therefore, it is crucial to provide
ecologically safe insecticides and treatment techniques for plant diseases. Plant diseases and pests
can be controlled using natural compounds like CHT, which also lessen the harmful effects of
pesticides on people and the environment. Because of its biological qualities—such as its
biocompatibility, biodegradability, nontoxicity, antibacterial activity, and ability to boost
immunity—chitosan has been given consideration by several businesses. Thus, as this article
reviews, several research has demonstrated that CHT may either directly or indirectly suppress
plant pathogens. Even though CHT has been studied extensively for its ability to make plants
resistant to pests and diseases, much research still needs to be done. However, additional research
is needed since it's likely that the CHT mode of action and the activity caused by plant innate

immunity are more intricate than what was previously stated.
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