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nsect pests and plant pathogens frequently
interact in agricultural systems, creating complex
challenges for crop production. Insect feeding,
boring and oviposition activities damage plant tissues
and break the natural protective
barriers, facilitating pathogen
colonisation.

entry and

Wounded  tissues  provide
favourable conditions for the
establishment and spread of
and viral

fungal, bacterial

pathogens, resulting in
increased disease incidence and
severity. The progression of infection is influenced by
pathogen virulence, host defense responses and
environmental factors such as temperature, humidity
and rainfall. Understanding the mechanisms
underlying insect-mediated disease development is
essential for effective crop protection. Integrated
management strategies combining cultural, biological,
chemical and technological approaches can reduce
disease risks and support sustainable agricultural

productivity.
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Plants in agricultural ecosystems are
continuously exposed to a diverse range of insect pests
and plant pathogens. While insects are primarily
recognised for the direct damage they cause through
feeding, oviposition and
tunnelling activities, their
indirect role in promoting
plant diseases is equally
important. Healthy plants
possess several structural
defense mechanisms,
including  the cuticle,
epidermis and cell walls,
which serve as barriers against pathogen invasion.
However, insect activities frequently disrupt these
protective structures, resulting in wounds that facilitate
pathogen entry. Insect-induced injuries provide fungi,
bacteria and viruses with direct access to internal plant
tissues, thereby increasing the likelihood of infection
and disease establishment. In many cropping systems,
the occurrence and severity of plant diseases are
closely associated with prior insect damage, reflecting

the complex interactions between insect pests and plant
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pathogens. For example, fruit-boring insects can
predispose fruits to fungal infections and subsequent
rot development, whereas sap-feeding insects often act
as vectors for the transmission of viral pathogens.
These interactions can significantly increase disease
incidence, reduce crop yield and adversely affect
produce quality. Consequently, understanding the role
of insect-inflicted wounds in pathogen invasion is
health

essential for developing effective plant

management strategies. Integrated management
approaches that simultaneously address insect pests
and plant diseases can substantially reduce crop losses
and enhance the sustainability of agricultural
production systems.

Types of insect damage in plants

Insects exhibit a wide range of feeding behaviours that
cause varying levels of injury to plant tissues.
Depending on the species involved, damage may occur
on leaves, stems, roots, flowers, fruits or seeds.
Chewing insects, including caterpillars, beetles and
grasshoppers, consume plant tissues and produce
conspicuous wounds that expose underlying cells. In
contrast, piercing-sucking insects such as aphids,
whiteflies, leafthoppers and thrips use specialised
mouthparts to penetrate plant tissues and extract sap,
leaving numerous microscopic punctures that may
function as potential infection courts. Stem borers, fruit
borers and bark beetles form galleries within plant
organs, impairing nutrient transport and reducing
overall plant vigour. Furthermore, injury may also
occur during oviposition, when female insects insert

their ovipositors into plant tissues for egg deposition.

Such damage not only influences plant growth and
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yield but also disrupts the integrity of natural defense
barriers. The severity of injury is influenced by factors
including insect population density, duration of
feeding, crop developmental stage, and prevailing
environmental conditions. Irrespective of the injury
enhance

insect-inflicted ~ wounds plant

type,

vulnerability to  pathogenic  microorganisms.
Consequently, insect damage frequently serves as a
precursor to pathogen invasion, disease establishment
and subsequent crop losses.

Wounds as entry points for plant pathogens
Wounds caused by insects often serve as ideal entry
points for plant pathogens, enabling their
establishment and multiplication within host tissues.
When plant tissues are damaged, the exposed cells
release nutrients and other compounds that support
microbial colonisation and growth. Many fungal
pathogens, such as Fusarium, Colletotrichum and
Botrytis, exploit these injured areas to initiate
infection, leading to diseases including wilts, rots and
blights.  Similarly, bacterial pathogens like
Pectobacterium and Dickeya frequently enter through
wounds, causing severe tissue breakdown and soft rot
symptoms. Insect feeding can also contribute to the
transmission of plant viruses by introducing viral
particles directly into vulnerable plant tissues. The
likelihood of successful pathogen invasion depends on
several factors, such as the severity of tissue damage,
environmental conditions, pathogen virulence and the
strength of the plant’s defense responses.
Consequently, insect-induced wounds play a crucial
role as infection sites, aiding pathogen entry and

accelerating disease development across a wide variety
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of crop species. Examples of fungal and bacterial

pathogens that utilize insect-created wounds for host

infection, along with their associated crops, diseases

and insect pests, are summarized in Tables 1 and 2.

Table 1. Major fungal pathogens associated with insect-created wounds

Crop Disease Pathogen Insect associated with
wounding
Onion Basal rot Fusarium oxysporum f. | Onion fly (Delia antiqua)
sp. cepae
Maize Ear rot Fusarium verticillioides Corn earworm
(Helicoverpa zea)
Mango Anthracnose Colletotrichum Fruit flies (Bactrocera
gloeosporioides dorsalis)
Grapes Gray mold Botrytis cinerea Grape berry moth
(Lobesia botrana)
Apple Blue mold Penicillium expansum Codling moth (Cydia
pomonella)
Tomato Fruit rot Alternaria alternata Tomato fruit borer

(Helicoverpa armigera)

Table 2. Major bacterial pathogens a

ssociated with insect-created wounds

Crop Disease Pathogen Insect associated with
wounding
Potato Soft rot Pectobacterium Wireworms (Agriotes
carotovorum spp.)
Cabbage Soft rot Pectobacterium Cabbage maggot (Delia
carotovorum radicum)
Tomato Bacterial soft rot Pectobacterium Fruit borer (Helicoverpa
carotovorum armigera)
Sugarcane Grassy shoot disease Candidatus Phytoplasma | Phloem-feeding aphids

sacchari

(Rhopalosiphum maydis)

Mechanisms of Pathogen Invasion and Spread

Injuries caused by insect feeding provide favourable
entry points for pathogens to invade and multiply
within plant tissues. When plant cells are damaged,
sugars, amino acids and other cellular contents leak
from the wounded area, creating conditions that

support pathogen establishment and growth. Both

fungal and bacterial pathogens commonly colonize
these injured sites before spreading into adjacent
healthy tissues. To facilitate infection and expansion,
they secrete a variety of cell wall-degrading enzymes,
including pectinases, cellulases, hemicellulases and
structural

proteases, which break down plant

components and compromise physical barriers. This
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degradation enables pathogens to move through
intercellular spaces and in some cases, gain access to
the vascular system. In addition, necrotrophic fungi
such as Botrytis, Alternaria and Colletotrichum species
contribute to disease development by producing toxins
and reactive oxygen species that trigger host cell death.
The dead and decaying tissues then provide nutrients
that support further pathogen growth and colonization.

The success of infection also relies on the
capacity of pathogens to evade, suppress, or overcome
plant defense mechanisms. Numerous fungal and
bacterial pathogens produce effectors, toxins and other
virulence-associated compounds that disrupt immune
signalling pathways and weaken host defenses. Some
bacterial species proliferate within intercellular spaces

and release enzymes that macerate plant tissues,

leading to soft rot symptoms, whereas vascular
pathogens invade xylem vessels and interfere with
water movement, causing wilting. Certain pathogens
also develop specialized infection structures or
biofilms that improve their survival and persistence
within the host. Moreover, wounds frequently provide
direct access to vascular tissues, allowing pathogens to
spread rapidly throughout the plant. The combined
effects of cell wall degradation, toxin production,
suppression of host immunity and extensive tissue
colonization ultimately result in symptom expression,
disease advancement and substantial reductions in crop
productivity. The progression of insect-assisted
pathogen infection, from the initial wound formation to

the onset of disease symptoms is illustrated in Figure

1.

MECHANISM OF INSECT-MEDIATED PATHOGEN INFECTION AND DISEASE DEVELOPMENT IN PLANTS
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Figure 1. Mechanism of Insect-Mediated Pathogen Infection and Disease Development In
Plants

Environmental Factors Favouring Insect—Pathogen
Interactions

Environmental factors significantly influence the
extent of insect injury and the resulting development of
plant diseases. Conditions such as temperature,
humidity, rainfall and wind affect the survival,

reproduction and dispersal of both insect pests and
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plant pathogens. Elevated temperatures often promote
rapid insect population growth, resulting in increased
feeding activity and a higher number of wounds on
plants. Simultaneously, many fungal and bacterial
pathogens flourish under warm and humid conditions,
enhancing their capacity to infect damaged tissues and

initiate disease. High humidity levels and frequent
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rainfall favour spore germination, pathogen

proliferation and disease transmission. Moist
conditions also extend pathogen survival on plant
surfaces and support their entry through newly formed
wounds. In contrast, drought stress can impair plant
defense systems, increasing vulnerability to insect
infestation and pathogen infection. Ongoing climatic
changes, including rising temperatures and irregular
rainfall patterns, may further strengthen insect-
pathogen interactions by encouraging pest outbreaks
and creating conditions favourable for disease
establishment. Therefore, understanding the effects of
environmental factors is critical for forecasting disease
occurrence and developing effective, timely
management practices.
Management strategies
Effective management of insect-mediated plant
diseases requires an integrated approach that targets
both insect pests and plant pathogens. Regular
monitoring of crops and timely control of insect
populations can significantly reduce wound formation
and subsequent pathogen entry. Cultural practices such
as field sanitation, crop rotation and maintaining
optimal plant health help minimize disease incidence.
The use of biological control agents and resistant crop
varieties further enhances protection against both pests
and pathogens. When necessary, judicious application
of insecticides and fungicides can be employed as part
of an integrated pest and disease management strategy.
By reducing insect injury and limiting pathogen
establishment, these practices contribute to improved
plant health and sustainable crop production.

Future perspectives
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Future crop protection strategies are expected to
increasingly rely on advanced technologies and
sustainable management approaches to address insect-
mediated plant diseases. Artificial intelligence (Al),
remote sensing and digital agriculture tools offer
promising opportunities for the early detection and
forecasting of pest outbreaks and disease epidemics,
enabling timely and precise interventions. At the same
time, growing concerns over the environmental
impacts of chemical pesticides are driving the
development of biological alternatives, including
microbial biocontrol agents, botanical pesticides and
conservation of natural enemies. The integration of
these eco-friendly approaches with precision
agriculture, host plant resistance, and integrated pest
and disease management practices will contribute to
more resilient and sustainable crop production
systems. Such innovations will play a crucial role in

insect reducing pathogen

injury,

establishment and ensuring long-term agricultural

minimizing

sustainability.

Conclusion

Insect-inflicted wounds play a critical role in
facilitating the invasion and spread of plant pathogens
by breaching natural plant defense barriers and
providing direct access to internal tissues. Through
their feeding, boring and oviposition activities, insects
create entry points that enhance the establishment of
fungal, bacterial and viral pathogens, often leading to
severe disease outbreaks and significant crop losses.
The interaction between insects, pathogens, and
influences disease

environmental factors further

development and severity. Therefore, a comprehensive
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understanding of these complex relationships is  agricultural practices, will be crucial for reducing crop
essential for effective crop protection. Integrating losses, improving plant health and ensuring long-term
insect pest management with disease control strategies,  agricultural productivity.
supported by emerging technologies and sustainable
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