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Description

Trees are vital components of ecosystems, contributing to
biodiversity, climate regulation and human well-being. However, they
face significant threats from various pathogens, including bacteria,
fungi, viruses and nematodes. Pathogen-induced stress responses in
trees are grave for understanding how trees cope with infections and
how these responses influence forest health and productivity. This
discuss the mechanisms behind pathogen-induced stress responses in
trees, their impact on tree health, and strategies for managing stress-
related diseases.

Trees often strengthen their cell walls by increasing the deposition
of lignin, cellulose and callose. This reinforcement helps prevent
pathogen penetration and restricts the spread of infection. Infected
tissues may undergo structural changes, such as the formation of galls
or necrotic lesions, which can physically limit pathogen growth and
spread. Trees produce phytoalexins, which are antimicrobial
compounds synthesized in response to pathogen attacks. These
compounds inhibit pathogen growth and help the tree resist infection.
Trees produce a variety of secondary metabolites, including tannins,
flavonoids and saponins, which have antimicrobial properties and play
a role in stress responses. Pathogen-induced stress responses often
involve the production of enzymes such as chitinases, B-1, 3-
glucanases and peroxidases, which degrade pathogen cell walls and
facilitate the defense response.

Trees activate a suite of genes involved in defense responses,
including those related to pathogen recognition, signal transduction,
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and response activation. Key defense-related genes include those
encoding Pathogenesis-Related (PR) proteins, defense hormones and
signaling molecules. Hormones such as Salicylic Acid (SA), Jasmonic
Acid (JA) and Ethylene (ET) play essential roles in regulating
pathogen-induced stress responses. These hormones coordinate the
activation of defense mechanisms and help the tree mount an effective
response. Systemic Acquired Resistance (SAR) is a defense
mechanism that provides long-lasting protection against a broad range
of pathogens. It is triggered by localized infections and involves the
activation of defense responses throughout the tree. Induced Systemic
Resistance (ISR) is similar to SAR but is typically triggered by
beneficial microbes rather than pathogens. It enhances the tree's ability
to resist subsequent pathogen attacks.

Pathogen-induced stress responses can have both positive and
negative effects on tree health. While these responses are essential for
pathogen resistance, they can also have unintended consequences for
tree growth, development and overall health. Effective stress
responses can limit pathogen growth, reduce disease severity and
prevent the spread of infection. This enhances the tree's ability to
survive and maintain its ecological functions. Some trees can develop
increased tolerance to pathogens through adaptive stress responses.
Tolerant trees may experience less damage and maintain their
physiological functions despite infection. Pathogen-induced stress
responses can divert resources from growth and development to
defense. This can result in reduced tree growth, diminished timber
quality and lower productivity. Prolonged or severe stress responses
can lead to physiological strain, including reduced photosynthesis,
impaired nutrient uptake and decreased water availability. This can
affect tree health and overall ecosystem function.

Stress responses can sometimes make trees more susceptible to
secondary infections or exacerbate existing diseases. For example,
weakened trees may become more vulnerable to opportunistic
pathogens. Effective management of pathogen-induced stress
responses is essential for maintaining tree health and ensuring
sustainable forest management. Pathogen-induced stress responses in
trees are complex and multifaceted, involving physical, chemical,
genetic and systemic mechanisms. While these responses are essential
for pathogen resistance, they can also impact tree health, growth and
productivity. Effective management of pathogen-induced stress
requires an integrated approach that combines monitoring, cultural
practices, chemical treatments, genetic improvement, and
environmental management. By understanding the mechanisms behind
stress responses and employing targeted management strategies, we
can enhance tree health, protect forest ecosystems and ensure the
sustainability of forest resources for future generations.
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