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INTRODUCTION
Plants, as sessile organisms, are constantly exposed to
diverse biotic stresses such as pathogens, pests, and parasitic
organisms. To survive, they have developed sophisticated
defense mechanisms mediated by a complex network of
signaling pathways. Central to this defense system is the
interplay or “cross-talk” between plant hormones. Key
hormones, including salicylic acid (SA), jasmonic acid (JA),
ethylene (ET), abscisic acid (ABA), and auxins, work in an
interconnected manner to fine-tune immune responses.
Understanding the crosstalk between these hormonal
pathways is vital for advancing agricultural practices and
developing disease-resistant crops.
Key Plant Hormones in Disease Response
e Salicylic Acid (SA)

SA is crucial for systemic acquired resistance (SAR),
a long-lasting immune response triggered by localized
pathogen infection. It is primarily effective against
biotrophic pathogens, which derive nutrients from living host
cells (Klessig et al., 2018).

e Jasmonic Acid (JA)

JA, along with its derivatives like methyl jasmonate
(MeJA), mediates defenses against necrotrophic pathogens
and herbivorous insects. It triggers the expression of defense-
related genes and promotes secondary metabolite production
(Wasternack & Song, 2017).

e Ethylene (ET)

ET is often involved in modulating JA signaling and
inducing defenses against necrotrophic pathogens. It also
plays a role in the regulation of cell death during
hypersensitive responses (Broekgaarden et al., 2015).

e Abscisic Acid (ABA)

Traditionally recognized for its role in abiotic stress
tolerance, ABA also modulates plant-pathogen interactions.
Its role in defense is complex, sometimes promoting
susceptibility by antagonizing SA or JA pathways (Cao et
al., 2011).

Copyright © Nov., 2024; Current Agriculture Trends 6



Current

Agriculture Available online at

Trends:
!

ISSN (E): 2583 — 1933

S http://currentagriculturetrends.vitalbiotech.org

e Auxins, Cytokinins, and Gibberellins

These growth hormones can influence
disease resistance indirectly. For example,
auxin signaling can promote susceptibility to
certain pathogens by repressing immune
signaling (Kazan & Manners, 2009).
Mechanisms of Hormonal Cross-Talk
e SAand JA: Antagonistic Interactions

SA and JA are well-documented for
their antagonistic relationship. SA signaling,
effective against biotrophic pathogens, often
suppresses JA signaling, which is more
effective against necrotrophs. This antagonism
is mediated by transcriptional regulators such
as NPR1 (Non-expressor of Pathogenesis-
Related Genes 1) (Spoel et al., 2007). For
example, Arabidopsis infected  with
Pseudomonas syringae exhibits suppressed JA
responses due to SA-mediated repression.
e JAand ET: Synergistic Interactions

JA and ET often work synergistically
to combat necrotrophic pathogens. The co-
regulation of defense genes like PDF1.2 in
Arabidopsis is a hallmark of this interaction.
ET amplifies JA signals, enhancing the plant's
ability to mount a robust defense against
pathogens like Botrytis cinerea (Broekgaarden
etal., 2015).
e ABA and SA/JA: Complex Interplay

ABA can both suppress and enhance
immune responses, depending on the context.
It can antagonize SA signaling, making plants
more susceptible to biotrophic pathogens.
Conversely, it may synergize with JA to
enhance defenses against necrotrophs (Cao et
al., 2011). This duality highlights the need for
spatiotemporal regulation of ABA signaling
during pathogen attacks.
e Emerging Roles of Cytokinins and

Auxins

Cytokinins have been shown to
modulate immune responses by balancing SA
and JA signaling. Conversely, auxins are often
exploited by pathogens to suppress immune
signaling, promoting disease (Kazan &
Manners, 2009).

Copyright © Nov., 2024; Current Agriculture Trends

Molecular Players in Hormonal Cross-Talk

Several key proteins and transcription factors

mediate hormonal interactions:

e NPR1: Central in SA-JA antagonism,
integrating signals to fine-tune defenses.

e ERF (Ethylene Response Factors):
Mediate JA-ET synergistic responses.

e WRKY Transcription Factors: Regulate
the expression of defense genes in
response to hormonal cues (Broekgaarden
etal., 2015).

Applications and Future Perspectives

The knowledge of hormonal cross-talk can be

harnessed to develop disease-resistant crops.

For example:

o Biotechnology: Engineering plants to
modulate specific hormone pathways can
enhance resistance to multiple pathogens.
For instance, boosting SA signaling could
improve resistance against biotrophs.

e Sustainable  Agriculture:  Hormonal
priming using natural compounds like JA
derivatives can prepare plants for
impending pathogen attacks without
genetic modifications (Wasternack &
Song, 2017).

Future research should focus on:
1. Identifying novel molecular players in
hormonal interactions.

2. Understanding the role of secondary
messengers, such as reactive oxygen
species (ROS), in hormone-mediated
defense.

3. Exploring how environmental factors
influence hormonal cross-talk.

CONCLUSION
The cross-talk between plant hormones forms
the backbone of plant immunity, enabling
plants to prioritize and tailor their defenses
against diverse pathogens. While the
antagonistic and  synergistic  interactions
between hormones like SA, JA, and ET are
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well-studied, ongoing research continues to
unravel the complexity of these signaling
networks. Leveraging this knowledge in
agriculture could revolutionize crop protection
strategies, ensuring food security in the face of
escalating biotic stresses.
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