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Introduction

Plants, as sessile organisms, rely on intricate signaling networks
to adapt to environmental changes, coordinate growth, and defend
against biotic and abiotic stresses. Central to these processes are
phytohormones—small signaling molecules including auxins,
gibberellins, cytokinins, abscisic acid, ethylene, salicylic acid, jasmonic
acid, and brassinosteroids. Phytohormone signaling pathways regulate
gene expression, cellular metabolism, and developmental programs in
response to internal and external cues. Understanding these pathways
is essential for improving crop productivity, stress tolerance, and
sustainable agriculture [1,2].

Discussion

Phytohormone signaling involves perception of the hormone by
specific receptors, transduction of the signal through intracellular
pathways, and regulation of target gene expression. For example,
auxin signaling operates via the TIR1/AFB receptor family, which
promotes the degradation of AUX/IAA repressor proteins, activating
auxin-responsive genes that control cell elongation, division, and
differentiation. Similarly, gibberellins bind to GIDI receptors,
triggering DELLA protein degradation and promoting stem
elongation, seed germination, and flowering [3,4].

Abscisic acid (ABA) signaling plays a crucial role in stress
responses, particularly drought and salinity. ABA is perceived by PYR/
PYL/RCAR receptors, which inhibit protein phosphatases (PP2Cs),

activating SNF1-related protein kinases (SnRK2s) that regulate
stomatal closure, osmoprotectant production, and stress-responsive
gene expression. Ethylene, a gaseous hormone, signals through
the ETR receptor family, leading to modulation of EIN2/EIN3
transcription factors, controlling processes such as fruit ripening,
senescence, and pathogen responses [5].

Cross-talk between phytohormone pathways adds complexity and
flexibility to plant responses. For instance, salicylic acid and jasmonic
acid often antagonize each other to balance defense responses against
biotrophic and necrotrophic pathogens, while auxin and cytokinin
interactions regulate root-shoot architecture. Brassinosteroids
integrate with auxin and gibberellin signaling to fine-tune growth and
stress adaptation.

Advances in molecular biology, genomics, and high-throughput
phenotyping have unraveled key components of these pathways,
including receptors, transcription factors, and secondary messengers
such as calcium ions, reactive oxygen species, and MAP kinases.
Manipulating these signaling networks offers promising strategies for
engineering crops with enhanced growth, stress tolerance, and yield
stability.

Conclusion

Phytohormone signaling pathways are central to plant
development, adaptation, and survival. Through precise perception,
signal transduction, and gene regulation, these pathways coordinate
complex responses to environmental and developmental cues.
Understanding and harnessing phytohormone signaling offers
immense potential for crop improvement, sustainable agriculture, and
resilient food systems in the face of global climate challenges.
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