Phytohormones: The Invisible Architects of Plant Growth
Phytohormones are natural organic compounds produced in plants

at low concentrations that regulate growth, development, and
responses to environmental stimuli. Unlike animal hormones,
plants lack specialized glands; hormones move between tissues to

exert their effects across the plant body.
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Hormonal Substances: Stimulants vs. Inhibitors

Stimulants

« Auxins - promote cell elongation
« Cytokinins - stimulate cell division
« Gibberellins - enhance stem elongation

Promote growth, cell division, elongation, and differentiation

Inhibitors

« Abscisic acid - induces dormancy
« Ethylene - accelerates senescence

Regulate dormancy, senescence, and responses to
environmental stress

Auxin: The Primary Growth Hormone

Auxin, primarily Indole-3-acetic acid (IAA), was
discovered as the first plant hormone. It orchestrates

numerous developmental processes including:

References: Gray, 2004; Sosnowski et al., 2023; Zhang et al., 2022
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The Discovery of Auxin: Darwin's Phototropism Experiment (1880)

Charles Darwin and his son Francis
conducted pioneering experiments that laid the

foundation for plant hormone discovery:

Observed oat seedlings bending toward light

Covered various parts of seedlings to

determine light sensitivity

Concluded the tip perceives light but

growth occurs lower in the stem

This "influence" was later identified as auxin (IAA),
becoming the first known plant hormone.

Hypothesized a mobile signal from the tip caused differential growth

Charles Darwin's Phototropism
Experiment

Differental Growth

Darwin's landmark experiment demonstrating phototropism in oat seedlings
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Experiment




Chemical Structure of Auxin (IAA)

Molecular structures of natural auxin (IAA) and synthetic auxin (2,4-D)

Natural Auxin (IAA)
Chemical formula: C,,HgNO,

* Indole derivative with carboxylic acid group
« Small, simple molecule enabling easy transport
* Produced naturally in plant tissues

Synthetic Auxins

« 2,4-D (2,4-Dichlorophenoxyacetic acid)
* NAA (1-Naphthaleneacetic acid)
« Mimic natural auxin effects

» Widely used in agriculture as herbicides
« and growth regulators
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Auxin Biosynthesis Pathways

re ¥
Tryptophan Indole-3-pyruvate (IPyA) Indole-3-acetic acid (IAA)
Essential amino acid serving as the Intermediate compound formed via Active auxin formed via the YUCCA
primary precursor for auxin the TAAL/TAR family of family of flavin monooxygenases
biosynthesis aminotransferases

v The tryptophan-dependent TAA/YUC pathway is the
This process is tightly regulated to control growth responses and developmental processes.
v' Auxin concentration is fine-tuned through biosynthesis, conjugation, degradation, and transport

mechanisms.

Reference: Zhang et al., 2022
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Growth Kinetics: Auxin's Role in Whole Organ Growth

Auxin concentration directly influences the rate and

pattern of growth in plant organs.

The relationship between auxin and growth follows

several key principles:

Growth curves typically show sigmoidal elongation

phases in both shoots and roots

Auxin stimulates cell wall loosening by activating

expansins and other wall-modifying enzymes

The "acid growth theory" explains how auxin

promotes H* extrusion, lowering cell wall pH

00 20 80 200 200 100

Optimal growth occurs within specific auxin ,ﬂ"‘cwce"tfa“o" Levels .
concentration ranges Sigmoidal growth curve showing the relationship between auxin

concentration and shoot elongation rate over time
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Auxin and Growth Curves: Organ-Level Effects

Vascular
Differentiation

Root Elongation

Lateral Root Formatid
Shoot Elongation

Apical Dominance

Auxin Concentration Gradients Differential Growth Responses
Auxin establishes concentration Auxin effects are concentration-
gradients throughout plant tissues dependent and organ-specific:
that:

: : * Promotes elongation in shoots
» Create polarity and direct growth

. Balance growth between different organs © INNIbIts primary root elongation
at high concentrations

« Maintain overall plant architecture « Stimulates lateral root formation
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Auxin Transport: The Plant's Internal Messaging System |

Polar Transport Transport Proteins

Auxin moves directionally PIN proteins (efflux carriers)
from shoot apex downward export auxin from cells, while
through the plant body in a AUX/LAX proteins (influx
polar fashion, creating carriers) import auxin into
concentration gradients that cells. Their asymmetric
guide development. localization directs flow.

Developmental Control

Auxin transport patterns control organ formation, vascular
patterning, tropisms, and responses to environmental stimuli.

Reference: Zhang et al., 2022
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Factors Influencing Auxin Transfer

]

T Environmental Cues

* Lightdirection and intensity Developmental Stage v/ Auxin transport is regulated by multiple factors that

*  Gravity orientation « Tissue differentiation status together create a complex, responsive system that can

* Mechanical stimulation - Organ maturity adapt to changing environmental conditions and
Cellular Factors * Growth phase developmental needs.

* PIN protein localization v' The asymmetric localization of PIN proteins on cell

« Transporter activity regulation membranes is particularly important for establishing

« Vesicle trafficking pathways directional auxin flow.
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‘Ist alizing Auxin Transport: Infographic

A’

Biosynthesis

Auxin is primarily synthesized in shoot apical meristems,
young leaves, and developing seeds via the tryptophan-
dependent pathway.

Transport

PIN proteins localized asymmetrically on cell membranes
direct basipetal (shoot-to-root) auxin flow through plant
tissues.

Action

Auxin accumulation in specific tissues triggers differential cell
elongation or differentiation, leading to coordinated growth
responses.

Auxin biosynthessis in shoot tip

PIN proteins on

PIN proteins
tiglere membranes

Action sites

Auxin accumlation
tigere plant growth

PIN proteins
PIN membranes
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Auxin in Root Hair Growth: Cellular Elongation Model

0999

Cell Fate

Root Hair
Initiation

Auxin
Elongation

Mature
Formation

Molecular Regulation

Auxin coordinates root hair development through a
complex regulatory network:

Transcription factors GL2 and CPC determine hair vs.
non-hair cell fate

« Auxin response factors (ARFs) mediate auxin signaling

* Auxin activates RHO GTPases to regulate actin
cytoskeleton during tip growth

« Cell wall loosening enzymes are activated to permit
rapid elongation

The resulting root hairs significantly increase the root
surface area, enhancing nutrient and water uptake

efficiency.
Reference: PMC4775141
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N

Temperature Stress

Auxin transport and signaling are
temperature-sensitive, helping
plants adjust growth patterns during
heat or cold stress exposure.

Auxin coordinates plant responses to abiotic stresses by modulating growth adjustments to optimize
survival. The hormone engages in complex cross-talk with other phytohormones like abscisic acid,

ethylene, and cytokinins to fine-tune these adaptive responses.

Reference: EL Sabagh et al., 2022
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Synthetic Auxins and Agricultural Applications

Common Synthetic Auxins Agricultural Uses
« 2,4-D (2,4-Dichlorophenoxyacetic acid) /J\\

* NAA (1-Naphthaleneacetic acid)

 IBA (Indole-3-butyric acid) Rooting Promotion

*  Picloram (4-amino-3,5,6-trichloropicolinic acid) Enhances adventitious root formation in cuttings

and tissue cultures

These compounds are more stable than natural IAA and 6

resist enzymatic degradation, making them effective for Fruit Management

agricultural applications. Controls fruit setting, prevents premature drop
, and influences ripening

s

Herbicide Action

Selectively kills broadleaf weeds at higher concentrations

Reference: Sosnowski et al., 2023
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Auxin: The Lifeblood of Plant Growth
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Key References

Primary Research Articles Review Articles & Books

« Zhang Q. et al., "Roles of Auxin in Growth and Stress," Frontiers « Gray W.M., "Hormonal Regulation of Plant Growth," Plant
in Plant Science, 2022. Physiology, 2004.

« Sosnowski J. et al., "Auxin and Cytokinin Impact," Agriculture,  Mukherjee A., "The Bioactive Potential of Phytohormones," Sci.
2023. Direct, 2022.

« EL Sabagh A. et al., "Phytohormones in Abiotic Stress," «  PMC4775141, "Auxin and Cellular Elongation," 2015.

Frontiers in Agronomy, 2022.

These references provide comprehensive information on auxin biology, from molecular mechanisms to agricultural applications. They represent the
current understanding of auxin's roles in plant growth regulation and stress responses.



\ B B :?\ %
) o5 eSOV AL ] ) e o5 0 (e
i ged ALl Bl A e (S V) Guy cABald el
Ad g pall g caall g gaill (30

0 alle (B (e gY) il

L paliy Y Sl ga (b S O oY) sall agd
dc) )5l c¥lae el ol gol Waagl 85y Jy cdalall L yra 285
i alle 8 A5 e Jaleal) 5 gen g Aol




Closing Thought

"From a tiny molecule to towering trees, auxin
orchestrates the symphony of plant life — unlocking

growth, adaptation, and resilience."

Understanding auxin's fundamental role in plant
development not only advances our scientific
knowledge but also provides tools to enhance
agriculture, horticulture, and conservation efforts in a

changing world.




Thank you!

Questions & Discussion

We welcome your questions about phytohormones and auxin biology.
The complex interplay between different plant hormones offers many
opportunities for exploration and discovery.

Further Resources

» International Plant Growth Substances Association (IPGSA)
« American Society of Plant Biologists (ASPB)

« The Plant Cell journal's special collection on hormone signaling

Contact: phytohormone.research@university.edu



