The Role of Auxin in Apical Dominance
and Herbicidal Action

Understanding plant growth regulation and agricultural
applications

rlie M anias 5 0l g Alall) 3alucd) ‘“A O ) g9
B30 Sl g ) g il agd




Understanding Apical Dominance

The fundamental process controlling plant architecture and growth patterns
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What is Apical Dominance?

Apical dominance is a critical growth control
mechanism in plants where the main central
stem grows more vigorously than lateral

branches. This phenomenon:

Ensures efficient vertical growth and sunlight access

Optimizes resource allocation to the primary shoot

Creates the characteristic architecture of many plants

Is disrupted when the apex is removed (pruning)

When the apical bud is intact, lateral buds remain
dormant due to hormonal signals traveling down

the stem.
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Auxin's Central Role in Apical Dominance

[ ha® @
Auxin Synthesis Basipetal Transport Bud Suppression
IS Auxin moves downward through High auxin concentrations inhibit
primarily synthesized in the shoot cytokinin action in lateral buds,
apex from tryptophan (PIN carriers) preventing their growth

v This elegant hormonal control system allows plants to optimize their growth pattern based on environmental

conditions and developmental stage.
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Two Distinct Hormonal Interpretations of Apical Dominance

Direct Inhibition Theory Indirect Regulation Theory

This interpretation suggests that auxin directly This view proposes that auxin works through a

Inhibits lateral bud outgrowth by: network of hormonal interactions:

In nodal * Promoting , Which

stem tissue

* Directly growth-  Interacting with to
promoting effects maintain

e Creating .cytokinin ratios in « Creating resource competition between apex
lateral buds and lateral buds

Modern research supports elements of both theories, suggesting a complex interplay of hormonal signals and
environmental factors regulates apical dominance.
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Auxin Flow and Apical Dominance rAaall) Balaadd) g CpamaS gY) (300

Hormone Crosstalk

Basipetal Flow | ateral Buds
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v" The directional flow of auxin establishes a concentration gradient that modulates multiple downstream hormonal pathways, creating a

sophisticated regulatory network controlling plant architecture.
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Physiology of Shedding (Abscission)

How plants control the deliberate separation of organs through hormonal regulation?
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What is Shedding in Plants?

Abscission is the coordinated process by
which plants shed organs that are:

* No longer functional or necessary (senescent
leaves)

« Damaged or diseased (protective response)

« Developmentally programmed to separate
(fruits, flower petals)

v This process occurs at specialized abscission
zones, where cell walls are enzymatically
degraded in response to hormonal signals,
particularly the balance between auxin and

ethylene.
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Auxin's Role in Shedding

Normal Condition

High auxin levels from healthy tissues maintain
the abscission zone by suppressing ethylene
sensitivity and cell wall degrading enzymes

Hormone Shift

Reduced auxin allows increased ethylene
sensitivity and production in the abscission zone

Separation

Cell walls in the abscission layer break down,
creating a separation layer and protective layer

Trigger Event

Environmental stress, developmental aging, or
pathogen attack causes auxin production to
decline in the organ

Enzymatic Activation

Ethylene triggers expression of cellulases,
polygalacturonases and other cell wall degrading
enzymes
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Hormonal Changes During Abscission  (kdluill) Juadd) oLl 43 ga gdl i il
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Cell Separation

The precise timing and coordination of these hormonal shifts ensure that plants shed organs only when necessary,

optimizing resource allocation and plant health.
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Synthetic Auxin Herbicides: Mimicking Natural Auxin

v' The discovery that synthetic auxins could
selectively kill broadleaf plants revolutionized

agriculture. These compounds:

Mimic indole-3-acetic acid (IAA) but
are more stable in plant tissues

« Because uncontrolled growth responses leading
to cellular dysfunction

« Disrupt normal hormone balances throughout the plant

« Target primarily dicotyledonous weeds while
sparing monocots like grasses

v The first synthetic auxin herbicide, 2,4-D,

iIntroduced in 1945, remains one of the most

Auxin herbicides cause characteristic symptoms

widely used herbicides globally. Including stem twisting, leaf curling, and epinasty
(downward bending).
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Criteria for Effective Auxin Herbicides

Systemic Mobility

Must move through phloem and xylem to reach all
plant tissues, including roots

Enables whole-plant control from foliar application

Receptor Affinity
Binds effectively to TIR1/AFB auxin receptor family

Triggers auxin response factors (ARFs) and gene
expression changes

Alladl) S V) Cliisa yuilza

Metabolic Stability
Resistant to plant detoxification enzymes

Persists long enough to cause fatal disruption of
growth

Selective Toxicity
Differentially affects dicots vs. monocots

Safe for crops when applied at recommended rates
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The Most Important Auxin Herbicides

— |- — |-
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2,4-D (Phenoxyacetic Acid Class)
The first widely used synthetic auxin herbicide
Controls broadleaf weeds in cereals, corn, and turf

Relatively short soil persistence (1-4 weeks)

_—

—g —

| |

Picloram & Clopyralid (Pyridinecarboxylic Acids)
Long soil persistence for extended weed control
Used in pastures, rangeland, and forestry

Effective against woody plants and perennial weeds

!

Dicamba (Benzoic Acid Class)
Effective on difficult-to-control broadleaf weeds
Used in corn, cereals, and dicamba-resistant crops

Controversial due to drift issues affecting non-target crops

_—

—g —

| |

Quinclorac (Quinolinecarboxylic Acid)

Unique among auxin herbicides for controlling some grasses

Used in rice and turf for crabgrass and other weed control

Dual mode of action on susceptible species
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Chemical Structures of Key Auxin Herbicides
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v Despite their structural differences, all these compounds share
the ability to mimic natural auxin (IAA) and bind to auxin

receptors. The structural variations contribute to differences in

potency, selectivity, and environmental behavior.

v Notice how these synthetic molecules differ from natural indole-
3-acetic acid while maintaining the critical functional groups

needed for biological activity.
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Mechanisms of Selective Action of Auxin Herbicides
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How Auxin Herbicides Kill Weeds

0

Receptor Binding

Synthetic auxins bind to TIR1/AFB receptor family, forming a co-receptor complex with Aux/IAA proteins

Gene Expression Chaos

Unregulated auxin response factor (ARF) activation leads to massive transcriptional reprogramming

Hormone Cascade

Triggers ethylene and abscisic acid (ABA) biosynthesis, amplifying stress responses

ROS Production

Reactive oxygen species accumulate, causing oxidative damage to membranes and proteins

Growth Abnormalities

Stem twisting, leaf cupping, epinasty, and chlorosis lead to impaired photosynthesis and eventual death
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Selectivity Explained

Why Dicots Are Sensitive Why Grasses Are Resistant

« Higher receptor binding affinity for synthetic auxins Rapid conjugation and degradation of herbicides

» Protective meristematic structure (growing point)

> 5SS ClilEEe S 2ellB QIS ITEENn [FEUNTEYE - Different vascular arrangement limiting herbicide
* More sensitive auxin-ethylene cross-talk movement
« Vascular anatomy facilitates herbicide translocation » Altered receptor binding properties

This inherent selectivity makes auxin herbicides particularly valuable in agriculture, allowing farmers to control
broadleaf weeds in grass crops like wheat, corn, and rice without harming the crop.

Resistance Evolution: Increasing cases of auxin-resistant weeds are being reported worldwide, threatening
the long-term utility of these herbicides.
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Auxin Herbicide Action Pathway

Application & Uptake

Herbicide contacts leaf, absorbed

Vascular Transport

Moves via xylem and phloem

Receptor Binding

Synthetic auxin fits TIR1 pocket

@)f Signal & Damage

Aux/IAA degradation - ROS — death

Understanding this pathway has led to the development of auxin-resistant crops through genetic engineering, allowing the
use of these herbicides in new agricultural systems.



uiﬁqu‘i\ gal.d'&ii\ A Jas s

abaia¥ 5 Jlaxiny|
Aoabiaial a5 A8 ) gl Guadly e V) ana

e ) gl

Jiaally Ll V)
TIRI ks (LT S} i e ol pelibaa¥) (S 53]

‘)‘)&.éj\} 'SJ\.&:)!\
& 5l 4ROS Al il (uauSY) ¢ ) oo € AUX/IAA (45 5 50 (LSE) ) sa

GlisY) Gl aladiuly Fray Laa Al ol dadigll OYA Cpa S OU s glia Jualaa g ghat ) Sbeall RYY ?@ &4 Al
By 4o dakiil 8 o2



References

Auxin Biology Auxin Herbicides

« Tan, X., etal. (2007). Mechanism of auxin perception by the TIR1 Grossmann, K. (2009). Auxin herbicides: current status of

ubiquitin ligase. Nature, 446, 640-645. mechanism and mode of action. Pest Management Science, 66(2),
« Leyser, O. (2018). Auxin signaling. Plant Physiology, 176, 465-479. 113-120.
 McCauley, G.N., et al. (2022). The differential binding and biological
- Domagalska, M.A., & Leyser, O. (2011). Signal integration in the efficacy of auxin herbicides. Pest Management Science, 78(5),
control of shoot branching. Nature Reviews Molecular Cell Biology, 1903-1914.
12, 211-221. « Preston, C., et al. (2009). Dicamba resistance in kochia. Weed

Science, 57(1), 21-25.

 Heap, I. (2014). Herbicide resistant weeds worldwide. International
Survey of Herbicide Resistant Weeds.

Additional diagrams and infographics created based on current scientific literature and molecular models from the Plant Hormone Signaling Database
and Herbicide Resistance Action Committee resources.



