Plant Growth and Regulators

Welcome to the first lecture in our series on plant growth and regulators. In this course,
we'll explore the fascinating mechanisms behind how plants grow, develop, and
respond to their environment through intricate hormonal regulation. Today's

introduction will establish the foundation for understanding these complex biological
processes.
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What is Plant Growth? <l 2 saill sale

Growth in plants is defined as an irreversible increase in the size
and mass of plant parts over time. This fundamental process is
what transforms a tiny seed into a towering tree or a flowering

plant.
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Plant growth involves three key processes: R e,
* Cell division (mitosis) in meristematic regions et yal) Ghliall 8 (15 siaal) alai¥1) LAY AL -)

e Cell elongation as cells expand in size )

« Cell differentiation as cells specialize for specific ;
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v These processes form the foundation for all plant development and productivity, enabling

plants to increase in complexity and adapt to their environments.
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Growth i1s Measurable: How Do We Quantify It?

Length Measurements:

v’ Scientists track changes in height,
stem length, root length, or leaf
dimensions over time using rulers,
calipers, or imaging techniques.

v Units: centimeters (cm),
millimeters (mm)
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Volume Measurements

v For three-dimensional growth
assessment, particularly useful for
fruits, tubers, or whole plants.

v Units: (cm3), or (L)
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Dry Weight Analysis

v' Most accurate representation of
actual biomass accumulation,
measured after removing all water
content.

v" Units: grams (g), milligrams (mgQ)
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Growth curves plot these measurements against time, providing visual representation of growth patterns and enabling

researchers to identify critical growth phases and responses to environmental factors.
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Typical Plant Growth Curve (e sall) clulll gl daia

Lag Phase Exponential Maturation
hase Phase
Al b ) shall il sk

) growth curve illustrates how plants develop over time, with distinct phases characterized by different
cellular activities and growth rates.

Understanding this pattern helps researchers and growers predict plant development and optimize growing conditions for

maximum productivity. Sdﬁdﬁ&ﬁ- AL ]| PG vay
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Phases of Plant Growth -l gad ) ghal

o
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Cell Division Phase Cell Elongation Phase Cell Differentiation Phase
Occurs primarily in meristematic tissues - Cells increase dramatically in size Cells specialize for specific functions
e [PIEMTS el Cemels * Cell walls loosen and expand «  Secondary wall formation in some cells
* Rapid mitotic activity creates new cells . Vacuoles enlarge, absorbing « Development of specialized structures
« Cells remain small with thin primary water « Creation of distinct tissue types (xylem,
walls « Accounts for most visible growth in phloem, etc.)
« Located in shoot and root apices, stems and roots
cambium layers
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Quantitative Comparisons of Growth in Living Systems

Absolute Measurements Relative Measurements

Direct physical measurements that provide raw data: Derived indices that account for initial size differences:
« Plant height/length (cm) « Relative Growth Rate (RGR)

* Fresh weight (g) * Net Assimilation Rate (NAR)

* Dry weight (g)  Leaf Area Ratio (LAR)

 Leaf area (cm? « Specific Leaf Area (SLA)

* Root length (cm) * Root-to-Shoot Ratio

« Stem diameter (mm)
Essential for comparing plants of different sizes, ages, or

Best for tracking individual plants or comparing plants of .
species.

similar size and age.

These guantitative approaches allow researchers to make meaningful comparisons across different
growing conditions, genetic varieties, and experimental treatments, establishing a scientific basis for

agricultural improvements and ecological understanding.
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Comparing Growth Rates Across Plant Species :<lildll £168 JMA Cra gall) c¥ara 4 jlia

Maize (Corn)
Sunflower
Rice

Tomato

Pine Seedling

Oak Seedling




Introduction to Plant Hormones: The Growth Regulators

Plant hormones are naturally occurring organic
substances produced in minute quantities that

QI’)
regulate growth and development. Unlike animal

hormones, plant hormones often act near their site of
synthesis and can have multiple effects depending on

the tissue and developmental stage. =4

These chemical messengers coordinate complex
developmental processes and environmental
responses, allowing plants to adapt to changing “

conditions despite being rooted in place.
¢
S, Fruit ripening, abscission

Cell elongation, apical dominance
, root formation

qﬂ

Stem elongation, seed germination

= Dormancy, stress responses

Cell division, delay of senescence
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Auxins: Master Reqgulators of Cell

Elongation

Discovery & Structure

First discovered by Charles
Darwin and Fritz Went

Primary natural auxin: Indole-3-
acetic acid (I1AA)

Synthesized primarily in shoot
tips and young leaves

Practical Applications

* Rooting hormones for cuttings
« Seedless fruit production

« Selective herbicides (2,4-D)

* Prevention of fruit drop

Primary Functions

Promotes cell elongation in stems
Maintains apical dominance

Stimulates adventitious root
formation

Controls phototropism and
gravitropism

Prevents abscission of leaves
and fruits
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Gibberellins: Stimulating Cell Division and Elongation

Key Characteristics of Gibberellins

« Over 130 different gibberellins identified (GA;, GA;, etc.)

* First discovered in Japan studying "foolish seedling disease" in rice

* Promotes internode elongation by stimulating both cell division and elongation

« Breaks seed dormancy by activating hydrolytic enzymes

« Substitutes for cold requirement in some plants (vernalization)

* Promotes fruit development and parthenocarpy (seedless fruits)

 Induces flowering in long-day plants
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v Commercial applications include
Increasing fruit size in grapes, improving

malt production for brewing, and

\ WL '/A‘
B e synchronizing flowering in ornamental
plants.

This image shows a dramatic demonstration of gibberellin effects:
The plant on the right received gibberellic acid treatment, resulting in
significantly increased stem elongation compared to the untreated 1A jladl) caldadatl) Jads
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Cytokinins: Promoting Cell Division and Shoot Formation

\
\%
\
\
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Tissue Culture Proliferation Delayed Senescence Cell Division Promotion
Cytokinins stimulate shoot multiplication in Application of cytokinins delays chlorophyll
tissue culture, enabling rapid clonal breakdown and protein degradation,
propagation of valuable plant species. extending the life of harvested produce.

Cytokinins activate the cell cycle

machinery, promoting mitosis particularly
when in balance with auxins.

The cytokinin:auxin ratio is critical for determining plant development patterns. High cytokinin:auxin ratios promote

shoot formation, while low ratios favor root development - a principle widely applied in plant biotechnology.



OMgaad] 0355 g LAY Al 53325 1 Ui giaal

Aoyl ds) 5 <l gad AR gAd) Al JLSIAY) L) 3 5a
8 Oliaall gad g (oS5 QLS giliall a3 . v e . . i o
O D eI O Had s b 580 Jlas SlnaS gilaall Ja5 (G120 5 00 ol el gl Ll
M:_d\ :\..13\_1.:3\ &\ym C“)“J‘ J'Es’d d.'...a“ Re d“j"‘.. .~ CUMI9 R LA:\.».M Y cg.gj\.m.mj\ ?MY\ BB Lea

A dpalaall Gy S Y a0 0SS Leaie

G o) (5 sS53 m an€ W:cpin€ gilall (e Allal) anills | 3Ll skl Jalail apasl Aands G g¥) 1 ) S gibead) dsd o
Al A goal) dalal) 8 a5 GUad o (giad Tase ga g - Hodall e (s e Aullall g (il sl (e dadiiall Condll Sl cpa



Ethylene: The Gaseous Hormone

Unique Properties of Ethylene

* Only gaseous plant hormone (C,H,)

« Simple molecule with profound effects
« Diffuses easily through air spaces in plant tissues
* Produced in response to stress, aging, and during fruit ripening

Key Functions

« Accelerates fruit ripening and senescence

« Promotes leaf and fruit abscission (dropping)
* Induces flowering in bromeliads
« Causes epinasty (downward bending of leaves)

* Inhibits stem elongation and promotes radial expansion
« Stimulates root hair development

« Mediates stress responses

Ethylene triggers the synchronized ripening of climacteric

fruits like bananas, causing changes in color, texture,

flavor, and aroma.
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Abscisic Acid (ABA): Growth Inhibitor

and Stress Hormone

Seed Dormancy Regulation

ABA accumulates in maturing seeds,
preventing premature germination while
still on the parent plant. It maintains
dormancy until environmental conditions
favor seedling survival.

The ABA:Gibberellin ratio determines
whether seeds remain dormant or
germinate.

Cold and Salt Stress Adaptation

Drought Stress Response

During water deficit, ABA levels rise
dramatically, triggering rapid stomatal
closure to prevent water loss through
transpiration.

ABA activates ion channels in guard
cells, causing water efflux and stomatal
closure within minutes.

ABA induces expression of genes that protect cells from freezing and osmotic stress.

It stimulates production of protective proteins and compatible solutes that maintain cell

integrity under adverse conditions.
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Hormonal Control of Cell Elongation in Stem

The acid growth theory explains how auxins and gibberellins promote cell elongation. These hormones activate proton
pumps in the plasma membrane, acidifying the cell wall. This activates enzymes called expansins that break hydrogen

bonds between cellulose microfibrils, allowing the cell wall to stretch. Turgor pressure from water uptake then drives
cell expansion.
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Plant Growth Regulators (PGRs) in Agriculture

Commercial Applications of PGRs

_———

Propagation Enhancement

Auxin-based rooting powders (IBA, NAA) dramatically improve success rates for stem

cuttings in nursery production.

—_——————————

Growth Control

Paclobutrazol and other gibberellin inhibitors produce compact, sturdy ornamental plants

with darker foliage and improved shelf life.

_—————

Fruit Production

Gibberellins increase berry size in seedless grapes, while ethylene-releasing compounds

promote uniform ripening in tomatoes.

B D e

Stress Protection

ABA analogs improve drought tolerance, while amino acid-based biostimulants enhance

resilience to environmental stresses.

Plant growth regulators have revolutionized modern horticulture, allowing precise control over plant development for

improved quality, timing, and resource efficiency. Proper application requires understanding both the mode of action

and the plant's growth stage.
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Common Plant Growth Regulators and Their Effects

Auxins

* Indole-3-acetic acid (IAA) - natural

* Indole-3-butyric acid (IBA) - synthetic

» 1-Naphthaleneacetic acid (NAA) - synthetic

«  2,4-Dichlorophenoxyacetic acid (2,4-D) - herbicide

Effects: Rooting, apical dominance, fruit set, cell
elongation

ABA & Growth Retardants 0

Paclobutrazol—blocks gibberellin synthesis

Daminozide (B-Nine)—blocks gibberellin

Trinexapac-ethyl—reduces stem elongation

Effects: Compactness, stress tolerance, dormancy

LJJL

Gibberellins

*  Gibberellic acid (GA3) - most common

GA.,,7 - more effective in some species

Effects: Stem elongation, seed germination, fruit
enlargement

Cytokinins
«  Zeatin - natural
« Benzyladenine (BA) - synthetic
*  Kinetin - synthetic
»  Thidiazuron (TDZ)—synthetic, highly potent

Effects: Branching, delayed senescence, shoot
proliferation

Ethylene

« Ethephon - releases ethylene

« 1-Methylcyclopropene (1-MCP)—blocks ethylene

Effects: Fruit ripening, flower senescence, abscission
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Measuring and Applying Growth Regulators

Measurement & Concentration

Plant growth regulators are active at extremely low concentrations:

« Typically measured in parts per million (ppm) or parts per billion (ppb)
« 1 ppm=1mg/L=0.0001%
» Effective ranges vary by hormone type:
* Auxins: 0.1-10 ppm for rooting
* Gibberellins: 1-100 ppm for stem elongation
« Cytokinins: 0.5-10 ppm for shoot proliferation
« Growth retardants: 5-90 ppm for height control

Application Methods
» Foliar sprays are the most common method

» Soil drenches—for systemic uptake

« Stem/trunk injections—for trees

« Seed soaks—for germination enhancement

Dipping (for cuttings or bulbs)

Application timing is critical—effectiveness depends on plant developmental stage and environmental conditions.
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Summary & Key Takeaways
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Growth : 3&\

Measurable, irreversible increase in plant size
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Growth Phases : 211 dﬁb-“
2 Cell division, elongation, and differentiation -Jﬁwb ‘;fu] Jat \J‘J GQM\ ?‘ 43
Growth Metrics s gail) puul8a
3 Absolute and relative rates enable quantitative analysis
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Hormonal Regulation r P s anlaiil)

4 Five major hormone groups control all aspects of growth
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Practical Applications
5 Understanding hormonal control enables targeted crop management for improved

productivity, quality, and resilience _"‘ S S\ &l -; I u“
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Plant growth is a complex, regulated process that forms the foundation of agricultural productivity and ecosystem function. By understanding and manipulating growth through hormonal regulation, we can develop

more sustainable and productive plant cultivation systems.
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