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OBJECTIVES



1.	List five classes of plant hormones, describe their major functions and recall where they are produced in the plant.

2.	Explain how a hormone may cause its effect on plant growth and development.

3.	Describe a possible mechanism for polar transport of Auxin.

4.	According to the acid-growth hypothesis, explain how Auxin could initiate cell elongation.  What mechanism of Auxin control on growth is under investigation and is more likely the effect of Auxin on a plant?

5.	Explain why 2,4-D is widely used as a weed killer.

6.	Explain how the ratio of cytokinin to Auxin affects cell division and cell differentiation.

7.	Define apical dominance and describe the check-and-balance control of lateral branching by auxins and cytokinins.

8.	List several factors besides Auxin from the terminal bud that may control apical dominance.

9.	Describe how stem elongation and fruit growth depend upon a synergism between Auxin and gibberellins.

10.	Explain the probable mechanism by which gibberellins trigger seed germination.

11.	Describe how abscisic acid (ABA) helps prepare a plant for winter.

12.	Explain the antagonistic relationship between ABA and gibberellins, and how it is possible for growing buds to have a higher concentration of ABA than dormant buds.

13.	Give an example of how ABA can act as a "stress hormone."

14. 	Describe the role of ethylene in plant senescence, fruit ripening and leaf abscission.

15.	List two environmental stimuli for leaf abscission.

16.	Define tropism and list three stimuli that induce tropisms and a consequent change of body shape.

17.	Explain how light causes a phototropic response.

18.	Describe how plants apparently tell up from down, and explain why roots display positive gravitropism and shoots exhibit negative gravitropism.

19.	Distinguish between thigmotropism and thigmomorphogenesis.

20.	Describe how motor organs within pulvini can cause rapid leaf movements and sleep movements.

21.	Provide a plausible explanation for how a stimulus that causes rapid leaf movement can be transmitted through the plant.

22.	Define circadian rhythm and explain what happens when an organism is artificially maintained in a constant environment.

23.	List some common factors that entrain biological clocks.

24.	Define photoperiodism.

25.	Distinguish among short-day plants, long-day plants and day-neutral plants; give common examples of each and explain how they depend upon critical night length.

26.	Provide evidence for the existence of a florigen.

27.	Explain how the interconversion of phytochrome can act as a switching mechanism to help plants detect sunlight and trigger many plant responses to light.

28.	Using photoperiodism as an example, explain how an integrated control system can regulate a plant process such as f lowering.

29.	Define the following terms:

	hormone	Gibberella	rapid leaf movements

	phototropism	bolting	pulvini

	Charles & Francis Darwin	abscisic acid	sleep movements

		stress hormone	circadian rhythm

	Peter Boysen-Jensen	ethylene	free-running periods

	F.W. Went	leaf abscission	photoperiod

	Auxin	tropisms	short-day plants

	indoleacetic acid (IAA)	phototropism	long-day plants

	polar transport	gravitropism	day-neutral plants

	acid-growth hypothesis	statoliths	vernalization

	cytokinins	thigmotropism	florigen

	apical dominance	thigmomorphogenesis	phytochrome

	gibberellins	turgor movements	chromophore

�LECTURE NOTES



Plants respond to the environment.

They can send signals between different parts of the plant.

They track the time of day and the time of year.

They sense and respond to gravity and direction of light, etc.

They respond to environmental cues by adjusting their growth pattern and development.

These control systems evolved as adaptations form interaction with the environments.



I.	THE SEARCH FOR A PLANT HORMONE



Hormone - A compound produced by one part of an organism that is translocated to other parts where it triggers a response in target cells and tissues.



Phototropism = Growth toward or away from light (e.g. growth of a shoot toward light). 

Results form differential growth of cells in opposite sides of a shoot or, in the case of a grass seedling, coleoptile.

Cells on the darker side elongate faster.

Experiments on phototropism led to the discovery of a plant hormone.

1.	Charles and Francis Darwin removed the tip of the coleoptile from a grass seedling (or covered it with an opaque cap) and it f ailed to grow toward light.

Concluded that the coleoptile tip was responsible f or sensing light, and, since the curvature occurs some distance below the tip, the tip sends a signal to the elongating region.



2.	Peter Boysen-Jensen separated the tip from the remainder of the coleoptile by a block of gelatin, preventing cellular contact but allowing chemical diffusion.

Seedlings behaved normally.

If an impenetrable barrier was substituted, no phototropic response occurs.

Demonstrated that the signal was a mobile substance.



3.	F.W. Went removed the coleoptile tip, placed it on an agar block, and then put the agar (without the tip) on decapitated coleoptiles kept in the dark.

If block was placed off -center, the plant curved away from the side with the block.

Concluded the agar block contained a chemical that diffused into it from the coleoptile tip, and that this chemical stimulated growth.

Went called this chemical an Auxin.



4.	Auxin was purified and characterized by Kenneth Thimann.



II.	FUNCTIONS OF PLANT HORMONES



Hormones:

Control plant growth and development by affecting division, elongation, and differentiation of cells.

Effects depend on site of action, stage of plant growth and hormone concentration.

Reaction to hormones depends on hormonal balance (relative concentration of one hormone compared with others).

The hormonal signal is amplified, perhaps by affecting gene expression, enzyme activity, or membrane properties.



So far, five classes of plant hormones have been identified.

1.	Auxin (such as IAA)

2.	Gibberellins (such as GA,)

3.	Cytokinins (such as kinetin)

4.	Abscisic acid

5.	Ethylene



A.	Auxin

Auxin = A hormone that promotes elongation of young developing stems or coleoptiles.

Natural Auxin is a compound named indoleacetic acid (IAA).



Polar Auxin transport requires metabolic energy.

IAA is actively transported down a stem by Auxin carriers located on the basal ends of cells (carriers are absent on the apical ends).



The acid-growth hypothesis states that cell elongation is due to stimulation of a proton pump which acidifies the cell wall.

Acidification activates enzymes that break the crosslinks between the walls cellulose myofibrils.

This loosens the wall, allowing turgor pressure to elongate the cell.



Auxin also affects secondary growth by inducing vascular cambium cell division and differentiation of secondary xylem.



Auxins are used as herbicides. 2-4-D is a synthetic Auxin which affects dicots selectively, allowing removal of broadleaf weeds from a lawn or grain field.



B.	Cytokinins

Cytokinins = Modified forms of adenine that stimulate cytokinesis.

Move from the roots to target tissues by moving up in the xylem sap.

Stimulate RNA and protein synthesis.



Effects of cytokinins:



1.	Affect cell differentiation in conjunction with auxins.

Equal concentration in cells growing in tissue culture stimulates cells to grow and divide, but culture remains an undifferentiated callus.

More cytokinin than Auxin causes shoot buds to develop.

More Auxin than cytokinin causes roots to form.

Cytokinins alone have no effect on cells grown in tissue culture.



2.	Contributes to apical dominance and, thus, lateral branching in conjunction with Auxin.

Auxins restrain axillary bud growth: cytokinins stimulate it.

Auxins cannot suppress axillary bud growth once it has begun.

Lower buds thus grow before higher ones since they are closer to the cytokinin source than the Auxin source.

Auxin stimulates growth of branch roots while cytokinins restrain it.



3.	Can retard aging of some plant organs, perhaps by inhibiting protein breakdown, stimulating RNA and protein synthesis and mobilizing nutrients.

May inhibit leaf senescence by promoting stomatal opening.



C.	Gibberellins



More than 70 different gibberellins, many naturally occurring, have been identified.



Gibberellins cause bolting (rapid growth of floral stems, which elevates flowers).



Fruit development is controlled by both gibberellins and auxins.

In some plants both must be present for fruit set.

Commercial application in spraying Thompson seedless grapes.



Gibberellins trigger germination of cereal grains by stimulating synthesis of mRNA coding for the digestive enzyme et-amylase, which mobilizes stored nutrients.

Ca  2+ may act as second messenger.



In breaking both seed dormancy and bud dormancy, gibberellins act antagonistically with abscisic acid, which inhibits plant growth.



D.	Abscisic Acid (ABA)

Abscisic acid helps prepare plants for winter by suspending both primary and secondary growth.

Directs leaf primordia to develop scales that protect dormant buds.

Inhibits cell division in vascular cambium.

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

ABA also acts as a stress hormone, closing stomata in times of water-stress.



E.	Ethylene

Ethylene - A gaseous hormone that diffuses through air spaces between plant cells.  High Auxin concentrations induce release of ethylene, which acts as a growth inhibitor.



During fruit ripening, ethylene triggers senescence, and then the aging cells release more ethylene.

The signal to ripen spreads from fruit to fruit since ethylene is a gas.



Leaf abscission is an adaptation that prevents deciduous trees from desiccating during winter when roots cannot absorb water from the frozen ground.

Before abscission, the Ieaf’s essential elements are shunted to storage tissues in the stem.

Environmental stimuli are shortening days and cooler temperatures.



When a leaf falls, the breakpoint is an abscission zone near the petiole base.

Weak area since the small parenchyma cells have very thin walls and there are no fiber cells around the vascular tissue.

Mechanics of abscission controlled by a change in the balance of ethylene and Auxin.

Auxin decrease initiates changes in the abscission layer.  Cells then produce ethylene.

Ethylene induces synthesis of enzymes that digest the polysaccharides in the cell walls, further weakening the abscission zone.

Wind and weight cause the leaf to f all.

Even before the leaf falls, a layer of cork forms a protective scar on the twig's side of the abscission layer.



F.	Some Unanswered Questions About Plant Hormones

So much is unknown about internal chemical signals of plants that some argue it is premature to call these growth regulators hormones.

For example, an increase in Auxin concentration in the zone of elongation has not been detected.

According to one hypothesis, responses to these growth regulators is due more to changes in the sensitivity of local cells to regulators already present than to the arrival of these regulators from other parts of the plant.





III. 	PLANT MOVEMENTS



A.	Tropisms



Tropisms = Growth responses that result in curvatures of whole plant organs toward or away from stimuli.

Mechanism is a differential rate of cell elongation on opposite sides of the organ.



There are 3 main stimuli:

1.	Phototropism

2.	Gravitropism

3.	Thigmotropism



1.	Phototropism

Phototropism = Cells on the darker side of shoot elongate faster than cells on the bright side due to asymmetric distribution of auxins from the shoot tip.

Auxins move laterally across the tip from the bright to dark side by an unknown mechanism.



2.	Gravitropism

Gravitropism - Orientation of a plant to a field of gravity.

Roots display positive gravitropism, shoots display negative gravitropism.



The possible mechanism of gravitropism:

Specialized plastids containing dense starch grains (statoliths) aggregate in the low points of plant cells.

Statoliths occur in root cap cells and, in the shoot, in parenchyma cells adjacent to vascular bundles.

Aggregating statoliths cause hormones to accumulate on the low side of the plant organ.

In stems, cells on lower side elongate faster than cells on the upper side due to a higher concentration of Auxin and gibberellins.

Roots curve down because IAA accumulates on the lower side. (IAA inhibits root cell elongation at this concentration.)



Ca2+ accumulates on the lower side of horizontal roots and is involved in root gravitropism.

May be involved in transport of IAA.

Statoliths have Ca 2+ associated with them.



3.	Thigmotropism

Thigmotropism = Directional growth in response to touch.

Contact of tendrils stimulates a coiling response caused by differential growth of cells on opposite sides of the tendril.



Thigmomorphogenesis = Decrease in stem length with concomitant thickening caused by mechanical perturbation.

Results from increased production of ethylene in response to chronic mechanical stimulation.



B.	Turgor Movements

Turgor movements = Reversible movements caused by changes in turgor pressure of specialized cells in response to stimuli.



Rapid leaf movements occur in plants such as Mimosa. 0 When a compound leaf is touched, it collapses.

Results from rapid loss of turgor within pulvini (special motor organs located in leaf joints).

Motor cells lose potassium, which causes water loss by osmosis.

The stimulus and response travels wavelike through the plant at I cm/sec.

This transmission is correlated with action potentials (electrical impulses) resembling those in animals but thousands of times slower.



Sleep movements - Movement of leaves to a vertical position in evening and raising of leaves to a horizontal position in morning.

Occurs in many legumes.

Due to daily changes in turgor pressure of motor cells of pulvini.

Migration of potassium ions from one side of the pulvinus to the other is the osmotic agent leading to reversible uptake and loss of water by motor cells.



IV.	CIRCADIAN RHYTHMS AND THE BIOLOGICAL CLOCK



Circadian rhythm = A physiological cycle with a frequency of about 24 hours that persists even when an organism is sheltered from environmental cues.

Ubiquitous feature of all eukaryotes.



Although the oscillator is endogenous, it is set to a period of precisely 24 hours by daily signals form the environment.

When sheltered from environmental cues may deviate from 24 hours (called free running periods) and can vary from 21 to 27 hours.

Usually affected very little, if at all, by temperature.



V.	PHOTOPERIODISM

Photoperiodism = A physiological response to day length.

Seasonal events are important in plant life cycles.

Plants detect the time of year by the photoperiod (relative lengths of night and day).



A.	Photoperiods Control of Flowering

W.W. Garner and H.A. Allard postulated that the amount of day length controls flowering and other responses to photoperiod.

Short-day plants generally flower in late summer, fall and winter.

Long-day plants generally flower in late spring and summer.

Day-neutral plants are unaffected by photoperiod.



In the 1940's, it was discovered that night length, not day length, actually controls flowering and other responses to photoperiod.

If daytime period is broken by a brief exposure to darkness, there is no effect on f lowering.

If nighttime period is interrupted by brief exposure to light, photoperiodic responses are disrupted.

Therefore, short-day plants flower if night is longer than a critical length and long-day plants need a night shorter than a critical length.



Some plants flower after a single exposure to the proper photoperiod.

Some require several successive days of the proper photoperiod to bloom.

Still others respond to photoperiod only if they have been previously exposed to another stimulus.  For example, vernalization is a requirement for pretreatment with cold before flowering.



B.	Phytochrome

Phytochrome = A protein containing a chromophore (light-absorbing component) responsible for a plant's response to photoperiod.

Red light (( of 660 nm) is most effective in interrupting night length.

If an R flash (f lash of red light) is followed by a far-red (FR) flash of light (( of 730 nm), the plant perceives no interruption of night length.  Only the wavelength of the last flash affects the plant's measurement of night length.



Phytochrome alternates between two photoreversible forms: Pr (red absorbing) and Pfr, (far-red absorbing)

Plants synthesize Pr and, if kept in dark, it remains as Pr, but if the phytochrome is illuminated, Pr ( Pfr

Pfr triggers many plant responses to light.



C.	Role of the Biological Clock In Photoperiodism



In darkness, Pfr gradually reverts to Pr This occurs every day after sunset.



Plants do not use the disappearance of Pfr to measure night length since:

The conversion is complete within a few hours after sunset.

Temperature affects the conversion rate, thus, it would not be reliable.



Night length is measured by the biological clock.

Perhaps phytochrome synchronizes the clock to the environment.

Clock measures night length very accurately (some short-day plants will not flower if night is even 1 minute shorter than the critical length).
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