Plant responses – tropisms, growth regulators, protection

 (
Name:
)

[bookmark: _GoBack]
	3.5 Responses to Stimuli 
	Objectives
At the end of this sub section students should be able to:

	3.5.1 Structures for Response

	1.	Explain why organisms need to sense and respond to  environmental changes
2.	Explain why response is a form of defence that allows organisms to survive
3.	Say why/how plants respond by growth 
4.	Say why/how animals respond by movement 
5.         Outline these structures of behaviour and response - chemical or hormonal system, nerve      and sense organ system, muscular and skeletal systems, an immune system e.g. response to viral infection.

	3.5.2 Responses in the Flowering Plant

	1.	Name 4 external factors that regulate the growth of plants – light intensity, day length, gravity, temperature.
2.	Name the main internal factor that regulates these responses in plants – growth regulators
3.	Explain what a growth regulator is
4.	Explain where growth regulators are made in a plant
5.	Explain what a meristem is
6.	Draw the external structure of a flowering plant and highlight and identify meristematic regions
7.	Explain the term "Tropism"
8.	Define the terms “phototropism", "geotropism', "thigmotropism", "hydrotropism", "chemotropism”
9.	Say why phototropism is an important response for a plant, and give examples
10.	Say why geotropism is an important response for a plant, and give examples
11.	Devise a simple experiment to demonstrate phototropism
12.	Say how growth regulators are transported within a plant – through the vascular system
13.	Explain the difference between a growth promoter and growth inhibitor.
14.	Give an example of a regulator promoting growth  - auxins
15.	Give an example of a regulator inhibiting growth  - ethene and abscisic acid
16.	Describe any four methods by which plants protect themselves from adverse external environments e.g. anatomical/chemical - heat shock proteins or stress proteins
17.	List a variety of effects of plant growth regulators
18.	Explain how plant tissue cutting are taken and why
19.	Give a use of rooting powders in horticulture
20.	Identify a number of plant protective measures (using live samples or pictures)
21 Give 2 examples of the use of plant growth regulators

	3.5.5.H Auxins


	1.          Explain why organisms need to sense and respond to environmental changes
2.	Explain why response is a form of defence that allows organisms to survive
3.	Say why/how plants respond by growth 
4.	Explain what an auxin is
5.	What the initials IAA stand for
6.	Where auxin is made in a plant
7.	How it travels through a plant
8.	List the function of auxins within cells
9.	Describe the overall effect it has on plant tissues
10.	Describe the differing effects it has on various parts of the plant
11.	Explain the term apical dominance
12.	Explain the term apical dormancy
13.	Explain the term fruit development
14.	Explain the term stimulus
15.	Explain the term elongate
16.	Explain the term differentiate
17.       Explain what a coleoptile is

	3.5.6 Plant growth regulators
	1. Explain the mechanism of plant response to any one external stimulus.


Practical activity
ME - Investigate the effect of IAA growth regulator on plant tissue.

Sensitivity is the ability to detect change and to respond to it. 
Animal stimuli involve the sense organs and responses include movement, production of enzymes or hormones and feeding.  Plant stimuli include light, temp and gravity and responses include growth, flowering and production of enzymes and hormones.
Animals tend to adapt to new situations by modifying their behaviour and plants by modifying their growth.

Tropism = growth response of a plant to an external stimulus.

If it is positive it grows towards it and negative if it grows away from it e.g. stems are + phototrophic and -geotrophic and roots are vice versa.

 (
Phototropism
: growth response of a plant to light.
Chemotropism
: growth response of a plant to chemicals e.g. 
pollen  tubes
 grow toward chemicals produced within the ovary of the flower.
Thigmotropism
:
 
growth response of a plant to touch e.g. shoot
 tips and tendrils grow along objects on which they can become attached e.g. ivy, peas, climbing roses.
Geotropism
: growth response of a plant to gravity.
Shoots grow away from the force of gravity and roots towards ‘g’.
Hydrotropism
: growth response of a plant to water (stronger stimulus than gravity for roots).
)











Expt.: Demo of geotropism (clinostat horizontal - clinostat revolving every 15 mins cancels out effect of gravity) and phototropism (a) (clinostat upright with unilateral light - stems grow vertically) in plants. Control = non-revolving. (b) shoebox and cress.

 (
Plant growth regulator
 is an organic substance which is produced within a plant and this substance will, at very low 
concs
. 
promote
, inhibit or modify growth, usually at a site other than where produced.
)



They are transported through the vascular system.











GROWTH PROMOTERS
AUXINS  e.g. IAA (indole acetic acid) 
Productions sites:
· normally produced in root and shoot tips, young leaves, developing seeds and buds. 
 
Functions:
Stem

· Cell elongation
	Stimulate or inhibit cell elongation in stem.
· Apical dominance
	Causes apical dominance (inhibits side branching). If apical bud removed then side buds grow (bushier plant).
· Phototropism
· Promotes cell division in cambium, which produces wood.
Leaves
· Prevents leaf fall.
Fruit
· Fruit formation IAA is made in developing seeds.  It stimulates food to form in fruit which surrounds the seed(s).
· Inhibits fruit drop.
· May cause parthenocarpic fruit (If IAA is artificially applied to flowers before pollination and fertilisation occurs, the ovary enlarges and forms seedless fruit – parthenocarpic fruit e.g. seedless grapes, oranges and tomatoes.
Root:
· Stimulate or inhibit cell elongation in root.
· Causes rapid root development in cuttings (adventitious roots). At low concs. IAA causes roots to grow.  IAA can be applied artificially to stimulate rooting of cuttings.  However artificial synthetic growth promoters e.g. NAA are more efficient at this process.


EXPT.: EFFECT OF IAA ON PLANT TISSUE.












Mechanism of a plant response to light (i.e. phototropism)
Auxin and cell elongation
Auxin loosens cell walls, which allows them to expand  It is thought that auxin stimulates the activation of enzymes in the cell wall which break the bonds between the cellulose strands.  
Role of auxin (IAA) in phototropism
IAA is produced in growth tips of stem.
If stem is exposed to unilateral light IAA will diffuse down the shaded side.
The higher conc. of IAA in the cells on the shaded side causes them to elongate more than the cells on the bright side.
Hence the stem bends towards the light.
 











At max. conc. of auxin, 1 ppm for stem growth inhibits root growth .  At max. conc. of auxin, 10-4 ppm for root growth inhibits stem growth.  

Growth inhibitors

ABSCISIC ACID (produced in leaves, stems and root caps)
Causes bud and seed dormancy.
Inhibits growth or premature seed germination in late winter/early spring.
If sprayed on plants before transporting it reduces damage.  Plants are more resistant to damage if dormant. 

ETHENE (a gas produced by stem nodes, ripe fruits and decaying leaves).
· Ripening of fruit - quickens fruit ripening by stimulating respiration rate within the fruit e.g. bananas picked green and sprayed with ethene when needed for sale.  Also, fruits produce it as they ripen.
· Inhibits stem growth, particularly during periods of stress e.g. drought.
· Contributes to the breaking of dormancy.
· Abscission of leaves, flowers and fruits.  Auxin is produced by young leaves so leaves do not fall, but auxin production is slowed in old leaves so they produce more ethene, due to longer nights, so leaves fall (usually autumn in Ireland).


Uses of commercially prepared plant regulators (know two)
· Fruit development 
· Seedless fruit: if plants are sprayed with auxins before pollination it tricks the flowers into forming fruits.
· Ripening of fruit:  “Green” fruit allows for transport (often smothered in CO2 gas).  Ethene is then used to ripen fruit e.g. tomatoes and citrus fruits.
· Rooting powders
Auxins are used to stimulate plant cuttings to grow quicker. Identical to parent (clone).

· Fruit harvesting  
Spraying with auxins prevents fruit drop. This allows the fruit to grow larger.  When fruit is fully ripe the crop is sprayed with abscisic acid for harvesting.

· Tissue culturing
Pieces of plant material are grown to form new plants.  If a piece of plant tissues is grown in a high conc. of auxin, it will develop a callus.  By adding different concs. of auxin the callus can be stimulated to form roots, shoots or entire plants.


Plant adaptations for protection (anatomical or chemical adaptation – know four)
Anatomical protective features
· Epidermis or bark – prevent entry of pathogens and reduce water loss (cuticle)
· thorns (thistles, blackberry bushes), 
· stinging hairs (nettles)
· Guard cells shrivel if there is a shortage of water, thus closing the stomata.  Abscisic acid produced by mesophyll cells also causes stomata to close and help conserve water. 

Chemical protective features
· Heat shock proteins produced by plant when temps. rise above 40oC surround other proteins, especially enzymes, and help them maintain their shape.
· Plants can produce stress proteins e.g. phytoalexins which help protect against an infecting m/o.  They may:
· damage the m/o by attacking their cell walls
· stimulate the formation of specialised cell walls which prevent the spreading of the m/o
· stimulate nearby plants cell to respond to the m/o.
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