Course: Plant and Soil Science I 

CIP Code: 02.0411

Unit: (Objective 7) Explain the management of plant growth and development 

Unit Objectives: 

A. Describe the role of the apical meristem in plant growth.

B. Identify plant hormones and explain their functions.

C. Explain plant tropisms.

D. Differentiate between synthetic growth regulators and plant hormones.

E. Describe the benefits of using plant growth regulators.

Materials Needed (Equipment):

· Black pepper (fine ground)
· Bowls (the small Styrofoam type will work fine)

· Boxes

· Dish soap

· Fruit (banana, apple, avocado)
· Handouts (as needed)

· Instructor computer/overhead projector

· Paper bag

· Plants for pinching
· Plants to take cuttings from

· Plastic bag

· Pots

· Potting soil

· Rooting hormone

· Seedling flats/Pots

· Seeds

· Soil
· Some electronic device with external speakers (computer, radio, jukebox, etc.)
Facilities:
· Classroom/Lab
· Greenhouse

· Computer lab
Preparation
· Tip a plant or two on its side two weeks before teaching this unit (gravitropism)

· Start seeds (beans are great) two weeks before teaching this unit (phototropism)
Interest Approach:

IDEA 1:

Turn off the lights in the room and have everyone close their eyes.  Tell the students to keep their eyes closed, stand in front to observe the class and flash the classroom lights on and off.  If students open their eyes to see what’s going on have them stand up.  After a few students are standing tell the rest of the students to keep their eyes closed.  Go over to your electronic device with external speakers (computer, radio, jukebox, etc.), turn it up loud and press play.  If students don’t open their eyes at first, stop the music and repeat until a handful do.  As students open their eyes have them stand up.   Ask the students why they opened their eyes.  They may respond with responses such as ‘I saw a flashing light’ or ‘I heard a loud noise’ or ‘I just wanted to see what was going on’.  There may be other remarks too such as you are the weirdest teacher ever, but just let those roll off!  Comment to the students that they opened their eyes because we have trained our bodies to be observant and when we see something out of the ordinary we ‘open our eyes and take note of it’.  Just like we have adapted and become more observant in our survival, plants have done the same for years and years.  We will be exploring the management of a plants growth and development . . . . 

IDEA 2:

Talk about plants in space.  What environmental requirements would a plant need to grow in space? We will be exploring the management of a plants growth and development . . . .

IDEA 3:

Show the class a plant that has been on its side and is expressing gravitropism.  Ask the students what they see.  Ask the students how the plant knows which way is up.  Ask the students what they think will happen if the plant is turned upright. We will be exploring the management of a plants growth and development . . . .

Objective A: Describe the role of the apical meristem in plant growth
	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	
1. Meristem: the site of actively dividing cells resulting in plant growth.

· Meristem regions are the fountain of youth for plants.  This is where cell division occurs.  

2. Apical (or terminal) bud: located at the end of a stem or root and gives the plant height or length.  This is not just the central leader of a plant.  There is an apical bud on every branch as well.  

· The apical region is the dominant region of the plant.

3. Axillary (or lateral) bud: located on side of a stem and give the plant girth 

· Axillary buds are the buds that are tucked into the side of a shoot.

4. Apical dominance: the apical tip grows taller and longer inhibiting the growth of lateral buds. 

· Trees or shrubs that have not been pruned well show signs of apical dominance.  

· An evergreen tree illustrates apical dominance.  That is why it is pointed at the top and wider at the bottom.  The dominance occurs at the top of the tree and the branches end.   

5. The meristimatic region on plants are found at  tip of the outer cells on roots or shoots

6. Changing the apical dominance is as simple as removing the top cells from a plant shoot
	A lot of these concepts can be taught in the greenhouse with plants that are being raised.  If you do not have a greenhouse a sole plant, a shrub, or an evergreen tree can illustrate many of these ideas.  Look for geraniums and tomato plants if you are in a greenhouse.

1. Get students excited about this amazing duplicating power that is only a few cells deep at the plant tip.  Point out the merestamic regions on a live plant.

2. I like to teach this by mentioning King Kong is the king of all the Apes, just like the apical region is the king of the plant.  See #4

3. Though there are plenty of good plants to show this on, most tomato plants have prominent axillary buds.  

4. See #2. As for greenhouse plants, geraniums illustrate this trait to where it is fairly noticeable.

5. Show a picture of this from the PowerPoint or online.

6. Pinching plants, pruning a tree or shrub to induce branching (changing the dominance).
7. Demonstrate and explain to students the different types of pinches.


Activity: 

1. Pinch plants in the greenhouse to alter apical dominance. 
” you will proceed to the front 
Objective B: Identify plant hormones and explain their function












	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	
1. What do hormones control in plants?

· EVERYTHING!

· Plants use their hormones and have adapted their hormones to survive.  From flowering to fruiting to drought conditions.

2. Hormones

· Naturally produced in the plant
· Some are commercially important and can be used to produce plants as ornaments or food
· Some have different effects on different tissues
3. Auxins

· Promote cell elongation

· One of the first hormones discovered in science by Charles Darwin

· The primary auxin is indoleastic acid (IAA)

· There is a greater concentration of auxins in the apical meristems, hence apical dominance

· Passed from cell to cell through their cell wall

· Auxin activates cell elongation 

4. Gibberellins

· Induce cell elongation and cell division

· Produced in the stem and root apical meristems, seed embryos and young leaves

· Important for plant growth and development through flowering and/or seed germination

5. Cytokins

· Responsible for cell division and differentiation (the process by which a less specialized cell becomes a more specialized cell type)

· Produced in the roots and transported through xylem

· Aid in growth of lateral shoots

· Inhibit branching of roots 

6. Abscisic acid

· Growth inhibiting hormone

· Plays a key role in seed dormancy

· Causes stomates to close in drought conditions to conserve water

7. Ethylene

· Colorless gas that is emitted by aging plants

· It is produced in plant stems, ripening fruit and dying  leaves

· Converts starch into sugar
	This objective is primarily taught through PowerPoint, YouTube, and interactive models.

1. Have students brainstorm about different plants that are in the greenhouse at their school, around their school campus or plants they have seen on road trips/vacations.  Are those plants unique?  Why are they unique?  What do those plants have in common. (All plants were living, all plants are not the same, all plants went through some kind of adaptation to survive)

2. Give an introduction of the hormones, they will be discussed in detail later.

3. Good YouTube video on how auxin transports through the cell wall not only top to bottom, but side to side as well.  This video is a little advanced!  It may be more appropriate for the instructor to watch it and gain understanding and then draw this on the board rather than showing the class http://www.youtube.com/watch?v=Wgkoz6Xbg5Y
4. Give an introduction of the hormones, they will be discussed in detail later.

5. Give an introduction of the hormones, they will be discussed in detail later.

6. Give an introduction of the hormones, they will be discussed in detail later.

7. Give an introduction of the hormones, they will be discussed in detail later.




Activity:  I can’t think of a great activity for this objective
Objective C: Identify plant tropisms  

	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	
1. Plants respond to stumuli in their environment.  This is known as tropisms.

· Avoid stress

· Avoid  being eaten

· Enhance survival

· Improve chances of having offspring

· The way a plant grows is controlled by hormones

The tropisms 

2. Gravitropism: Stems curve upward on a plant that is laid on its side

3. Chemitropism: (do we want to include this?) Roots grow to nutrients in soil

4. Thigmitropism: Plants respond to a mechanical stimuli. Tendrils on a cucumber plant touching an object and curling around it for support

5. Hydrotropism: Roots grow to water

6. Phototropism: Stems bend or stretch (etiolation) towards light

What controls tropisms

7. The hormone auxin controls most tropisms and auxin promotes cell growth.

8. Phototropism

· Sunlight breaks down auxin

· Plant stems indirect sunlight will have the least amount of auxin

· Area of the plant that is more shaded will have more auxin

· More cell growth on shaded side

· Plant bends towards light

9. Gravitropism

· The plant stem that was once upright is on its side

· The auxin are settle on the bottom side of the stem

· More auxin accumulate on the stems bottom side

· More cell growth occurs on bottom side

· Plant bends upward

 NOTE: YouTube videos should be downloaded prior to teaching 
	1. Tie this into the opening question above. 

The tropisms

· Teach the difference between a response and stimulus

· Introduce the tropisms only by name.  Discuss with the class what they think the tropism would do, what word it sounds like that they know, etc.  Don’t give the answers away, but provide some good hints as to what some of the tropisms could mean.

· Have students copy down the table on the PowerPoint and take an educated exploratory guess as to what tropism is and what its response and stimulus to the tropisms is.

· Review the completed table and have students make adjustments or add to their tables.

· Review the tropisms, go back on the pictures as need to point out their responses

2. Use the pictures on the slideshow and the table.

3. Use the pictures on the slideshow and the table 

4. Use the pictures on the slideshow and the table 

5. Use the pictures on the slideshow and the table 

6. Use the pictures on the slideshow and the table 

7. Auxin

· Review auxins.  By now auxins should not be a new term and students should   

· Pepper and dish soap activity.  This activity needs proper facilitating to make the connection.  

· After lecture have students access the following interactive website and explore auxins.

· After lecture have students access the following interactive website and explore phototropism. (SECTION 1) Have students answer the questions in SECTION 1 (blue font) http://www.kscience.co.uk/animations/auxin.htm
8. Phototropism

· After lecture have students access the following interactive website and explore phototropism. (SECTION 2) Have students answer the questions in SECTION 2 (blue font) http://www.kscience.co.uk/animations/auxin.htm
· Have students perform an interactive experiment.  Animation > Phototropism Experiment http://bcs.whfreeman.com/thelifewire/content/chp38/3802001.html
· Have students watch an animation.  Animation > Phototropism & Gravitropism > Auxin in Phototropism http://bcs.whfreeman.com/thelifewire/content/chp38/3802001.html
· Watch the YouTube time-lapse grass video. (Ignore the weird music)  Point out that the grass moves back in forth as a result of cell growth and heavily influenced by phototropism http://www.youtube.com/watch?v=JbiQtfr6AYk
· Show the responses of phototropism and etiolation through the light deprivation chamber experiment.

9. Gravitropism

· Have students watch an animation.  Animation > Phototropism & Gravitropism > Auxin in Gravitropism http://bcs.whfreeman.com/thelifewire/content/chp38/3802001.html
· Show students a plant that has been laid on its side for a few weeks.  Point out that the tip of the shoots are beginning to grow up.  Ask the students what way the roots are growing.  (they are growing down at a similar rate to the shoots that are growing upwards)




Activity:   

1. Complete the table for the tropisms in notes

2. Interactive websites
3. Interactive experiment
4. Online animations

5.  Light deprivation chambers
Objective D: Differentiate between synthetic growth regulators and plant hormones.

	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	 

1. Plant growth regulators (PGR’s) modify the plants physiological processes 

2. Hormones modify the plants physiological processes

3. They have similar purposes.  One is created by the plant the other is created in a factory! 
Natural vs. Synthetic

4. –Natural- found naturally in plants

5. –Synthetic- human made

6. •Both groups regulate or influence:

–Cell division

–Cell differentiation

–Root and shoot growth

–Senescence (plant aging)
Types of PGR’s /Promoters vs. Inhibitors

7. –Promoters- cause faster growth

8. –Inhibitors- reduce growth

9. •PGR’s have been created to model plant hormones


	1-6

Discuss Natural and Synthetic items    students deal with on a regular basis (oil, fabric, food preservatives, sweeteners, etc.)

7-8

Divide the class in half.  Have one half research Promoter PGR’s and the other research Inhibitor PGR’s.  After their research have them make a brochure about their assigned PGR.  It can be designed for farmers, orchard managers, homeowners, etc.



Activity:  PGR brochure.

 n’
Objective E:  Describe the benefits of using plant growth regulators. 
	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	1. Plant growth regulators improve the quality and quantity of agriculture commodity yields
2. Reduces labor requirements 
3. Auxins

· Speed up the rooting of plant cuttings

· Indoleacetic acid (IAA)

· Indolebutyric acid (IBA)

· Prevent pre-harvest fruit drop on apples

· Naphthaleneacetic acid (NAA)

4. Gibberellins

· Induces flowering

· Growth stimulant to make larger stalks and fruit

· Especially used in the fruit to set fruit or make it larger industry

5. Ethylene

· Promotes fruit ripening
· Used for ripening fruit before it is placed on grocery shelves
· Without ethylene you wouldn’t be eating bananas or other fruits and vegetables brought in from other countries.
6.  Cytokinins
· Cytokinins promote cell division and enlargement to promote senescence (ageing plants, dying leaves)

· Leaves grow themselves to death 

7. Plant growth regulators

· Prevents lodging in cereal crops

· Prevents pre-harvest fruit drop

· Synchronizes maturity to allow mechanical harvesting 

· Harvesting maturity to decrease turnover time

· Historically common PGR’s

· 2-4D (round-up) 

· 2-4-5T (agent orange)

· 
	1. Have students read an article from a farm journal (The Capital Press, agweb.com, Farm Bureau Journal, etc.) about crop production and yields.  Point out that the struggles/successes presented in the article would be worse/not as beneficial to the producers without PGR’s.
2. Remind students a lot of these PGR’s are naturally occurring in the plant and by the plant.  
3. Auxins

· Review auxins. 

· Show the effects of rooting hormones.  Perform a small experiment to see what percentage of plants root better without rooting hormone compared to those that use rooting hormone.  Use 10 plants per treatment/ per flat. 

· If there is no access to rooting hormone perform a small experiment with different plant types to see what plant will set roots the fastest, hence, what plant contains the highest concentration of auxin. 

4. Have students research various fruits and their effects of  gibberellin treatments (Apples, pears, grapes, tomatoes, etc.)

5. Ethylene

· Ethylene lab (traditional)

· Ethylene lab (variation) have students perform the scientific theory by testing various containers and/or combinations of fruit on the effects of ethylene.   

6. Cytokinins : Have students make a news bulletin and present on the effects of cytokinins.  This assignment can be past or present.  Ideas for past effects: Agent orange, Silent Spring, Rachel Carson, advent of round-up, defoliation of forests, Vietnam War, EPA.  Ideas for present effects: Benefits and concerns of round-up ready cotton, corn, alfalfa and soy. 
7. #6 ties to this.  All of our fruit is the same size (bring in an apple box insert to show this).  If fruit was a different size it would mess up marketing, shipping, etc.  Illustrate the impacts it could have on agriculture.  See activity 8 below for more ideas.



Activity: 


1. Current event read on the effects of hormones

2. Auxin rooting hormone experiment

3. Auxin influence and concentration experiment

4. Gibberellin web research project

5. Ethylene lab (traditional)

6. Ethylene lab (variation)

7. Cytokinins and their role in agriculture news bulletin/presentation

8. http://www.youtube.com/watch?v=Ts0rEOp39lU (Modern Marvels – Harvesting) Show the modern marvels clip 38:08-40:22 about mechanized harvesting.  If fruit is not the same size in mechanized harvesting the fruit is wasted and price increases.  (I had to put this down here b/c the formatting in the table ‘hides’ my font.  This is more appropriate in # 7 above ot maintain the consistency of this lesson plan) 

Evaluation:

· Use your greenhouse for evaluation.  30 second summative evaluations can be used any time you go to the greenhouse, specifically for this unit.

· See attached test
References:
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Online sources:

http://www.youtube.com/watch?v=Ts0rEOp39lU (Modern Marvels – Harvesting)

http://bcs.whfreeman.com/thelifewire/content/chp38/3802001.html (Gravatropism and Phototropism)

http://www.youtube.com/watch?v=JbiQtfr6AYk (Time-lapse grass)

http://www.kscience.co.uk/animations/auxin.htm (Phototropism and Auxin)

Meets USOE Standards and Objectives:
Why are evergreen trees in the shape of a triangle?





What is a hormone?  What do hormones do?





What senses do we have? (smell, taste, feel, etc.)


Do plants have senses? (yes)








What does synthetic mean?  





Quality farmland is diminishing fast in the world and Utah, how do we grow quality crops and maintain good yields?








