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Introduction
Annotation: 

This lesson will inform students of the importance of asexual reproduction in horticulture.
Grade(s): 
	X
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  

5 hours
Author:  
Anne Smith

Additional Author(s): 

Students with Disabilities:
For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.

Focus Standards

GPS Focus Standards: 

AG-GH/PS-2.  Students will identify plant parts, growth, and reproduction processes.

e.
Identify asexual reproductive structures and functions of plant parts (i.e.…stems, roots) 
AG-GH/PS-4.  Students will demonstrate an understanding the importance of asexual reproduction. 



a.
Discuss the various methods of vegetative propagation and identify each method.

b.
Explain the difference between separation and division in plant propagation.
GPS Academic Standards:
SB1: Students will analyze the nature of the relationships between structures and functions in living cells.

ELA9RC3: The student acquires new vocabulary in each content area and uses it correctly.
SCSh3: Students will identify and investigate problems scientifically.
SCSh4: Students will use tools and instruments for observing, measuring, and manipulating scientific equipment and materials.

SCSh2: Students will use standard safety practices for all classroom laboratory and field investigations.

SCSh1: Students will evaluate the importance of curiosity, honesty, openness, and skepticism in science.

National / Local Standards / Industry / ISTE:


Understandings & Goals

Enduring Understandings: 
Students will learn asexual plant propagation methods used in the horticulture industry. They will understand the importance of asexual reproduction and the reasons it is used.

Essential Questions:
What are the advantages and disadvantages of asexual propagation?
Knowledge from this Unit:  
1.  
Discuss the various methods of stem cutting propagation and identify each method.
2.
Describe the various types of growing media used for cuttings.

3.
Describe grafting and identify three common methods.

4.
Explain the difference between separation and division in plant propagation.

5.
Discuss the importance of tissue culture and explain the tissue culture procedure.
Skills from this Unit:  
Students will be able to explain the types of asexual propagation. The students will also be able to propagate plant material using an appropriate method. They will be able to explain the advantages and disadvantages of asexual propagation. They will know which vegetative part is appropriate for cuttings.




Assessment(s)
Assessment Method Type: Select one or more of the following. Please consider the type(s) of differentiated instruction you will be using in the classroom. 
	
	Pre-test

	X
	Objective assessment - multiple-choice, true- false, etc.

	
	_x_ Quizzes/Tests

__ Unit test

	X
	Group project

	X
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	
	Subjective assessment/Informal observations

	
	__ Essay tests

__ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	
	Dialogue and Discussion

	
	__ Student/teacher conferences
__ Partner and small group discussions

__ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	
	Post-test


Assessment(s) Title:
Individual Learning Activity

Group Learning Activity

Presentation Learning Activity
Cuttings Lab
Lesson Evaluation 
Assessment(s) Description/Directions:
Attachments for Assessment(s): 
Individual Learning Activity

Group Learning Activity

Presentation Learning Activity

Cuttings Lab

Lesson Evaluation


Learning Experiences
Sequence of Instruction

1.  Identify the Standards. Standards should be posted in the classroom for each lesson.


2.  Review Essential Questions.


3.  Identify and review the unit vocabulary. 


4.  Lesson Introduction Activity:

5.  Teaching Procedure:
Introduction and Mental Set

Ask students why it would be beneficial for plants to reproduce other than by seed. Write their responses and then refer back to them during the discussion.
Discussion

1.    
Asexual propagation is the reproduction of new plants from the stems, roots or leaves of the parent plant. The advantages are that plants can be reproduced faster and are genetically identical to the parent plant. This ensures they have the same traits as the parent plant.  (However this also means little genetic variation.) 

2.
What are the types asexual propagation?  
             A.
Cuttings:  using the stems and leaves to reproduce plants
B.
Division/Separation:  pulling or cutting apart groups of plants to make new individuals

C.
Layering:  producing a plant from a part of a plant while that part is still on the parent plant

D.
Grafting & Budding:  connecting two pieces of living plant material together to form a single plant.

E.       
Tissue Culture or micropropagation involves taking small tissues from the parent plant and growing them in a nutrient rich agar culture.
3.
Cuttings are the most commonly used and commercially important method of asexual reproduction. Cuttings are part of the stem, leaf or root of the plant. Different types of cuttings are taken at various stages of plant maturity or different parts of the plant. 

A.
Stem Cuttings are portions of the stem.

           1. Herbaceous cuttings are from plant stems without wood such as impatiens, coleus or geraniums. 

              a. Cut the stem 4 to 6 inches long at a 45 degree angle     below a node.

              b. Strip the bottom leaves off the stem. Remove any flowers or flower 
buds.

               c. Dip the stem in a rooting hormone and tap off the            excess.

                d. Insert the stem into the media.

B. Softwood and semihardwood cuttings are made when plants have leaves on them.  They are made from the current year’s growth. Softwood cuttings are soft, new growth. The stem or wood for semihardwood cuttings are should be able to bend and not break.  Azaleas, barberry, boxwood, wisteria or any woody shrub can be used.  Early morning is the best time to take cuttings from a plant so that they are well hydrated.

          a. Make a cut on the stem of the plant 3 to 6 inches in length.  Cut at a 45 degree angle below a node. 

          b. Place the cuttings in water or a wet paper towel to keep moist. 

          c. Remove at least 1/3 of the lower leaves and any flowers or flower buds.

          d. Dip in rooting hormone and then tap off the excess.

          e. Insert the cutting in rooting media.

           f. Label and hydrate.

 C.  Hardwood Cuttings are easy and inexpensive methods of asexual propagation. Both deciduous and evergreen plants can be propagated from hardwoods. Roses, dogwood, grapes are a few of the hardwoods and junipers, yews and thujas are examples of the evergreens.    

        a. Usually prepared during the dormant season on growth that is at least a year old.

        b. Make 6 to 8 inch cuttings just below a node. The top of the cutting should be 1 inch above a cutting or bud.     

        c. Make the bottom cutting at a 45 degree angle and the top at a 90 degree angle. This helps distinguish the top from bottom as well as facilitate root growth.

       d. Cuttings should be dipped in a rooting hormone, tapped and bundled.

        e. Store cuttings with tops upward in a moist sand or sawdust media. Do not allow them to dry out. Keep moist but not wet. 

        f. The cuttings will form a callus. The callus tissue is where the roots will form. It is a soft white tissue.   

        g. When the weather warms the cuttings will develop   

            leaves and shoots. They will continue to develop roots.          

D. Leaf Petiole Cutting is made from the leaf of a plant with the petiole attached. African violets are easily propagated by leaf petiole cuttings.
a. Cut leaf off the petiole next to stem at a 45 degree angle.

b. Apply the hormone on the cut end of the petiole, tap off excess.

c. Place cutting into media (Petiole into media)

d. Place cutting under proper rooting conditions

e. A small plant will develop attached to the leaf. When it is developed fully, snip off the parent leaf.


E. Leaf Cuttings are made from the leaf blade. Plants with fleshy leaves such as Rex Begonias and Gloxinias work well.

One of the easiest plants to use for leaf cuttings is the Sansevieria.

a. Remove a leaf from the Sansevieria or snake plant.

b. One long leaf can make several cuttings. 

c. Cut the bottom of the leaf at a 45 degree angle and the top at a 90 degree angle to distinguish top from bottom of cutting. Or you can also put an arrow with a marker to distinguish up. 

d. Dip the bottom of the cutting into the rooting hormone and tap off the excess.


e. Place the leaf in the media. A small plant will develop at 



the base of the cutting.

F. Leaf Bud Cuttings consist of the leaf, petiole and small piece of the stem. A variety of plants can be rooted this way including rhododendrons, magnolias and dieffenbachias.                

a. Cut a leaf and a bud from the plant making certain to include part of the stem. 

b. The stem is treated with a weak solution of rooting hormone.

c. Insert the stem into media.

d. Cut the leaf crossways to a small size so it requires less water.

e. The new plant will develop from the lateral bud. 

G. Root cuttings are taken from any plant that will sucker at the root.  Many vining plants such as wisteria, raspberries, spirea and clematis are easily propagated by root cuttings.  They are usually taken from the root in late winter or early spring. 

           a. Dig roots that are about one half inch in diameter and cut into pieces from 3 to 6 inches long. Cut the portion closet to the main stem straight and the root end at a slant to distinguish.

           b. Place horizontally in growing media about 2 inches deep or vertically.

           c. Keep watered and covered until shoots sprout.

4.
Commonly used rooting media provide good drainage.  

A.
Sand
B.
Pine Bark

C.
Perlite

D.
Vermiculite

E.
Peat moss

F.
Various mixtures of the materials

G.
Water (usually for home use)

5. Proper rooting environment is necessary to produce plants.

A.
Moisture is essential. Cuttings have no roots and must be kept moist until roots form.

A mist system is the best solution. However if one is not available you can cover the rooted material in a large plastic bag (such as a dry cleaner bag). Put sticks in the bag for support to keep it off the cuttings. Mist water in the bag and seal. You should see condensation on the bag, check and remist if it dries out.
C.
Temperature varies with the type of plant. As a general rule most cuttings need to be maintained between 70 - 80 degrees F.

a. A thermostat and propagation mat make it easy and accurate to maintain bottom heat.

b. Thermostat and heating cables can also be used.

E.
Time required varies with the crop and environmental conditions.  Look up the specific crop for general guidelines.

6.
Division/separation involves using underground plant parts to act as an organ of food storage until the new plant can form. Perennial plants that die back and over winter are good candidates. Separation uses natural structures such as bulbs or corms. Division uses parts of the plant such as rhizomes or tubers.

A.
Bulbs such as a tulip bulb are an example of propagation by separation. The bulb is made of leaf scales. On the outside of the bulb are bud scales that produce small bulbs.

          
These bulbs or bulblets can be separated from the parent bulb and planted on their own.

          
Amaryllis, lilies, daffodils are other bulbs that can be separated easily.

         
Corms are solid, compact stems with nodes and internodes from plants     such as a gladiolus.

B.  
 Division can be done from rhizomes or underground stems of plants such as irises. The rhizome is lifted from the soil, cut into sections; each section should have an eye or bud. These can then be planted.

    
Tubers are the swollen end of underground stems or shoots. 

   
An Irish potato is an example; it can be cut into pieces, just make certain each piece has an eye. The pieces can then be planted.
C.
 Many perennials can be divided by the Plant crown. An example is lirope, coneflower or rubeckia.  When the plant is dormant dig it from the soil, divide the crown into sections and plant each section.
5. 
Layering is reproducing a plant from a part of the plant while that part is still connected to the parent plant. Larger plants can be reproduced in this manner. The stem or root that is rooted is called the layer. The layer is cut free from the parent plant after it has rooted.


A. Air layering is usually done in the spring on the previous year’s growth.  It is used commercially to propagate tropicals and subtropicals such as rubber plant, Persian Lime, Schefflera or Magnolia. 

               The procedure (air layering)

1.
Select an appropriate branch.
2.
Remove leaves and branches from the area where the new roots will form.

3.
Cut a notch from the branch.  This notch should be cut approx. one third of the way through the branch

4.
Mix a small amount of rooting hormone with a small amount of Sphagnum Moss. (Approximately a 50 - 50 mixture). Make enough mixture to fill the notch.  Sphagnum moss should be soaked in water before use this of course means that the mixture is moist.

5.
Place hormone and moss mixture into the notch.
6.
Wrap a clump of moist Sphagnum moss around the branch at the point where the notch was cut.

7. Wrap a piece of clear plastic around the moss.  This keeps the moss from drying and allows for seeing root development.

8.
Secure the plastic with twist ties (or other appropriate material) one tie located just above the moss clump and one just below. (Not too tight)
9.
Roots should form in four to six weeks.

10.
If moss dries, loosen one of the ties and water the moss.
11.
Cut from parent plant and pot when ready.

    Advantages:

-
Damages in parent plants are lessened

-
Loss of the new plant lessened (ex. if cutting dies that is it.  If the layering does not work try again)

     Disadvantages:

-
Labor intensive 

-
Time consuming




B. Simple layering is done by bending a branch from the parent                                


plant to the ground. 

                     


1. Select a stem with one year old wood.

 

2. Cut the stem halfway through at a place where the stem can be 


inserted into the ground.  You can girdle the stem and then insert it 


into the ground.

                    


3. Dig a hole or trench where the cut meets the ground.

                     


4. Dust with rooting hormone and insert into the hole.

                     


5.  Cover the stem with soil.



6. Place a peg, brick, rock or something on the cut stem to hold it 


underground.  Keep the ground moist.

                     


7. Cut the layer free when it is rooted and transplant.

               

C.  In Trench Layering the parent plant is bent to the ground and buried in 


a trench.  Shoots arise from the buried buds and roots form on the 



covered portion of the plant.



D. Mound or stool layering is used to propagate apple trees.

                     


After one seasons growth cut the parent plant back to soil level. Cover 

the stem with a mound of soil. Shoots will begin to grow. Keep a mound 

of soil over the shoots and they will form roots in the mound.  The newly 

rooted plants may be separated and planted.

7. 
Budding is attaching the bud of one plant to the stem of another plant. Budding


is a form of grafting.
 A.
Reason to use budding:

1. Produce a plant which has a top with certain desirable characteristics and 
roots which also have certain desirable characteristics. 


2. Types of budding
a. Patch bud is used on trees such as pecans and walnuts because of their thick bark.

b. T bud named for the shape in which the bark of the understock is cut. T- Budding is used to propagate fruit trees and roses.

      
3. Budding is usually done during the growing season.

           
 B.   Procedure for T budding

               

1. Remove the bud from the stem in the form of a shield (approx.    1" long) 



Bud and stem must be of related species


2. Cut a T-shape into the bark of the stem which is to receive the bud

                

3. Peel back the bark of the T to expose the cambium.

                

4.  Insert the bud into the T





                

5. Wrap the T which contains the bud in a budding strip.

                

6.  Leave the bud until the following spring.

8.  
Grafting is attaching the stem of one plant to the root system of another plant. 


Most citrus trees are grafted.

A.  
Top of the graft is called scion, it consists of 2 or more buds.

                     
Bottom of the graft is called the understock or root stock.

B.
Reason for procedure is to produce a plant which has a top with certain desirable characteristics and roots with desirable characteristics. By combining the two parts a superior plant is made.

C.
Whip and tongue graft is used during the winter on fruit trees. 

1.
The grafting cut is made below a bud on a slant.

2.
Select a healthy understock (Scion and stock must be related species)
3.
Select a healthy scion with several buds
4.
Make a matching diagonal cut in each -  1" - 1 1/2" long (top of stock/base of scion)

5.
Cut a notch/tongue into each cut end so that when the pieces are put together the tongues/notches will interlock and the cambiums line up

6.
Tie with grafting twine

7.
Cover with grafting wax

9.
Tissue culture allows thousands of plants to be produced quickly. Orchids, ferns and many other plants are now produced through tissue culture.

A.
New plants are produced by taking a small sample of tissue from an actively growing part of the plant and under very sanitary conditions (lab) can be induced to form many new plantlets.


B.
General procedure 


1. Prepare media - a liquid solution containing hormone and nutrients


2.  Sterilize media and all tools, supplies, equipment and the work area. Use 
one part bleach to ten parts medium. 

                 

3.  Place sterilized media in a sterilized test tube or Petri dish.

             

4. Take tissue (shoot) from the plant

                

Sanitize tissue sample and place on media in the test tube   (must be done in 


clean environment)

              

Cap/seal the test tube

                 

Place in warm well-lighted area.
                     

Plants should begin to form in 4—6 weeks.

C.
Advantages and disadvantages

                           
Advantages


-
Only a small part of the plant is used


-
Many plants can be produced in a small area

                           
Disadvantages


-
Maintaining a sterile area


-
Lab facilities


Summary
Asexual propagation is the reproduction of new plants from a parent plant. This allows more plants to be produced faster and with the same characteristics as the parent plant. This type of plant is known as a clone. 

Evaluation
Written test

Daily Notes and Quizzes
Laboratory activity evaluation
Class Participation
Individual Learning Assignment
Group Learning Assignment
Presentation Learning Assignment

Attachments for Learning Experiences: 
Group Learning Activity

Individual Learning Activity


Presentation Learning Activity

Quiz with key
Notes & Reflections: 

Culminating Performance Task (Optional)
Culminating Unit Performance Task Title:  
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
 
Attachments for Culminating Performance Task: 

Unit Resources 
Web Resources:
http://aggie-horticulture.tamu.edu/plantanswers/misc/asexualpropagation.html
http://aggie-horticulture.tamu.edu/propagation/propagation.html
http://edis.ifas.ufl.edu/BODY_MG274
http://hcs.osu.edu/hort/technology/Lab/H320CuttingTypesLab.pdf  (Great Lab)
http://hcs.osu.edu/mg/manual/prop.htm
http://science.howstuffworks.com/genetic-science/cloning1.htm


Attachment(s): 
Vocabulary Terms


Materials & Equipment: 
Sansveria (Snakeplant) or Ferns by division and separation

Rooting Hormone

Sand and potting soil

Swedish ivy cuttings/Wandering Jew/ (softwood)

Crepe Myrtle (hardwood)

4 inch pots

Greenhouse and classroom
African Violet (leaf-petiole cutting)


What 21st Century Technology was used in this unit?
Top of Form

	
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	X
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	X
	Website
	
	


Bottom of Form
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