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YEAR 11 STUDENT WORKBOOK

 Achievement Standard 1.9
AS 90923 (version 1)     Level 1    4 Credits   Internally assessed

Demonstrate knowledge of basic 
Plant Propagation
Techniques
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Genesis 1:11 And God said, Let the earth put forth grass, herbs yielding seed, and fruit-trees bearing fruit after their kind, wherein is the seed thereof, upon the earth: and it was so.
NAME ________________________________________________________

Achievement Standard

	Subject Reference
	Agricultural and Horticultural Science 1.9

	Title
	Demonstrate knowledge of basic plant propagation techniques

	Level
	1
	Credits
	4
	Assessment
	Internal


This achievement standard involves knowledge and understanding of basic plant propagation techniques.
Achievement Criteria

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Demonstrate knowledge of basic plant propagation techniques.
	· Demonstrate in-depth knowledge of basic plant propagation techniques.
	· Demonstrate comprehensive knowledge of basic plant propagation techniques.


Explanatory Notes

1 This achievement standard is derived from The New Zealand Curriculum, Learning Media, Ministry of Education, 2007, and based on the outcomes in the Teaching and Learning Guide for Agricultural and Horticultural Science, Ministry of Education, 2010 at http://seniorsecondary.tki.org.nz/.
2 Demonstrate knowledge involves describing the steps taken when performing basic plant propagation techniques to provide conditions important for successful propagation.


Demonstrate in-depth knowledge involves explanation of how basic plant propagation techniques provide conditions important for successful propagation.

Demonstrate comprehensive knowledge involves applying knowledge of basic plant propagation techniques or steps within techniques to provide conditions important for successful propagation.  This will involve comparing and contrasting or justifying the use of these techniques or steps within techniques.

3 Basic propagation techniques must include sexual propagation (sowing seeds in containers and outdoors) and asexual propagation (cuttings [named type of stem or leaf]; division; and ground layering).

4 Conditions important for successful propagation refer to both environmental and biological conditions. 

5 Environmental conditions include water, oxygen, warmth, bottom heat, high humidity, time of year and light.

6 Biological conditions include viable seed, plant type, plant material and plant health.

Words and concepts you need to know:
The objective of this standard is to:

- Demonstrate knowledge of basic plant propagation techniques.
- Develop a range of basic practical skills involved in the propagation of plants.

To propagate a plant means to grow new ones.
Plants use two different types of reproductive processes.  We can manipulate these processes to propagate plants.
Sexual reproduction: 
This involves the production, dispersal and germination of seeds.
Advantages of using this method

· There is variation in the new plants because the genetic material of the two parent


  plants is combined to give a new combination in each seed. This means suitable   
  ones can be chosen for different purposes (selective breeding).

· There is little disease transfer.

· Large numbers can be produced, simply and cheaply.

· Seeds can usually survive for long periods of time.

· Seeds are easy to store and transport.

Disadvantages of using this method

· In most plants it takes a long time to get from one generation to the next.  

· Some seeds need specific requirements to germinate.

· Takes more energy for the plant.

Asexual reproduction (or vegetative reproduction):
This is used by plants to reproduce without the use of seeds. Other parts of the plant are used, e.g. stems and leaves.

Advantages of using this method

· All the offspring are genetically identical to the original plant.

· Plants are quickly obtained and mature quickly.

Disadvantages of using this method
· Difficult to store and transport vegetative parts.

· Disease is easily transferred.

· Because they are identical, if a disease occurs, or if conditions change that do not suit the particular genetic traits, all the offspring will suffer or even die.

Conditions needed for growth:

a) Environmental Conditions: 

These are aspects from beyond the plant itself that influence plant growth 

-What influences from outside the plant are necessary for good growth?
Choose from: water, oxygen, warmth, bottom heat, high humidity, 




time of year (seasonality) and light.
-How must these influences be applied in order to achieve good growth?

-Why is this condition necessary for good plant growth?

e.g.  

-To germinate, a plant needs water. 

-It must be applied so that the soil is moist, but not saturated. Soil should be at field capacity. 

-Water is needed so that it can seep through the micropyle, soften the testa and allow oxygen into the seed for respiration to speed up. Chemical reactions in living things require the molecules to be dissolved in water. Water will dissolve the food in the cotyledon so that enzymes can begin to work to release the energy needed for growth.


b) Biological Conditions:
These are aspects of the plant itself that can influence plant growth
-What influences from inside the plant are necessary for good growth?
Choose from: viable seed (germination only), plant type, and plant material and 


plant health.
-How must these influences be applied in order to achieve good growth?

-Why is this condition necessary for good plant growth?

Plant type: This is the group that the plant belongs to. This could be the classification 

group e.g. an angiosperm or conifer. It could be how it grows e.g. a ground 

cover, shrub or tree, deciduous or evergreen.
Example: 

- Root crops that have a long tap root are sown directly into the ground.

- If root crops are grown in containers and then transplanted into the garden, the root could be damaged and will be more likely to grow unevenly, or die.
Plant material: This refers to the part of the plant that is used.
Example: 
-To have a successful softwood cutting, the plant material needs to be taken in spring when the plant is actively growing. 

- It needs to be 5-10 cm long and to be cut on a 45 angle, just under a node.

- The cells just below a node will divide to grow roots. In spring, the temperature has risen which speeds up the chemical reactions necessary to produce new roots quickly.

Plant health: - Plants used to propagate must be free of pests and diseases.

Example: 

· Cuttings or divisions that are not healthy will spend their energy in repairing damage and fighting the disease, rather than on growing more roots, leaves and stems.
VOCABULARY LIST

Homework: Use the information above to define these important words:

To propagate_____________________________________________________________
_______________________________________________________________________

Sexual reproduction________________________________________________________

________________________________________________________________________

Asexual reproduction ______________________________________________________

_______________________________________________________________________

Environmental conditions ___________________________________________________

________________________________________________________________________

These are: 
___________________

_____________________


___________________

_____________________



___________________

_____________________



___________________

Biological conditions _______________________________________________________

________________________________________________________________________

These are: 
___________________

_____________________


___________________

_____________________
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Revision:  The flower
The male parts are:________________________________________________________
The female parts are: ______________________________________________________

Pollination is ____________________________________________________________
________________________________________________________________________

After pollination the pollen grows a tube and takes its genetic information down the style and into the ovary. It will penetrate and egg and its genetic information and the egg’s genetic information fuses to form a zygote. The zygote will grow into a seed.

Fertilisation is ___________________________________________________________
________________________________________________________________________

When the eggs have been fertilised the ovary wall develops into a fruit. The fruit holds the seeds while they mature, and will help them to disperse away from the parent plant when the time comes.

This is called sexual reproduction because it involves the fusing of two sets of information, usually from two different flowers (cross pollination). Sexual propagation is using seeds to make more plants.
SEXUAL PROPAGATION
(PROPAGATING PLANTS USING SEEDS)
Seed structure

The Seed 
The seed is made of three parts, the cotyledon, the embryo plant and the testa. The embryo plant is made of a first root (radicle) and the first leaves (plumule). This is surrounded by the food supply. The food supply in the dicotyledonous plant is called the cotyledon, in the monocotyledon is called the endosperm. This is then protected by a seed coat or testa. 
Name these parts and give their function:
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 Sowing Seeds

Sowing seeds in containers
Seeds that germinate into delicate seedlings, or need specific requirements to break dormancy, are usually sown in containers. 
The following steps should be taken:
1.____________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
2. ____________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
3. ____________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
4. ____________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
5. ____________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
What plant type is propagated using these sexual propagation methods?

_____________________________________________________________________

_____________________________________________________________________
_____________________________________________________________________

_____________________________________________________________________
Examples of seeds that are grown in this way are: _______________________________

_______________________________________________________________________
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Name these pieces of equipment used in sowing seeds:[image: image16.jpg]
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Sowing seeds directly into the garden

Small seeds
Use the PowerPoint to fill in the steps required to plant small seed.
1.
_________________________________________________________________

______________________________________________________________________

2.
_________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

3.
_________________________________________________________________

______________________________________________________________________

4.
_________________________________________________________________

______________________________________________________________________

5.
_________________________________________________________________

______________________________________________________________________

______________________________________________________________________

6.
_________________________________________________________________

______________________________________________________________________

______________________________________________________________________ 
Large seeds_____________________________________________________________
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

What plant type is propagated using these sexual propagation methods?

_____________________________________________________________________

_____________________________________________________________________
_____________________________________________________________________
Examples of seeds that are grown in this way are: _______________________________

_______________________________________________________________________
Name this equipment used for sowing seeds directly to the soil:
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Conditions needed for successful seed germination
	Describe Environmental Conditions

	Explain why it is needed for germination



	Water


	

	Oxygen


	

	Warmth


	

	Light


	

	Describe Biological Conditions
	Explain why it is needed for germination

	Seed Health
	

	Seed Viability
	

	Plant type


	


NOW PUT IT ALL TOGETHER!

Explain the steps you would take to sow carrot seeds. In your explanation refer to the biological and environmental conditions needed to carry out each step. You may use labelled diagrams to help you.

Check point. 

Use a highlighter to highlight all the environmental or biological conditions you have explained. 

How many do you have?

How can you improve your explanation?

Care of Seedlings
Use the handout to write definitions for the following. Include an explanation of how and why each step is done. Cut out and stick in the appropriate pictures from the second sheet:
1. Thinning out 
2. Pricking out

3. Hardening Off

4. Transplanting

​​​​​​​​​​​​



Asexual propagation
(PROPAGATING PLANTS USING PLANT PARTS) 
Use the definitions below to label the structures of this plant:
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	axil - the angle between the upper side of the stem and a leaf, branch, or petiole.
axillary bud - a bud that develops in the axil.
flower - the reproductive unit of angiosperms.
flower stalk - the structure that supports the flower.
internode - the area of the stem between any two adjacent nodes.
lateral shoot (branch) - an offshoot of the stem of a plant.
leaf - an outgrowth of a plant that grows from a node in the stem. Most leaves are flat and contain chloroplasts; their main function is to convert energy from sunlight into chemical energy (food) through photosynthesis.
node - the part of the stem of a plant from which a leaf, branch, or aerial root grows; each plant has many nodes. Label the two lower nodes (the first and second nodes) on the plant diagram.
	petiole - a leaf stalk; it attaches the leaf to the plant.
root - a root is a plant structure that obtains food and water from the soil, stores energy, and provides support for the plant. Most roots grow underground.
root cap - a structure at the ends (tips) of the roots. It covers and protects the apical meristem (the actively growing region) of the root.
stem - (also called the axis) is the main support of the plant.
tap root - the main root of some plants; the tap root extends straight down under the plant.
terminal bud - a bud located at the apex (tip) of the stem. Terminal buds have special tissue, called apical meristem, consisting of cells that can divide indefinitely.


Many plants types are able to reproduce asexually naturally. Some examples are: bulbs, corms, runners, rhizomes, tubers and suckers. They do this to take a quick advantage of good growing conditions or when seeds cannot be produced easily. Horticulturalists take 

advantage of these natural ways to reproduce plants. 
Stem Cuttings

These are carefully selected pieces of plant which, when cut off, can develop roots and become an independent plant.
There are three main plant materials used for cuttings:

	Type
	Main features





	
	

	
	

	
	


Soft wood cuttings
Take a cutting of about 5-10 cm long from the tip of a healthy, actively growing stem.
Always cut beneath the node on a 45º angle away from the node.

Cut off bulk of leaves to reduce water loss. There are no roots to replace water lost.  Leave some for photosynthesis to provide food for growth.
Dip into hormone rooting powder which stimulates root growth.

Use a dibber to make a hole in an open medium e.g. sand or pumice. (An open medium means bigger pore spaces for more Oxygen to reach the growing roots. Oxygen is needed for respiration to provide the energy needed for growth.)
Provide bottom heat as this increases root production in softwood and evergreen cuttings. A heating pad can be used.

Water, and provide high humidity to reduce water loss from the leaves to prevent plant stress which can slow root production. A propagator with a misting unit is often used.
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Provide correct light level, enough for photosynthesis, but not too bright to dry out   the plant. 
Semi-hardwood cuttings
These cuttings are treated in the same way except;
The stem is snapped and pulled off below a node to leave a heel.
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Softwood and semi-hardwood cuttings are best kept in a mist propagator. 
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Hardwood cuttings
These cuttings are taken from dormant deciduous plants in winter (when the plant has no leaves).
They are made by cutting off a piece of stem above a node, 3-4 nodes in length. The stem is then wounded below the node.
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There are no real specialised conditions that this type of cutting.
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Leaf bud cuttings

Leaf- bud cuttings consist of a short piece of stem with a lateral bud. Cuttings should be taken only from plant types with well-developed buds and strong, almost mature leaves. 
Leaf bud cuttings are put into an open medium so that the bud is level with the surface. Bottom heat and mist will promote growth.
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Leaf petiole cuttings

Leaf cuttings are used for plant types whose stems are too short to take stem cuttings. Leaf petiole cuttings are used commercially to propagate some indoor plants with thick leaves. The plant material is taken from leaves that are mature, fully developed and healthy e.g. African Violets.  
Plant material for leaf petiole cuttings can be taken at any time of the year. A leaf is cut off with about 2cm of petiole and either put into water, or into rooting hormone and a rooting medium in warm conditions. New plantlets develop on the cut surface of the petiole and can eventually be separated and potted up.
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Conditions needed for successful cuttings
	Describe Environmental Conditions

	Explain why it is needed for cuttings


	Water


	

	Oxygen


	

	Warmth


	

	Light


	

	Bottom heat


	

	High humidity


	

	Time of year

(seasonality)


	

	Describe Biological Conditions
	Explain why it is needed for cuttings

	Plant type

	

	Plant material

	

	Plant health


	


NOW PUT IT ALL TOGETHER!

Explain the steps you would take to cuttings of Coprosma in Autumn. In your explanation refer to the biological and environmental conditions needed to carry out each step. You may use labelled diagrams to help you.

Check point. 

Use a highlighter to highlight all the environmental or biological conditions you have explained. 

How many do you have?

How can you improve your explanation

Ground Layering
In plants suitable for ground layering as a method of propagation, the stems can be encouraged to form roots while still joined to the parent plant. The stem is wounded to expose the growing region, called the cambium. Hormones accumulate in the wound, stimulating the roots to form. Layering occurs naturally in boysenberries and blackberries. It can be applied to berry fruits, climbers, Daphne and Magnolias.

Method:

A flexible stem is bent and partly covered with soil. A peg is usually needed to hold the stem down, and a stake to hold it upright. The stem may be wounded and hormone applied, to stimulate root formation. Once a strong root system is formed the stem is cut off below the roots and the new plant can be potted up.

This is generally done in spring, using one year old stems.

The plant types suitable for this method of propagation are________________________

________________________________________________________________________ 

The plant material used is __________________________________________________

________________________________________________________________________
Advantages of layering: 
· The layer gets water and nutrients from the parent plant until it has rooted and can support itself. No specialised conditions, except those normally needed by the plant, are required.

· This method can be used for plants that are otherwise difficult to strike.

Disadvantages of layering:

· It is a time- consuming method and the new plant can take up to a year before it is ready for separation.

· It needs a lot of stock plants as only a few can be layered from each parent plant.

· The large numbers of stock plants mean a lot of space is needed to grow them.
Conditions needed for ground layering successfully
	Describe Environmental Conditions

	Explain why it is needed for cuttings


	Water


	

	Oxygen


	

	Warmth


	

	Light


	

	High humidity


	

	Time of year

(seasonality)


	

	Describe Biological Conditions
	Explain why it is needed for cuttings

	Plant type

	

	Plant material

	

	Plant health
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NOW PUT IT ALL TOGETHER!

Explain the steps you would take to propagate a magnolia tree by layering. In your explanation refer to the biological and environmental conditions needed to carry out each step. You may use labelled diagrams to help you.

Check point. 

Use a highlighter to highlight all the environmental or biological conditions you have explained. 

How many do you have?

How can you improve your explanation

Division
Division is the breaking apart of the modified structures of a plant. Plants that are reproduced using this method generally carry division out naturally, but we can accelerate the process. Division is normally carried out in Spring.  
Advantages of division

     -
     Can produce a reliably larger plant than seed.
     -
     You can be sure that the plant is identical to the original and so will survive 


      in the same places.

     -
      Time from division to sale is less than for seeds.

Disadvantages of division
· Is more costly to produce each plant as it takes more time. And only a few plants are gained at a time.

The following are the plant types that can be divided.

a) Crown

The crowns (or stools) of many herbaceous plants can be divided into smaller plants and replanted. Flaxes are propagated commercially by crown division. Other examples of plants that can be divided are Michaelmas daisies, Arthropodium (Renga Renga lily), Agapanthus and Chrysanthemums. 
Plants are dug up, dirt shaken away If the plant is large, use two garden forks back to back as shown. Smaller plants can be cut with a sterile knife. It is important to get root and growth buds on each piece when dividing.  Reduce the leaf amount by half. Place in well aerated and composted soil. Keep well watered. Plant in a shady and sheltered area while new roots are establishing. 
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Cut out the pictures from the handout and place each of them in the correct position.

	


b) Tubers

Stem tubers

A stem tuber is a swollen underground stem. They can be divided by cutting them into pieces. Each piece should have at least one bud from which a new plant can grow. The eyes on a potato are buds. The potato is an example of a stem tuber.



	


Root tubers are swollen roots. Buds are present only where last year’s stem joined the root. As growth begins in spring they can be divided by being cut with a sharp, sterile knife. A small piece of stem must be left with each piece. Place in well aerated and composted soil. Keep well watered and sheltered while new roots are establishing.
	


Dahlias and kumara are root tubers.
c) Rhizomes

	


Rhizomes are storage stems that grow just under the surface. They are divided by being cut by a sharp, sterile knife into small sections, each of which has some strong growth. As growth begins in spring they can be divided by being cut with a sharp, sterile knife. Place in well aerated and composted soil. Keep well watered and sheltered while new roots are establishing.
Canna lilies, irises, rhubarb and ginger all have rhizomes.
d) Runners and stolons
	


Runners are shoots that grow horizontally, producing new plants at the nodes. They are divided by cutting the stem connecting the plantlet to the parent plant when the plantlet has established its own roots. Place in well aerated and composted soil. Keep well watered. This is done in late winter. Strawberries have runners.
	


.
Stolons and runners differ in that stolons run under the soil and produce new plants at their tips, whereas, runners run on top of the ground and produce new plants at joints along the runner. They are propagated in the same way as runners. Some examples of plants that have stolons are kikuyu (and many other grasses) and clover.
	


f) Bulbs and Corms


Bulbs are shortened stems with thick, fleshy leaves around them.
During the growing season, the plant uses the food stored in the fleshy scales, and at the end of the season, the leaves divert food into new scale leaves for the next season. The old scale leaves form the dried papery covering of the new bulb, the tunic. New bulbs are formed around the base of the old bulb. These baby bulbs are called bulblets. These can be separated from the parent and planted out. Two examples are onions and daffodils.
	


Corms are solid stems, swollen to store food. Some Corms produce cormlets at their base. The cormlets can be grown on for one or two years to flowering size.
Conditions needed for successful division 
	Describe Environmental Conditions

	Explain why it is needed for cuttings


	Water


	

	Oxygen


	

	Warmth


	

	Light


	

	High humidity


	

	Time of year

(seasonality)


	

	Describe Biological Conditions
	Explain why it is needed for cuttings

	Plant type

	

	Plant material

	

	Plant health


	


NOW PUT IT ALL TOGETHER!

Explain the steps you would take to propagate a plant by division. Choose one of the plant types you have studied. In your explanation refer to the biological and environmental conditions needed to carry out each step. You may use labelled diagrams to help you.

Check point. 

Use a highlighter to highlight all the environmental or biological conditions you have explained. 

How many do you have?

How can you improve your explanation

EXCELLENCE QUESTION:

a) Carrots are a root crop that can be grown in all but the hottest and coldest climates. There are very few pests and diseases that affect carrots. They prefer full sun, but can be grown in partial shade. They love light, well cultivated, fertile soils with plenty of well-rotted organic matter in them. They need good airflow between plants.
Select one of the techniques below as being the best to grow carrots:



- Sowing seeds in containers



- Sowing seeds directly into the ground outdoors

My choice is ____________________________________________________________

Justify your choice using your knowledge of the two sowing techniques and the biological and environmental conditions needed to grow healthy carrots. Justify why this technique is better than the other technique in the list.
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