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About this book
Purpose
The purpose of this book is to use the principles and techniques of Permaculture to establish school
food gardens while meeting many of the content and outcome requirements of the National
Curriculum.
Permaculture principles promote, rather than undermine, the natural systems of our planet. Within
a school these systems include the way in which we use water and energy, dispose of waste, keep
the outside spaces and promote the surrounding community.
Many of our schools are dry dusty places, devoid of the cool comfort of gardens, trees and grass.
Permaculture provides a low-cost means to transform our schools into green leafy places that
provide safe and healthy environments with improved learning conditions.
Furthermore, Permaculture gardens provide a “living laboratory” for activity-based teaching and
learning.
A Permaculture garden also serves as a “role model” to encourage teachers, learners and parents
to establish gardens in small urban spaces to provide both food and income.

Who is this book for?
This is a teacher’s book for use with Intermediate Phase learners.

How to use this book
The book consists of two sections: worksheets and teacher information.
Worksheets
The worksheets cover the development of a Permaculture garden. Each worksheet contains one,
two or three activities for the learners to carry out. Teachers may photocopy these worksheets and
hand them out to the learners in the class.
Each worksheet begins by introducing new ideas to learners. These ideas relate to the content or
outcomes of the national curriculum and/or to the development of a Permaculture garden in the
school grounds.
Teacher information
The teacher information pages for each activity include:
 The equipment or materials needed to carry out the activity.
 Information on organizing the class for the activity – whether they should work as a class, in
groups, in pairs or individually.
 Answers to any questions learners need to answer during the activity.
 The links to the National Curriculum core knowledge and content and outcomes covered by
the activity.
 Suggestions for the assessment of the activity.

Curriculum links
The following tables list 1) the core knowledge and content and 2) the outcomes covered by all the
activities in the book.
These abbreviations are used in the tables and in the teacher information section.
A & C – Arts and Culture
CO – Critical Outcomes
LO – Learning Outcome
NS – Natural Sciences
SS – Social Sciences

vi
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Core knowledge and content of the Intermediate Phase National Curriculum covered by the activities in this book
Core knowledge and content

Activity

NS Life and Living
New plants can grow from certain parts of a parent plant. This is called vegetative reproduction
and does not need seeds.
NS Life and Living
Green plants produce their own food and grow by using water and substances from the air and soil.
Energy from light is needed to change these simple substances into food and plant material. Green
plants are the only organisms that can produce food in their own bodies.
Animals cannot make their own food, and so animals eat plants for food while some animals eat
other animals. All animals ultimately depend on green plants for their food.
Soil forms by natural processes from rock and from dead plants and animal material. Substances
that plants take from the soil must be replaced to maintain the fertility of the soil.
NS Life and Living
All living things can respond to their environment in various ways; animals, including humans,
have specialised sense organs.
NS Life and Living
Water plays an important role in ecosystems, sustaining both plant and animal life. Industrial,
agricultural and domestic uses may have a serious impact on the quality and quantity of water
available in an area.
NS Life and Living
Ecosystems are self-contained areas where a wide variety of plant and animal species live and
reproduce. They depend on each other and on the non-living environment. The life and reproduction
of all the organisms in an ecosystem depend on the continuing growth and reproduction of plants.
NS Life and Living
Animals’ habitats are the places where they feed, hide and produce and shelter their young. People
are destroying the habitats of many types of animals. This is leading to the extinction of thousands
of species of animals.
NS Life and Living
Sexual reproduction is the process by which two individual plants or animals produce another
generation of individuals. The next generation’s individuals look like the parents but always have
slight differences from their parents and from each other.
NS Life and Living
Living things need food for energy, to move, to grow and to repair damage to their bodies.
There are three main groups of food. To be healthy, we need to eat food from all three of these
groups every day.
NS Life and Living
New plants can grow from parts of a parent plant. This is called vegetative reproduction and does
not need seeds. The new plants have all the characteristics of the parent plant.
NS Planet Earth and Beyond
Weather may change from day to day. Weather can be described by measurable quantities such as
temperature and precipitation.
Other changes take longer to occur. An example of this type of medium-term change is annual
seasonal changes which may be described in terms of changes in rainfall, average wind direction,
length of day or night and average maximum and minimum temperatures.
NS Planet Earth and Beyond
Weather can be described by measurable quantities such as wind direction and speed.
NS Planet Earth and Beyond
Soil consists of weathered rocks and decomposed organic material. Soil forms by natural processes,
but it takes an extremely long time to form.
NS Planet Earth and Beyond
Water changes its form as it moves in a cycle between the hydrosphere, atmosphere and lithosphere
in what is known as the ‘water cycle’.
The quality of water resources is determined by the quality of the catchment area. Proper care and
management of catchment areas and water resources is essential.
NS Planet Earth and Beyond
Erosion of the land creates landforms that we see and also results in deposition of rock particles that
may be lithified to form sedimentary rocks. Erosion and deposition can be very slow and gradual or
they can occur in short catastrophic events like floods.

3.4

4.1; 4.2; 4.3

5.4

6.3

7.1; 8.1

7.2; 8.3

9.2; 10.1

9.3

10.2

2.1

3.1
5.3

6.2

5.5
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Core knowledge and content

Activity

SS Geography
Grade 4: Resources and services within a settlement (including land, water, sewerage, waste removal,
green/open spaces) and difficulties faced by those without these services.
SS Geography
Grade 4: Mapwork – map symbols and key; map of South Africa showing provinces
Grade 5: Climatic regions of South Africa and their temperature and rainfall.
Grade 5: Mapwork – cross-referencing information on different maps.
SS Geography
Grade 4: Mapwork – directions (eight points of the compass)
SS Geography
Grade 4: Access to water: ways of accessing water in different contexts in present; wise use and
management of these resources.
Grade 5: Renewable and non-renewable resources: use and abuse of natural resources in South
Africa, with a focus on water and energy resources.
SS Geography
Grade 6: Link climatic regions to the use of resources in these regions.

1.1

2.1

3.1
6.4; 6.5

6.4

Outcomes of the Intermediate Phase National Curriculum covered by the activities in this book
Outcomes

Activity

A & C LO3: The learner will be able to demonstrate personal and interpersonal skills through group
participation in Arts and Culture projects.
CO1: Identify and solve problems and make decisions using critical and creative thinking.
CO2: Learners work effectively with others as members of a team, group, organisation and community.

8.3; 9.3; 9.4

CO3: Organise and manage themselves and their activities responsibly and effectively.
CO4: Collect, analyse, organise and critically evaluate information.
CO5: Communicate effectively using visual, symbolic and/or language skills in various modes.
CO6: Use science and technology effectively and critically showing responsibility towards the
environment and the health of others.
CO7: Demonstrate an understanding of the world as a set of related systems by recognising that
problem solving contexts do not exist in isolation.
Maths LO1: Numbers, operations and relationships: learners recognise, describe and represent
numbers and their relationships and can count, estimate,
calculate and check with competence and confidence in solving problems.
NS LO1: Learners conduct investigations and collect and evaluate data and communicate their findings.
NS LO2: Learners know, interpret and apply scientific knowledge.

NS LO3: Learners demonstrate an understanding of the interrelationship between Science and the
environment.
SS Geog LO1: Learners use enquiry skills to investigate geographical and environmental concepts
and processes.
SS Geog LO2: Learners demonstrate geographical and environmental knowledge and understanding.
SS Geog LO3: Learners are able to make informed decisions about social and environmental issues and
problems.
Technology LO1: Learners are able to apply technological processes and skills ethically and responsibly
using appropriate information and communication technologies.
Technology LO2: Learners understand and apply relevant technological knowledge ethically and
responsibly.

viii
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Getting started
Before beginning to establish a school food garden, the interested staff should meet to carry out a
resource and stakeholder analysis.
Resource analysis
Consider the available resources, including the human resources:
 land availability?
 water supply – rain tanks?
 other staff members?
 support of principal?
 parent community support and involvement?
Stakeholder analysis
The following questions should be discussed and answered:
What do we want?
How much time do we have to dedicate?
Who is involved?
A work calendar can then be drawn up based on the resource and stakeholder analysis.

Choosing a site for the food garden
To win the involvement and interest of the school community, place the garden close to the school,
in the line of vision.
Other factors to consider in choosing a site include:
 Sun – the garden should have 6-12 hours of sun per day. Building, walls and trees limit sun so
the garden should not be sited in the shadow of these.
 Soil – the garden should have deep rather than shallow soil. The fertility of the soil will be
improved as the garden progresses.
 Water – although water saving and harvesting techniques will be applied at all times in the
garden, there must be a source of water during the dry season or for dry spells during the rain
season. Part 6 explores water supply. Look over this section to determine whether you will
have sufficient water for establishing a food garden.
 Space to expand

The outdoor classroom
Building an outdoor classroom provides a place to work quietly outside. The outdoor classroom
should be shaded to protect people from the harsh sun. It can be made of recycled materials and
planted with snack plants such as cherry tomatoes and peas. The position of the outdoor classroom
should be included in the Permaculture design.

Permaculture zones
Zones are different areas on our land. We use zones as guidelines to help plan where to place
different things in a landscape. We can visualise zones as a series of concentric circles. The
innermost circle is the area we visit most frequently and which we manage most intensively.
We save energy by putting the things that need regular work in the zones close to the school
buildings. Things that need less work can be put into zones further away.
Zones are also about protection. Things that need the most protection, such as vegetable gardens
and animals must be kept as close to us as possible.
ZONE 0: The things that need the most work go into this zone. At a school this would be in the
school buildings.
ZONE 1: This zone needs observation, visits and work input. This includes vegetables, herbs,
medicinal plants, small animals, a place for tools, compost system, water storage, washing
areas, etc

ix
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ZONE 2: This is the “food forest” zone. It requires less work than Zone 1. Includes dense plantings
of mixed orchard trees, shrubs, windbreaks, larger vegetables, terraces, grey water drainage, bees,
bird and bee-attracting plants etc. Plant and animal species which require care and observation.
ZONE 3: This is the ‘farm zone’ – commercial crops, pastures for animals, green manure,
aquaculture, low maintenance trees, large systems, big sheds, woodlot, windbreak etc. Most city
schools do not go beyond Zone 2.
ZONE 4: This is the ‘harvest forest’ zone: semi-managed / semi-wild area which borders forest –
managed for wild gathering, forest and fuel needs, hardy food, unpruned trees, grazing etc
ZONE 5: Wilderness unmanaged or barely managed natural wild systems. A place for learning and
observing. A place where we are ‘visitors not managers’.

x
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Part 1

Permaculture and the
outdoor classroom
worksheet 1.1

About Permaculture
Why Permaculture?
A Permaculture garden can do many things for us. It can:

=
=
=
=
=
=
=

provide us with food
improve our water supplies
provide us with firewood, food for animals, building materials and herbs
provide ways of earning money
improve our quality of life
beautify our schools and homes
provide schools with a living laboratory where students from many different grades
can learn about nature.

What is Permaculture?
The word “Permaculture” comes from the words PERMAnent and agriCULTURE. Here are
four definintions of Permaculture.
Permaculture is about
caring for the
environment so that
the environment can
care for us.

Permaculture is the careful
design and maintenance of
agricultural systems that
can remain productive for
a long period of time.

Permaculture is the
joining together of land
and people, to provide
their food, energy, shelter
and other needs.

Permaculture is based
on natural systems and
works with nature and
not against it.

A B O U T P E R M A C U LT U R E

1
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Permaculture views any piece of land with people living or working on as a system. A
system consists of two or more parts that work together or affect each other. The system
you will work with is your school. It consists of land, buildings, and people that work
together and affect each other.

Inputs and outputs
Each element in a Permaculture system has INPUTS and OUTPUTS. Inputs are needs and
outputs are products. With good Permaculture design, the products of some elements are
linked to the needs of other elements. In this way, you have no wasted resources and no
pollution.
Think of a big pile of chicken manure. Oh the flies! What a stink!
Think of an area of vegetables growing in poor soil.
Bring the two together, and the manure becomes a valuable resource for improving the
soil and yielding better vegetables. Using one element’s outputs for another’s inputs cuts
down on costs of inputs and costs of transport.
INPUTS/NEEDS

OUTPUTS/PRODUCTS

food

eggs

other chickens

meat

air

feathers

water

manure

grit

scratching and
turning of litter and
soil

shelter

pest control

Activity 1.1

Group work

2

Analyse inputs and outputs
1. Each group should analyse the inputs and outputs of one of the
following elements:
Bees
Windbreaks
Herb and vegetable gardens
Nurseries
School building with learners and teachers in it
2. Choose one person in your group to explain your ideas to the rest of
the class.

A B O U T P E R M A C U LT U R E
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Permaculture can change School A into
School B

School A

School B

Activity 1.2

Class work

Think about what Permaculture can do for us
1. Discuss the following questions with the rest of your class, then write
down your answers.
a. Look at the drawings of School A and School B above. List the ways
that you think Permaculture has improved life at School B.
b. List the ways that you think Permaculture could improve life at
your school.
c. List the problems that you think will stop you from changing your
school into one like School B.
2. For every problem you listed above, write below how your school can
possibly change that problem into a solution.

A B O U T P E R M A C U LT U R E

3
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What are the principles of Permaculture?
Permaculture has a number of basic rules or principles. These are rules for good design.
1. Work with, rather than against, nature. For example, encourage earthworms in the
soil as they loosen it and add plant food through their faeces.
2. The problem is the solution. For example, ‘weeds’ can become chicken food or
compost for feeding the soil.
3. Everything works in at least two ways. For example, chickens can eat plant pests,
produce eggs, meat and feathers, dig and add manure to the soil. A structure to shade
seedlings can also be used to grow vines like granadillas or grapes.
4. Bring food production back into cities.
5. Use natural, rather than man-made, resources. For example, to keep the soil fertile,
use compost, mulch and earthworms rather than fertiliser. Use chickens to dig and
weed rather than tractors and hoes.
6. Recycle resources on site. For example, recycle plant waste such as vegetable peels,
pulled weeds and grass mowings by using it as mulch, to make compost or feeding it
to chickens.
7. Save energy. For example, plant directly into the soil instead of first digging or
ploughing the soil. Place the food garden close to the home, so energy is not wasted
walking and carrying to and from the garden.
8. Encourage diversity of living organisms. For example, grow many different kinds of
plants that will encourage many different wild animals such as birds, frogs, bees and
butterflies.
9. Help your community to become more self-reliant. For example, by growing food
plants, saving water, saving energy, producing food or other products to sell.
10. Start small because small gardens are easier to look after and they save energy and
resources.
11. Use patterns. Patterns improve the systems by creating more surface area on which to
grow.
12. Use intensity. Intensify to make the best use of time and space. For example grow
plants vertically to improve the use of space and grow fast-growing plants under slowgrowing bushes to improve the use of time.

As you go on to develop your
Permaculture system, you will
see how these principles work.

4

A B O U T P E R M A C U LT U R E
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Part 2

Our school environment –
getting to know our site
worksheet 2.1:

Working with climate
Climate is different to weather. The weather is the condition of the atmosphere at a
certain place and a certain time. When we describe the weather, we are describing what is
happening in the air. What is the weather like today where you live? Is it hot or cold? Is it
cloudy or sunny? Is it wet or dry? Is it windy or still? And what was the weather
like yesterday?
The weather is always changing. It changes during the year from one season to another. It
also changes daily. The weather in the morning may be different to that in the evening or
to that of the day before.
The climate of a place is what the weather is usually like in that place. Different places
have different climates. Is the summer usually hot, warm or cool? Is the winter usually
warm, cool or cold? Is it usually windy or calm? Does the rain usually fall in summer, in
winter or all year round? Is there usually a lot or a little rain?
Every type of plant has a climate in which it grows best. In this worksheet you will learn
how to find out about the climate of your area and then to choose plants that grow well
in that climate.
In a garden, the climate can change over very short distances giving rise to microclimates.
There are different microclimates under trees, on the north and south sides of walls, in
exposed places and so on. We can set up microclimates in
our garden to grow plants that would not normally
survive in our climate. For example, to grow bananas,
which need heat and moisture, in the dry and windswept
conditions of the Cape Flats.
When thinking about climate, the choice of plants to grow
mainly depends on the temperature and percipitation.
Temperature: how hot or cold the air is.
Precipitation: the amount and type of water in the air or
which falls to the Earth. The different types of precipitation
include dew, rain, snow, frost, hail, fog and mist. In South
Africa rain is the most important form of precipitation.

W O R K I N G W I T H C L I M AT E
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Activity 2.1: Think about the climate of your school
1. For each row in the table, tick the box which best describes the climate
of your school’s area.
2. Scientists have divided South Africa into six major climatic regions. These
are described in the boxes below. Read the boxes and then write down
in which climatic region you think your school is situated.

Pair work
The climate of my school’s area
wind
time of rain
amount of rain

windy all year
rain in summer
always plenty of
rain to grow crops

windy in summer
rain in winter
usually enough
rain to grow crops

winter cold
summer heat

very cold
very hot

cold
hot

windy in winter
rain all year
some years there
is enough rain to
grow crops
cool
warm

no wind
never rains
not enough rain
to grow crops
warm
cool

Succulent karoo
Fynbos

in the winter
Fynbos is only found
estern and Eastern
rainfall areas of the W e world. Most of
th
Cape, nowhere else in
s are bushes with
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Savanna
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Savanna is foun fall and dry
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nn
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sa
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The wild animal
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ephants, buck,
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6

To the west of the nama
karoo is a very dry area with
less than 100 mm of winter
rain per year. Most of the
plants are small bushes
with stems and leaves that
store a lot of water. This is a
sheep farming area.

Forest
Most of the plants in forests
are large trees. There are also
many plants which grow
beneath and on the trees.
Forest is found in warm
areas with high rainfall
which are not burnt. Forest
areas are not very useful for
grazing animals as there is
little grass.

W O R K I N G W I T H C L I M AT E
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Most of the
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worksheet 2.2

Temperature
When people talk about the temperature of a place, they mean the temperature of the air
of that place. In South Africa, we measure temperature in degrees Centigrade. We shorten
this to °C. Water boils at 100°C. Water freezes into ice at 0°C.
When the temperature falls to 0°C the water on and in the leaves also freezes. This is
called frost. Areas where the temperature falls below 0°C in winter are called temperate or
frost areas. In some areas the temperature never falls below 0°C. These areas are called
tropical or frost-free areas.

Tropical and temperate plants
Tropical plants grow in tropical areas, and frost usually damages or kills them. Temperate
plants usually can grow in frost areas. Plants that are not damaged by frost are also called
hardy plants or frost-resistant plants. Many temperate plants need cold winters to flower
and produce fruit well.
Knowing whether to plant temperate or tropical plants on your land is especially
important when you grow perennials such as trees, shrubs and vines. If you live in a frostfree area, and you plant temperate perennials, they may not flower and produce fruit well
because the winters are not cold enough. If you live in a frost area, and you plant tropical
perennials, they will probably be damaged by the frost.
The table below lists some common tropical and temperate fruit trees and vines. Appendix
1 also shows whether the 140 plants listed are damaged by frost. A star (*) in the ‘frostresistant’ column means that the plant is not damaged by frost. The remainder of the
plants, that is, those with no star in the ‘frost-resistant’ column, are damaged by frost.
Table 2.1: Tropical and temperate fruit trees and vines
Tropical fruit trees and vines (damaged by frost)

Temperate fruit trees and vines (not damaged by frost)

avocado
banana
cashew nut
coffee
custard apple (cherimoya)
granadilla
grapefruit
guava
lemon
litchi
macadamia nut
mango
mulberry
naartjie
orange
oyster nut
paw-paw
tree tomato

almond
apple
apricot
blackberry
fig
grape
kiwi fruit
nectarine
peach
pear
pecan nut
plum
pomegranate
raspberry

T E M P E R AT U R E
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Which perennials can you grow?
Before you choose which perennial plants to grow, you must know whether your area gets
frost or not. You can easily tell whether an area gets frost by looking at the trees growing
in the area:
= If there are tropical trees such as mango, avocado or guava, then the area is frostfree. In terms of temperature, you can grow most tropical trees.
= If there are temperate fruit trees such as peaches, apples or apricots, then there
is probably frost in winter. In terms of temperature, you can grow most
temperate trees.

Cool and warm season plants
Most crop and vegetable plants are annuals as they grow for only one season. We can
group annual plants as either cool season plants or warm season plants.
Cool season plants grow better in winter in most places in South Africa. They can grow
well in summer if the summer of a place is cool. Some cool season plants are damaged by
frost, others are not. Warm season plants grow better in summer in most places in South
Africa. They can grow well in winter if the winter of a place is warm. Most warm season
plants are damaged or killed by frost.

Which annuals can you grow?
Before you can choose which crops or vegetables to grow, you must know what the
temperature of your area is usually like in summer and in winter. In most areas of South
Africa, you can grow warm season crops and vegetables in summer and cool season crops
and vegetables in winter. If you want to grow cool season crops in summer, or warm
season crops in winter, look at the types of plants other farmers in your area are growing:
= If they are growing cool season plants such as cabbages, spinach or wheat in
summer, then your area probably has cool summers and cold winters. In terms of
temperature, you can grow most cool season annuals in summer.
= If they are growing warm season plants such as tomatoes, melons or cucumbers in
winter, then your area probably has warm winters and hot summers. In terms of
temperature, you can grow most warm season annuals in winter.
The tables below lists some cool season and warm season crops and vegetables.

Table 2.2: Cool and warm season vegetables
Cool season vegetables
(not damaged by frost)

Cool season vegetables
(damaged by frost)

Warm season vegetables

asparagus
broadbeans
broccoli
brussel sprouts
cabbage
chives
garlic
leek
onion
parsley
radish
turnip

beetroot
carrot
cauliflower
celery
lettuce
parsnip
potato
pea
spinach

amadumbe (coco yam)
beans
chile (hot pepper)
cucumber
eggplant
marrow
melon
okra
pumpkin
squash
sweet potato
sweetcorn
tomato
sweet peppers
watermelon
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Table 2.3: Cool and warm season crops
Cool season crops
(not damaged by frost)

Cool season crops
(damaged by frost)

Warm season crops

barley
broadbeans
oats
rye
sugarbeet
wheat

peas
potato
tobacco

bambara groundnut
cassava
cowpeas
lentils
millet
sesame
sugarcane
tobacco

Activity 2.2

Pair work

beans
cotton
groundnut
maize
rice
sorghum
sunflower
yam

Choose which plants are suited to the temperatures
of your area
1. Walk around your school area and look at the plants which are growing
there. Take this worksheet and a pencil with you.
2. Write the names of the plants you see into the table below. Mainly look
for food plants. Speak to people if you are not sure what plants there
are. Use any language to name the plants.
Season of the year: __________ Area where I looked for plants: ___________
Fruit trees
I saw:
Vegetables

I saw:

Crops

I saw:

3. Once back at school, tick the correct answers to the questions below by
comparing the information you wrote down in Step 2 with the plant lists
in Tables 2.1, 2.2 and 2.3.
a) What time of year is it now?
Summer/Winter
b) Which trees grow well in the temperature of your area?
Tropical trees /Temperate trees
c) Which vegetables grow well in summer in your area?
Cool season vegetables /Warm season vegetables/ I do not know as
it is winter now
d) Which vegetables grow well in winter in your area?
Any cool season vegetables /Cool season vegetables not damaged by
frost / Warm season vegetables / I do not know as it is summer now
e) Which crops grow well in summer in your area?
Cool season crops / Warm season crops/I do not know as it is
winter now
f) Which crops grow well in winter in your area?
Any cool season crops /Cool season crops not damaged by frost/
Warm season crops / I do not know as it is summer now

T E M P E R AT U R E
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worksheet 2.3

Rainfall
When thinking about climate, the choice of plants to grow mainly depends on the
temperature and the rainfall. We have looked at temperature, we will now look at
rainfall.
All plants need water to live. This water usually comes from rain unless the plants are
irrigated or growing close to a source of water such as a river or stream. Plants differ in the
amount of water that they need to grow well:
= Plants which need a lot of water to grow well are called water-loving plants. Waterloving plants usually come from high rainfall areas.
= Plants which can grow with less water are called drought-tolerant plants because
they can continue to grow if little rain falls. Some drought-tolerant-plants do not
grow well in high rainfall areas because they get diseases in wet weather.
The two maps below give information about rainfall in South Africa. Map 1 shows the
seasons of the year when the rain usually falls. Map 2 shows the average annual rainfall.
This is the amount of rain that usually falls in one year. The amount of rain that falls is
measured in millimetres. We shorten this to mm.
Winter
All year
Some in summer, some in winter
Summer – most in March
Summer – most in January to March
Summer – most in January

Map 1: The season of the year when rain usually falls

To find out the rainfall of your area, find your area on Map 2. To help you find where your
area is on the rainfall map, look at Map 3. Map 3 shows where different places are in South
Africa. If the name of your area is not on the map, look for the closest big town or city.
Now look for the same point on Map 2. Compare the shading at this point of the map with
the shading in the key to find out the rainfall of your area.
Once you know the rainfall of your area, you` can find out which plants grow well with
that rainfall. Very few crop plants grow with less than 400 mm rainfall per year. Map 2
shows that nearly half of the land in South Africa does not get enough rain to grow crops
without irrigation.

10

R A I N FA L L

Seed Worksheets Final

11/30/06

17:39

Page 11

Less than 200 mm
201 – 400 mm
401 – 600 mm
601 – 800 mm
801 – 1000 mm
More than 1000 mm

Map 2: The amount of rain that usually falls in one year
ZIMBABWE

MOZAMBIQUE

G

Pietersburg

BOTSWANA

E
NAMIBIA

Upington

Nelspruit
Mmbatho
Pretoria
Johannesburg
Soweto
Vereeniging SWAZILAND
Sasolburg
Kroonstad
Welkom
Bethlehem Ulundi

F

D

Kimberley

Bloemfontein

B
Atlantic Ocean

Saldanha Bay
Cape Town

Victoria West

Richards Bay
LESOTHO

Pietermaritzburg
Durban

C

Umtata
Queenstown
Graaff Reinet
Bisho
Grahamstown East London
Worcester
Oudshoorn
George Uitenhage
Mosselbaai
Port Elizabeth
Knysna

A

H

Beaufort West

Indian Ocean

Map 3: The places in South Africa

Table 2.4 lists the plants which grow well in each area with more than 400 mm rainfall per
year. Some plants are listed in more than one of the columns. These plants will produce a
harvest in lower rainfall areas, but will produce better in higher rainfall areas. Plants which
are not on the higher rainfall list get diseases if the air is too wet or if they get too much
water. There are many vegetables which are not on these lists. This is because most
vegetables need irrigation to grow well.
Appendix 1 also shows whether the 140 plants listed are drought-tolerant or water-loving.
A star (*) in the ‘drought-resistant’ column means that the plant can grow in lower rainfall
areas without regular irrigation. The remainder of the plants, that is, those with no star in
the ‘drought-tolerant’ column, require higher rainfall.

R A I N FA L L
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Table 2.4: Plants that grow well in each rainfall area
401-600 mm rainfall

601-800 mm rainfall

801-1 000 mm rainfall

barley
cashew nut
cassava
cowpeas
mango
potato
pumpkin
rye
sorghum
sunflower
watermelon
wheat

barley
beans
cashew nut
cassava
cowpeas
cotton
groundnuts
guava
sorghum
maize
mango
mulberry
oats
potato
pumpkin
rye
soyabeans
sweet potatoes
sweetcorn
sunflower
watermelon
wheat

apricot
apple
avocado
beans
cashew nut
cassava
citrus
cowpeas
cotton
groundnuts
guava
litchi
maize
mulberry
nectarine
oats
paw-paw
peach
pear
peas
plum
potato
sorghum
soyabeans
sunflower
sweet potatoes
sweetcorn
tobacco

Activity 2.3

Choose which plants are suited to the rainfall of
your school’s area
1.
2.

Pair work

3.
4.

5.

12

more than 1 000 mm
rainfall
apricot
apple
avocado
banana
cashew nut
citrus
coco yam
guava
litchi
maize
macadamia nut
mulberry
nectarine
peach
pear
plum
rice
sugarcane
sweet potatoes

R A I N FA L L

Find the average annual rainfall in your school’s area with the use of
Maps 2 and 3 in the way described above.
List the plants which are best suited to the rainfall of your school area by
looking at the plants in Table 2.4 above.
Look at Map 1. During which part of the year does the rain usually fall
in your area?
Which plants are suited to both the amount of rainfall and the season
of the rainfall in your area? To help you answer this question, look at
your answers to Activity 2.2 and Tables 2.1, 2.2 and 2.3. For example, if
you have winter rainfall, you will probably need to choose temperate
trees and vines and cool season crops and vegetables.
Which plants are suited to both the amount of rainfall, the season of
the rainfall and the temperature of your area? To help you answer this
question, look again at your answers to Activity 2.2 and Tables 2.1, 2.2
and 2.3.
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worksheet 2.4

Microclimates
In fenced gardens and on farms where the land is not flat, the climate can change over
very short distances. The climate changes with the direction the slopes or the fences face:
North, South, East or West. North-facing slopes and fences are usually hotter and drier
than south-facing slopes and fences. This is because the sun shines directly onto northfacing areas, while south-facing areas are in shadow for a part of the day, especially in
winter. West-facing areas have afternoon sun while east-facing areas have morning sun.
West-facing areas are usually hotter and drier than east-facing areas, but not as hot as
north-facing areas.
Low-lying areas and river valleys usually have hot days and cold nights. This is because cold
air sinks down into low-lying areas at night. Low-lying areas may have frost in winter while
the upper slopes are frost-free.
You can grow plants which are suited to each of the different climates. For example, in
north-facing areas, you could grow more drought-tolerant, warm season plants such as
sorghum and mangoes. In south-facing areas you could grow more water-loving, cool
season plants such as potatoes and peaches.

Activity 2.4

Bring it all together
In Activity 2.3, you selected plants that were suited to the rainfall and
temperature of your school area. Look around your school garden for any
microclimates that could extend your choice of plants. Describe what you
see in the table below. The first row has been completed as an example.

Pair work

Microclimate

Suitable plants

Season / Perennial

Reason for choice of plant

North-facing garden wall

Tomatoes

Winter

Full sun, warm, protected from
frost

M I C R O C L I M AT E S
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Part 3

Protecting the garden
worksheet 3.1

Wind protection
Wind is moving air. Wind can damage plants by breaking their stems or blowing off their
flowers and fruits. Strong, hot, dry winds can dry out plants and even burn them.
Windbreaks are essential in windy areas such as the Western Cape. They are also useful in
very dry areas, where the winds dry plants out badly. Windbreaks usually consist of hardy
trees and shrubs. Shrubs are generally shorter than trees, and have several stems, rather
than a single trunk. Planting windbreaks is the first thing to do when establishing a
garden.
Before and after planting windbreaks

Vegetables and fruit trees blowing in wind, fallen fruit

The first step is to choose the best position for a windbreak. To do this we need to know
the directions of the prevailing winds. A prevailing wind is a wind that usually blows at a
certain time of the year. In Cape Town there are two prevailing winds: an uncomfortable
summer wind from the south-east, called the southeaster, and a stormy winter wind from
the north-east, called the north easterly wind. As you can see from these examples, winds
are named after the direction from which they blow.
There are many simple instruments for showing the wind direction. The wind-sock and
wind-vane shown in the diagrams are two examples. Wind-socks are used at airports to
show pilots the wind direction as they land or take off their planes. Wind-vanes are usually
seen on top of high buildings such as churches.
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A wind-sock

A wind-vane
large bag

attached to
top of pole

open at both ends

wind direction
pointer
the wind blows the sock away
from the wind directionx

plate to catch the air

directions

Activity 3.1

Class work

Find the prevailing wind
directions at your school
1. To find the wind direction, we first need to know the cardinal directions,
that is, in which directions are North, South, East and West. There are
two ways you can find the cardinal directions. The more accurate way is
to use a compass. If you do not have a compass, then you can use the
position of the sun: the sun rises in the east and sets in the west. So, if
you stand so that west is on your left and east is on your right, north will
be in front of you and south will be behind you.

You can use the sun to estimate the cardinal directions
A compass

2. Near the garden, permanently mark the cardinal directions for everyone
at the school to see. You can either mark them on cement using paint,
on the soil using sticks or rocks or using any other way you can think of.

WIND PROTECTION
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3. Discuss and then list on the board the signs of wind. This could include
bent trees, piles of sand next to barriers like fences and pieces of plastic
caught on fences.
4. Now go on a wind journey: walk around outside to look for signs of
winds. Record what wind signs you see and what these tell you about
the prevailing wind direction/s at your school.
5. The diagrams below show two simple instruments for finding the wind
direction. Work in groups to make one of these instruments from the
information in the diagrams.
Make a simple wind-sock

Make a simple wind-vane
slit

ribbon
stick or knitting
needle
cardboard
bottle
straw

drawing
pin

sand

staples

directions

stick

6. Once you have made your instrument place it outside near the marked
cardinal points so that you can see the prevailing wind direction.
7. After looking at your instrument, record the wind direction every day for
a week in the table below.
Day of week

Mon

Tues

Wed

Thurs

Fri

Wind direction

8. Compare the information you got about wind direction in Steps 4 and 7.
Write down the prevailing wind direction at your school at the present
time of year.

Activity 3.2

Investigate the effect of wind on the drying
of washing
Does wet washing on a line dry more quickly when it is windy or when it is
still? At home, carry out an investigation to answer this question. Write a
report giving the aim, method, observation and conclusion of your
investigation.

Homework
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worksheet 3.2

Planting windbreaks
As with any good Permaculture design, windbreaks can have many functions:
= slow down wind
= prevent soil erosion
= protect food plants that are damaged by wind
= shelter farm animals
= produce food for animals by planting fodder trees such as honey locust, leucaena,
tagasaste and carob
= give some fuel wood from pruned branches
= give nectar for pollinator birds, bees and butterflies
= provide food and shelter for wildlife.
Windbreaks are usually planted so that they cross the incoming wind as shown in the
drawing below. In this position, the windbreak lessens the force of the wind and protects
the plants in front of it. A windbreak slows wind for a distance of 5 to 10 times the height
of the trees.
usual wind direction

windbreak in
direction of wind

windbreak
crosses wind

usual wind
direction

Plant windbreaks so
that they cross the incoming wind

The windbreak plants should not be so tall that they
shade the crop plants

Besides finding the right position for windbreaks, you also need to choose and obtain
good windbreak plants. For vegetables which grow close to the ground, you can plant
reeds, tall grasses or sugar cane as windbreaks. For tall crops or fruit trees, you can plant
trees as windbreaks. The windbreak plants should be taller than the crop plants, but not so
tall that they make long shadows over the crop plants.

PLANTING WINDBREAKS
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Good windbreak plants are usually wind-tolerant pioneers. Pioneers are plants that are
able to grow in unprotected disturbed places. When you choose plants for a windbreak,
try to find plants which:
= are dense so that they break the wind
= are not so tall that they shade the crop plants
= are not damaged by wind themselves – look around your area for plants that can
grow in the worst conditions
= do not use a lot of water
= can give you a useful product such as animal feed, fruit, wood or materials for
making crafts
= grow well in your area
= do not spread easily out of the area where you plant them.
Plant windbreaks that have parallel rows of plants as shown in the drawings.

wind direction

wind direction

short shrubs
and trees

wind direction

front row:

double row of
trees and shrubs
of medium height
planted between
front and back
rows

back row:
tall trees

There has been great success with the following indigenous species:
Bracylaena dicolor: A tree with white undersides of leaves. We usually
plant one per meter at the back of the windbreak (as a spine to the
windbreak).
Crysanthemoides moniflera (Bitoi): Yellow flowers and thick leaves. This
shrub grows BIG and can completely take over – needs to be pruned – used
in between Bracylaena at the back.
Salvia arficana lutea (Brown sage): Grey leaf and
unusual brown flower. This is normally placed in
the second row.
Rhus crenata (Dune crowberry): Small round
leaves and red berries. This is also normally a
second row species.

18
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Indigenous species are plants or animals that
originally come from a place. Exotic species are
plants or animals that were brought to a place from
another place. For example, in a circus in Durban, the
elephants are indigenous but the grizzly bears are
exotic. This is because there were and still are herds
of elephants in Kwazulu-Natal, but there were never
grizzly bears living in the wild in Africa.
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Leonotis leonorus (Wild dagga): Pointy, slightly hairy leaves and normally orange flowers.
We tend to use this plant at back and second row.
Metalasia muricata (Blombos): Spiky leaves and sprays of white flowers in late autumn.
This is another second row species.

Naming plants
The names of plants differ in different areas and in different languages. To avoid the
confusion that comes with the many different local names, there is an international
system of naming plants.
In the international system, every type of plant and animal has two names. These are in
the Latin language and are called the scientific names. The first name is the genus and
the second is the species. Plants or animals which are very similar have the same genus
name. For example, Allium cepa is the name for onions, Allium sativum is the name for
garlic and Allium fistulosum is the name for bunching onions or shallots.
When you buy packets of seeds, you may notice another name on the packet. For
example, onion seeds may have names such as Pyramid, Texas Grano or Sphinx on the
packets. These are variety or cultivar names. Varieties and cultivars are different types of
the same species. Use “variety” if the species is wild and “cultivar” for plants that are
cultivated in agriculture or forestry. Onion cultivars, for example, may differ from one
another in the size and colour of the onion, how long you can store them, how long
they take to grow and where they grow best.
Most cultivated plants have a genus, a species and a cultivar name. We write the genus
name with a Capital letter, the species name with a small letter and the cultivar name or
names with Capital Letters. We put the genus and species names in italics or, if hand
written, we underline them. For example, Allium cepa Texas Grano.
When we write about more than one species of the same genus, then we write out the
genus name the first time, and abbreviate it after that. For example, Allium cepa, A.
sativum and A. fistulosum. When we write “spp.” after the genus name, we mean all the
species in that genus.
In this book we generally use the most common English name. Appendix 1 is a table
listing most the plants mentioned in the book. This table also gives the scientific names.

Activity 3.3

Class work

Planting windbreaks
1. The first step is to choose the best position for a windbreak. You got a lot
of information about wind direction in Activity 3.1, but that was only for
the present time of the year. You could get more information about wind
direction by watching the wind behaviour over a period of time or by
speaking to people who have lived or worked in the area for a long time.
You may have to plant more than one windbreak as the summer wind
direction may be different to the winter wind direction. Your teacher will
tell you where you will plant the windbreaks.

PLANTING WINDBREAKS
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2. The next step is to choose and obtain your windbreak plants. Since
windbreaks protect other plants in a garden, a good way to get started
is to get your windbreak plants from a nursery. Your teacher will give you
windbreak plants.
3. You will need to prepare planting holes into which to transplant the
windbreak trees and shrubs. Dig each planting hole about 60 cm deep
and 60 cm square. Dig out the top 30 cm of soil and put it to one side of
the hole. Then dig out the bottom 30 cm and put it on the other side of
the hole. Loosen the soil at the bottom of the hole.
topsoil

60 cm
60
cm

60 cm

bottom soil

Ideally, you need a bucket of compost for each tree. Mix the topsoil with
the compost. You can also add a handful of bonemeal to the mixture.
Use this mixture to fill the hole. Carefully remove the container without
disturbing the soil or the roots. Plant the tree into the hole as deep as it
was growing in its container. You can tell this depth from the soil mark
on the tree trunk. If you plant the tree too deep, the trunk may rot
where it is covered in soil. If you plant too shallow, the roots that are out
of the soil may die.
4. You will also need to protect young windbreak trees from animals or
wind by staking them, and putting hessian bags, shade cloth or thatch
grass around them.
hessian sacking or
shade cloth

cut grass

Protect young windbreak trees with cut grass, hessian sacking or shade cloth
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worksheet 3.3

Protecting with fences
We may also need to protect our gardens from damage by people and animals like dogs,
goats, rats and chickens. To do this we need to put up one or more strong fences along the
perimeter. The perimeter is the edge or boundary of an area. One way to build a fence is
to collect materials such as wood, thorny branches, stones, bricks, metal drums and sheets
of roof iron. You then place these materials together to form a fence. You can either tie
them together or plaster them with mud or cement.
You can also plant living fences. A living fence is a line of plants which are planted close
together so that they form a fence. These fences last a long time and are cheap to grow.
They also protect the plants you are growing from the wind. You can also use plants as
fence posts between which you stretch lengths of wire.

Living fence posts grown from truncheons

A quick way to grow living fences is to use truncheons. Truncheons are branches, which are
about as thick as your arm, that you cut from a tree and then plant to grow into new
plants. Most trees which drop a white sap when you cut them grow from truncheons.
There are many plants that make good living fences. Depending on your position and your
needs, choose plants which:
= are not eaten by grazing animals
= grow thickly
= have thorns
= grow well in your area

PROTECTING WITH FENCES
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= do not shade the crop plants
= do not use a lot of water otherwise they will take water from the crop plant or dry
up the groundwater
= can give you a useful product such as animal feed, fruit, wood or materials for
making crafts
= do not spread easily out of the area where you plant them.
The propagation column of Appendix 1 lists plants that you can grow from truncheons.

Activity 3.4

Class work

Grow a living fence from truncheons
1. The best time to cut truncheons is in June, July or August when trees are
growing slowly because it is cold. Cut truncheons from trees that drop a
white sap when cut. Only cut truncheons once the trees have formed
new buds. You will not have much success if you plant truncheons later
than November.
2. Cut thick branches with a saw or an axe. The branches can be as tall as
an adult person. Cut the top of the truncheon at a slant, so that water
runs off and does not cause the truncheon to rot. The slant also shows
you which way up to plant the truncheon.
3. Leave the truncheons to lie in the shade for a few days so that a hard
layer forms over the cut ends. If you put the truncheons into the soil
soon after cutting them, then they may rot.
4. Dig a narrow hole. Place half to two-thirds of the truncheon into the soil.
Pack the soil firmly around each truncheon.
5. If there is no rain, water the truncheons until they are growing strongly.

My dad planted a living
fence around our home.
Now we have a steady
supply of planting
material for fencing our
animal paddocks.

I like the idea of living
fences – for zero cost you
get to enclose an area and
green it at the same time!
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Part 4

Nutrient cycles
worksheet 4.1

Plants get green suntans
Food contains nutrients. Nutrients are needed by the bodies of plants and animals to keep
alive and healthy. In this section you will see how nutrients flow between the different
parts of a system.
Plants have one very special feature. This is their green colour. The green colour is usually
in the leaves but sometimes other parts of plants are green. Some plants are only green at
certain times of the year, but all plants have green parts. These green parts of plants are
important for the way that plants make food.

Plants produce starch
Look at the diagram below. Plants use the energy of sunlight, the gas carbon dioxide from
the air and water and mineral nutrients from the soil to make their food. The food is made
in the green parts, which are usually the leaves.
This process is called photosynthesis.
Photosynthesis means “making with
light”. So plants use light energy from
the sun to change water and carbon
dioxide into food. The type of food
produced by photosynthesis is
starch. Plants use the starch that
they make to grow and stay
alive. Plants also store food to
be able to grow after the dry or
cold seasons or for their seeds
to grow.
Besides starch, plants also
produce the gas oxygen during
photosynthesis. Oxygen is one
of the gases in air. All
living things need oxygen
to live. If there were no
photosynthesis, there
would be no oxygen
and therefore no life
on Earth.

sunlight energy

Photosynthesis

carbon dioxide in air

food is made in
the leaves

water and mineral
nutrients in the soil
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Plants need mineral nutrients
Soil contains mineral nutrients. Mineral nutrients dissolve in soil water which plants take
up through their roots. Most plants need 14 different mineral nutrients. Plants use the
minerals, together with the starch produced in photosynthesis, to live, grow, flower and
produce fruit and seeds. If any one of these minerals is short then the plants do not
grow properly.
Each mineral has a name and a symbol. The symbol is always written with a capital letter.
If there are two letters in the symbol, the second is always a small letter. For example,
nitrogen and calcium are two minerals. N is the symbol for nitrogen, Ca is the symbol
for calcium.
Plants need different amounts of the different minerals:

= Nitrogen (N), phosphorous (P) and potassium (K) are needed in large amounts.
= Calcium (Ca), magnesium (Mg) and sulphur (S) are needed in smaller amounts than
N, P and K.
= Other minerals, called trace elements, are needed in very small amounts. The trace
elements are zinc (Zn), copper (Cu), manganese (Mn), boron (B), molybdenum (Mo),
iron (Fe), cobalt (Co) and chlorine (Cl).

Sources of nutrients
Nitrogen: good sources of nitrogen are compost, manure, guano, hoof and horn, legumes,
urine, liquid manures, green leaves.
Phosphorous: good sources of phosphorous are compost, manure, bone-meal, rock
phosphate, hoof and horn.
Potassium: good sources of potassium are compost, manure, seaweed (kelp) wood ash.

Dynamic accumulators
Dynamic accumulators are good sources of mineral nutrients. A dynamic accumulator is a
plant that takes up one or more specific mineral nutrients from the soil. Dynamic
accumulators sometimes ‘mine’ the soil of that mineral nutrient by sending roots down to
soil layers rich in the specific mineral nutrient. When we use these plants as mulch or
compost, the mineral elements that were accumulated are released into the topsoil and
thus become available to other plants.

Fennel
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Parsley
Red clover
Dandelion

The following table lists the main mineral nutrients and the plants that accumulate them.
Table 4.1: Dynamic accumulators
Nitrogen
Legumes
Comfrey
Seaweed
Stinging nettle

Potassium
Borage
Carrot leaves
Chamomile
Clovers
Fennel
Stinging nettle
Parsley
Yarrow

Magnesium
Carrot leaves
Comfrey
Dandelion
Seaweed
Parsley
Peppermint
Willowbark
Watercress

Phosphate
Barley
Chamomile
Clovers
Lupins
Garlic
Marigolds
Mustard
Vetches
Watercress

Sulphur
Fennel
Garlic
Mustard
Stinging nettle
Watercress
Cabbage leaves
Onions
Plantain

Boron
Beetroot
Cardboard boxes

Activity 4.1

Group work

Copper
Plaintain
Dandelion
Stinging nettle
Yarrow

Think about plant food
1. Green plants produce their own food. How do animals get food? Discuss
this question with your group and write down your conclusions.
2. Complete this sentence: Green plants use the energy of ....................,
carbon dioxide from the .................... and .................... and
.................... from the soil to produce their own.................... .
This process is called .................... . The gas .................... is
also produced during photosynthesis.

Have you ever heard about the Gaia theory? It says that life gives rise
to the special conditions needed by life. For example, all living things
need oxygen yet it is living things that produce the oxygen. Our nearest
planets, Mars and Venus, have no oxygen. It was the evolution of life on
Earth, as microscopic plants in the early oceans, which began the
production of oxygen that allowed other life forms to develop.
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worksheet 4.2

The nutrient cycle
Animals eat
When we feel hungry, our bodies are telling us that we need food. Unlike plants, animals
cannot make their own food. Animals have to eat to get food.
Some animals feed on plants. Plant eaters are called herbivores.
Some animals feed on other animals. Animal eaters are called carnivores.
Some animals feed on both plants and other animals. These animals are called omnivores.
All animals depend on green plants for their food. Even carnivores depend on green plants
for food because they eat animals that eat plants. For example, lions eat zebra which eat
grass.
Food passes from one living thing to another. This is called a food chain. An example of a
food chain is shown below.

plant

snail eats plant

Activity 4.2

Individual work

bird eats snail

jackal eats bird

Think about animal food
1. Research and then write down an example of a food chain in your
school or home garden. To do this, it helps to first find one animal and
then watch it to see what it eats and what may prey on it.
2. Write true (T) or false (F) for each of these statements.
a) Animals that eat other animals are called omnivores.
b) Plants are the only living things that can produce their own food.
c) Some types of animals can produce their own food.
d) Omnivores are animals that can produce their own food.
e) All animals depend on green plants for their food.
f) Some plants get their food from animals.

Decomposers recycle nutrients
Decomposers feed on organic matter. Organic matter is material that came from living
things. Living plants produce organic matter when they drop their leaves, seeds or fruits.
Living animals produce organic matter when they get rid of their solid wastes (faeces) and
liquid wastes (urine).
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When plants and animals die, their bodies form another source of organic matter. Most
decomposers live in or on the soil. Soil decomposers range in size from bacteria and fungi –
that we can only see if we enlarge them under a microscope – to larger animals like ants,
millipedes, woodlice and earthworms.
Soil decomposers
woodlouse
bacteria

earthworm

under microscope

millipede
fungi

ant

Soil decomposers slowly break down, or decompose, organic matter into humus. Humus
looks like black breadcrumbs. Soils rich in humus have a rich dark colour, a good smell and
a soft, spongy feel. Humus acts like mineral nutrient bank, because its particles store large
amounts of mineral nutrients. In breaking down organic matter, decomposers return
mineral nutrients that were in the plant or animals bodies to the soil where they again
become available to growing plants.
Besides supplying mineral nutrients, humus improves the soil in many other ways:
Humus helps the soil to hold water. This is especially important for sandy soils
=
which dry out quickly if they do not contain humus.
Humus helps extra water to drain from the soil. This is especially important
=
for clay soils which can become so full of water that there is no air left in
the soil.
Humus helps to cool the soil in summer and to warm it in winter.
=
Humus stops the soil from becoming hard and compacted. It keeps the soil
=
light and full of air so that roots can easily spread through the soil.
Humus binds the soil so that it is not eroded by wind or water.
=
A soil’s fertility largely depends on how much organic matter it has in it. Soil organic
matter is usually found in the dark topsoil, not in the lighter coloured subsoil that lies
beneath the topsoil. We can increase the fertility of any soil by adding lots of organic
matter. This extra organic matter means more food for decomposers, which therefore
grow and flourish, rapidly changing organic matter into humus. In the next few weeks
we are going to be using a number of different methods to improve the soil of the
school garden.

THE NUTRIENT CYCLE
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Investigate decomposition in the soil
Each group will need
a spade, sheets of newspaper, a magnifying glass if you have one
Look for moist soil beneath fallen leaves under a tree.

Group work

Scoop up the top layer of soil with a spade and put it on a sheet of
newspaper.
Look closely at the soil and then answer these questions:
a) Can you see any remains of living things like plant roots or leaves?
b) Are these remains of living things whole or have they begun to break
down?
c) Can you see any soil animals such as earthworms, woodlice or
millipedes?
d) If your answer to c) was yes, describe what soil animals you can see.
Draw them too.
e) What do you think the soil animals feed on?
f) What colour is the soil?
g) Do you think the soil is rich in humus?
h) Give a reason for your answer to g).

Legumes produce nitrogen
Nitrogen is a mineral nutrient that plants need in large amounts. If a soil is
short of nitrogen, the plants growing in it are usually small
and yellow in colour. Most of the air is made up of
nitrogen gas, but plants need nitrogen in the form of
nitrates or nitrites, so the nitrogen in the air is
unavailable to plants.
Legumes are a family of plants that have a special way of
improving soil fertility. You can recognize legumes
because they all produce their seeds in pods. Examples of
legumes are all beans and peas as well as peanuts, cowpeas,
lucerne (alfalfa) and trees such as acacias, honey locust
and leuceana.
Legumes have little lumps, called nodules, on
their roots which contain a type of bacteria called
Rhizobium. These bacteria take nitrogen gas out of
the air and change it into nitrates. The legume
gets this some of the nitrate while it is growing,
and some it goes into the soil.

Nodules of Rhizobium
bacteria on legume roots

When we grow legumes, we can mix Rhizobium inoculant with the seeds
before planting. An inoculant is a small amount of bacteria or other microorganisms that you add to a substance where the micro-organisms are
needed.You can buy Rhizobium from seed shops where you buy
Legumes produce
their seeds in pods
legume seed. Each different legume has its own species of Rhizobium.
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The nutrient cycle

water is
necessary for
the breakdown
of organic matter
into humus

herbivores eat plants and
add manure and faeces
which recycles nutrients
leaves fall to
the ground

earthworms
carry
nutrients into
the soil and
aerate the
soil
soil animals break down
organic matter into
humus

plants take up
nutrients from the
soil

nitrates from Rhizobium
bacteria to legume plants

soil micro-organisms
breakdown organic
matter into humus and
help make nutrients
available to plants

Rhizobium bacteria on legume
roots use nitrogen gas in the
air to add nitrates to the soil

dead people and other animals add
nutrients to the soil
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Part 5

Soil
worksheet 5.1

Improving the soil – getting
started with green manure
In Permaculture we believe that we do not farm plants and animals, but that we farm the
soil. All of our needs come from the soil and so we need to develop healthy soil in order to
grow healthy food.
Green manures are fast-growing plants that we plant on a piece of land to improve soil
fertility and to protect the soil from erosion. Green manure plants may be legumes and
non-legumes. They are normally low, spreading plants that grow fast and cover the soil
surface quickly after planting. During or after the growing season, the green manure
plants are cut and dug into the soil. They then decompose into humus and release
nutrients and so improve the soil.
Green manures conserve and improve the soil in several ways:
= Legumes take nitrogen from the air and fix it in a form they can use. Once dug into
the soil, the legumes decompose and the nitrogen becomes available to other
plants grown there.
= Green manure crops prevent the soil from being washed away by rainwater or
blown away by wind.
= The green manure crop protects the soil from the direct heat of the sun, helping it
retain moisture.
= Green manure crops quickly cover the soil and so help to control weeds.
= The green manure crop can be grown as a pure stand, so it enriches the soil for
other crops to be grown in the next season. It can also be grown as an intercrop
between rows of another main crop, such as
maize, sorghum and millet, or
beneath fruit trees.

A green manure crop can be grown as a pure stand.
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A green manure crop can
also be grown
as an intercrop between rows
of another maincrop

Common legumes used for ground covers/living mulches are cowpeas, vetch, red clover
and lupins. Green manures can also be non-legumes such as barley, ryegrass, pumpkins and
mustard. All these crops are grown in summer, except for ryegrass, lupins and barley, which
can be grown in winter.

Activity 5.1

Planting a green manure crop
Each group will need
tools for clearing the land, digging and levelling the soil (garden forks,
spades, hoes, rakes); ground cover legume seeds; Rhizobium inoculant for
the seeds; a way to water the seeds (watering can, hosepipe)

Group work

1. Each group will sow an area with legume seeds. Your teacher will tell
where your area is.
2. You first need to prepare your area. Clear any unwanted plants growing
on the area. You can do this by pulling or digging them out of the
ground. Pile the removed plants nearby to be made into compost later.
3. Dig over the soil with a garden fork, spade or hoe. Move backwards
when you work so you do not stand on the area you have just dug.
4. After digging, use a rake to break up the soil lumps. For bigger areas,
farmers and gardeners use rotary hoes, which run on petrol.

Dig over the soil with a garden fork, spade or hoe

I M P R O V I N G T H E S O I L – G E T T I N G S TA R T E D W I T H G R E E N M A N U R E
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After digging, rake the soil to break up the soil lumps

5. Water the area you will plant so that it is wet to a depth of about 30 cm.
6. Now the soil is ready for planting. Since you are going to plant a legume,
you should add the Rhizobium bacteria for that legume to the soil in
case they are not already in the soil. To do this, you buy Rhizobium
inoculant and mix the inoculant with the seed before you plant. If you
do not use the inoculant soon after buying it, store it in a cool dark
place. Before you mix the inoculant with the seeds, first mix it with
sugar, powdered milk and water. Then coat the seeds with this mixture.
Rhizobium bacteria

sugar, powdered milk and water

Inoculating seed with Rhizobium bacteria

7. Plant the seeds into wet soil soon after inoculating them to make sure
that the bacteria do not die. Once you have planted inoculated seed into
the soil, it should not need to be inoculated again. Plant the seeds by
broadcasting them over the soil. Then press the seeds into the soil. You
can do this over small areas by walking over the soil. Over larger areas,
use a roller or roll a drum of water over the soil.
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Broadcasting small seeds on top of the soil

On large areas, press broadcast seeds into the soil by rolling a drum filled with water
over the seeds

8. Keep the soil moist until the seeds germinate.
Question
One of the Permaculture principles is that each element must serve two or
more functions. List the functions of a legume cover crop.
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worksheet 5.2

Improving the soil – sheet
mulching
A mulch is a protective covering, usually of organic matter such as leaves or straw, placed
on top of the soil around crop plants. Mulching prevents the evaporation of soil water
and the growth of weeds. The moist conditions under the mulch are excellent for soil
decomposers. So the mulch gets broken down into a thick layer of rich humus which
greatly improves the fertility of the soil.
Sheet mulching involves placing layers of different organic materials on top of the garden
soil. Sheet mulching is a good way to begin improving the fertility of a new garden.

Activity 5.2

Sheet mulching your garden
Each group will need
slashing tools, newspapers, cardboard, agricultural lime, bonemeal, chicken
manure, seed-free dried grass or straw, good compost or well-rotted
manure, vegetable seedlings

Group work

34

What to do

Why do it

Slash grass and weeds on
the area you want to
garden on, or use a
weedeater or lawnmower.

Cutting the weeds back
lets you put sheets of
newspaper down. Leave
the cut plants on the soil
as they will be part of the
mulch and later
decompose into humus.`

Water the whole area
thoroughly.

Rain and water will not
penetrate the sheet mulch
for the next 6 months

If you have them, sprinkle
agricultural lime and
bonemeal over the area.
Chicken manure is also
good.

Lime decreases soil acidity.
Bonemeal adds the
mineral element
phosphate which will be
needed for root growth.
South African soils are
generally short of
phosphate and phosphate
is not carried by water
down through the soil.
Chicken manure is rich in
nitrogen which speeds up
decomposition and burns
the leaves of weeds
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Follow your teacher’s
instructions to mark out
the shape of your garden.
Lay down thick layers of
wet newspaper or
cardboard. Overlap the
sheets well.

This sheet of mulch
excludes sunlight from the
weeds and grass. They die
after 3-6 months after
which they are no longer a
problem in the garden.

Follow your teacher’s
instructions to mark out
the pathways with bricks
or stones, and put
cardboard in the
pathways.

Cardboard will not break
as easily as wet
newspaper if you walk on
it.

In the gardening space
throw down old kitchen
scraps, tea leaves or
garden waste on top of
the layers of newspaper.

This will breakdown into
humus.

Put a 15 cm layer of seedfree dried grass or straw
on top layer. Go right to
the edges. Water well.

This will breakdown into
humus. Must be seed-free
otherwise the seeds can
begin to grow and create
weed problems.

Put 15 cm of good
compost or well-rotted
manure on top of the
grass. Water well.

Plant roots will grow in
this layer and feed off the
compost.

Put another layer of seedfree dried grass or straw
on top of the
compost/manure.

This is the upper mulch
layer which will protect
your plants.

Make a hole through the
upper layer of straw, down
to the compost layer. Half
fill this with soil and plant
your seedlings in it.

IMPROVING THE SOIL – SHEET MULCHING
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Investigate the effect of mulching on soil moisture
1. At home, carry out an investigation to prove that mulching prevents the
evaporation of soil water and so helps to keep the soil moist for much
longer. Write a report giving the aim, method, observation and
conclusion of your investigation.
2. One of the reasons for sheet mulching is to keep the soil moist. Another
is to get organic matter to decompose into humus. This is because soils
rich in humus are much more fertile than soils that contain little humus.
But what about the part of the soil that does not come from organic
matter. What is it and where does it come from?
Soil comes from rock. Rocks break down to form smaller stones and
then soil. The stones that we find in some soils are pieces of rock that
have not broken down. The breakdown of rock to form soil is called
weathering. It takes thousands of years to form a layer of soil in which
plants can grow. There are many different weathering agents that break
down rock into soil.
Find information about different weathering agents that break down rock
into soil. You may find this information in the textbooks of your other
subjects such as Natural Science or Geography. Write an essay with the
information you find. Include illustrations if they help your explanation.

I couldn’t find any info in
our other textbooks, but I
found lots on the Internet.

I found good information
in my brother’s Grade 12
Geography textbooks.
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worksheet 5.3

Improving the soil – worm
farms
A worm farm is a container in which you keep earthworms. Every week you add organic
matter, especially fruit and vegetable scraps, to the container for the earthworms to eat.
They then excrete a substance called castings which is a rich fertiliser containing five times
more nitrogen than topsoil as well as high amounts of potassium and phosphate.
Feeding garden and kitchen waste to earthworms is a cheap and simple way of getting rid
of waste and of fertilising food gardens.
Worm farms use earthworms that thrive in the dark, warm, food-rich, moist environment
of the worm farm. The best earthworm to use is called the red wiggler. The population in a
well maintained worm farm doubles every two to three months.

Activity 5.4

Class work

Keep a worm farm
You will need
A container for the worm farm. There are
many types of suitable containers for
keeping worms, including simple
polystyrene or wooden boxes from the
shops, an old metal drum, an old bath tub
or old tyres. There must be holes in the
base of the container to let water
drain out.
Two or more bricks to raise the
container off the ground so that
water can drain out easily.
At least 2 000 compost worms.
These worms will breed and multiply to
about 8 000 worms in 6 months.

Tyre worm farm

Organic starter material, which can include partly decomposed compost,
straw, grass clippings, shredded paper, fruit and vegetable waste or leaf
mould. There should be enough to half-fill the container.
A loose cover, such as Hessian sacking. If you do not have hessian, you could
use a sheet of cardboard or even a whole newspaper.
Grit – a mixture of soil and sand, needed by earthworms for digestion.
Establishing the worm farm
1. Choose a shady spot outdoors for your worm farm, preferably where
there is good drainage.
2. Place the container on bricks.

I M P R O V I N G T H E S O I L – W O R M FA R M S

37

Seed Worksheets Final

11/30/06

17:39

Page 38

3. Half fill the container with the starter material mix.
4. Sprinkle on a layer of grit.
5. Water until moist but not wet.
6. Add the compost worms.
7. Cover the container.
Maintaining your worm farm
Add fruit and vegetable scraps each week. The paragraph below describes
what to feed the worms. Add less food in the first week and gradually
increase the amount over 6 months. It is best to feed your worms weekly. If
uneaten food remains, then you know you have overfed the worms. Chop
up food before adding and try to feed the worms a mix of materials. After
feeding the worms each week, cover the food scraps with some compost or
soil to avoid attracting fruit flies.
Add water every few days or when necessary to prevent the worm farm
from drying out. You may need to add more water during hot, windy
weather. It is important to keep the worm farm moist, as the worms may die
if it dries out. However, the worm farm should not be soggy either.
Remember, there is moisture in the food scraps.
After 6 months, start another worm farm by:
= starting the whole process in another container by collecting the
worms from the top feeding level of the previous container.
= place a second container with holes in the bottom on top of the first
and put food scraps only in the top box. The worms will migrate
through the holes to the top box to feed.
Use the remaining worm castings in the garden in the same way as you
use compost.
What to feed the worms
Worms will eat almost any type of vegetable and fruit scraps, coffee
grindings, paper, leaves and even damp cardboard. Add egg shells as the
worms need the calcium in the shells. Do not add onions or garlic or too
much acidic food like citrus or pineapples. Avoid materials contaminated
with toxic chemicals, for example, sawdust from treated wood.
Observations and questions
1. Which foods do the earthworms seem to most like eating?
2. a) Do your earthworms react when you take off the cover to add food?
If they do, explain how they react.
b) People have five different senses. List these.
c) From the reactions when you remove the cover, what type of sense
organs do you think that earthworms might have?
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worksheet 5.4

Improving the soil –
mulch banks
As you have seen, the continuous supply of organic matter is
important for keeping the soil fertile. Mulch banks are areas
where we grow plants as a supply of mulch. The plants we
usually use for mulch banks are bana grass and vetiver grass.

Bana grass

Vetiver grass

Tansy

Comfrey
Yarrow

We also use the three plants comfrey, tansy and yarrow because these plants are dynamic
accumulators. When we use these plants as mulch or compost, the mineral elements that
were accumulated are released into the topsoil and thus become available to other plants.

IMPROVING THE SOIL – MULCH BANKS
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Preventing erosion
Besides supplying material for mulching and composting, mulch banks also hold the soil
and help to prevent soil erosion. Soil erosion is the removal of soil by wind or water. In a
few minutes, a heavy rainstorm can remove a layer of soil that took thousands of years
to form.

Problems caused by erosion
Erosion causes poverty. When erosion removes the soil, fertile areas where people
produced a lot of food become deserts where little food can be produced. This is because
crops and the grasses that animals eat do not grow well on eroded soil. The harvests
become poor and the animals get thin and do not produce much milk or many young. In
areas where there is a lot of soil erosion, the people are poor and do not have enough
to eat.
Erosion also causes siltation and flooding. Siltation is the filling of rivers and dams with
soil. When rainwater erodes soil, it carries it into rivers and dams. The rivers and dams fill
up with soil so that there is less space for water. During heavy rains, these rivers flood their
banks. This causes people and animals to drown, damage to crops and property and more
erosion. Dams that fill up with soil cannot store much water for use in cities and on farms.
Siltation

water

dam wall

soil filling part of dam

The causes of erosion
To prevent soil erosion, we first need to understand what causes erosion. The next activity
will help you to do this.

Activity 5.5

Investigate the causes of erosion
You will need
a tin with holes in the bottom, 3 plastic containers, 3 of the same types of
boxes such as shoe boxes or a large washing powder box, 9 bricks, soil, sods
of grass, fallen leaves from under a tree

Class work
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1. Fill the boxes with soil. If the boxes do not have solid bases, put
newspaper on the bottom of the box so that the soil cannot fall out.
Shake the boxes as you fill them, so that the soil settles. The soil should
come up to the top of the box.
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2. Place the boxes on bricks as shown in the drawing below.
3. Place the plastic containers beneath the lower end of the boxes.
4. Cover the top of the soil in Box 1 with sods of grass. You can get the
grass sods by digging up squares of lawn.
5. Cover the top of the soil in Box 2 with fallen leaves. Press the leaves onto
the surface.
6. Firmly press down the soil in Box 3.

two bricks

one brick
plastic
container

Box 1

Box 2

Box 3

7. Once the boxes are set up, fill the tin with water. Hold the tin at the
upper end of each box. Shake the tin until it has emptied of water.
8. Observe what collects in each container and then answer the questions
that follow.
a) In which container did the least soil collect?
b) In which container did the most soil collect?
c) In which container did the least water collect?
d) In which container did the most water collect?
e) Why do you think you were told to put one brick in front of the box,
but two bricks at the back of the box?
f) What does this activity show you?

Erosion and deposition
Most the soil and most the water should have collected beneath the box where the soil
was uncovered. This activity shows that rainwater falling on bare soil does not enter the
soil, but runs off carrying soil with it. Water falling on covered soil moves into the soil and
does not carry the soil away. The better the cover, the less the erosion and loss of water
will be. Mulch banks help to keep the soil covered and therefore to prevent erosion.
Erosion is accompanied by an opposite process – deposition, because the eroded soil must
be deposited somewhere. Erosion and deposition are the two main processes that shape
the landforms of the Earth. After millions of years, layers of deposited soil can be compacted
to form sedimentary rock. These processes can be very slow and gradual and happen over
millions of years. They can also be very rapid as when rainstorms erode bare soil.
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worksheet 5.5

Improving the soil – compost
Compost is organic matter that has been put in a heap to break down into humus.
Compost contains all the 14 mineral elements, but does not have as much nitrogen as
manure has. As you read above, organic matter is broken down into humus by microorganisms and soil animals. They will only break down the organic matter if they have air,
water and warmth.
Make compost by piling organic matter into a heap, or by putting it into a pit. Compost
pits are better than compost heaps in hot, dry areas because the organic matter does not
dry out as quickly in a pit. The method of making compost is the same for heaps and
for pits.
In summer, choose a place in the shade so the compost does not dry out. In winter, make
the compost in the sun so that there is enough warmth for the micro-organisms and soil
animals that break down the organic matter.

Activity 5.6

Make compost
You make compost by piling up layers of organic matter. You can do this as
the organic matter comes available or at one time if you already have piles of
organic matter.
1

Class work

2

3

4
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Place sticks, maize stalks or branches at the bottom of the pile to let air
move through it.
Add layers of plant waste as
you get it. You can add
kitchen waste, cut grass,
fallen leaves, the remains of
crops after harvest, weeds
and so on. Keep the top of
the pile level.
Sprinkle a thin layer of
animal manure, ash,
agricultural lime and
dynamic accumulators as
you build the heap. These
make the compost richer in
minerals. The lime also
helps to give the right
conditions for the microorganisms.
Add water to the heap or
pit. Do not let it dry out.
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The size to make the compost heap depends on how much organic
matter you have. Once it is about as high as your shoulders, leave it to
break down. You can cover the heap or the full pit with a layer of soil or
a plastic sheet to keep it wet.
vetiver grass

shoo-shoo

compost
heap

comfrey
yarrow

A compost heap in the shade of a shoo-shoo vine, near dynamic accumulators
comfrey and yarrow and vetiver grass for mulch production

If you have built a small heap, turn it over every two weeks to let the
material on the outside of the heap break down. If you have built a large
heap, the inside of the heap will give enough compost and you can use the
coarse outside material to start the next heap. You do not need to turn the
material in a compost pit.
When the compost is dark, crumbly and sweet smelling, it is ready for use.
This takes about two months in summer and three months in winter. Spread
the compost over the soil in a thick layer. You cannot add
too much compost to the soil. The more that you add
the more fertile the soil will be. Mix the compost into the
soil with a garden fork or a harrow.

Keeping chickens is another
great way to improve the
soil. We will look at chicken
keeping in Part 9.

IMPROVING THE SOIL – COMPOST
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Part 6

Water
worksheet 6.1

Using the water cycle
Water is one of the most important requirements in any gardening system.
Water can exist in three forms: solid (ice), liquid (water) or gas (water vapour). Water, and
other types of matter, change their form when they receive or loose heat:
= Solids can turn into liquids when they are heated. This is called melting.
= Heated liquids can turn into gases. This is called evaporation.
= When liquids cool, they change into solids. This is called freezing or solidification.
= Gases change into liquids when they cool. This is called condensation.
solid (ice)

liquid (water)

gas
(water vapour)

melting

evaporation

freezing

condensation

The global water cycle
The diagram on the next page shows the movement of water between the land, sea and
clouds. This is called the water cycle. This cycle keeps the streams, rivers, lakes and ground
water supplied with fresh water.
There are five important steps in the water cycle:
1

Water evaporates from the sea, rivers, ground and lakes. Water also evaporates from
the leaves of plants in a process called transpiration.

2

The water vapour cools, and then condenses to form clouds.

3

Water falls from the clouds as rain.

4

Rainwater flows from the land into streams, rivers, lakes and ground water. People
make use of this water.

5

Streams flow into rivers that flow into the sea.
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The water cycle

3

2
4

stream

1
4
sea
5
lake

river

ground water

All around the country old people are noticing that there is much less water than there
used to be. Rivers and streams that used to flow all year round are now only flowing in
certain months. Wells and springs that used to supply water all year round have now
dried up.
People are talking about the vanishing waters.
Our water is vanishing because of what is
happening in the catchment area of
each river. A catchment area is the area
that drains all the rainwater that falls on it
into a particular river. This happens at step
4 of the water cycle as shown in the
diagram above. If the plant
cover is removed, rain does
not enter the soil, but runs off
carrying the soil with it. You saw
a demonstration of this in
Activity 5.5. To protect both our
soil and our water resources,
we have to protect the
catchment areas by protecting
the plant cover.
Catchment area of a river
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Investigate transpiration
You will need
a clear dry plastic bag, a piece of string

Class work

1. It is best to do this activity on a warm
sunny day. As shown in the drawing, tie
a plastic bag over a leafy branch that is in
full sunlight.
2. Look at the bag again half to one hour later.
What do you see in the bag?
3. What do you think caused this change?

Branch in plastic bag wrap

The city water cycle
The water cycle in the city is very different to that in the rural areas because of the
interference of people.

Activity 6.2

Pair work

Think about the city water cycle
1. Look at the city water cycle diagram on the next page. Do you know the
meanings of all the different water terms used in the diagram? Use a
dictionary to help you write down the meanings of these words:
greywater, stormwater, sewerage, acid rain
2. A lot of the ground in a city is covered in with hard surfaces such as tar
and paving. Rain falling on these surfaces cannot enter the soil.
a) What happens to the rainwater that falls on hard surfaces in the
city?
b) If the surfaces were not hard, the rainwater would enter the soil.
What would happen to the rainwater after it entered the soil? If you
are not sure of the answer, look at the diagram of the water cycle on
the previous page.
c) Most cities in South Africa get their water from large dams that store
the extra river water from the rainy season. If the water level in the
supply dam drops, then water restrictions are placed on the city
people. However, as you can see from the city water cycle diagram
above, a lot of city water is wasted. Write down any ways you can
think of that city people could make better use of their water?

Cities really waste a lot of water! We have to
keep building dams to supply them! And dams
do not come without cost: large areas of
farmland are flooded, hunderds, if not thousands
of people lose their homes and livelihoods and
riverine systems are destroyed.
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acid rain caused by air pollution

water from dams which
often cause social and
environmental damage
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worksheet 6.2

Managing our water resources
Plants, animals and people need water to stay alive. If there is no water, there is no life.
The bodies of animals and people use water to:
= cool the body by sweating
= produce breast milk for feeding the young
= remove waste from the body in urine (urine is 99% water)
= breakdown food
= produce blood (blood is 91% water)
Plants need water to:
= live
= germinate seeds
= keep cool in hot weather
= grow

Sources of water
97% of the water on Earth is in the sea. Sea water is salty so it cannot be used by most land
animals and plants. Fresh water is found in rivers, streams and lakes. Some of these have
water all year, others have water only in the rainy season. There is also fresh water under
the ground. People can reach this water by digging wells or drilling boreholes. Rain
replaces the supplies of surface and ground water.
The rainfall in South Africa is high on the east side of the country. It then gradually
decreases towards the deserts in the west. Most of our country receives little rain. South
Africa often has droughts which lead to crop failure, livestock deaths and water
restrictions.
People build dams to store river water. Most South African cities get their water from
dams. This water is piped to people’s homes and paid for according to the amount of
water used. Piped city water is often called muncipal water. Muncipal water is usually too
expensive to use for irrigating large gardens.
Our rainfall is not increasing, but our population is. We need to
make the best possible use of the water we have. In Permaculture
there are a number of ways to use water wisely without
complicated technology or a lot of money. In the next activity you
will look at water use at your school. Then we will go on to look at
improved systems for using water in the best possible way.

After experiencing the last drought
and water restrictions, making the
best use of the water we have
seems like a good idea to me!
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Investigate the water use at your school
1. Walk around your school grounds and investigate:
a) the source of water at your school.
b) ways that water is used.
c) ways that water is wasted.
d) ways that water is saved.
2. Present your findings in four mind maps such as the one shown below.

A mindmap showing the uses of water at a school

Toilets
Outside tap
for watering
garden

WATER USE AT
SCHOOL
Tap in staffroom for tea
and washing cups

Basin taps for
washing hands

There seems to be a lot
of clean water going
down the drain!

I saw two dripping taps!
I wonder how much water
that wastes per year?

There was a sprinkler
on the lawn with
water blowing around
in the wind!

There was mulch on
the flower beds!
That must save a lot
of water.

M A N A G I N G O U R W AT E R R E S O U R C E S
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worksheet 6.3:

Harvesting and storing
rainwater
Most parts of South Africa have seasonal rainfall. That is, the rain falls in one season of the
year and no or little rain falls in the remainder of the year. Harvesting rainwater means
collecting rainwater, usually for domestic, farming or gardening use. As you will see in the
next section, water harvesting is based on four words: slow, sink, spread, save.

Rainwater tanks
gutters moving
water into tank

One of the best ways to
harvest water is to save
the rainwater falling on
roofs by collecting it in
storage tanks. During
your dry season, or
during a drought, you
can use this water to
keep your garden
going.

roof

sealed
water tanks

tap outlets
brick stand

Rainwater harvesting from a roof

The diagram below shows a school with three buildings. Each side of the roof of these
buildings is 30 m long by 10 m wide. The average annual rainfall is 600 mm. The
calculation below shows how much rain can be harvested from the roofs:
Area of side of roof = 30 m x 10 m = 300m2
600 mm = 0.6 m
300 m2 x 0.6 m =180 m3
1 m3 = 1000 litres
So each side of the roof
can collect 180 000 litres
per year
So the 6 sides of all the
roofs can collect
180 000 x 6 = 1 080 000 litres

30

m

10
m
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Swales
Swales are ditches dug along contour lines, especially to harvest water. Contour lines are
imaginary lines that run along points on the land that are at the same height. Swales
spread and sink rainwater that would otherwise run off the site. Swales can be small
ditches in a garden or a large trench in a field. The pictures below explain how to build
and use swales.

Contour ploughing along contour lines

Step 1: Use an A-frame to mark the contours. Your
teacher will show you how to do this

bank on downslope side

ditch

Step 2: Dig the ditches along the contours. Place the topsoil that you remove
on the downhill side to form a bank

H A R V E S T I N G A N D S T O R I N G R A I N W AT E R
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stones to close the
ends of the swales

Step 3: Use stones to close both ends of the swales, otherwise water will flow out of the swale and erode the
soil down the slope

fast-growing trees to
stabilise the bank

Step 4: Plant trees and other useful plants on the
banks so that they can use the water in the swale
and hold the soil on the banks

water-loving
plants such as
taro (amadumbe)
and rice in the
swale
shade-loving
ground cover
such as sweet
potato

water-edge
plants such as
asparagus and
gooseberry

fruit trees to later
supply fruit

vegetable and herb plants that
prefer drier conditions on top
of or behind the bank

Activity 6.4

Individual work

52

Think about rainwater harvesting design
1. Which of the following words describe the way that rainwater tanks
harvest water?
slow sink spread save
2. Which of the following words describe the way that swales harvest
water?
slow sink spread save
3. By using rainwater tanks and swales, you are using the Permaculture
principle of “recycling resources on site”. Explain how this is done by a)
rainwater tanks and b) swales.
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worksheet 6.4:

Harvesting greywater
Greywater is water from showers, baths, basins and kitchen sinks. In a day school, most
greywater probably comes from hand basins in toilet blocks. Greywater can be safely used
for non-food plants such as windbreaks, fruit trees and any other crop from which we do
not harvest from the roots or other underground parts. Greywater can be applied to most
soils other than high clay soils.
There are a few guidelines when using greywater on a food garden:

= Use unscented, uncoloured soaps in toilets/bathrooms and use ‘green’
=
=
=
=
=

detergents/cleaners in kitchens.
Do not put Jik, ammonia, bleach and/or anti-bacterial soap into greywater that will
go into a garden as these will kill most organisms that live in the soil.
Never spray greywater, always let it run out of an outlet pipe under a mulch, or
under the soil.
Do not use greywater if the water table is high, as it may contaminate the
groundwater.
If you have a septic tank, make sure it can still function if you remove the bath and
kitchen water.
Make sure that the garden receiving greywater has lots of organic matter for the
micro-organisms that break down the impurities in the water.

wall

hand basin

outlet pipe

joining pipe

25 mm rigid plastic pipe
for distributing greywater

holes cut or drilled
into pipe

40-50 cm
between holes

plug to block
open end

A system for reusing a school’s wash-basin greywater to irrigate a food garden
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Think about the design of greywater systems
1. a) Find out and write down the number of learners that go to your
school.
b) Assuming that each learner uses one litre of water for hand washing
per school day, and that there are 20 school days in a month,
calculate the volume of wash-basin greywater produced per month
by the learners at your school.
c) Find out and write down the cost of water from a municipal tap.
d) From the number of litres you calculated in b), now calculate how
much the school pays monthly for the wash basin water.
e) Do you think it is a good or a bad idea to reuse the wash basin
greywater for a school garden?
f) Explain the reason for your answer to e).

Water from wash basins
in toilet blocks can safely
be used for gardens.

It would probably be a
good idea to also use
greywater from basins
and baths for watering
the home garden.
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worksheet 6.5

Harvesting water in pit beds
A pit bed is a circular hole in the ground. It is about 1 metre deep and up to 2 metres wide.
We channel either greywater or rainwater into it to harvest the water on a site. A mound
of soil borders the edge of each pit bed. We plant different types of plants onto this
mound. We fill the hole up with waste materials, such as fallen dead leaves and vegetable
peels, which decompose and provide the surrounding plants with humus. .

Activity 6.6

Group work

Build and plant a pit bed
Before you start, your teacher will tell you:
(a) what greywater or rainwater source
you will use
(b) where to place your pit bed
(c) what plants you will grow in its border
Each group will need
1-2 spades, a ruler or tape measure

Step 1: At the position your
teacher has shown you, clear
a circle of about 2 metres
diameter of unwanted
plants.

topsoil

topsoil

Step 2: Dig out the topsoil,
placing it in a heap at the side.

up to 1 m deep

Step 3: Dig out the subsoil, up to
1 metre deep, and place it in a
circle around the pit.

Step 4: Channel the water from its source
to the hole. Do this either by digging a
ditch, or by laying a pipe. Cover the subsoil
mound with topsoil. Plant the mound.
Fill the pit with organic waste.

H A R V E S T I N G W AT E R I N P I T B E D S
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Part 7

Ecosystems and guilds
worksheet 7.1

Working with ecosystems
In any area, the living things (plants, animals and micro-organisms such as fungi and
bacteria) and the non-living things (soil, water, air, sunlight, rocks, climate) all interact
together and depend on one another. This interaction forms a system called an ecosystem.
Any ecosystem is made up of three groups: producers, consumers and decomposers.
Plants are the producers because they produce their own food by the process of
photosynthesis. The consumers are animals. Decomposers, as you read above, are fungi,
bacteria and soil animals that break down organic matter. This supplies mineral nutrients
to the plants. There are many different producers, consumers and decomposers in an
undisturbed ecosystem. These all act together to form a food web.
lion

An example of a food web

wild dog

cheetah
giraffe

baboon

zebra

impala

grass
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Think about food webs
1. Describe the food web in the diagram by filling one of the words below
into the gaps in the paragraph.
sun, grass, cheetahs, wild dogs, zebra, baboons, giraffe
The plants make food using the energy from the ________. The impala
get their food by eating ________. The animals that eat impala are the
___________, _________ and __________. Besides impala, the lions also
eat ___________, _________ and __________.
2. What do you think would happen to this food web if:
a) the number of lions decreased?
b) the number of lions increased?

The other important relationship
between plants and animals is
that of pollination – many
flowering plants are pollinated
by animals such as bees, birds
and butterflies.

Succession
People often disturb ecosystems. They do this by causing big changes to the numbers of
one or more type of animal or plant in a food web. This can cause the whole food web to
change or to be destroyed. After a disturbance, ecosystems go through a process of
change that is called succession.
1. After a natural or human disturbance, such as
ploughing, weeds and grasses begin to grow on
the disturbed area. The first plants to grow in a
disturbed area are called pioneers. They cover and
protect the soil, bring in nutrients and make the
environment less harsh for other types of plants.

2. Small bushes and tough herbs follow the
pioneers in a few seasons and further improve
growing conditions. Pioneers add diversity.
Insects, birds and other animals arrive.

3. As the soil and growing
conditions improve, more
plants and trees are able to
grow. The plant community
stabilises. The ecosystem
moves from a pioneer stage
to a climax stage.

WORKING WITH ECOSYSTEMS

57

Seed Worksheets Final

11/30/06

17:40

Page 58

Pioneer plants

Climax plants

Can grow in difficult environments
Large numbers of few different plants
Simple food web
Plants are annuals – they live for less than one year

Need stable environments
Small numbers of many different plants
Complex food web
Plants are perennials – they live for many years

As your garden
develops, you will see
succession happening
in front of your eyes!

Habitats
Some kinds of animals can live almost anywhere in the world,
but most animals are only able to live in a certain habitat. A
habitat is a particular type of place where a particular plant or
animal can survive.
The habitat of most
South African
lizards is a sunny,
rocky spot. Lizards
are cold-blooded
animals, so they must
like to be in sunny areas
to stay warm.

Praying
mantises
are carnivorous
insects, that is,
they eat other insects. They are
usually green in colour. They wait
unmoving on green leaves or stems,
ready to catch any insect that passes by.

Chameleons are known for their ability to
change their color, their elongated, sticky
tongue with which they catch their prey, and for
their eyes which can be moved independently of each
other. Most chameleon species live in trees where
they take on the colour of the surrounding
foilage as they wait for passing insects.

The frog’s habitat is in or near
ponds. This is because frogs lay
their eggs in water. Tadpoles hatch
from the eggs and remain in the
water while they develop into
frogs. They are then able to
leave the water. The area round
the pond provides plenty of
slugs, flies and other insects for
the frog to eat.
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Animals’ habitats provide them with:
= places where they can find their particular type of food
= places where they can hide from animals that may feed on them
= places where they can shelter their young until the young are old enough to survive
alone
= places where they can rest
= materials to build their nests.
Plants provide the habitat for many animals. When people clear the plants off land for
farming and building cities, they destroy the habitats of many animals. This causes the
numbers of these animals to decrease.
Many animals are becoming extinct because people are destroying the plants on which
they depend. We say that an animal is extinct when there is not a single one left on Earth.
Many South African animals, such as the blue antelope and the quagga, a type of zebra,
are already extinct.
Scientists say that 50 000 different types of animals will become extinct in the next 50 years
unless people act quickly to protect them. To stop the extinction of animals we have to
change our farms and cities in ways that protect the habitats of animals.

Biodivesity
Biodiversity is the diversity of life. People’s interference in the environment has greatly
decreased biodiversity mainly because of the loss of habitat. For example clearing natural
forests with thousands of different plants and animals to plant pine trees for timber.
Ecosystems cannot function properly if there is a loss of biodiversity. In Permaculture, we
encourage biodiversity.

Activity 7.2

Explore animal habitats
1.

2.
Homework

3.
4.

5.

Investigate and describe the habitat of three wild animals living near
your home. These will probably be small animals such as rats, birds and
spiders.
Choose three of the animals shown on the previous page. Describe
what you think will happen to them if the plants on which they depend
are cleared for farming.
People are one of very few kinds of animals that can live almost
anywhere in the world. Why do you think this is so?
Speak to an old person who lives near your home. Ask him or her
whether there are any animals that used to live in the area but that now
can no longer be found there. Write down what he or she says.
Do you think the biodiversity of the area had increased or decreased?
Give a reason for your answer.
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worksheet 7.2:

Guilds and food forests
Permaculture gardens are based on natural forest systems. If you studied the plants
growing in natural forests, you would notice that certain species of plants tend to grow
together because they benefit one another. We use this idea in Permaculture gardens, but
instead of using wild forest plants, we use plants that give us food, medicine or
fibres or that have some other use such as nitrogen fixation. We
call this grouping of plants a guild.
banana

A forest guild
naartjie

lavender
tomato
spinach

yarrow

carrot

nasturtium

tall fruit
climber
and
legume

ground
cover
fruiting
shrub

insectory

low leaf

root

legume

medicine

leaf

insectory

groundcover

fruit

climbing bean

A forest guild can be planted over three years. First we plant the pioneers.
Then the annual vegetables, and some perennial vegetables and herbs,
and finally fodder and fruit trees and climbers and creepers that will
grow on the trees.
You should include indigenous plants, that is, plants that originate in your
area, as these are well suited to the area. Indigenous plants also provide
a habitat and food for wild birds and other animals
threatened by the loss of their natural habitats.
Guilds can include: creepers, groundcovers,
annual and perennial herbs and vegetables, fruit
trees, legume trees and groundcovers.
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Activity 7.3 Thinking about food forests
1. Which foods do you eat that come from trees?
2. What do you think ‘food forest’ means?

Pair work

Choosing plants for a guild
Here are a three important principles we use when choosing plants for a guild: stacking,
companion planting and usefulness. We will explore these three principles in the following sections.

Stacking
Stacking involves using all available space, including vertical space. For example:
= climbers and creepers that grow over trees and trellises to make use of vertical space
= shade-tolerant plants under trees
= groundcover plants as living mulches, to fill in the spaces at ground level and cover
and protect the soil.
Table 7.1: Climbing plants and groundcovers
Climbing plants – plants for vertical space

Groundcovers – plants for living mulch

1. Legumes
Common beans
Four wing bean
Lablab bean
Velvet bean
2. Cucumber family
Watermelon
Melon
Cucumber
Pumpkin
Loofah
Shoo-shoo
Oysternut
3. Grapes
Wild grapes
Mediterranean grapes
4. Malabar spinach
5. Granadillas
Granadilla
Bananadilla
Giant granadilla

Bambara groundnut
Cowpea
Chickpea
Desmodium
Groundnuts
Pigeon pea
Sunnhemp
Sweet potato

Companion planting
Companion plants are plants that enhance each other’s functions, repel insects from each
other or simply improve their companion’s flavour. Antagonists are plants that do not like
one another. The table below lists the companions and antagonists of some common
vegetables and herbs.
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Table 7.2: Companion and antagonist plants
VEGETABLE

COMPANION

Asparagus
Beans

Tomatoes, parsley, basil
Potatoes, carrots, cucumbers, cauliflower,
cabbage, summer savoury
Potatoes, cucumbers, corn, strawberries,
celery, summer savoury
Corn, summer savoury
Onions, kohlrabi
Aromatic plants, potatoes, celery, dill, camomile,
sage, peppermint, rosemary, beets, onions

Bush beans
Pole beans
Beets
Cabbage family (cabbage,
cauliflower, kale, kohlrabi,
broccoli)
Carrots
Celery
Chives
Corn
Cucumbers
Eggplant
Leeks
Lettuce
Onions and garlic
Parsley
Peas
Potatoes

Pumpkins
Radishes
Soybeans
Spinach
Squash
Strawberries
Sunflowers
Tomatoes
Turnips

Peas, leaf lettuce, chives, onions, eeks, rosemary,
lsage, tomatoes
Leeks, tomatoes, bush beans, cauliflower,
cabbage
Carrots
Potatoes, peas, beans, cucumbers, pumpkin,
squash
Beans, corn, peas, radish, sunflowers
Beans
Onions, celery, carrots
Carrots, radishes, strawberries, cucumbers
Beets, strawberries, tomatoes, lettuce, summer
savoury, (sparse) camomile
Tomatoes, asparagus
Carrots, turnips, radishes, cucumber, corn, beans,
most veg and herbs
Beans, corn, cabbage, horseradish (planted at
corners of patch), marigold, eggplant (lure for
colorado beetle)
Corn
Peas, nasturtiums, lettuce, cucumbers
All
Strawberries
Nasturtiums, corn
Bush beans, spinach, borage, lettuce (as a
border)
Cucumbers
Chives, onions, parsley, asparagus, marigolds,
nasturtiums, carrots
Peas

ANTAGONIST
Onions, garlic, gladiolus
Onions
Onions, beets, kohlrabi, sunflowers
Pole beans
Strawberries, tomatoes,
pole beans
Dill

Peas, beans

Potatoes, aromatic herbs

Peas, beans

Onions, garlic, gladiolus,
potatoes
Pumpkins, squash, cucumbers,
sunflowers, tomatoes, raspberries
Potatoes

Cabbage
Potatoes
Kohlrabi, potatoes, fennel, cabbage

Usefulness
There are thousands of plants that have specific uses for people. These uses include food,
windbreaks, food for chickens or other animals, nitrogen-fixing, dynamic accumulators,
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medicine, craft materials, erosion control, mulch and compost, truncheons for fences and
other structures, firebreaks, plants for pest control.
Appendix 1 lists the characteristics, including uses, of about 140 plants.
Here are some of the different uses we need in a food forest.
1.

To encourage the growth of a food forest, we need:
plants that will provide shelter for food trees to grow
=
plants and trees that will enrich the soil (dynamic accumulators and nitrogen=
fixing trees)
plants that we can cut back to create a layer of mulch on the ‘forest floor’ to
=
protect the soil from drying out too much.

2.

To fill in the spaces between all the plants in the food forest, we need:
fruit trees
=
ground covers
=
creepers.
=

Here are two examples of pit bed food forests, one for summer rainfall, and the other for
winter rainfall.

A summer rainfall food forest

The canopy species, that
is, the tallest shadeproducing plant, is
bananas

Comfrey for compost and
liquid manure. We just break
off the leaves and throw
them into the pit.
Earthworms in the pit
transform all the plant
,matter into nutrients for the
whole system.

Climbing beans next
to the bananas to fix
nitrogen

Rhubarb is a shade-tolerant plant that
brings in good money. The leaves can
also be used for mulch and in pesticide
preparations.

Strawberries are good groundcovers and
they feed off the mulch layer.

Spinach grows on the outer edges
and is a good companion of
strawberries.
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A winter rainfall food forest
Legumes like acacia karoo and vigilia are
used to establish microclimates for more
delicate species

Hardy indigenous food trees like carissa,
keiapple, sand olive, wild peach and wild figs
are used as pioneer food species

Climbers like beans, granadilla and
shoo-shoo are used to add further
abundance to the system

Mediterranean and soil conditioning herbs
are used as an under storey. Tansy, rue,
yarrow, perennial basils and geraniums

Indigenous medicinal groundcovers like
vygies and pumpkins

Activity 7.4

Choose plants
for a pit bed guild
You will need
pencil, rubber

Pair work

1. Imagine that you are going to plant a circular pit bed that is about 2
metres in diameter.
2. Select 10 different useful plants for the pit bed by thinking about
stacking, companion planting and usefulness. Use the information in
Tables 7.1 and 7.2 and Appendix 1 to help you select your 10 plants.
3. Write your selections in a table such as the one below. Work in pencil
rather than pen so that you can change your selections if you want to.
= Name of the plant can be in any language that you choose.
= Use of plant can include food, windbreak, fodder for chickens or
other animals, mulch, nitrogen-fixing, medicine, craft material,
erosion control.
= Plant type can include tree, shrub, vine or creeper, groundcover,
annual vegetable or herb, perennial vegetable or herb.
= Name of any companion plant is the names of any other of the
10 plants chosen that are companions of this plant.
= Name of any antagonist plant is the names of any other of the
10 plants chosen that are antagonists of this plant.
Name of plant
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Part 8

Pest management
worksheet 8.1:

Controlling pests and diseases
Knowing about pests is important because pests can damage large numbers of your plants.
Plants can be damaged at any stage of their growth and when they are being stored. Pests
cause the loss of one-third of all the food produced in the world.
The circle shows all the food produced in the world in one year

This amount of food is destroyed
by plant pests

What pests are
Plant pests are animals that feed on plants.
Most pests are insects but other animals such as
snails, birds, rats and monkeys also damage
plants. You can easily see insect pests such as
grasshoppers, beetles, aphids and caterpillars. Other pests, such as red
spiders, are very small and look like specks of red soil on the back of
leaves. Nematodes, which are tiny worms that attack the roots, and
some types of mites are so small that you can only see them with
a microscope.

Caterpillar
Beetle
Grasshopper

Nematode
(drawn 100 times bigger than its real size)

Red spider mite
(on the back of a leaf and 10 times bigger than its real size)
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Insects multiply by laying eggs. They can have three or four stages in their life-cycles. A
lifecycle is the time from when an egg hatches until the next eggs are laid. Knowing about
the life-cycle of a pest can help you to control it.
In the four-stage life-cycle, larvae come out of the
eggs. The larvae do not look like the adult insects.
Once fully grown, the larvae produce
pupae in which they change into
adults. Examples of insects with
four-stage life-cycles are moths,
butterflies, flies, beetles and bees. It
is usually the larvae, not the adults,
adult
that damage crops.

egg

larva

egg

pupa

The four-stage life-cycle of a moth

adult
nymph

The three-stage life-cycle of a bug

In the three-stage life-cycle, nymphs
come out of the eggs. The nymphs are
the same form as the adults but are
smaller and softer and may be a
different colour. Examples of insects
with three-stage life-cycles are
grasshoppers, termites, scales and
bugs. By knowing the life-cycle of pests
you can find out how to control them.

The damage pests cause to plants
Insects damage plants when they feed. Some pests feed on only one type of plant. For
example, the larvae or caterpillars of the citrus swallowtail butterfly feed only on citrus
such as oranges, lemons and naartjies. Other pests feed on many different types of plants.
For example, the larvae of the mediterranean fruitfly feed on citrus, mangoes, coffee,
litchis, guavas, peaches, grapes, granadillas and many other types of fruit. When you see
small worms in a fruit, they are usually fruitfly larvae.
The damage that plant pests do to plants depends on the way that they feed. Insects feed
in one of two ways – either they chew or they suck.
The types of damage that chewing and sucking insects cause are given below. Reading this
will help you to know about the types of damage that pests cause. You can use this
information when you see that damage has been done to some of your plants, and you
want to find out what is causing the damage.

66

CONTROLLING PESTS AND DISEASES

Seed Worksheets Final

11/30/06

17:40

Page 67

Chewing insects
Insects which chew damage plants in the following ways:
Chew large holes in the leaves.
For example, many different types of beetles,
grasshoppers and caterpillars

grasshopper (different sizes)
beetle (different sizes)

Chew along the surface or into the fruit.
For example, bollworms and leaf roller caterpillars
Some types of insects lay their eggs into fruit. The
larvae which come out of the eggs then chew on the
fruit.
For example, fruitflies and codling moths

caterpillar (different sizes)

Chew or bore into the wood of stems or roots.
For example, termites and woodborers

fruitfly

codling moth

Chew through the stems of seedlings.
For example, cutworms

cutworm

Chew holes in seeds.
For example, weevils
Chew the flowers so that few fruit form.
For example, CMR beetles

woodborer – adult
weevil

Sucking insects
Some insects suck the liquid out of leaves,
buds, fruit, shoots, roots or branches.
This liquid is called sap. Removing sap
damages plants in the following ways:

CMR beetle

Leaves curl.
Caused by, for example, aphids

aphid
termite

Leaves or fruit are malformed or have strange
shapes. This is often caused by sucking insects
feeding on the leaf or flower buds.
For example, mites and stinkbugs
Leaves are mottled or covered in small yellow marks.
Caused by, for example, thrips and red spider mites

stinkbug

red spider mite

Shoots and branches die back.
Caused by, for example, scale insects
Brown, soft areas on fruit.
Caused by, for example, fruit-piercing moths
thrip

Marks on the skins of fruit.
Caused by, for example, scale insects,
red spider mites and thrips

scale insects

The line next to the insect shows the real size of the insect

CONTROLLING PESTS AND DISEASES

67

Seed Worksheets Final

11/30/06

17:40

Page 68

Controlling pests
Pests are living things which reproduce themselves so farmers and gardeners need to
control them at all times, from before they plant the seeds until after they harvest the
crop. The best way to do this control is to understand how the pest lives, behaves and
reproduces. By understanding this, we can do things to stop pests from increasing in
number and becoming a problem. The methods that come from this understanding are
called organic control methods or integrated pest management.
Many farmers control pests by using chemical poisons called pesticides. Different pesticides
kill different types of living things. There are many dangers in using pesticides for control,
for the people applying them, for the environment and for the people eating the food
treated with pesticides.

Activity 8.1

Group work

Think about ways to protect plants
1. In Activity 4.2 you worked in pairs to research a food chain in your home
or school garden. Discuss the different food chains found by your group
members.
2. Now go out into a particular area of your school garden. Your teacher
will tell you which area your group should go to.
3. Look for animals. Record what you see.
4. Back in the classroom, try to work out the food chain/s these animals
belong to. You may need to first do some research on diet and habitat.
Write down the likely food chain.
5. Do you think that any of the animals you saw are plant pests?
6. Give a reason for your answer to Question 5.
7. Discuss this question:
How can we use food chains to control plant pests that damage
our plants?
8. Write down your conclusions.
9. Do you know of any methods to protect plants from pests? List your
ideas. Also write down which pests your methods could control.
10. Do you know of any methods to control weeds?
11. Choose one person to explain your group's ideas to the other learners in
your class.

It looks to me like there
is a link between food
chains and pest contol!
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Integrated pest management
These methods help to prevent pest problems as well as getting rid of pests that are
already there.
Keep your plants healthy
Healthy plants are attacked by fewer pests and diseases than plants that have a shortage
of minerals and water. Give your plants plenty of organic matter and mulch to keep the
soil wet.
Check plants for pests
Regularly check for pests on your plants. Control any pests as soon as you notice them.
Pick large pests off the plants
Pick large pests such as grasshoppers, snails and beetles off plants. If there are small
numbers, stand on them. If there are large numbers of the pests, carry a bucket of water to
throw them into. Feed the pests to chickens or other birds.
Wash small pests off the plants
Small pests such as aphids and mealybugs can be washed off leaves with a strong spray
from a hose-pipe. These insects are seldom a problem if you use sprinkler irrigation
because the spray washes the pests off the leaves.
Use crop rotation
Crop rotation means changing the plants you grow on the same piece of land. If you grow
the same plant in the same place over many seasons, the pests and diseases that attack
that plant will increase. If you grow different plants every season then the pests and
diseases of the previous season’s plants will have nothing to live on and so will die out.
Bury fallen fruit
Fruit in which eggs have been laid or in which larvae are feeding often fall off the plant.
Bury this fruit or allow pigs and chickens to feed under fruit trees to stop the life-cycle of
the pests.
Use home-made pesticides
You can make sprays to control certain pests. These sprays do not cause the problems that
chemical pesticides cause. These sprays are still poisons and so you must use them with
care. Do not make the spray too strong or to put too much on the plants as you could
damage or kill the plants. There are many different types of home-made pesticides. Some
of these are given below.
Buttermilk spray: 1 tablespoon buttermilk mixed with ? cup of flour in 2 litres of water.
This spray destroys adult spider mites and their eggs which are covered in the sticky
mixture.
Epsom salts: Dissolve 50g Epsom salts in 4 litres of water. Spray on plants whose leaves are
yellowing as if they have a virus. Such plants are suffering a magnesium deficiency. This is
caused in soils where too much lime, wood ash or phosphorus has been used.
Fruit fly spray: Dissolve 1 kg of sugar in 15 litres of water. Add 1 litre of real seawater. Also
add 1 litre of molasses and enough diatomaceous earth to make the mixture creamy. Spray
several times when fruit fly is bad on fruit. Spray when trees are budding and flowering
too. If you leave out the diatomaceous earth, this spray is good against aphids, curly leaf
and coddling moth.
CONTROLLING PESTS AND DISEASES
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Garlic spray: Chop 85g of garlic bulbs and add 2 tablespoons of paraffin to the garlic. Soak
together for 48 hrs, and then add 800ml of water, and grate 7g of hard Sunlight soap into
this mixture. Strain the mixture through gauze and store in a glass or plastic container.
When you want to use it, you must dilute it 100 times. If you need 5 litres of spray: mix
50ml of the original with 5 litres of water. This is a spray that kills aphids, cabbage white
butterfly, caterpillars, mosquitoes, snails and wireworms. It can also kill other beneficial
insects, so use carefully! It also helps to halt downy mildew and leaf spot in cucumbers and
bean rust and blight.
General spray: Chop 1 onion, 1 chilli and 1 garlic bulb. Steep overnight in enough water to
cover it.
Dilute 5 times before you use it. This spray repels most pests and also kills funguses.
Spray for heavy infestations.
Milk spray: Milk from the bottle or cow, or sour milk is diluted 9 times. Use for tomato
mosaic virus, and it kills red spider mites, caterpillars and tomato worms.
Onion spray: Grind onions (you can add chives, garlic, onion tops) in a blender, or chop
by hand. Add twice as much water as vegetables. Use the spray often against blight on
potatoes and tomatoes. It works for apple scab, curly leaf of peach, trees, powdery
mildew, aphids and red spider mites.
Cabbage grub dust: Mix 2 handfuls each of wood ash, and flour with ? cup of salt. Dust
plants to kill all kinds of cabbage worms.
Pyrethrum spray: Make a tea by pouring 1 litre of boiling water over a few flower heads
of pyrethrum, or feverfew. Let it draw for 15 minutes. Add a little soap. Spray in the
evenings against aphids, caterpillars, leafhoppers, mites and thrips, mildew and scab.
Pyrethrum is toxic to humans.
Marigold spray: This is made in the same way as pyrethrum spray, and is good against
bean beetles.
Soapy water: Mix 30g of grated Sunlight soap in 1 litre of water. Stir until soap is dissolved.
Strain and use against aphids, maggots, leafcutters, mealybugs, red spider mites and
whitefly. If you have a serious pest infestation, add 1 tablespoon of paraffin to the mix.
You can also add soap to other sprays to make sure they stick to leaves.
Wormwood tea: Take a handful of English wormwood (Wilde ALS) and pour 1 litre of
boiling water over it. Let it draw until it cools. Use the spray undiluted against aphids,
black flea beetle, flies, cabbage white butterfly and slugs. You can also bath dogs and cats
in this to chase away fleas.
PLEASE NOTE THAT SOME ORGANIC INSECTICIDES ARE POISONOUS. USE THEM WITH CARE.
Inter-crop
Inter-cropping means planting two or more different kinds of plants together. If there is a
big area of one kind of plant, the pests of that plant have plenty to feed on and quickly
increase in number. Pests can spread easily from one plant to another. If you separate
plants of one kind from one another by plants of other kinds, the pests have to look for
other plants to feed on. Pests do not spread so easily to healthy plants.
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Inter-cropping is the planting together of different kinds of plants

Encourage the natural enemies of pests
Plant pests are all parts of their own food chains and food webs. There are many animals
that eat the pest animals which eat crop plants. These pest-eating animals, which we call
predators or natural enemies, help to keep pest numbers down. Spraying with chemical
pesticides kills the natural enemies as well as the pest insects. Examples of natural enemies
of plant pests are lizards, chameleons, insect-eating birds including chickens and ducks,
ladybird beetles and larvae, preying mantises, spiders, wasps and some fly larvae. Some
wasps lay their eggs into the larvae of pest insects.
Some types of wasps lay their
eggs into the larvae of plant
pests
A ladybird beetle
eating scale insects

A wasp laying its eggs in a young
caterpillar

A wasp carrying a
caterpillar to its nest

Ladybird beetle
larvae eating aphids
on a flower bud

The wasp larvae feed in the caterpillar

The caterpillar dies. The wasp larvae
pupate. After a few weeks, adult wasps
come out of the pupae

A preying mantis eating a moth whose larvae eat
plants
CONTROLLING PESTS AND DISEASES
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We can encourage the natural enemies by leaving wild areas and by creating wildlife habitats.
Natural enemies come to the garden areas from the wild areas and thereby help to control garden
pests. By creating habitats for the natural enemies, and encouraging biodiversity, we can further
improve our pest control.
In the next activity we are going to create a habitat for lizards. Lizards mainly feed on insects, many
of which are plant pests. By building a lizard habitat, we increase the number of lizards in our
garden and therefore get better pest control.

Activity 8.2

Building habitats for lizards
You will need
stones, rocks, digging tools, plants, logs, mulch

Group work

Lizards like stones and rocks on which to lie in the sun. They also like logs to
hide under and underground chambers that stay dry in winter where they
can shelter from predators. The lizard garden needs to be close to the food
garden, so that our predators can be on hand to eat plant pests.
Your teacher will show you where to place the stones and dig the
underground chambers. Then plant around the rocks and place the logs in
protected places. Mulch the plants so that they survive the transplanting.

Activity 8.3

Make a poster about the benefits of lizards.
You will need
Pposter paper, paints, crayons, glue, magazines, and examples of
adverts for houses.

Individual work

You are going to make a poster to make the rest of the school aware
of the lizard habitat you have built and of the benefits of lizards.
Make your poster as if it is an advert for lizard homes so as to get
more lizards into the area. Head your posters something like ‘LIZARD
DREAM HOUSE’ or ‘CALLING ALL LIZARDS’. Advertise the special
features of the lizard home. For example, ‘hundreds of sun-bathing
rocks and cool, dry underground chambers.’
Start by designing your poster in draft. When you are happy with
your design, make the poster.
Present your posters to one another in the class and then together
stick them up around the school.
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Part 9

Chickens
worksheet 9.1

Improving the soil with
chickens
Besides supplying us with meat, eggs and feathers, chickens can have many roles to play in
a food garden. Chickens can be used to:
= clear weeds
= eat weed seeds
= eat insect pests
= fertilise the soil with their faeces
= dig over the soil surface and mix it with faeces.
One system of keeping chickens so that they play all these roles is a moveable house called
a chicken tractor. A chicken tractor houses a flock of about twelve chickens and gets
moved every two weeks or so to a new position in the food garden. In each position the
chickens carry out the roles listed above, thus preparing the area for planting with new
crops. If you have grass that want to use for sheet mulching that is full of seed, you can
spread it in the dome for the chickens to deseed.

roof

handles to carry

drinker
door

A moveable dome chicken tractor
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handles to carry

shaded area

door

A mobile arc chicken tractor

Activity 9.1

Understanding the role of chickens in a
food garden
Discuss the following questions and then write down your answers.

Group work

1. In a food garden, how do chickens:
(a) take the place of hoes?
(b) take the place of chemical fertilisers?
(c) help us to avoid using herbicides? Herbicides are chemicals that kill
weeds. They are expensive and can be dangerous for health.
2. If we did not use chickens in a food garden, what extra work would we
need to do?

I love the chicken tractor I have at home –
I get fresh eggs every day while my
garden gets prepared and fertilized for
future vegetable plantings!
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worksheet 9.2:

Keeping chickens – breeds
Before you add a chicken tractor to your garden, let us learn something about chicken
keeping.
Cattle, goats, pigs, chickens, ducks and sheep are different types of farm animals. We say
that they are different species of animals. Animals of one species cannot usually produce
young with animals of another species. If they do, the young cannot themselves
reproduce. For example, a horse and a donkey produce mules, but mules cannot reproduce
any young because horses and donkeys are different species.
Each species has a number of different breeds. Two
different breeds of the same species can produce
young. Animals whose parents are of
two different breeds are called cross
breeds. Animals whose parents are
of the same breed are called pure
breeds.

female of one breed, male
of the same breed, young
animal is a pure breed

female of one breed, male of a different
breed, young animal is a cross breed

Breeds differ from each other in small ways such as colour, shape, the quality of food they
need to produce well, the season when the young are born, the temperature to which
they are most suited, the ease with which they get diseases, whether they suited to dry or
wet areas, their use for meat or for producing other products such as milk, wool or eggs. In
South Africa, there are exotic breeds which were brought here from other countries, and
there indigenous breeds which come from South Africa.
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Chicken breeds
There are many different breeds of chickens: dual-purpose, broiler, layer and indigenous.
Dual-purpose breeds produce eggs and quite a lot of meat. They are pure-breeds. If a male
and a female of the same dual-purpose breed mate, then the chicks grow up to be the
same as their parents. You can raise your own dual-purpose breed chicks if you have a
male and a female of the breed.
Broiler breeds are kept for their meat and layer breeds are kept for the eggs they lay.
Broilers and layers are cross-breeds called hybrids. Broilers were specially bred to grow fast
and to be ready for slaughter at an early age. Layers were specially bred for high egg
production. If a male and a female of the same hybrid breed mate, then the chicks do not
grow up exactly the same as their parents. For this reason, you need to buy new hybrid
chicks from a special supplier, you cannot raise your own hybrid chicks from the eggs laid
by hybrid hens. You buy only female layers and sometimes you buy only male broilers. The
males of layer breeds and the females of broiler breeds are slaughtered after hatching.
The hybrid breed that you choose is not very important as long as the birds come from a
good supplier.
In South Africa, indigenous chickens are today usually a mixture of breeds because the
birds have bred freely. The indigenous breeds are usually well suited to their areas, but
grow slowly and produce few eggs.
The table below lists the most important chicken breeds in South Africa.
Table 9.1: Chicken breeds
Breed

Type of breed

Purpose

White Leghorn
Rhode Island Red
New Hampshire
Sussex
Cornish
Plymouth Rock
Australorp
Harco
Cobb 500
Hyline

layer pure-breed
dual-purpose pure-breed
dual-purpose pure-breed
broiler pure-breed
broiler pure-breed
dual-purpose pure-breed
dual-purpose pure-breed
layer hybrid
broiler hybrid
layer hybrid

eggs
meat and eggs
meat and eggs
meat
meat
meat and eggs
meat and eggs
eggs
meat
eggs

Activity 9.2

Individual work
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Explore concepts of animal reproduction
In terms of reproduction, there are two main types of farm animals:
mammals and birds. Sheep, cattle, pigs, horses and goats are examples of
mammals. People are also mammals. Mammals are animals which give birth
to live young and which feed their young on milk made in the mother’s
breasts. Chickens, ducks, turkeys and geese are examples of farm animals
which are birds. They are together called poultry. Birds produce young by
laying eggs. One or both parent birds keep the eggs warm until the young
hatch out of the eggs. They then feed their young by finding and bringing
food to them.
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The diagram below shows the reproduction cycle of birds. Draw your own
diagram for the reproduction cycle of a mammal of your choice.
The reproduction cycle of birds

mating and fertilisation

oestrus

laying

chicks feeding

incubating

hatching
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worksheet 9.3

Keeping chickens – health
and food
Feeding chickens
The food eaten by animals, including people, contains five different nutrients. A food
nutrient is a substance needed by the bodies of animals to keep alive and be healthy. The
five food nutrients are: proteins, minerals, vitamins, carbohydrates and fats and oils.
There are three main groups of food as shown in the diagram below. Each of these groups
contains certain nutrients. To be healthy, we need to eat food from all three of these
groups every day.

Body building foods
The body building foods are foods that contain a lot of protein. The body uses protein to
grow and to repair damage. The foods that are rich in protein are foods that come from
animals such as fish, meat, eggs and milk. Beans, peas and nuts also contain a lot of protein.

Protective foods
The protective foods are those that contain a lot of vitamins and minerals. There are many
different vitamins and minerals. The body uses each one for a certain purpose. For
example, the body uses the mineral calcium to build bones and teeth. The body uses
vitamin A to see at night. Fresh fruit and vegetables contain vitamins and minerals. You
should eat five different fruits or vegetables every day to keep your body healthy.

Energy foods
The energy foods are those that contain a lot of starch, sugar, fats or oils. All sweet foods such
as chocolates, cakes and biscuits contain sugar. Foods that are made from grains contain a lot
of starch. Wheat, maize, rice, oats, sorghum and rye are grains. The foods made from grains
include bread, pasta, maize porridge, cakes, biscuits and rice. Foods that contain sugar or
starch are also called carbohydrates. Fats are solid and oils are liquid at room temperature. If
heated, fats melt to become oils. Cooking oil, butter and margarine are examples of food fats
and oils. Fried foods such as fish and chips, fried chicken and samoosas contain a lot of oil.
The body can use protein for energy if there is no carbohydrates or fat available.

Fibre
Most animals also need to get fibre or roughage from our food. Fibre is the stringy parts of
fruit and vegetables. Brown bread, brown rice and cereals also contain a lot of roughage.
Roughage helps to move food through our bodies. If we do not eat roughage, then we
feel constipated. This means that we feel uncomfortable because we are unable to move
faeces out of our body when we go to the toilet.

Balanced diets
Most animals need to eat foods from all three groups every day to have a healthy diet. A
diet is the type and amount of food that an animal eats over a certain time, usually one
day. A diet in which an animal eats all three types of foods in the correct amounts every
day is called a balanced diet. A balanced diet is necessary to keep chickens healthy.
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energy foods – fats, oils and
carbohydrates

protective foods –
vitamins and minerals
body building foods – proteins

Activity 9.3

Individual work

Activity 9.4

Understand what you read
1. Read the text above to find the information you need to complete the
sentences below.
Protective foods keep animals healthy. Three examples of protective
foods are _____________________________. Starch and
_________________ give animals energy for living. Animals need
____________ foods to keep their bodies healthy and working well.
Animals need proteins to ______________________________. Animals
use fats and oils to _______________ . Most animals need ___________
to help move food through their bodies.

Make a poster of food groups
Make a big poster of the three food groups using pictures from magazines,
food labels and food packaging.

Group work

Balanced diets for chickens
A balanced diet for chickens includes:
Water: you need to clean and refill the drinking water container daily.
Greens: give chickens a big mixture of greens as both food and medicine. For example:
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= comfrey, parsley, chicory, chives; oxalis, cleavers, herbs, dandelions and clover are
medicinal and help to keep your chickens healthy.
= oxalis, clover, dandelions and bamboo leaves repel lice and ticks, keeping chickens
free of these parasites
= mustard, amaranth, fat hen, chickweed, cress, radishes provide good sources of
mineral and vitamin-rich greens.
Grains: grains are rich in carbohydrates. They are the seeds of plants in the grass family
such as wheat, maize, amaranth, rice, oats, barley, rye, oats and sorghum.
Legumes: cut the leaves of perennial legume plants like pigeon peas, alfalfa, chickpeas and
lucerne. Legume seeds and leaves are rich in protein. This is because protein, unlike fats
and oils and carbohydrates, contains nitrogen which is fixed by legumes.
Fruit/berries: chickens eat most types of fruit which is a source of vitamins and minerals.For
example: grapes, mulberries, figs, guavas, black and banana passion fruit, loquats,
cucumbers, pigeon peas, bananas, paw-paws.
Insects and other animal pests: Collect insects such as snails, grasshoppers and caterpillars,
off plants and throw them to the chickens. This is a very good method of pest control.
Worms: chicken droppings attract earthworms to the area. Your chickens will eat them.
Earthworms provide chickens with a good source of protein.
In addition to the above, at least once a week, try to give your chickens the following:
= An armload of mulch. For example, lawn clippings from a mown sports field, tree
prunings.
= A bucket of house scraps/kitchen waste. For example, crushed eggshells, tea bags,
coffee grounds, citrus skins, etc.
= Any collected slugs, caterpillars, weeds – pests become a resource for chickens
= Any spoiled fruit or old vegetables – collected in your garden, or from local roadside
vegetable vendors
= One or two handfuls of shell grit and/or cuttlefish collected during a beach trip. This
provides chickens with a source of calcium for their eggshells, as well as grit which
helps birds digest their food efficiently.
= Old bread and crumbs. For example, breadcrusts left over from lunch sandwiches.
= Ash from a braai or wood stove. Chickens enjoy ‘bathing’ in ash dust. It helps to
keep them free of parasites like lice and ticks. They also spread and scratch the ash
into the whole area so adding the mineral potassium to the soil.

Activity 9.5

Group work
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Planting for chickens
1. Make a copy of the table on the next page. Walk around the garden and
find out what chicken fodder is already in use. Complete the second
column of the table.
2. Now complete the third column by considering which of the chicken
feeds listed in the first column you could provide for the chickens at
your school.
3. In the last column write the reason for the answer you wrote in the third
column. The “Old bread’ row has been completed as an example.
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Type of feed Already being used Possibility of having Reason for your
in the garden?
for school chickens answer in third column
Yes/No
in future? Yes/no
Greens

Grains

Trees for
animal feed
Mulch

Legumes

Fruit

Wood ash

Old bread

No

Yes

We will put a collection
bin for old bread near the
tuck shop.

Old fruit and
vegetables
Other feeds

4. Give your group’s completed table to your teacher. In the next lesson you
will implement your classes chicken feeding plan by planting chicken
feed and organising collections.

A lot of greens grow on the
sides of the soccer field
once the rainy season
begins. We could cut those
to feed to the chickens.

The restaurant across the
road from the school sells
salads and chips. We
should ask them for their
vegetable peels instead of
them being thrown away.
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worksheet 9.4

Design and make a chicken
tractor
You have learnt something of the role of chickens in a garden and chicken breeds, health
and feed. In the next activity you are going to follow the Technology process to design,
make and evaluate a chicken tractor. You can use the Technology process that is outlined
here for any Technology project in which you have to design and make an item.

Activity 9.6

Design and make a chicken tractor
1. Write a design brief for a moveable chicken house

Group work

A design brief is a short statement about what you are
going to make. A design brief does not give any details
of the design, these are given in the design
specifications. For example:
I am going to design
a container that is
able to hold my tools.

2. Further explore your product idea

Sipho

You can do this by making a list of at least six questions. Include
questions about the size, features and cost.
For example: Sipho explores his design idea

1. How big should the tool container be?
2. Do I need a container that is waterproof?
3. Do I need a container that can lock?
4. How much should the container cost?
5. Do I need a container that I can carry?
6. Do I need a container that will last a long time?
If so, how long should the container last?

3. Develop your product specifications
Product specifications give information about the product you plan to
design. You often write specifications as answers to the questions you listed
when you explored your design idea. You can write specifications as a list or
as a statement.
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Developing specifications has two steps:
Step 1: Find answers to the questions you asked. To do this, you have to
research your product. To research your product, measure, carry out
investigations, read books, speak to people or visit places that produce
similar products. You need to clearly think out your specifications. The
specifications come from the research that you did. Specifications give what
is needed for your product. They do not solve the problem or give the design
ideas, but they help to give you the design ideas.
Step 2: Write down your answers as design specifications.
For example: Sipho works out his product specifications
Sipho’s first question was: How big should the tool container be? To answer
this question Sipho had to carry out an investigation. He had to find out
more about the space he needed to store his tools away.
Sipho had to think about the length and depth of his container. Sipho
measured the length of his longest tool, his hammer, to be 350 mm. For the
hammer to fit easily into the container, he decided the container should be
at least 400 mm long. He then thought about how deep the container
should be. He took an old cardboard box that had a length of about
400 mm and a width of 250 mm. He stacked his tools into the box and
measured that the container would have to be at least 200 mm deep if all
his tools were to fit in. Sipho then wrote down his first specification: The
container should 400 mm long, 250 mm wide and 200 mm deep.
Sipho continued answering his questions about his design and listed the
following specifications:

• The container should 400 mm long, 250 mm wide
and 200 mm deep.
• The container should be waterproof.
• The container must have a way to be locked.
• The container should cost less than R40 to
make.
• The container must have a way to lift and
carry it.
• The container must last at least five years.

Work out and write down your product specifications. Find answers to the
questions you asked when you analysed your product. Write down your
answers as specifications for your design. Remember that you might have to
do research to answer the questions.

DESIGN AND MAKE A CHICKEN TRACTOR

83

Seed Worksheets Final

11/30/06

17:40

Page 84

4. Research designs for you product
Before you begin sketching your first ideas you will need to think of some
good, creative ideas. A good way to come up with ideas is to look at
similar products.
For example: Sipho looks at different designs
Once Sipho had the specifications for his design, he had to think of designs
for his tool container. He needed to get ideas about different types of tool
containers. Sipho began by visiting hardware shops to look at tool
containers. He took a notebook with him and made notes and sketches of
the designs he saw. One of the containers he liked was a plastic tool box. It
was moulded from plastic, but would be difficult for Sipho to make as he did
not have plastic moulding equipment. There was no way of locking the
container, which for Sipho was also a problem.
Sipho’s brother showed him his metal tool box. It had two drawers that
folded out as the lid was opened. The bottom of the tool box had begun to
rust and the paint had been scratched off.
Sipho’s mother showed him a cloth container that she used for her sewing
tools. Each tool had its own slot. When all the tools were in place, the
container was rolled up and a cloth string tied around it.

5. Develop two different design ideas
Sketching your design ideas helps you to see them for yourself and to use
them to choose your final design idea.
For example: Sipho’s first two ideas

Idea 1:
hinge

screws
10 mm Supawood

200 mm
hasp and staple
250 mm
400 mm

Idea 2:

handle

strong canvas
tools in pouches

straps to tie bag after
it has been folded

pouches sewed on – one
pouch for each tool
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Sketch two possible designs. Each design should be different, not just small
changes of the same design. Each possible design must include:
= sketches and notes describing the materials you have chosen
= notes on how the parts of the design will work.
Never forget that you will have to make the product that you have designed.
This means you must think about your own skills, your and the school’s
resources, the cost of materials and other parts and the time you have. Be
realistic when designing. Always check with your teacher whether your
design will work.

6. Choose the best design idea
In technology there is not only one correct design. Both of your designs might
work well meet the design specifications. You need to choose the design you
think is best so that you can develop it further. When thinking about which
design to choose, you should think about the good and poor points of each
design. You might want to improve one of your designs or even create a new
design that is a combination of two or more of your first designs.
Write down the good and poor points of each of your first designs.
Choose one design and write down your reasons for choosing it.

7. Produce a working drawing
A working drawing is a detailed drawing of what you plan to make. Your
working drawing should show enough detail for somebody to make the same
product that you would make. Working drawings are like
architects drawings. Architects design and draw plans for
buildings. If an architect designed a house and gave the plans
to two different builders, both builders would build exactly
the same house. A working drawing can be a detailed sketch
of your final design or a technical drawing that is drawn with a
drawing board and
Your first designs must match with
drawing instruments.
For example: Sipho’s
working drawing

your design brief and design
specifications. Use your imagination
and be creative. When you sketch,
do not use a ruler.
dowel (15 mm diameter)

sides – butt joints with
20 mm screws

Supawood
hasp and staple

200 mm
drill 15 mm hole
to insert handle

back flap hinge
250 mm
400 mm;
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Draw your working drawing. The working drawing must include:
= An accurate 3-dimensional drawing of the final product.
= A plan or pattern showing how the product is made.
= Details of all materials used.
= The names of manufactured parts such as hinges, screws and bolts
that are used in the design.
= Views from different sides, where necessary.
Do not rush your working drawing, take your time and work carefully. Use
Sipho’s working drawings as a guide to what your working drawing should
look like.

8. Plan the making of your product
Before making a product it helps plan carefully. When you plan you think
about:
= what materials and equipment you will need
= the budget – the cost of the materials you plan to use

Planning materials and equipment
You need to make a list of the materials and equipment that you need to
complete the project. Then check with your teacher that the materials and
equipment are available. If you cannot get something, you may have to
change your design. It is easier to change your design before you start
making your product.
Planning your budget
When planning you also need to make sure that you will work within your
budget. A budget is the amount of money you have to spend on a project.
To budget:
1. Write down the costs of all the materials that you will use.
2. Add up all the costs to get the total cost.
The total cost should be less than or equal to the amount of money you
have to spend on your project. If the cost of the materials will be greater
than your budget, you may have to change your design to something that
will cost less.
If all the equipment and material you need is not available, write down what
you plan to do.
In Part 2 of this activity you wrote down how much your product should cost
to make. This amount is your budget. List the costs of all the materials that
you need to make your product. Add up all the costs to get the total cost.
Is the total cost of all the materials you need within your budget? If the total
cost of all the materials you need is higher than your budget, write down
what you plan to do.

9. Think about safety measures
You are nearly ready to start making your chicken tractor. Before you do, you
need to learn about safety measures because working on a technology
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project might mean working with dangerous tools such as drills, scribes,
saws and electrical heaters. When working with tools, follow these safety
rules to make sure that you work in a safe way:
= Wear protective clothing and safety goggles whenever they are
needed.
= Never use dangerous tools without proper instruction and
permission.
= Cut away from yourself when you use a sharp tool such as a knife or
a chisel.
= When cutting hold the material you are cutting tightly so that it does
not slip.
= Keep your work surfaces tidy and clean.
= Make sure that there are open windows and doors when you use
chemicals with strong smells.

10. Make your product
Make your product. Follow your working drawings and work safely. If you
need help, ask your teacher or fellow learners.

11. Evaluate the process and the product
Now that you have completed your design project, you will need to evaluate
it. You will need to evaluate:
= the process you followed
= the product you made.
To help with the evaluation, answer the questions below.
1.
2.
3.
4.
5.

Did you follow your plan? Explain your answer.
Did you have enough equipment and tools? Explain your answer.
Did you find the making easy or difficult? Explain your answer.
Did you follow the safety rules? Explain your answer.
Draw a table like the one shown below. List your specifications. Tick
“Yes” or “No” to show whether your design met each specification. If
your design did not meet a specification, give the reason why.

Specification

Yes

No

Reason

6. How well does the product work? Explain your answer.
7. Does the design look good? Explain your answer.
8. Is there any way in which you could have improved your design? Explain
your answer.
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worksheet 9.5:

Moving in – make sure your
chickens are comfortable
Before you move chickens into the chicken tractor, you need to
add drinkers for all types of chickens, and laying nests and roosts
for layers.

Drinkers
It is very important that
your chickens
always have clean,
fresh, cool water
to drink. Chicks can
die from a lack of water. There
are many different types of drinkers, some are
especially for chicks. Choose drinkers which hold enough water
for one whole day. Clean and refill the drinkers at least once a
day. Drinkers should be raised so that they are at the same
height as the back of the chickens. Putting drinkers on the floor
usually leads to chicken faeces getting into the water.
Different types of drinkers

Nesting boxes
Layers need special nests where they can lay their eggs. If you do not supply these nests,
the birds will lay their eggs on the ground. These eggs may get broken and dirtied and be
difficult to find.
You need one nesting box for every five layers. You can buy ready-made nesting boxes,
you can make them yourself or you can use another suitable object such as an old lawnmower grass catcher.

30 cm

30 cm

30 cm

6 cm

A row of three wooden nesting boxes
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The bought nesting boxes are usually made of metal and are stacked one above the other.
The nesting boxes can be made from wood, brick or metal. Each nesting box should be
about 30 cm long, by 30 cm wide, by 30 cm high. Place clean, soft nesting material such as
grass, sawdust or wood shavings in each nest box, and replace this when it gets dirty.

Roosts
Layers like to sleep on roosts. Roosts are horizontal poles above the ground which are
similar to branches of trees. If you do not provide roosts, layers will sleep in the nesting
boxes, on the drinkers or on the ground. This dirties the eggs and the equipment. Birds
who sleep on the ground get diseases more easily because of the dampness underneath
them and the lack of fresh air around them.
Roosts should be at least 50 cm above the ground and all at the same height. If the roosts
are at different heights, the birds fight one another to get onto the highest roosts. You
need 20 cm of roost space for each bird, so a 1 metre long roost will give roost space for
5 birds. The roosts should be about 35 cm apart. Examples of roosts are shown in the
drawing below.
Make the roosts from thin gumpoles, branches of other trees or from timber which is
about 5 cm wide and 5 cm thick. Round off the corners of the timber so that the birds do
not damage their feet.

Provide layers with roosts
35 cm apart

50 cm high

Activity 9.7

Group work

Equiping your chicken tractor
1. Work with the same people you worked with in Activity 9.6 to design
and make a chicken tractor. You are now going to add drinkers, nesting
boxes and roosts. You could do this by buying or making or reusing
some other suitable object.
a) How will you add a drinker? Do a sketch below of what your drinker
will look like.
b) How will you add roosts? Do a sketch below of what your roosts will
look like.
c) How will you add nesting boxes? Do a sketch below of what your
nesting boxes will look like.
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Part 10

Plant reproduction
worksheet 10.1

Growing plants from seeds
Most living things reproduce themselves before they die. When a living organism
reproduces, it produces other living organisms that are similar to itself. Most plants
reproduce themselves by producing seeds. Seeds develop from flowers. Flowers are the
sexual organs of plants. The reason that plants produce flowers is to reproduce
themselves. The diagram below shows a flower which has been cut in half so that you can
see the different parts.
The male organ is called
the stamen. The stamen
consists of the anthers and
the filaments. The anthers
produce pollen grains
which are the male
reproductive cells of plants
like the sperm of animals.
The female organ is called
the is pistil. The pistil
consists of the stigma, the
style and the ovary. In the
ovary are one or more
eggs or ovules which are
the female reproductive
cells of plants.

stigma
anther

pollen
style

petal

egg
filament

ovary

Pollen is carried from the anther to the stigma by wind or insects. Insect-pollinated flowers
attract insects by producing a sweet substance called nectar, a strong smell and large
coloured petals. Most fruit and vegetables are insect-pollinated.
Wind-pollinated flowers do not have to attract insects so they are usually small and green
and do not produce nectar, a strong scent or bright petals. The anthers usually hang out of
the flowers so that the pollen can be carried by the wind. The stigmas also hang out of the
flowers and are usually hairy or feathery to trap the pollen carried by the wind. All grasses
and cereals such as rice, wheat and maize, are pollinated by wind.
When a pollen grain lands on the stigma, it grows down the style until it reaches the ovary
and then fertilises an egg. The ovary then changes into the fruit and the eggs change into
the seeds.
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ovary changes
into the fruit

eggs change into the seeds

When seeds begin to grow into new plants, we say that they germinate. Seeds need air,
water and the right amount of heat to germinate well. After the seeds germinate, we call
them seedlings. Seedlings need light to grow.
The top few centimetres of the soil in which you plant seeds dry out quickly. Cover the soil
with a mulch of dry grass or leaves. The mulch will keep the soil wet and help to keep the
soil warm in winter and cool in summer. Open the mulch once the seeds germinate so that
the seedlings can get light.

Activity 10.1

Growing trees from seeds
You will need
magnifying glass if you have one, potting soil, strong plastic packet at least
20 cm long , tree seeds

Individual work

1. Walk around the school grounds and look for flowers. Pick six different
flowers and take them back to the classroom.
2. By comparison with the drawing of the half-flower on the previous
page, draw and label each of the six flowers.
3. Identify and note whether it is wind- or insect-pollinated.
4. You are going to grow a tree seed at home for planting in the school
garden. Follow the steps below:
a) Tree seedlings will survive better if you plant them into containers
such as strong plastic packets. Using containers stops the roots from
being disturbed when you transplant the trees to the place where
they will permanently grow. Make holes in the bottom of the
container with a nail or a piece of wire. The holes let water drain out
of the containers so that the seeds do not rot.
b) Get some good garden soil and fill the container with it. Knock the
container gently on the ground to settle the soil. Then add some
more soil.
c) Plant three seeds in each container in case some do not germinate.
Plant seeds two or three times as deep as the size of the seed.
d) Water the seeds and place the container in a warm but shaded place
such as a on windowsill or under a tree. Keep the soil in the
container moist.

GROWING PLANTS FROM SEEDS
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Plant seeds 2-3 times as deep as the size of the seed

e) When the tree seedlings are the same height as the containers, they
are ready for transplanting. If you leave them in the container for
longer, the roots start to grow around the inside of the container. Do
not transplant trees less than 20 cm high as it is difficult for smaller
trees to survive after transplanting.

Transplant tree seedlings when they are at least 20 cm tall.

I am going to start a tree nursery at
home. I will plant trees along our
fence and to give shade in our garden.
I will also try sell some of the tree
seedlings to my neighbours.
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worksheet 10.2:

Growing plants from parts of a
parent plant
Most flowering plants reproduce themselves by producing seeds. The seeds grow into new
plants. Seed production involves sexual reproduction since seeds only form after the
fertilisation of an egg, Some plants can also reproduce from special types of stems or roots.
This is called vegetative or asexual reproduction. In this worksheet you will learn about
some of the methods of vegetative reproduction of plants.

Bulbs
Bulbs are plants that grow leaves and then produce
flowers during their growing season. The leaves die
down at the end of the growing season and the
bulb remains in the soil until the next growing
season. They also produce new bulbs around or
inside the older bulb. Examples of bulbs are
plants in the onion family (onion, garlic, chives,
shallots) and plants grown for their beautiful
flowers such as lily, hyacinth, iris, daffodil and tulip.
Garlic bulb

Tubers
Tubers are storage stems or roots. Sweet potatoes are
an example of a storage root and potatoes are an
example of a storage stem. Plants that produce
tubers store food to be able to grow again at the
start of the next growing season. You can use the
tubers to grow new plants.

new shoots

new shoots

Potato

Sweet potato
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Runners
Runners are stems that grow along the ground. Roots and new plants grow along the
stem. Examples of plants that produce runners are strawberries and many grasses. You can
easily grow new plants from runners by digging up the new plants, cutting them off the
runner and planting them.

parent plant

new plant

runner

Strawberry plant
parent plant

Offsets
Offsets or suckers are new
plants that grow on the stem
of the parent plant. The offsets
may have their own roots in
the soil or be joined to the
stem above the soil. To grow
plants from offsets, use a knife
to cut off the offset close to
the main stem. Then plant the
offset into a container or
straight into the soil. Examples
of plants that produce offsets
are pineapples, bananas, sisal
and dates.

offset

Banana plant

94
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Cuttings
People often take stem cuttings to grow more plants
for their gardens or farms. Stem cuttings are pieces
of stems from which new plants grow. When planted
into the soil, stem cuttings develop roots and new
shoots of leaves. Examples of plants that you can
grow from stem cuttings are figs, granadillas, sweet
potatoes, cassava, kiwi fruit and many different
garden plants.
new roots

new shoots

A stem cutting

Grafting and budding
Grafting is joining the stems of two different plants so that they grow together as one
plant. Budding is joining the stem of one plant with buds from another so that they grow
together as one plant.
There are a number of reasons for grafting and budding. The main one is to produce
plants which are the same as a parent plant with good characteristics. Grafting and budding are usually done with woody plants, such as fruit and nut trees which cannot easily be
grown from cuttings.
If you want good quality, high yielding fruit and nut trees, it is best to buy grafted or
budded trees from a nursery.

Activity 10.2

Growing trees from cuttings
You will need:
potting soil, strong plastic packet at least 20 cm long, sharp knife or
secateurs, tree cuttings
Follow these steps to grow plants from cuttings.

Individual work

1. Use a sharp knife or
secateurs to cut off
pieces of stem as thick
as a pencil. Choose
stems which have
buds. The new shoots
will grow from these
buds.
2. Cut the top pieces of
the stems off, so that
you are left with
pieces that have at
least four nodes. A
node is a joint in the
stem. Buds form
at nodes.

cut off the top piece of
the stem

cut the top end at an angle

bud
remove the bottom
two leaves

a piece of stem with
four buds

node

Taking a cutting
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3. Cut the top ends at an angle to make them look different from the
bottom ends. This will help you to know which end of the stems go into
the soil. If you plant the cuttings upside down, they will not grow.
4. Cut off the bottom two leaves. Cut off some of the top leaves to stop
the cutting from losing too much water. Cut off all flowers from the
cutting.
5. Prepare the place where you will plant the cuttings. It is best to plant
cuttings in containers as this stops the roots from being disturbed when
you transplant the trees to the place where they will permanently grow.
Make holes in the bottom of the container with a nail or a piece of wire.
The holes let water drain out of the containers so that the seeds do not
rot. Get some good garden soil and fill the container with it. Knock the
container gently on the ground to settle the soil. Then add some more
soil.
6. Place the cuttings into the soil so that two nodes are above the soil and
two nodes are in the soil. Roots will grow from the part of the cuttings
that are in the soil. The buds above the soil will grow into new stems.
Place the container in the shade and keep the soil wet until the new
plants are growing strongly.
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Appendix 1: Details of characteristics, uses, climatic adaptations and propagation of
140 useful plants
Key
Plant type:
G – groundcover; H – hedge; S – shrub; T – tree; V – vine; Gr – grass
Ve – vegetable or herb
Propagation: C – Cutting; R- Runners; S – Seed; T- Truncheon; O – Offsets or suckers
GB – Grafting or budding; B – Bulbs

*

*

*

S

*

*

O

*

*

O

*

*

O

Scientific Name

Indigenous

Fodder

Medicine

N-fix

Edible

Acacia

Acacia spp

T

*

*

*

*

*

Agapanthus

Agapanthus spp

S

*

Aloe

Aloe barberae

T

*

Aloe

Aloe ferox

T

*

Aloe

Aloe thraskii

S

*

Annona

Annona senegalensis

T

Asparagus fern

Protasparagus densiflorus

V

Avocado

Persea Americana

T

*

Azanza

Azanza garkeana

T

*

*

S/C

Bambara
groundnut

Vigna subterranean

G

*

*

S

Pulse, green manure

Bamboo

Various

O

Paper, furniture, roof tiles,
thatch, plant pots, gutters,
baskets, building material,
scaffolding, bridges, rafts,
edible shoots, musical,
instruments, implement
handles, poles, garden stakes,
etc.

Bana grass

Pennisetum spp

Gr

O

Mulch

Banana

Musa spp

S

*

Fruits, vegetable beer, fibre, dye
ink, flour, bat and bird home,
leaves make plates, wrappers,
thatch umbrellas, shade, mulch,
etc.

Bananadilla

Passiflora mollissima

V

*

Beans

Various

G

Bergbietou

Osteospermum jucundum

G

*

Bitou

Crysanthemoide monilifera

S

*

Bladder nut

Diospyros whytaena

T

*

Blue daisy

Felicia echinata

S

*

Firebreak

Common Name

Plant Type

Propagation

Frost resistant

*

Wind resistant

*

Erosion control

Drought resistant

Water logging resistant

Climate

*

*

*

*

*

S

*

*

*

*

*

*

*

*

S

Other uses
Food, gum, timber, fuel wood,
fencing, shade

Timber, fruit, dye

S
S/GB Shade, timber, fruit

*

*

*

*

*

O

*

S/C

*

S

*

*

*

Fruit, juice, preserves, wine,
shade
Vegetables and pulses, climbers
for shade, shelter, smothering
weeds, green manure

S

*

S
*

*

Bee attractant, fruit, wood, trap
crop

*

S

*

S/C
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G – groundcover; H – hedge; S – shrub; T – tree; V – vine; Gr – grass
Ve – vegetable or herb
C – Cutting; R- Runners; S – Seed; T- Truncheon; O – Offsets or suckers
GB – Grafting or budding; B – Bulbs

Ziziphus mucronata

T

*

Bush violet

Barleria obtusa

S

*

Camphor bush

Tarchonanthus camphorat

T

*

Canna

Canna edulis

Cape ash

Eckebergia capensis

Cape gooseberry

Physalis peruviana

Cape saffron

Cassine pergua

T

Carob

Ceratona siliqua

T

Cashewnut

Anacardium occidentale

T

Cassava

Manihot esculenta

H

Casuarina

Casuarina cunninghammia,
Casuarina equestifolia

H

Chayote

Sechium edule

V

Chickpea

Cicer arietinum

G

Chillies

Capsicum annum

Ve

*

Citrus

Various

T

*

Cliffortia

Cliffortia feruginea

T

*

Coast Silver Oak

Bracchylaena discolor

T

*

Coffee

Coffea arabica,
Coffea canephora

S

T

Comfrey
compost, mulch

Symphytom officinale

G

Confetti bush

Coloenema pulchellum

S

S

Vegetables and pulses, climbers
for shade, shelter, smothering
weeds, green manure

*

*

S

Edible seeds, oil, flour,
protection, green manure,
mulch

*

*

S

Fruits, coffee substitute, attracts
birds and bees

*

*

*

S

*

S

*

*

*
*

*

*
*

*

*

*

*

*

S

*

S

*

*

Fruit, under storey, nurse crop

S/C

*

*

S

Nuts, oil, fruit, butter, wine, ink

*

*

C

Edible tubers, vegetable, flour,
starch, tapioca, pudding,
adhesives, textile and paper
making, beer, ethanol, nurse
crop, pioneer

*

S

Pioneer, fuel and timber, mulch

S/C

Shade, vegetables, edible tuber

S

Pulse, vegetable, green manure

S

Vegetable, seasoning, preserve,
insect spray

*

*

*

*

*

*

*

*

*

Chocolate/coffee substitute,
gum, timber, shade

S/GB Fruit, juice, preserves
*

S

*

S

*

*

Edible underground stems,
starch

S

*

*

O

*

*

*

Other uses

*

*

*

T
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Coffee Neat’s Foot Bauhinnia petersiana
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*

Propagation

Buffalo thorn

Water logging resistant

*

*

Frost resistant

C

*

Drought resistant

Fagopyrum esculentum

*

Wind resistant

Buckwheat

*

Erosion control

*

Firebreak

G

Edible

Vicia faba

N-fix

Broad beans

Medicine

Scientific Name

Fodder

Common Name

Plant Type

Indigenous

Climate

S
*
*

*
*

S
*

*

Drink, under storey

O
S

Vegetable, weed control,
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G – groundcover; H – hedge; S – shrub; T – tree; V – vine; Gr – grass
Ve – vegetable or herb
C – Cutting; R- Runners; S – Seed; T- Truncheon; O – Offsets or suckers
GB – Grafting or budding; B – Bulbs

Propagation

Water logging resistant

N-fix

Frost resistant

Medicine

Drought resistant

Fodder

Wind resistant

Indigenous

Coral tree

Erythrina caffra

T

*

*

*

*

Cowpea

Vigna ungulata

G

Cross berry

Grewia occidentalis

T

Cucumber

Cucumis salivus,
Cucumis metuliferus

Ve

Desmodium

Various

G

Diospyros

Diospyros spp

T

Dune myrtle

Eugenia capensis

S

Elder

Sambucus nigra

H

Euryops

Euryops virgineus

S

*

*

Everlasting

Helichrysum argentum

S

*

*

*

False Olive

Buddleja saligna

T

*

*

*

Feijoa

Feijoa sellowiana

S

Fennel
attractant

Foeniculum vulgare

Ve

*

Garlic

Allium sativum

Ve

*

Gazania

Gazania uniflora

G

Giant granadilla

Passiflora quadangularis

V

Gousblom

Arctotis auriculata

G

*

*

*

S

Gousblom

Arctotis stoechadifolia

G

*

*

*

S

*
*

*

*
*

Firebreak

Scientific Name

Edible

Common Name

Plant Type

Erosion control

Climate

*
*
*

*

*

*

*

*

*

*

*

*

*

*
*
*

V
G

Guava

Psidium guajava

T

Henkelis

Podocavpus henkelii

T

Honey locust
yellowwood

Gleditsia tricanthos

T

*

Horesradish tree

Moringa oleifera

H

*

Hveld cabbage
tree

Cussonia paniculata

T

*

S

Fruit, timber, toothbrush, drink

C

Edible flowers and berries,
timber, fuel, predator attractant

Fruit, jams, juice, edible flowers

*

S/O

Vegetable, seasoning, predator

*

B

Flavouring, soil pest repellent,
spray

*

S
S/C

*

*

S/C
*

*

*

*

Browse, mulch, hay, silage,
green manure, smothers weeds,
pioneers

S

*
*
*
*

S

S/C

*
*

Shade, vegetables, edible seeds,
oil

S

*

Arachis hypogaea

S

*

*

Passiflora edulis

Pulse, vegetable, green manure

S

*

Granadilla

S

*

*

Groundnuts

Seeds for decorating, timber,
bee fodder, live fence, shade

S

*

*

T

S

*
*

Other uses

*

Fruit, shade

Fruit, juice, preserves, wine, shade

S

Oil, seasoning, snack, peanut
butter, flour, vegetable, textile
fibre

S/C

Fruit, juice, dye, tannin, timber

S
*

S

*

S/C
*

Food, timber, fuel, shade
All parts edible, pickle, live
fence, seasoning

S
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G – groundcover; H – hedge; S – shrub; T – tree; V – vine; Gr – grass
Ve – vegetable or herb
C – Cutting; R- Runners; S – Seed; T- Truncheon; O – Offsets or suckers
GB – Grafting or budding; B – Bulbs

Schotia afra var afra

T

*

Kei apple

Dovyalis caffra

T

*

Keurboom

Virgilia oroboides

T

*

Krantz aloe

Aloe arborescens

S

*

Lannea

Lannea spp

H

Lemon grass

Cymbopogon citratus

Gr

Leuceana

Leuceana leucocephela

T

Lippia

Lippia javanica

Ve

Loofah

Luffa cylindrica

V

Lucerne

Medicago sativa

G

*

Lupin

Lupinus spp

G

*

Macadamia

Macadamia ternifolia,
Macadamia integrifolia

T

Malabar spinach

Basella alba

G

Mango

Mangifera indica

T

Marigolds

Tagates spp

Ve

Mediterranean
grape

Vitis vinifera

V

Melon

Cucumis melo

G

*

*

Mesquites

Prosopis glandulosa,
Prosopis juliflora

T

*

*

Milkweed

Sonchus oleraceus

Ve

Mimusops

Mimusops zeyheri

T

Mulberry

Morus alba, Morus nigra

T

Nasturtiums

Tropaeolum majus,
Tropaeolum minus

G

Natal bottlebrush

Greyia sutherlandia

T
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*

*
*

*

S

*
*

*

*

*

S

*

*

O

*

S/T

Fruit, live fence, rope, tannin,
dye, timber, bee forage

*

*

*

O

Mulch, essential oil, flavouring,
border plant

*

*

*

S

Food, timber, fuel, shade

*

S

Tea, repellent, insecticide spray

*

S

Shade, vegetable mats,
sponges, pot cleaners

*

*

S

Green manure, mulch

*

*

S

Green manure, mulch, bee
fodder

*

*

S/GB Nuts, butter

*

S/C

*

S/GB Fruit, juice preserve etc., shade

*

Shade, green manure, food dye,
vegetable

Mulch, repellent, dye, essential
oil

C/GB Fruit, juice, wine, raisons, shade
S

Food, shade, fruit, edible seeds,
oil

S

Food, bee forage, timber, fuel,
shade

*

S

Vegetable, trap crop

*

S

Fruit, timber

C

Fruit, leaves fed to silk worms,
papermaking, timber, furl, wine

S/C

Repellent, seasoning, vegetable

*

*

*

*

*

*
*

Fruit, bird attractant

*

S

*

Fruit, milks, win, timber,
vegetable, ivory, thatch, fibre,
gulley reclamation

S
*

*

Other uses

S

*

*

Propagation

Karroo boerbean

*

Water logging resistant

T

Frost resistant

Hyphaene benguelensis,
Hyphaene natalensis

Drought resistant

Ilala Palm

Wind resistant

Scientific Name

Erosion control

Common Name

Firebreak

Edible

N-fix

Medicine

Fodder

Indigenous

Plant Type

Climate

*

S
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G – groundcover; H – hedge; S – shrub; T – tree; V – vine; Gr – grass
Ve – vegetable or herb
C – Cutting; R- Runners; S – Seed; T- Truncheon; O – Offsets or suckers
GB – Grafting or budding; B – Bulbs

Propagation

Water logging resistant

Frost resistant

Drought resistant

Wind resistant

*

Okra

Abelmoschus esculentus

Ve

Outeniqua
yellowwood

Podocavpus falcatus

T

Oysternut

Telfairia occidentalis

V

Pawpaw

Carica papaya

S

Pecan

Carya illinoensis

T

Plumbago

Plumbago auriculata

V

*

Pom-pom tree

Dais cotinifolia

T

*

Pride of de Kaap

Bauhinnia galpinii

T

*

Puzzle bush

Ehrita rigida

S

*

Rhus family (karee) Rhus spp

T

*

Ribbon bush

S

*

River bush-willow Combretum erythrophyllum

T

*

Rough corkwood

Commiphora edulis

S

*

Sagewood

Buddleja salvifolia

T

*

*

Sand olive

Dodaena augustifolia

T

*

*

Silver tree

Leucodenron argetum

T

*

Spekboom

Portulacaria afra

T

*

Strelitzia

Strelitzia junea

S

*

*

S/O

Strelitzia

Strelitzia regine

S

*

*

S/O

Tamarind

Tamarindus indica

T

Taro

Colocasia esculenta

G

Tephrosia

Tephorosia pracana,
Tephorosia candida

H

Tinderwood

Cleodendrum glabrum

T

*

Tree fuschia

Halleria lucida

T

*

Tree wisteria

Bolusanthus speciosus

T

*

Hypoetes aristata

Firebreak

*

S

Edible

S

Carissa macrocarpa

N-fix

Ocna natalitia

Num-num

Medicine

Indigenous

Natal plane

Common Name

Fodder

Scientific Name

Plant Type

Erosion control

Climate

*

*

S

*

S

*

*

*

*

S

*

S

*
*
*

*

*

*

*
*

S/GB Nuts, oil

S

*

S

*

S

*

S
T

*

*

S

*

*

S

*
*

*

*

*

*
*
*

*

S

*

*

S

*

*

*

Fruit, drinks, jam etc, meat
tenderiser, shade, nurse crop

S

*

*

S

*

*

*

Shade, nuts

S

*

S

*

*

*

S

Fruit, drink, textiles, paper, food
processing, cleaning metal,
edible flowers and leaves,
pectin, shade, good honey

O

Edible underground stems,
flour, starch, shoots and leaves
edible, compost, mulch

S

Legume, shade, nurse crop,
insect spray

*

S

*

S
*

Vegetable, oil fibre, nurse crop,
pioneer

S

*

*
*

Other uses

S
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G – groundcover; H – hedge; S – shrub; T – tree; V – vine; Gr – grass
Ve – vegetable or herb
C – Cutting; R- Runners; S – Seed; T- Truncheon; O – Offsets or suckers
GB – Grafting or budding; B – Bulbs

Propagation

Water logging resistant

Frost resistant

Drought resistant

Wind resistant
*

Vygies

Lampranthus spp

G

*

*

*

Waterberry

Syzigium cordatum

T

*

*

*

Watermelon

Citrullus lanatus

G

White ironwood

Vepris lanceolata

T

*

*

*

White milkwood

Sideoxylon inerme

T

*

*

*

White stinkwood

Celtis africana

T

*

Wild fig

Ficus spp

T

*

Wild gladiolus

Watsonia densiflorus

Ve

*

Wild grapes

Rhoicissus spp

V

*

Wild iris

Dietes grandiflore

Ve

*

Wild olive

Olea europea subsp africana T

*

Wild palm

Phoenix reclinata

T

*

Wild peach

Kiggelaria africana

T

*

Wild plum

Harpephyllum caffrum

T

*

Wild sage

Salvia aurea

S

*

*

S

Wild sage

Salvia lanceolota

S

*

*

S

Wild sage

Salvia lutea africana

S

*

*

*

*

Wilde dagga

Leonotus leonorum

S

*

*

*

*

Yellow daisy

Euryops pectinatus

H

*

*

*

Yellow
pomegranate

Rhigozum obovatum

T

*
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Firebreak

*

Gr

Edible

T

Vetiveria zizanioides

N-fix

Miletta grandis

Scientific Name
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Teacher’s notes
Part 1: Permaculture and the outdoor
classroom
worksheet 1.1 About Permaculture
Activity 1.1 Analyse inputs and outputs
Group work
Give each group one of the elements to analyse in terms of inputs and outputs or
needs and products. Encourage them to produce large diagrams similar to the one
of the chicken inputs and outputs.
Learners have not yet learned the details of these different elements, so do not be
too strict on them getting the exact answers. The activity should serve more to
illustrate the input/output principle of Permaculture.
Answers to questions
Bees: Inputs – garden flowers, hives. Outputs – honey, pollination.
Windbreaks: Inputs – plants, water, pests and disease control, care. Outputs – wind
protection, shade, fruit, timber, wildlife habitats, nectar for bees.
Herb and vegetable gardens: Inputs – plants, soil fertility improvement, water, pest
and disease control, care. Outputs – food, medicine, dyes, material for soil fertility.
Nurseries: Inputs – plants, water, structures, good soil, pest and disease control,
labelling. Outputs – plants for school and sale.
School building with learners and teachers in it: Inputs – electricity, water, cleaning.
Outputs – sewerage, waste, dirty water.
Curriculum links
Core knowledge and content
SS Geography
Grade 4: Resources and services within a settlement (including land, water,
sewerage, waste removal, green/open spaces) and difficulties faced by those
without these services.
Outcomes
SS Geog LO2: Learners demonstrate geographical and environmental knowledge
and understanding.

CO 1: Identify and solve problems and make decisions using critical and creative
thinking.
Activity 1.2 Thinking about what Permaculture can do for us
Class discussion
Work through the text before doing Activity 1 with the class. Make it clear to them
that there are many definitions of Permaculture and that the actual meaning of
what Permaculture encompasses will become clearer to them once they start to
work in a Permaculture garden.
The drawings of School A (before Permaculture) and School B (after Permaculture)
show learners the type of improved school environment that Permaculture can
provide.
Then move onto the questions of Activity 1. Ask each question to the whole class.
Encourage discussion. The answers to all four of the questions involve lists, so list
your learners’ ideas on the chalkboard as they arise. Tell them to write down the
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answers as you go along. Let them complete the written work for homework and
then take it in.
Answers to questions
1. a) Permaculture has improved life at School B by providing: shade, food,
improved water supplies, firewood, food for animals, building materials
and herbs, ways of earning money, a beautiful school environment, a living
laboratory.
b) This list will probably be similar to that of Question 1a, though there may
be a few improvements that are particular to your school.
c) These problems can include lack of fencing, space, tools, seeds, fertilisers,
etc. There are no right or wrong answers to this question. The aim is to get
learners into thinking of themselves as problem solvers.
2.
Changing problems into solutions can include planting living fences from
thorny plants; using organic matter and compost for soil fertility, making
tools or bringing from home or using tillage methods that do not need
tools; collecting seeds from fruit that has been eaten; etc.
Curriculum links
Outcomes
CO 1: Identify and solve problems and make decisions using critical and creative
thinking.

Part 2: Our school environment – getting
to know our site
The Curriculum links and Assessment suggestions are given for all the activities in
this part after the individual activity descriptions. Take in the written work for
assessment once all four activities have been completed. Assess the work
individually, so each learner should have his or her own copy of the work.

worksheet 2.1 Working with climate
Activity 2.1 Think about the climate of your school
Pair work
This is an elicitation activity to find out what learner's already know about their
local climate. Encourage discussion. There are no right or wrong answers to these
questions. You can walk around and listen to the discussions and correct any
misconceptions that you notice.
Instruct the learners to either copy the table into their exercise books for
completion or to complete the table on the worksheet.

worksheet 2.2 Temperature
Activity 2.2 Choose which plants are suited to the temperatures of
your area
Pair work
To do this activity, learners need to make observations while they walk around the
school area. You can give them school time to do this or expect them to do it for
homework. The activity can alternatively be done at home if the homes of most
learners are in a similar climatic area to the school.
Before they begin the activity, instruct the learners to either copy the table into their
exercise books for completion or to complete the table on the worksheet. Similarly,
they can answer Question 3 on the worksheet, or they can write their choice of
answers in their exercise books.
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Learners need to answer Question 3 according to the fruit trees, vegetables and
crops that they saw.

worksheet 2.3 Rainfall
Activity 2.3 Choose which plants are suited to the rainfall of your
school’s area
Pair work
Insruct the learners to work in pairs to follow the steps of this activity. They find the
answers with use of the maps and the tables in Worksheet 2.3. They should write
their answers in their exercise books.

worksheet 2.4 Microclimates
Activity 2.4 Bring it all together
Pair work
Again instruct learners to work in pairs to complete the table. Learners can EITHER
copy the table into their exercise books for completion OR complete the table on
the worksheet.
Curriculum Links
Core knowledge and content
NS Planet Earth and Beyond
 Weather may change from day to day. Weather can be described by
measurable quantities such as temperature and precipitation.
 Other changes take longer to occur. An example of this type of medium-term
change is annual seasonal changes which may be described in terms of
changes in rainfall, average wind direction, length of day or night and average
maximum and minimum temperatures.
SS Geography
Grade 4: Mapwork – map symbols and key; map of South Africa showing
provinces.
Grade 5: Climatic regions of South Africa and their temperature and rainfall.
Mapwork – cross-referencing information on different maps.
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge.

SS Geog LO1: Learners use enquiry skills to investigate geographical and
environmental concepts and processes.
Assessment
Assess the written work from all four activities together.

Part 3: Protecting the garden
worksheet 3.1 Wind protection
Activity 3.1 Find the prevailing wind directions at your school
Class work
Each group will need
straw, cardboard, drawing pin or ribbon, bottle, stick or knitting needle, sand, a
compass if available
Marking the cardinal directions is a good activity for an afternoon club as it takes
some time to do and does not require a full class of learners. Ask learners to
suggest ways to mark the cardinal points of the compass in a permanent way.
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After finding and marking the cardinal points, start the wind lesson in the
classroom, discussing the signs one would see in the environment of the movement
of wind. Then go outside and look for any of these signs.
Then go on to the making of the wind instruments. There are many ways to
organise this. You can supply the materials or learners could supply the materials
themselves. You could ask them to bring the materials to school, or they could
make the instruments for homework and then bring them to school.
Once the groups have completed their instruments, let them place the instruments
outside near the marked cardinal points so that they can see the prevailing wind
direction.
Remind the groups to take their readings every day. They can record them in the
table on the worksheet or in a similar table drawn in their exercise books.
Answers to questions
Step 4. Check the signs of wind they may have seen. If you live in a windless or
protected area, there may not be any clear signs of wind.
Step 7. Check that learners complete the table and questions after the table. The
wind direction of their instrument readings and the signs they saw on their wind
journey should be the same.
Curriculum Links
Core knowledge and content
NS Planet Earth and Beyond
Weather can be described by measurable quantities such as wind direction and
speed.
SS Geography
Grade 4: Mapwork – directions (eight points of the compass).
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge.

SS Geog LO1: Learners use enquiry skills to investigate geographical and
environmental concepts and processes.
Assessment
Assess the written answers to Steps 4 and 7. For Step 4, assess how well the learner
was able to see signs of wind in the school environment. For Step 7, assess how
well the learner interpreted the readings from the wind instrument and recorded
the readings over the week period. You can also assess the groups’ interpretation
of the diagrams of the wind instruments, and how well the instruments were
constructed.
Activity 3.2 Investigate the effect of wind on the drying of
washing
Home activity
Learners should design a simple investigation to determine whether wet washing
dries more quickly when it is windy or when it is still. They can do this by comparing
the time it takes for washing to dry on a windy day and on a still day. For this to be
a fair scientific test, all the conditions – the wetness of the clothes, the amount of
sunshine, the time of the day, etc – other than the amount of wind, should be
exactly the same.
Curriculum links
Outcomes
NS LO1: Learners conduct investigations and collect and evaluate data and
communicate their findings.
SS Geog LO1: Uses enquiry skills to investigate geographical and environmental
concepts and processes.
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Assessment
Assess the written report giving the aim, method, observation and conclusion of
the investigation.

worksheet 3.2 Planting windbreaks
Activity 3.3 Planting windbreaks
Class work
This activity involves learners in the work of establishing the infrastructure of a
food garden.
You will need to be clear on the position of the windbreak to be planted. The
windbreak should be positioned between the identified prevailing wind and the
food garden. You also need to be clear on the shape of the windbreak. We
normally plant bigger species at the back of the windbreak and use smaller species
to fill in the gaps with the smaller species. We also sometimes wrap the windbreak
around the garden so that its arms protect the garden.
Before planting, discuss with learners where they would place windbreaks to
protect the food garden. If there are existing windbreaks in place, discuss whether
they need to be filled in, or whether a new windbreak should be planted to protect
the garden further.
After planting, label the trees in the windbreak and say whether they are
indigenous or exotic.
You could also draw a map of the school to indicate the prevailing winds and the
windbreaks you have planted. This map can be added to as the projects grow. The
map could be stuck up in your school foyer.
Curriculum links
Outcomes
CO2: Learners work effectively with others as members of a team, group,
organisation and community.
NS LO3: Learners demonstrate an understanding of the interrelationship between
Science and the environment.
Assessment
This activity gives a good opportunity for assessing CO2: Learners work effectively
with others as members of a team, group, organisation and community.

Plant the windbreak so that it puts its arms around the garden. Wind always curls back in
at the edges of the windbreak, so the edge needs to be wider than the garden itself.
T E A C H E R ’ S N O T E S – PA R T 3
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worksheet 3.3 Protecting with fences
Activity 3.4 Grow a living fence from truncheons
Class work
This activity is similar to Activity 3.3 in that it involves learners in the work of
establishing the infrastructure of a food garden. The time of planting truncheons is
important (the best time to cut truncheons is in June, July or August when trees are
growing slowly because it is cold. You will not have much success if you plant
truncheons later than November.) so wait until the cooler months to do this activity.
Curriculum links
Core knowledge and content
NS Life and Living
New plants can grow from certain parts of a parent plant. This is called vegetative
reproduction and does not need seeds.
Outcomes
CO2: Learners work effectively with others as members of a team, group,
organisation and community.

NS LO3: Learners demonstrate an understanding of the interrelationship between
Science and the environment.
Assessment
This activity gives a good opportunity for assessing CO2: Learners work effectively
with others as members of a team, group, organisation and community.

Part 4: Nutrient cycles
worksheet 4.1 Plants get green suntans
The major plant nutrients
Here is some additional information about the roles in the plant and deficiency
symptoms of the three major mineral nutrients: nitrogen, phosphorous and
potassium.
Nitrogen: plants need nitrogen for the leaves to grow properly. When plants have
enough nitrogen, the leaves are a dark green colour. If the soil is short of nitrogen,
growth is slow, the plants are small and the leaves, especially the older leaves,
are yellow.
Phosphorous: plants need phosphorous for root growth and for producing
flowers, fruit and seeds. If the soil is short of phosphorous, the root system is small,
and the flowers and fruit drop. Many plants have purple streaks on their leaves
when they do not have enough phosphorous.
Potassium: plants need potassium for fruit to ripen properly, for filling seeds, for
lengthening stems and for resistance to pests and diseases. If the soil is short of
potassium, fruit do not ripen properly, seeds are small and may not germinate,
plants are easily attacked by pests and diseases, stems are short and the leaves are
yellow and brown along the edges.
Activity 4.1 Think about plant food
Group work
Work through the theory before the activity first and then allow the learners to
work in groups to answer the questions. The aim of the first question is to get
learners thinking about the differences between plants and animals in terms of
nutrition. It is important that they realise that plants produce their own food while
animals need to eat.
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Answers to questions
1. Animals get their food by eating either plants or other animals.
2. Green plants use the energy of sunlight, carbon dioxide from the air and water
and mineral nutrients from the soil to produce their own food. This process is
called photosynthesis. The gas oxygen is also produced during photosynthesis.
Curriculum links
(find below with activities 4.2 and 4.3)

worksheet 4.2 The nutrient cycle
Activity 4.2 Think about animal food
Individual work
Work through the theory before the activity first and then allow the learners to
work individually to answer the questions. This is a good activity to give for
homework as it encourages learners to look around their home or school gardens
to find the answer to Question 1.
Answers to questions
1. There are many possible answers. For example, plant, aphid, ladybird beetle.
The animal and plant names can be in the learners’ home languages as the
names may not be known in English.
2. a) F
b) T
c) F`
d) F
e) T
f) F
Activity 4.3 Investigate soil decomposition
Group work
Each group will need
a spade, sheets of newspaper, a magnifying glass if they have one
Answers to questions
The answers are all descriptive according to what the learners see in the soil
sample.
Curriculum links (Activities 4.1-4.3)
Core knowledge and content
NS Life and Living
 Green plants produce their own food and grow by using water and substances
from the air and soil. Energy from light is needed to change these simple
substances into food and plant material. Green plants are the only organisms
that can produce food in their own bodies.
 Animals cannot make their own food, and so animals eat plants for food while
some animals eat other animals. All animals ultimately depend on green plants
for their food.
 Soil forms by natural processes from rock and from dead plants and animal
material. Substances that plants take from the soil must be replaced to
maintain the fertility of the soil.
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge.

Assessment
In all three activities, assess the correctness of the answers to the questions.
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Part 5: Soil
worksheet 5.1 Improving the soil – getting
started with green manure
During the establishment of a school Permaculture food garden, the planting of
green manure crops serves to expand the cultivated area of a garden by beginning
to prepare the soil for planting in later years.
Activity 5.1 Planting a green manure crop
Work in groups
The purpose of this activity is to establish an area of the school garden with a
legume green manure crop.
Each group will need
tools for clearing the land, digging and levelling the soil (garden forks, spades,
hoes, rakes); ground cover legume seeds; Rhizobium inoculant for the seeds; a way
to water the seeds (watering can, hosepipe)
Legume seeds and Rhizobium inoculant for the seeds are available from farmer
supply shops which you find in most small towns. Land clearing tools are not
frequently needed in a Permaculture garden, so you could get learners to bring
tools from home rather than buying such tools for sole use in the school garden.
Answers to questions
The functions of a legume cover crop (green manure crop) include:
 Legumes take nitrogen from the air and fix it in a form they can use. Once dug
into the soil, the legumes decompose and the nitrogen becomes available to
other plants grown there.
 Green manure crops prevent the soil from being washed away by rainwater or
blown away by wind.
 The green manure crop protects the soil from the direct heat of the sun,
helping it retain moisture.
 Green manure crops quickly cover the soil and so help to control weeds.
Curriculum Links
Outcomes
CO2: Work effectively with others as members of a team, group, organisation and
community.
CO3: Organise and manage themselves and their activities responsibly and effectively.
CO6: Use science and technology effectively and critically showing responsibility
towards the environment and the health of others.
Assessment
Assess the answer to the activity question. You can also assess one or more of the
critical outcomes listed above.

worksheet 5.2 Improving the soil – sheet
mulching
Activity 5.3 Sheet mulching your garden
Group work
Each group will need
slashing tools, newspapers, cardboard, agricultural lime, bonemeal, chicken
manure, seed-free dried grass or straw, good compost or well-rotted manure,
vegetable seedlings.
Other materials you can use for sheet mulching include: old carpets, carpet
underfelt, old mattress/clothing, horse-stable straw, poultry manure in sawdust,
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seagrass or seaweed, leaf mould or raked leaves, pine needles, nut shells, leaf
mould or raked leaves, bark, chips or sawdust.
This activity involves learners in the work of establishing the fertility needed for a
food garden. Sheet mulching also conserves water and control weeds.
You need to collect sheet mulching materials before learners do this activity. Here
are some ideas:
 Send each learner home with a letter to their parents asking them for materials
for the school food garden. These materials can include building rubble, such
as bricks, or any other material that would be suitable to line paths;
newspapers and cardboard.
 Get involved in the waste disposal systems at the school. All garden waste
should be piled in one place to be composted. This could be used for sheet
mulching.
 Contact local sawmills, horse stables or poultry farmers to get untreated
sawdust or manure delivered to your school.
There is also a need for teachers to do the garden design beforehand. This involves
deciding where beds and pathways should go. Mark out the shape of the garden.
With the learners help, mark pathways with bricks or stones, and put cardboard in
the pathways. Include chicken fodder in the garden design by allowing for the
positions of a chicken tractor, fodder legumes, fodder trees, etc.
Curriculum links
Outcomes
CO2: Learners work effectively with others as members of a team, group,
organisation and community.
CO6: Use science and technology effectively and critically showing responsibility
towards the environment and the health of others.
NS LO3: Learners demonstrate an understanding of the interrelationship between
Science and the environment.
Assessment
This activity gives a good opportunity for assessing CO2: Learners work effectively
with others as members of a team, group, organisation and community.
Activity 5.3 Investigate the effect of mulching soil moisture
Home activity
1. This activity should demonstrate to learners how mulched soil stays wet for
longer than soil with no mulch. It is a basic investigation in which they need to
compare the wetness of two identical areas of soil when one is mulched and
the other is unmulched. For this to be a fair scientific test, all the conditions,
other than the mulch, should be exactly the same.
2. This activity looks at the mineral component of the soil. Its main purpose is to
make learners aware of the length of time it takes for soil to form and,
therefore, of the importance of conserving and improving soil.
Answers to questions
Weathering agents include:
1. Temperature changes
High temperatures in the day cause rocks to expand. To expand is to get bigger.
Low temperatures at night cause rocks to contract. To contract is to get smaller.
The expansion and contraction of rocks over a long time causes them to crack
and break into smaller pieces.
2. Running water
When water flows in streams and rivers, stones are moved and rubbed
together. Small pieces of rock break off. After hundreds of years these pieces
become soil.
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3. Rain
Falling rain slowly weathers rocks.
4. Waves
At the places where the ocean meets the land, large waves of water hit against
the land. Waves that hit against rocks cause the rocks to slowly wear away.
Waves also carry small rocks backwards and forwards so that they rub against
one another and slowly break up into soil.
5. Wind
Wind carries small particles of soil. When wind blows against rock the soil
particles beat against the rock and slowly wear away the rock to form more soil.
6. Plants
Mosses and lichens are tiny plants that grow on the surface of rocks. This
causes the rocks to break up into smaller pieces. The roots of trees that grow
along rocks cause them to crack.
7. Animals
The movement of animals over rocks over a long period of time weathers them
to soil.
Curriculum Links
Core knowledge and content
NS Planet Earth and Beyond
Soil consists of weathered rocks and decomposed organic material. Soil forms by
natural processes, but it takes an extremely long time to form.
Outcomes
NS LO1: Learners conduct investigations and collect and evaluate data and
communicate their findings.

NS LO2: Learners know, interpret and apply scientific knowledge.
CO4: Collect, analyse, organise and critically evaluate information.
CO5: Communicate effectively using visual, symbolic and/or language skills in
various modes.
Assessment
1. Assess the written report giving the aim, method, observation and conclusion
of the investigation.
2. Assess the written essay about weathering agents.

worksheet 5.3 Improving the soil – worm farms
Activity 5.4 Keep a worm farm
Class work
Schools have immense success with their worm farms as a cheap and easy means
of getting rid of organic waste and creating excellent fertiliser. The aim of this
activity is to establish a worm farm for the school food garden. Once established,
there will be ongoing maintenance work to feed the worms with plant waste. As
the population of the worms increases, they can be removed to start new worm
farms and to introduce worms to new areas of the garden. The questions at the
end of the activity link worms to the sense organ content of the curriculum.
You will need
 A container for the worm farm. There are many types of suitable containers for
keeping worms, including simple polystyrene or wooden boxes from the shops,
an old metal drum, an old bath tub or old tyres. There must be holes in the
base of the container to let water drain out.
 Two or more bricks to raise the container off the ground so that water can
drain out easily.
 At least 2,000 compost worms. These worms will breed and multiply to about
8,000 worms in 6 months. To obtain worms to start your worm farm, speak to
people from SEED or other Permaculture projects.
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 Organic starter material, which can include partly decomposed compost, straw,
grass clippings, shredded paper, fruit and vegetable waste or leaf mould. There
should be enough to half-fill the container.
 A loose cover, such as Hessian sacking. If you do not have hessian, you could
use a sheet of cardboard or even a whole newspaper.
 Grit – a mixture of soil and sand, needed by earthworms for digestion.
Answers to questions
1. a) Encourage learners to watch the worms and see what the preferred foods
are before answering this question.
2. a) Earthworms do react when you take off the cover. They move away from
the light.
b) The five senses of people are sight, smell, touch, hearing, taste.
c) Earthworms moving away from light suggests that they must have sense
receptors that are sensitive to light.
Curriculum Links
Core knowledge and content
NS Life and Living
All living things can respond to their environment in various ways; animals,
including humans, have specialised sense organs.
Outcomes
NS LO2: Learners know and are able to apply scientific and environmental
knowledge.

CO2: Work effectively with others as members of a team, group, organisation and
community.
CO3: Organise and manage themselves and their activities responsibly and
effectively.
CO6: Use science and technology effectively and critically showing responsibility
towards the environment and the health of others.
Assessment
Assess the answers to the activity questions. You can also assess the critical outcomes.

worksheet 5.4 Setting up soil fertility systems –
mulch banks
Activity 5.5 Investigate the causes of erosion
Class work
You will need
a tin with holes in the bottom, 3 plastic containers, 3 of the same types of boxes
such as shoe boxes or a large washing powder box, 9 bricks, soil, sods of grass,
fallen leaves from under a tree
The aim of this activity is to cover the Natural Science core content about soil
erosion. The activity demonstrates how bare soil promotes soil erosion, while
ground cover prevents it. Soil erosion is taught at the same time as mulch banks
because mulch banks can play an excellent role in preventing erosion as well as
acting as a source of mulch and composting material. You can set up the
equipment for this activity as a permanent demonstration in the food garden. To do
this, it is better to raise the equipment above ground level so that people can easily
see it and do not trip over it.
Answers to questions
a) The least soil should have collected in the container where the soil was
covered in grass.
b) The most soil should have collected in the container that had no soil cover.

T E A C H E R ’ S N O T E S – PA R T 5

113

Seed Worksheets Final

11/30/06

17:40

Page 114

c)

The least water collected in the container where the soil was covered in
grass.
d) The most water collected in the container that had no soil cover.
e) One brick in front of the box, but two bricks at the back of the box gives
the box a slope to behave like sloping ground.
f) The activity shows that ground cover reduces erosion and the run off of
water.
Curriculum Links
Core knowledge and content
NS Planet Earth and Beyond
Erosion of the land creates landforms that we see and also results in deposition of
rock particles that may be lithified to form sedimentary rocks. Erosion and
deposition can be very slow and gradual or they can occur in short catastrophic
events like floods.
Outcomes
NS LO1:Learners conduct investigations by carrying out instructions involving a
small number of steps. They then evaluate their data and communicate their findings.

Assessment
Assess the answers to the activity questions.

worksheet 5.5 Improving the soil – compost
Activity 5.6 Make compost
Class work
This activity involves learners in the ongoing work of establishing the infrastructure
of a food garden. It also teaches the theory and practice of compost making
which can be continued in their home situations as means to reduce waste and
improve gardens.
Curriculum links
Outcomes
CO2: Work effectively with others as members of a team, group, organisation and
community.
CO3: Organise and manage themselves and their activities responsibly and
effectively.
CO6: Use science and technology effectively and critically showing responsibility
towards the environment and the health of others.
Assessment
You can also assess one or more of the critical outcomes listed above.

Part 6: Water
worksheet 6.1 Using the water cycle
Activity 6.1 Investigate transpiration
Work as a class
You will need
a clear dry plastic bag, a piece of string
This activity demonstrates that transpiration – the loss of water from the leaves of
plants – does take place. It is best to do this activity on a warm sunny day.

114

T E A C H E R ’ S N O T E S – PA R T S 5 A N D 6

Seed Worksheets Final

11/30/06

17:40

Page 115

Answers to questions
1. Learners should see droplets of water condensing on the walls of the plastic
bag.
2. This should increase as time goes on.
3. The droplets of water come from water transpired by the leaves.
Curriculum Links
Outcomes
NS LO2: Learners know and are able to apply scientific and environmental
knowledge.
Assessment
Assess the answers to the activity questions.
Activity 6.2 Think about the city water cycle
Pair work
This activity tests the understanding of the water cycle. The questions are mainly to
get learners thinking about the city water cycle, and to compare it to the natural
global one.
Answers to questions
1. greywater: the waste water produced from baths, showers, clothes washers
and hand basins.
stormwater: the water that collects off streets after a rain storm.
sewerage: sewerage, system for the removal and disposal of chiefly liquid
wastes from toilets.
acid rain: acid precipitation falling as rain.
2. a) Rainwater falling on hard surfaces in the city moves into stormwater drains.
b) After rainwater enters the soil, it moves down to the groundwater.
c) City people could make better use of their water by using rainwater tanks
to collect roof water. They can also use permeable surfaces such as gravel
and uncemented paving that allow water to enter the soil rather than
impermeable surfaces such as tar, cement and cemented paving. This
question doesn’t have right or wrong answers. Its purpose is to get learners
thinking about the city water cycle and ways of conserving rainwater.
Curriculum Links
Core knowledge and content
NS Planet Earth and Beyond
 Water changes its form as it moves in a cycle between the hydrosphere,
atmosphere and lithosphere in what is known as the ‘water cycle’.
 The quality of water resources is determined by the quality of the catchment
area. Proper care and management of catchment areas and water resources
is essential.
Outcomes
NS LO3: Learners demonstrate an understanding of the interrelationships between
Science and society.

Assessment Standard Grade 6: Learners suggest ways to improve technological
processes and to minimise negative effects on the environment.
Assessment
Assess the answers to the activity questions.
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worksheet 6.2 Managing our water resources
Activity 6.3 Investigate the water use at your school
Pair work
This activity can be done during class time. The whole class can move together or
the pairs can move independently. They could do it during break time when there is
more activity around the use of water.
Curriculum Links
Core knowledge and content
NS Life and Living
Water plays an important role in ecosystems, sustaining both plant and animal life.
Industrial, agricultural and domestic uses may have a serious impact on the quality
and quantity of water available in an area.
Outcomes
NS LO1: Learners conduct simple surveys and record observations or responses.

NS LO3: Learners demonstrate an understanding between Science and society.
Assessment
Assess the mindmaps.

worksheet 6.3 Harvesting and storing rainwater
This worksheet explores rainwater harvesting through rainwater tanks and swales.
Installing rainwater tanks
Installing tanks for the collection of rainwater can greatly improve water supply at
your school. It certainly will be beneficial for establishing and maintaining a
Permaculture garden. Funds will need to be raised to buy watertanks.
You will probably need to be able to calculate how much rainwater can be collected
from your school roof. To do this you multiply the average annual rainfall of your
area by the surface area of the roof or roofs from which rainwater will be collected.
Get the average annual rainfall of your area from a school atlas or from the rainfall
map in Part 2. Calculate the surface area of the roof as follows.
Surface area = length x breadth
Measure the length of the roof in metres on the ground below the roof.
If the roof is a lean-to, and almost flat, you can find the breadth in metres in a
similar way to how you found the length. That is, by measuring the breadth of the
building.
Remember rainfall is usually measured in millimetres (mm); so you will need to
convert it into metres, before you multiply it with the surface area of each roof.
1 metre (m) = 1 000 millimetres (mm)
Complete a table such as the one below and use it to calculate the volume of rain
you could harvest from the school roof/s in an average rainy season.
Name of
building
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Total volume of rain that could be harvested from the school buildings in an
average rainy season
= ….…… m3
Since 1 m3 = 1 000 litres, multiply the number of cubic metres by 1 000 to get the
number of litres.
Rainwater tanks usually can hold 5 000 litres. Using the information from your
table, you can decide on the ideal number of tanks and where would be best to put
them on the school grounds.
Four principles of water harvesting
 Top down. Start work at the highest point of the piece of land. Control water
there first, and then work your way down the slope, putting your design into
effect.
 Spread and sink. Unless you are specifically carrying water to a dam, pond or
tank, sinking water (allowing it to seep into the soil) is the aim of all water
management.
 Spillways. Pay special attention to all spillways. These are the weak links in any
water-harvesting earthwork. You must design them to stand up to the worst
storm. This includes spillways from a dam or pond, from ditches, or from a
small pit catching water off a roof. Use the principle above on the spillways:
spread and sink.
 Ground cover. Always aim for maximum ground cover. In the end, ground
cover is the best water-harvester of all. You can design sports fields so that they
have banks all round to catch the water; but ensure also that the fields are as
well covered by grass. In the long term, the grass will mean much more than
the banks in terms of sinking water.
The following section explains how to make and use an A-frame for finding
contour lines.
A contour tool – the A-frame
MAKING THE A-FRAME
1. Use the poles and frame in the shape
of an A.
2. Tie one end of the string to the top
of the A.
3. Tie the stone to the other end of
the string so that it hangs down
just below the horizontal
crossbar of the A.

CALIBRATING THE A-FRAME
4. Stand the A-frame upright in level ground. Mark the
ground where the legs stand.
5. Hold the A-frame still, and use a pencil to mark
where the string crosses on the cross bar.
6. Turn the A-frame around, so that each leg stands
exactly where the other had stood.
7. Make a second light mark on the cross-bar where the
string crosses.
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8. The two marks on the cross-bar should be fairly close to each other. Mark the
point halfway between the two marks as this will show where the string would
cross on perfectly level ground. Make this mark with a koki or cut it with a knife.
MARKING THE CONTOUR
9. Choose a place on the slope to begin. Stand the A-frame up and mark where
the first leg stands with a peg or a stone.
10. Keeping the A-frame upright, and without moving the leg, swing the second
leg up or down the slope until the string crosses exactly at the heavy koki mark.
11. Mark where the second leg stands.
12. Keeping the second leg in the same position, lift the first leg up and pivot it
around. Move it up or down the slope so that the string crosses the cross-bar
on the koki mark.
13. Mark where the first leg is now with another peg or stone.
14. Continue in this manner till the end of the field.
15. The line of pegs/stones will mark a contour line: they will be at the same height
on the slope. The pegs are usually not in a
straight line. If necessary make a smooth
curve by moving them up and down a
little.
16. To mark another contour line,
move up or down the slope a
certain distance (usually about
20m on a gentle slope, or
1,5m on steeper slopes).
Repeat the process from
step 9 onwards.
17. You can then dig
ditches, construct
terraces or plant
trees along the
contour lines
using the
pegs/stones as
a guide.

General rules for building swales
The steeper the slope, the closer together, narrower and deeper the swales must
be. Use the following as a guide:
% slope

Distance between two swales

0-3%
40 m

3-8%
20 m

8-15%
15 m
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If swales overflow, there are not enough of them.
If water runs in a swale, it is not level.
Activity 6.4 Think about rainwater harvesting design
Individual work
Answers to questions
1. save
2. slow, sink, spread (in the ditch)
3. a) Rainwater tanks collect rainwater that fell over the roof of the school.
Normally this water would move down gutters to storm water drains.
Rainwater tanks recycle rainwater when the water is used for the school
gardens.
b) By building swales we prevent rain falling on sloping land from running off
the site and losing it from our system. The plants growing in the swale
make use of this water, so recycling the water and keeping it in the system
longer.
Curriculum Links
Core knowledge and content
SS Geography
Grade 4: Access to water: ways of accessing water in different contexts in present;
wise use and management of these resources.
Grade 5: Renewable and non-renewable resources: use and abuse of natural
resources in South Africa, with a focus on water and energy resources.
Grade 6: Link climatic regions to the use of resources in these regions.
Outcomes
Geography SS LO3: Learners are able to make informed decisions about social and
environmental issues and problems.

Assessment
Assess the answers to the activity questions.

worksheet 6.4 Harvesting and storing greywater
The drawing in Worksheet 6.4 shows how to set up a wash basin grey water
distribution system at your school. To do this you will need:
 a rigid plastic (polythene) pipe, about 25 mm diameter, and length from the
basin outlet pipe to the end of the area to be irrigated
 a pipe joint to join the outlet pipe to the grey water pipe
 a saw or drill to make holes in the pipe
 plug for the end of the pipe.
You first need to make holes in the pipe to distribute the water. You can do this by
either cutting 2 mm wide slits with a saw or drilling holes about 5 mm in diameter
with a drill. Do this at regular intervals 40-50 cm apart.
Then dig a shallow ditch 10-15 cm deep in which to lay the pipe. Alternatively, if
the pipe does not cross any walkways, lay the pipe along the surface of the ground
and cover it with mulch. The pipe should be level otherwise water will not flow
evenly along the pipe. Remember to plug the end of the pipe.
Finally, you need to attach the rigid plastic pipe to the basin outlet pipe. This can be
done by a plumber or some teachers and parents can do it themselves by buying
and attaching the correct pipe joint.
Activity 6.5 Think about the design of greywater systems
Pair work
Answers to questions
1. a) You could find this figure of the number of learners that go to your school
and give it to the class.
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b) Volume of litres wash-basin greywater produced per month by the learners
at your school = number of learners x 1 litre per school day x 20 school
days in a month (unit is litres/month).
c) You could find this figure of the cost of water per litre from a municipal tap
and give it to the class.
d) Rands the school pays monthly for the wash basin water = the number of
litres you calculated in b) x cost of water per litre from a municipal tap.
e) and f) Learners should express their opinions about the use of wash basin
greywater for a school garden.
Curriculum Links
Core knowledge and content
SS Geography
Grade 4: Access to water: ways of accessing water in different contexts in present;
wise use and management of these resources.
Grade 5: Renewable and non-renewable resources: use and abuse of natural
resources in South Africa, with a focus on water and energy resources.
Outcomes
SS Geography LO3: Learners are able to make informed decisions about social and
environmental issues and problems.

Maths LO1: Numbers, operations and relationships: learners recognise, describe
and represent numbers and their relationships and can count, estimate, calculate
and check with competence and confidence in solving problems.
NS LO3: Learners demonstrate an understanding of the interrelationships between
Science, Technology, society and environment.
Assessment
Assess the answers to the activity questions.

worksheet 6.5 Harvesting water in pit beds
Activity 6.6 Build and plant a pit bed
Group work
This activity involves constructing and planting a pit bed with the learners help.
Learners are told, “before you start, your teacher will tell you:
(a) what greywater or rainwater source you will use
(b) where to place your pit bed
(c) what plants you will grow in its border ”
So these decisions should be made by the teaching staff before learners begin this
activity. The source of water and where to place the pit bed should be a part of the
bigger garden design. Learners may not yet have the knowledge to choose plants
for planting in the pit bed. So in the meantime tell them what to plant.
Each group will need
1-2 spades, a ruler or tape measure
Curriculum Links
Outcomes
CO1: Work effectively with others as members of a team, group, organisation and
community
Assessment
This is a good opportunity to assess CO1.
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Part 7: Ecosystems and guilds
worksheet 7.1 Working with ecosystems
Activity 7.1 Think about food webs
Pair work
1. The plants make food using the energy from the sun. The impala get their food
by eating grass. The animals that eat impala are the cheetahs, lions and wild
dogs. Besides impala, the lions also eat (any three of) cheetahs, wild dogs,
baboons, zebra and giraffe.
2. a) In this food chain the lions are the tertiary consumers. They eat two
secondary consumers, cheetahs and wild dogs, so these should both
increase in number if there are no lions. Lions also eat impala and baboons,
which are also eaten by the secondary consumers, so the numbers of
impala and babboons will probably decrease.
b) An increase in the number of lions should lead to a decrease in all the
animals on which lions feed.
Curriculum Links
Core content and knowledge
NS Life and Living
Ecosystems are self-contained areas where a wide variety of plant and animal
species live and reproduce. They depend on each other and on the non-living
environment. The life and reproduction of all the organisms in an ecosystem
depend on the continuing growth and reproduction of plants.
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge.

Assessment
Assess the answers to the questions.
Activity 7.2 Explore animal habitats
Home activity
Introduce the concept of a habitat as a distinct place where a particular animal or
plant can live. The aim is to get learners to realize that most animals have very
narrow habitats and cannot survive away from them.
Answers to questions
1. These habitats are likely to be the soil and the garden plants including garden
and neighbouring trees.
2. The answers for all these animals is likely to be extinction due to loss of habitat.
3. People are one of very few kinds of animals that can live almost anywhere in the
world because they have been able to change their environment to make it more
suitable for themselves. For example, they are able to build shelters, produce
food, warm and cool their surroundings and find water under the ground.
4. This answer should be a description of what was learned from the interview of
an old person.
5. This answer will depend on the answer to question 4. If there are no longer
certain types of animals in the area, then the biodiversity will have decreased.
Curriculum Links
Core content and knowledge
NS Life and Living
Animals’ habitats are the places where they feed, hide and produce and shelter
their young. People are destroying the habitats of many types of animals. This is
leading to the extinction of thousands of species of animals.
Outcomes
NS LO1: Learners conduct investigations, collect data, evaluate the data and report
on their findings.
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NS LO2: Learners know, interpret and apply scientific knowledge.
NS LO3: Learners understand the impact of technology – learners identify the
negative effects of development on the environment.
Assessment
Assess the answers to the questions.

worksheet 7.2 Guilds and food forests
Activity 7.3 Thinking about food forests
Pair work
This activity gets learners to explore the idea of a food forest.
Answers to questions
1. Food from trees includes many fruits (apples, peach, pear, avocado, lemon,
orange) and nuts (pecan, almonds, macadamias, cashews) as well as spices like
cinnamon and pepper.
2. A food forest is a forest planted with trees and other plants that provide food.
Curriculum Links
see below for Activity 7.4
Activity 7.4 Choose plants for a pit bed guild
Pair work
This activity gives learners practice in selecting plants according to stacking,
companion planting and usefulness with the use of the information in Tables 7.1
and 7.2 and Appendix 1.
Curriculum Links
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge.
CO2: Identify and solve problems and make decisions using critical and creative
thinking.
CO7: Demonstrate an understanding of the world as a set of related systems by
recognising that problem solving contexts do not exist in isolation.
Assessment
Assess the completed tables.

Part 8: Pest management
worksheet 8.1 Controlling pests and diseases
Activity 8.1 Think about ways to protect plants
Group work
Learners may not have done Activity 4.2 in which they look for food chains. In this
case ignore Step 1 and begin the activity with Step 2. Tell learners that they are now
going to see what food chains they can find in their school grounds. Divide learners
into groups and assign each group an area in the school. Agree on how much time
is needed to carry out this research. Then continue with Step 4 in the classroom.
In Steps 6, 7 and 8 of this activity the learners will explore their own knowledge
and ideas about protecting plants from pests, diseases and weeds. There are no
right or wrong answers in this activity. Encourage discussion and the sharing of
ideas and knowledge. Listening to the discussions can inform you about the nature
of the learners' understanding and you to identify and correct misconceptions.
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Curriculum Links
Core content and knowledge
NS Life and Living
Ecosystems are self-contained areas where a wide variety of plant and animal
species live and reproduce. They depend on each other and on the non-living
environment. The life and reproduction of all the organisms in an ecosystem
depend on the continuing growth and reproduction of plants.
Outcomes
NS LO1: Learners conduct investigations and collect and evaluate data and
communicate their findings.

NS LO2: Learners know, interpret and apply scientific knowledge.
Assessment
Assess the written answers on the worksheet.
Activity 8.2 Building habitats for lizards
Group work
You will need
stones, rocks, digging tools, plants, logs, mulch
In this activity you direct learners to build a lizard habitat. This is a good activity
for an afternoon club as it takes some time to do and does not require a full class
of learners.
Curriculum Links
Outcomes
CO1: Work effectively with others as members of a team, group, organisation and
community
NS LO2: Learners know, interpret and apply scientific knowledge.
Assessment
This is a good opportunity to assess CO1.
Activity 8.3 Advertise the benefits of lizards
Home activity, Individual work
Each learner will need
Poster paper, paints, crayons, glue, magazines, and examples of adverts for houses.
Curriculum Links
Core knowledge and content
NS Life and Living
Animals’ habitats are the places where they feed, hide and produce and shelter
their young.
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge – recalls
meaningful information and categorises information.

A & C LO3: The learner will be able to demonstrate personal and interpersonal skills
through group participation in Arts and Culture projects.
CO4: Collect, analyse, organise and critically evaluate information.
CO5: Communicate effectively using visual, symbolic and/or language skills in
various modes.
Assessment
Assess the posters according to:
 neatness
 use of drawings, pictures and other illustrations
 use of colour
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clarity of the main message
balance of the layout
lack of clutter
use of headings and sub-headings.

Part 9: Chickens
worksheet 9.1 Improving the soil with chickens
Activity 9.1 Understanding the role of chickens in a food garden
Work in groups
The aim of this activity is for learners to see the many functions that be fulfilled by a
chicken tractor system.
Answers to questions
1. a) Chickens take the place of hoes because they dig the soil while looking for
worms to eat.
b) Chickens take the place of chemical fertilisers by adding their manure to
the soil.
c) Chickens help us to avoid using herbicides by eating seedlings as they
germinate.
2. If we did not use chickens in a food garden, we would need to dig, fertilise and
weed.
Curriculum Links
Outcomes
CO6: Use science and technology effectively and critically showing responsibility
towards the environment and the health of others
CO7: Demonstrate an understanding of the world as a set of related systems by
recognising that problem solving contexts do not exist in isolation.
Assessment
Assess the written answers.

worksheet 9.2 Keeping chickens – breeds
Activity 9.2 Explore concepts of animal reproduction
The aim of this activity is to meet a Natural Science core content requirment as
given below under Curriculum links.
Answer to questions
The diagram below shows the reproduction cycle of cattle. Learners can draw their
own diagrams for the reproduction cycle of any mammal of their choice.
Curriculum Links
Core knowledge and content
NS Life and Living
Sexual reproduction is the process by which two individual plants or animals produce
another generation of individuals. The next generation’s individuals look like the
parents but always have slight differences from their parents and from each other.
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge.

Assessment
Assess the diagrams for correctness and understanding.
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mating and fertilisation

pregnancy

oestrus

lactation

weaning

The reproduction cycle of cattle
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worksheet 9.3 Keeping chickens – health and
food
The following section gives information on how to maintain your chickens in
good health.
Cleanliness
Cleanliness is the most important way to prevent chicken health problems. Follow
these rules about cleanliness:
 Keep birds of one age group together.
Never mix groups of chickens as one
group may introduce diseases to the
other.
 Keep dirty crates, equipment and
feed sacks away from the chicken
houses.
 Remove and kill sick birds
immediately. Never leave their bodies
near the healthy birds. Burn the
bodies and bury them at least a metre
deep. If possible show the bodies of
dead and sick birds to a vet to find out
the cause of the sickness or death.
This can help you to stop the
disease from spreading to the
healthy birds.
 As soon as you sell a group of birds,
clean and disinfect the house. Do
not leave the house dirty even if
you are not bringing new birds
into the house. This stops diseases
from building up in the house and
moving to any other houses.
 As soon as a house is empty, take out all
the feeders, drinkers and other equipment.
Wash and disinfect them and put them in
the sun to dry. Then store them until the
next group of birds uses them.
 Leave the house empty for at least
Burn the bodies of dead birds and
2 weeks after cleaning. Some
bury them at least a metre deep
farmers disinfect the house again,
2 days before a new group of
birds arrives.
Comfortable conditions
Chickens need fresh air, especially in hot
weather. You must build your chicken
houses so that fresh air can move through
them, without there being wind blowing
on the chickens.
When the weather is hot, chickens begin to
pant. They eat less and so grow more
slowly and lay fewer eggs. Some birds may
begin to die if the temperature in the
house gets too high.
Here are some of the things you can do to
cool down the chicken houses:
Chickens pant in hot weather
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 Make sure that the drinking water is cool. Drinking a lot of water helps
chickens to cool down, but they will not drink much if the water is warm. In
hot weather chickens like to dip their heads in water, so you could put some
containers of water in the house for them to do this.
 Put extra drinkers in the house so that all the birds can drink at the same time.
 Paint the roof of the house white to reflect the sunlight and stop it from
warming up the house.
Signs of healthy and unhealthy chickens
It is very difficult to be sure of what is causing a health problem. You need to watch
your birds carefully to see if any are sick. If you see a sick bird, you need to act
quickly to get the help of someone who can advise you what to do. This person can
be an experienced farmer, vet, extension officer or advisor from the shop or
company that sells animal medicines.
Signs of healthy and unhealthy chickens
Healthy chickens:

Unhealthy chickens:





















are watchful and alert
have smooth, neat feathers
have bright eyes and comb
walk, stand and scratch normally
breathe quietly
eat and drink normally
have soft, but firm droppings
gain weight normally
lay eggs regularly

look tired and lifeless
have ruffled, loose feathers
have dull eyes and comb
often sit or lie down
cough, sneeze and breathe noisily
eat less or no food
have wet droppings with blood or worms
do not gain weight normally
lay less or no eggs

Some examples of sick chickens
Activity 9.3 Understand what you read
Individual work
Answers to questions
Protective foods keep animals healthy. Three examples of protective foods are any
three names of fruits or vegetables. Starch and sugar give animals energy for living.
Animals need protective foods to keep their bodies healthy and working well.
Animals need proteins to grow and repair damage. Animals use fats and oils to get
energy. Most animals need fibre to help move food through their bodies.
Curriculum Links
See below for activity 9.4.
Activity 9.4 Make a poster
Group work
Although this is a home activity, it is a group project. The aim of this activity is to
meet a Natural Science core content requirement as given below under Curriculum
links. Learners also develop their presentation and team working skills.
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Curriculum Links
Core knowledge and content
NS Life and Living
 Living things need food for energy, to move, to grow and to repair damage to
their bodies.
 There are three main groups of food. To be healthy, we need to eat food from
all three of these groups every day.
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge – recalls
meaningful information and categorises information.
A & C LO3: The learner will be able to demonstrate personal and interpersonal skills
through group participation in Arts and Culture projects.
CO4: Collect, analyse, organise and critically evaluate information.
CO5: Communicate effectively using visual, symbolic and/or language skills in
various modes.
Assessment
Assess the posters according to:
 neatness
 use of drawings, pictures and other illustrations
 use of colour
 clarity of the main message
 balance of the layout
 lack of clutter
 use of headings and sub-headings.
Activity 9.5 Planting for chickens
Group work
This activity begins with an assessment of what chicken food is already being
produced at the school, and what could be produced in future. Collect the
completed tables of each group and decide on a final list of feeds. At the start of
the following lesson, assign each group a task for securing chicken feed. This can
be planting an area of the garden or organising to collect.
Curriculum Links
Outcomes
CO4: Collect, analyse, organise and critically evaluate information.
Assessment
Assess the tables for critical evaluation of the options available.

worksheet 9.4 Design and make a chicken tractor
Activity 9.6 Design and make a chicken tractor
This activity takes learners through the entire Technology process to design, make
and evaluate a chicken tractor. Every step of the activity is accompanied by an
example which illustrates how to carry out that step. You can use this process for
making any product required by the food garden, not only the chicken tractor.
There are many different ways to organise this activity. For example:
 groups design and make
 groups design, choose the best design which the class then makes
 groups design, choose the best features which are then are incorporated into a
new design that the class then makes.
There are 12 different parts to this activity, as learners work through the Technology
process. Each part has work to be completed and each of these can be assessed.
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Curriculum Links
Outcomes
Technology LO1: Learners are able to apply technological processes and skills
ethically and responsibly using appropriate information and communication
technologies.
Assessment
There are 12 different parts to this activity, as learners work through the Technology
process. Use the intermediate phase Technology assessment standards for LO1.

worksheet 9.5 Moving in – make sure your
chickens are comfortable
Activity 9.7 Equiping your chicken tractor
Group work
The aim of this activity is to get learners to design drinkers, roosts and nesting
boxes for the chicken tractor. If you do not yet have these, you can then choose the
best ideas to use in the school chicken tractor.
Curriculum links
Outcomes
CO2: Learners work effectively with others as members of a team, group,
organisation and community.
Technology LO2: Learners understand and apply relevant technological knowledge
ethically and responsibly.
Assessment
This activity gives a good opportunity for assessing CO2: Learners work effectively
with others as members of a team, group, organisation and community.

Part 10: Plant reproduction

A school nursery is a good way to raise funds for school projects. We have given
tips on keeping a nursery after the activity information.

worksheet 10.1 Growing plants from seeds
There are three main aims of this worksheet:
 to teach the sexual reproduction topic of the Natural Science content curriculum
 to give learners practical skills of growing trees from seeds
 to start to propagate trees for the school food garden
 to build up a supply of plants for a school nursery.
Activity 10.1 Growing trees from seeds
Individual work
You will need
magnifying glasses (if you have)
Each learner will need the following, but probably can provide his/her own: potting
soil, strong plastic packet at least 20 cm long, tree seeds
Steps 1-3 involve collecting, drawing, labelling and identifying flowers. This is
probably best done at school as learners may need some guidance.
Step 4 involves each learner growing a tree from seed. This is a good activity for
learners to do at home. Give a due date 6 weeks away when the seedlings must be
brought to school. Keep reminding the learners about their seedlings. Once they
are brought to school, and are big enough for transplanting, you can use them for
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food forests, windbreaks, living fences, etc. You can give the learners some
guidance on what trees to plant, or you can leave it up to them.
Answers to questions
Check the drawing and labelling of the flowers and whether they have been
correctly identified as wind- or insect-pollinated.
Curriculum Links
Core content and knowledge
NS Life and Living
Sexual reproduction is the process by which two individual plants or animals produce
another generation of individuals. The next generation’s individuals look like the
parents but always have slight differences from their parents and from each other.
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge

Assessment
Assess the flower drawings and labelling. Also assess each learner’s tree seedling
according to how well they grew and cared for it and the skills they show in plant
propagation.

worksheet 10.2 Growing plants from parts of a
parent plant
The aims of this worksheet are similar to those of Worksheet 10.1:
 to teach the vegetative reproduction topic of the Natural Science content
curriculum
 to give learners practical skills of growing trees from cuttings
 to start to propagate trees for the school food garden
 to build up a supply of plants for a school nursery.
Activity 10.2 Growing trees from cuttings
Each learner will need: potting soil, strong plastic packet at least 20 cm long, sharp
knife or secateurs, tree cuttings
This activity involves each learner in growing a tree from a cutting. As with Activity
10.1, this is a good homework activity. Give a due date 6 weeks away when the
rooted cuttings must be brought to school. Keep reminding the learners about their
cuttings. Once they are brought to school, and are big enough for transplanting,
you can use them for food forests, windbreaks, living fences, etc. You can give the
learners some guidance on what trees to plant, or you can leave it up to them.
Curriculum Links
Core content and knowledge
NS Life and Living
New plants can grow from parts of a parent plant. This is called vegetative
reproduction and does not need seeds. The new plants have all the characteristics
of the parent plant.
Outcomes
NS LO2: Learners know, interpret and apply scientific knowledge.

Assessment
Assess each learner’s rooted tree cutting seedling according to how well they grew
and cared for it and the skills they show in plant propagation.
Tips for starting a nursery
A nursery needs daily care and attention, so you should put it close to water and to
your classroom. You need the following conditions for a successful nursery: a
source of water, propagation structures, rich soil suitable for raising plants, good
quality planting material, control of pests, diseases and weeds and record keeping
and labelling. We will look at each of these in turn.
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Water
A nursery needs an all-year source of water. The water source should be close to
the nursery because you should never allow the soil of nursery plants to dry out.
You can use watering cans or hose-pipes to bring water to your
nursery. Water early in the morning or late in the afternoon when the
sun is not strong. Always water with a fine spray. Hard watering can
move seeds and damage seedlings. Shading plants, either in
propagation structures or under trees, reduces the
amount of water that plants need.
Propagating structures
Propagating structures are built to
provide the best conditions for
raising plants. A propagating
structure should provide:
 stable temperatures, not too
hot or too cold
 a controlled flow of air, not
too dry or too wet
 controlled light, enough for
growth but not enough to burn
the plants.

Water with a fine spray through a grass
shade to not damage seedlings

It is best to propagate most plants in the shade, and then move them into the sun
or remove the shade once they are growing strongly. You will need two types of
structures for propagating plants:
1 A place where seeds are germinated or cuttings are rooted.
2 A place where the newly established plants are stored or grown. You do not
need a structure for these plants if you can keep them under trees or vine
trellises.
Shade houses are the most common
propagating structures
used for school
nurseries. You can
build a shade house
from upright
wooden or metal
poles, cross supports
of wood, bamboo
or cane and a cover
of thatch grass,
reeds, palm leaves
or shade cloth. The upright
poles can be concreted into the
ground to strengthen the
structure. If you use wooden poles,
protect them against termites by
painting them with creosote. The cover
must not be too thick. Light must still
pass through it.

A simple shade house made from wood
poles, bamboo and palm leaves

Shade cloth is made of woven plastic thread, similar to orange bags. It can be
woven tightly or loosely, to let through different amounts of light. Shade cloth is
light, long-lasting and easy to work with. You can use shade cloth on the top and
sides of a shade house or you can hang it between supports such as growing trees
or buildings.
Propagating soil
There are many different mixes for filling the containers in which you propagate
plants. The mix should have the characteristics below:
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 It must be firm enough to hold the plants upright.
 It must not let all the water move straight through it, but it must not hold so
much water that there is no air in the soil.
 It must be free of weed seeds, pests and diseases.
 It must contain plant nutrients.
Whatever type of soil you have, it will improve if you add compost. For filling
containers, it is better to use compost rather than organic matter that has not
broken down. If the organic matter in a container is not well rotted, it may burn the
leaves as it breaks down.
To germinate seeds and root cuttings, a good propagating mixture has equal parts
of washed river sand and sieved compost.
Planting material
The plants that you raise will be as good as the planting material that you use. If
you plant seeds or cuttings that come from weak or diseased plants, your new
plants will also be weak or diseased.
Most important when choosing any type of planting material is the quality of the
plant from which you take the planting material. If, for example, you take a cutting
from a grape plant that produces small sour fruit, then the new grape plant will
also produce small sour fruit. If you take a cutting from a grape plant that produces
large sweet fruit, then, with proper care, the new plant will also produce large
sweet fruit.
Controlling diseases, pests and weeds
You may lose large numbers of your plants if they are attacked by pests and
diseases. If you do not control weeds, your nursery plants will not grow well
because they have to compete with the weeds for plant food, water and light. The
control of pests, diseases and weeds is very important in a nursery. See Part 8 of the
worksheets section for details of pest and disease control methods.
Record keeping and labelling
Financial records
Financial records show the money you spend and the money you earn. Use these
records to work out whether you made a profit or a loss, how to reduce your costs,
which type of plants gave you the most profit and so on.
Table 10.1 is a financial record. Write down anything that you buy for the nursery
under Expenditure. Write down anything that you sell from the nursery under
Income. You can write the Expenditure on the left-hand page and the Income on
the right-hand page, as shown in the table, or you can write the Expenditure in the
front of your money record book and the Income at the back of the book.
When you complete a page, total the amounts on that page and write the total at
the top of the next page. In this way you can easily find the total of all the pages
you complete.
Plants which you take from the nursery for planting on your own land, should be
written down under Income because you do not pay for them.
Columns can be made on the Income and Expenditure pages so that you can easily
get the totals for the different expenses and sources of income.
Keep the receipts of everything you buy in a file, and use them to complete the
Expenditure page every week or every month. Give out a receipt from a receipt
book every time you sell plants. You can buy special receipt books that have carbon
paper for making a copy of each receipt you write. Use your copies to complete the
Income page.
Profit or loss
To find out whether you made a profit, subtract the total expenditure from the total
income. If the income is greater than the expenditure, you made a profit. If the
expenditure is greater than the income, you made a loss.
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Table 10.1 An example of an income and expenditure record
Expenditure
Date

Item

1/3/06 Balance
carried
forward
7/3
1 kg
onion
seeds
15/3 secateurs
2/4
15 m
shade
cloth
2/4
1000
20 cm
containers
8/4
Watering
can

Income

Diesel Seeds Containers Tools and Building Other Total
for
equipment materials
pump

Date

429.73 1/3/06

129.75

29.75 12/3

52.78
60.00

102.00

35.00

52.78 24/3
60.00 3/4

Item
(reference
number)
Balance
carried
forward
1 tomato
tray
2 fig
2 wild
olive

Seedlings Established Other
plants

Total

1239.78

4.00

4.00
12.00
10.00

12.00
10.00

102.00 3/4

1
granadilla

6.00

56.00

35.00 4/4

2
keurboom

14.00

24.00
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