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1.1 SITE COMPONENTS  

Introduction to Permaculture 

 

Permaculture is a design system which aims to create sustainable habitats by following nature's 

patterns. 

 

To understand the multiple functions of each component on a site (e.g. a garden) is one vital step on your way 

to a smart permaculture design. 

 

 
SITE COMPONENTS 

 
IDENTIFICATION 
& DESCRIPTION 

 
OUTPUTS 

 
NEEDS OF 

OTHER SITE COMPONENTS 

The outputs of a 

vegetable garden 

Vegetable clippings These could be linked 

to a worm farm and 

compost heap 

Chickens need food and additional 

protein, and the worm farm and the 

clippings from vegetable beds could 

meet these needs. 

The outputs of a herb 

garden 

Dill  

 

Dill can be used as an 

herb and the flowers 

attract beneficial 

insects such as 

ladybugs, and add 

visual appeal to your 

garden. 

Ladybugs assist to eliminate 

destructive pests like aphids, mites 

and scale. 

 

The outputs of a 

vineyard, or a 

compost heap 

Insects, snails and 

slugs 

Snails and slugs could 

be linked to a duck 

yard  

Ducks’ minimum amount of nutrition 

could be obtained from insects, 

snails and slugs. The duck yard and 

the insects, snails and slugs from the 

vineyard could meet these needs. 

The outputs of a duck 

bath/pond 

Manure Duck manure could be 

linked to compost and 

fertilisation.  

 

Nitrogen, phosphorus and potassium 

are very beneficial for growing 

healthy plants and vegetables. The 

duck bath/pond and the compost and 

liquid fertiliser being high in nitrogen, 

phosphorus and potassium could 

meet these needs. PHOSPHORUS 

IS INVOLVED IN THE metabolic 
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SITE COMPONENTS 

 
IDENTIFICATION 
& DESCRIPTION 

 
OUTPUTS 

 
NEEDS OF 

OTHER SITE COMPONENTS 

processes responsible for  

transferring energy from one point to 

another in the plant. It's also critical 

in root development and flowering. 

 

 

 

“You don’t have a snail problem, but a duck deficiency!” 

How to make and apply liquid nutrients 

The liquid duck manure serves as a fertiliser.  

Step 1. Fill watering cans from the duck bath/pond 

Step 2. Water the crops with the nutrient rich duck water 

 

When the bath is almost empty the thick sludge (a mix of manure and soil) can be scooped out and mixed into 

a watering can or applied directly around hungry crops with great results in growth. 

 

Design Principle: Work with nature, rather than against it.  

1.2 RESOURCES  

Living Resources 

 

• Living resources move 

• Living resources are made of cells 

• Living resources obtain and use energy 

• Living resources grow and develop 

• Living resources reproduce 

• Living resources respond and may adapt 

to their environment 

 

• Trapped flies can be used as food for fish 

• Damaged fruit can provide a marketable seed resource 

• Stocks of fish must be maintained to produce more fish 
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LIVING 

RESOURCE 

NEEDS PRODUCTS / 

YIELDS 

CHARACTERISTICS FUNCTIONS 

CHICKENS Food 

Grit 

Water 

Air 

Shelter (non-living 

resource) 

Nest 

Protection 

Dust bath (non-living 

resource) 

Other chickens 

Forest microclimate 

Manure 

Eggs 

Meat 

Feathers 

Heat 

Gas (CO2) 

Breed 

Heavy/light 

Colour 

Heat tolerance 

Ranging habits 

Temperament 

Flighty 

Disease resistance 

Pest control 

Fertilising 

Grazing 

Weed control 

Shredding 

 

Non-Living Resources  

 

• Non-living resources are not made of cells 

• Non-living resources do not need air, water, or food 

 

A flat shed roof can be utilised as space to grow pumpkins, by training the pumpkin vines to grow to the 

top of the roof. (Cautionary note: Make sure the roof structure is strong enough to support the 

pumpkins’ weight!) 

 

Activity 2  

Create a mind map. 

Experiment on paper, connecting and combining elements (buildings, plants, animals, etc.) to achieve no 

pollution (excess of product), and minimum work. Try to have one element fulfil the needs of another element. 

Include the different living and non-living resources in your mind map. 
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Answer the following questions, resulting from your mind map. 

• Identify at ONE component from your mind map. 

 

 

 

• Of what use are the products of this particular component to the needs of other components? 

 

 

 

 

 

 

 

 

• What needs of this component are supplied by other components? 

 

 

 

 

 

 

 

 

 

• Where is this component incompatible with other components? 

 

 

 

 

 

 

• Where does this component benefit other parts of the system? 
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Activity 1, Continued  
 

Read the following statements in the below table. The statements are related to the different subjects we have 

covered in this past lesson. Make a  tick in the block if you agree with the statement ( = if you disagree).  

 

 Site components were correctly identified and described, and their outputs linked with the needs of at 

least two other site components in a specific context.  

 The needs of specific site components were linked to the outputs of at least two other site components 

in a specific context.  

 The living site resources in a specific context were identified and their characteristics identified.  

 

LEARNER COMMENTS: 
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2 FUNCTIONS IN A PERMACULTURE DESIGN  

2.1 PURPOSE  

Important functions in a Permaculture context refer to the principle purpose of the specific design, and 

these may vary from one context to another.  

 

The ultimate purpose of permaculture is to develop a site until it meets all the needs of its inhabitants, from 

food and shelter to fuel and entertainment.  

 

The goal is to plant things you like, while making sure they have a purpose and benefit the landscape in some 

way. Plants such as fruit trees provide food as well as shade; a patch of bamboo could provide stakes for 

supporting pole beans and other vining plants. Permaculture gardeners grow many types of perennial food 

plants—such as arrowhead, sorrel, chicory, and asparagus—in addition to standard garden vegetables. 

 

Like all gardeners, permaculture gardeners love plants for their beauty and fragrance, but they seek out plants 

that offer practical benefits along with aesthetic satisfaction. Instead of a border of flowering shrubs, for 

instance, a permaculture site would make use of a raspberry or blackberry border. 

Ethics 

Earth Care 

The land, the water, the trees and plants; our natural resources are the key to our future. The natural 

environment must be protected and repaired. This includes: 

• The forests and the plants, animals and birds that live within. 

• Lakes, rivers, river catchments and estuaries. 

• The Ocean, especially the coastline and the reefs. 

• The Air 

 

Any action that damages, pollutes or destroys our natural environment is doing the same to us. 

 

All farmland including land for forestry and animals must be thought of as the base of our wealth. 

If it is farmed responsibly and sustainably and the land is slowly improved, then our wealth will grow. 

This is for: 

• Long-term productivity for farmers and their children. 

• Protection and health of surrounding environment. 

• Protection and health of the people farming the land. 

 

 



Learner Guide / Workbook:  INTERPRET AND ILLUSTRATE PERMACULTURE PRINCIPLES 

Page | 7 

 

Training Provider Accreditation Number: AGRI/c prov/0282/10 

NPO Registration Number: 030-972 

 
 

Sustainable farming includes: 

• Improving soil quality. 

• Taking all steps possible to stop erosion and mudslides. 

• Reducing and eventually stopping burning. 

• Using natural fertilizers and pesticides. 

• Working with nature, the land and its natural patterns. 

• Using cultural practice and traditional land laws to help protect and repair land. 

 

 

People Care 

Every person has the right to a healthy future. 

 

Permaculture is about improving basic food security and health for ALL: 

• Improving production, diversity and quality of produce. 

• Improving food storage and preservation. 

• Improving nutrition. 

• Encouraging use and training about natural medicine, combined with modern medicine. 

• Improving house health and hygiene, especially for kitchens, water, toilets and waste management. 

 

Permaculture promotes better equality, security and opportunities for all through: 

• Equal opportunities and rights for men, women and children. 

• Improving basic wealth, not just in money, but also in the land and people. 

• Improvement of livelihoods and opportunities for people in the districts. 

• Taking action to reduce the hard work like carrying water and firewood. 

• Sharing and trading of knowledge and resources. 
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Permaculture practice is to work together with the Traditional Culture and to strengthen it. Sometimes 

traditional practice can be changed or improved but this is done through working with people, not 

forcing new ideas.  

• Encouraging and using traditional ceremonies, beliefs and knowledge. 

• New techniques and ideas recognizing, respecting and fitting together with traditional culture. 

• Education to children about traditional knowledge and ceremonies and about how the traditional 

knowledge and ceremonies can be part of a modern society. 

 

 

Fair Share 

What we do now affects the future. 

• All practices MUST consider the future. 

• All plans for now MUST include plans for the future as well, on all levels – government, district, 

communities, families and individuals. 

• Not just 10 years, but 20 years, 50 years and 100 years in the future. 

• Our children, our children’s children and their children will inherit this land. It is up to us to make it 

good place for them to live. 

 

 

Cooperation, not competition, is the key. 

• Use local and natural resources whenever possible. 

• Protect our natural environment. 

• Reduce the amount of rubbish waste that is bought and produced. 

• Recycle and reuse waste whenever possible. 

• Move towards using renewable energy sources like solar power, hydroelectric, biogas and wind 

power. 
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2.2 MOLLISONIAN PERMACULTURE PRINCIPLES  

A principle is a basic truth, a rule of conduct, a way to proceed. 

1 Everything Gardens, or Has an Effect on Its Environment 

Observe and Interact 

It helps us to learn by understanding things like: 

• What works and what is not working and needs changing 

• Why the same plant will grow better in one place than another 

• The natural cycles of the environment and climate, and how to work with them, not against them 

• If patterns occur when pests attack plants. 

• Are some plants or groups of plants affected when others in different areas are not? 

• Which plants and animals produce the best for the least effort? 

• Where the water runs through the land and which areas stay wetter in the dry season. 

• Where the sun shines all day, or part day and where it is shady. 
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By conducting simple experiments we can observe which the best plants to grow are and what the best 

technique for growing them is. 

 

Results will be different for each area so 

each community should conduct their 

own experiments. 

 

 

 

 

 

 

 

Catch and Store Energy 

• Re-using waste and manure from animals, plants, people, houses etc. 

• Reduce energy needs through good design and practice. 

Cows grow bigger and faster if they have shade and wind 

protection. The trees that give shade and wind protection can 

also give cow food! 

• Use natural energy sources.  

Hydroelectric, biogas, solar. 

• Use technology to reduce energy needs.  

You need a lot less firewood if you use a clay oven. 

 

Energy efficiency also relates to using solar, water or wind to 

create energy rather than diesel generators. There is more cost 

for setting up such alternative systems but the maintenance 

costs are small compared to having to continually buy diesel, oil 

and spare parts for generators. Pollution is greatly reduced as 

well. 

 

To meet the requirements of a family’s energy needs, you 

can harvest wood from a woodlot or use solar energy, instead 

of receiving electricity through the municipal supply. 

 

Another example is using buffalo ploughs instead of tractors. Buffalos need 

energy that is cheap and local, tractors need energy that is expensive and 

imported from overseas. 
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Apply Self-Regulation & Accept Feedback 

We are all responsible for our own actions! Our actions affect our own lives, our families’ lives, our friends’ 

lives and anyone else who has direct or indirect contact with us. This is true for men and for women. If we are 

to prosper then we must take responsibility for now and for the future. Educating children about being 

responsible for the land and its people is fundamental for the future of our country. This is an important role for 

the adults and elders. We need to use the resources available now to repair the fragile environment and plan, 

grow and create resources for the future, to the best of our abilities.  

 

Use & Value Renewable Resources & Services 

When a system starts to look after itself then we know that we are on the right road. 

• This is achieved by using one element in a system to provide a service for others element in the 

system.  

 

Every part of the system should be producing resources. Some examples of plant resources produced are 

food, saleable items, timber, fertilizer, mulch, firewood, shade, fencing, animal habitat and windbreaks. 

The most important resource produced by trees is clean air! Examples of animal resources produced are food, 

labour, sellable items and fertilizer. 

 

The more resources that are produced by each element, the less inputs that are needed. 

Inputs are needs and outputs are products. 

 

Produce No Waste 

Waste that we don’t re-use is pollution. 

• The pollution can be in the ground (e.g.: broken glass, cans, 

car oil, battery acid), in the water (e.g.: excess chemicals and 
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washing powder, plastic and other rubbish), and in the air (e.g.: smoke from burning, fumes from 

engines).  

 

Using as many local products made from local materials as possible will reduce waste created. 

 

Try to make use of all available resources, especially natural resources. Re-use your wastes as resources. 

• This reduces pollution and saves on inputs that are needed. Water, garden waste, manures and a lot 

of household rubbish can all be re-used.  

 

2 Work with Nature, Rather Than Against  

Integrate rather than Segregate 

Integrated systems combine different elements to work together in a single system. 

 

• Help to increase diversity of plants and animals 

• Increases the diversity of production from one system 

• Help to save energy and reduce waste of precious resources 

• Make it easier to re-use energy that is produced and stored in a system 

Design from Patterns to Details 

EVOLUTION means that the strongest and most adaptable species survive and reproduce AND the 

strongest and most adaptable of each species survive and reproduce. 

SUCCESSION means the step by step process of the natural progression of a system. 

 

In a permaculture system we can use succession and evolution to: 

• Speed up the growth and development of our system. 

• Improve the quality of animal and plant stock from year to year. 

 

Evolution 

• Picking the seed from the BEST plants each season to improve the quality of next season’s plants. 

• Experimenting with many different types of fruit and vegetables to find which ones grows the best. 

• Experimenting with different varieties of the same vegetable or fruit to compare growth, production and 

disease resistance rates. Then you can select the best variety for the land.  

• When planting out trees for reforestation it is wise to overplant, and then weed out the smallest and 

weakest trees after 1 and 2 seasons. The trees that are weeded out provide mulch and the trees that 

are left will be stronger and more productive. 

• Leaning from mistakes and consolidating knowledge from past experience.  
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Succession 

• Reforestation techniques working with the succession principal to speed up development and improve 

long-term success rates. 

• Planting of trees, e.g. forests, orchards, gardens etc. 

 

Some large trees take many years to reach full size and production. They should be planted the correct 

distance apart to allow them to reach their full size. This provides space in between the large trees for 

5-10 years to plant and harvest from quick growing, short-lived trees or annual crops. 

• When large trees are well established, animals such as chickens, ducks or even a few goats or 

buffalo can be introduced to provide weed control and manure. 

 

How to plant trees 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant trees during the dormant season — in the autumn after leaf drop or in early spring before bud-

break. 
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Step 1. Identify an area of bare soil, i.e. soil or sand not covered by grass, sod, other live 

ground covers, wood chips, gravel, artificial turf, or similar covering. 

Step 2. Identify the trunk flare.  

Step 3. Dig a shallow, broad planting hole 2 to 3 times wider than the root ball, but only as 

deep as the root ball.  

• Plant most standard fruit trees roughly 4.6 m apart, semi dwarfing trees 3 to 4.6 m 

apart, and dwarfs a minimum of 1.8 m apart. 

Step 4. Remove the containers or cut away the wire basket.  

Step 5. Inspect container tree root balls for circling roots. Straighten, cut, or remove them. 

Expose the trunk flare, if necessary. 

Step 6. Place the tree at the proper height.  

• In poorly drained or heavily clayed soils, trees can be planted with the base of the 

trunk flare 5 to 7.5 cm above grade.  

Step 7. When placing the tree in the hole, lift it by the root ball, not the trunk.  

Step 8. Straighten the tree in the hole.  

Step 9. Fill the hole gently, but firmly. Pack soil around the base of the root ball to stabilize it. 

If the root ball is wrapped, carefully cut and remove any fabric, plastic, string, and/or wire 

from around the trunk and root ball to prevent girdling and to facilitate root growth.  

Step 10. Fill the remainder of the hole, firmly packing the soil to eliminate air pockets that may 

dry out roots. 

Step 11. Further reduce air pockets by watering periodically while backfilling. 

• Avoid fertilization at the time of planting. 

Step 12. Stake the tree, if necessary.  

• One or two stakes used in conjunction with a wide, flexible tie material on the lower 

half of the tree will hold the tree upright and minimize injury to the trunk, yet still 

allow movement. Remove support staking and ties after the first year of growth. 

Step 13. Mulch the base of the tree.  

• A 5- to 10-cm layer is ideal. More than 10 cm may cause a problem with oxygen and 

moisture levels.  

• Piling mulch right up against the trunk of a tree may cause decay of the living bark.  

• A mulch free area, (2.5 to 5 cm wide at the base of the tree, reduces moist bark 

conditions and prevents decay. 

Step 14.  Provide follow-up care. Keep the soil moist, but not waterlogged. 

• Water trees at least once a week, barring rain, and more frequently during hot, 

windy weather. When the soil is dry below the surface of the mulch, it is time to 

water. Continue until mid-fall, tapering off as lower temperatures require less-

frequent watering. 
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Checklist for planting trees correctly 

 What is the purpose for planting the tree? 

 What are the linked site components? 

 Where is the best geographic placement? 

3 The Problem Is the Solution 

Every problem that we are faced with has a solution. 

Everything is a positive resource; it is just up to us to work out how we may use it as such. 

• Rocks can be used in dry areas to make simple terraces and catch soil and water. 

• Fruit trees can then be planted and will grow well because of the rock terraces. 

 

Problem: Rainwater 

 

Solution: Build a water tank to harvest the water 

 

Use:  

• Can be used to meet the family’s water needs, instead of receiving 

water from the municipal supply. 

• Can be used for vegetable / fruit gardening. 

 

Benefits:  

• Enabling households to save money, which would otherwise have been 

used to pay for water supply from municipal agents. 

• Enabling households to save time and resources, which would otherwise have been used to search 

for water for domestic use. 

• Reducing the onset and spread of certain diseases associated with poor water and sanitation 

practices.  

Cooperation Not Competition 

Cooperation between people, promotes: 

• Community involvement. 

• Trading between members of the community 

• Shared and improved knowledge. 

• Shared and improved skills. 

• Many benefactors rather than a few. 

• Less or no waste. 

• A strong and integrated knowledge base rather than 

fractured, incomplete information  
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• Competition creates conflict, jealousy and anger  

• Competition also leads to waste. 

Use Small & Slow Solutions 

Only build what you can maintain and always maintain what you build. 

• Small systems are easier to maintain. This means that it is easier to achieve maximum yields and to 

make the most of your work. 

• Often on large farms the yield is only moderate because there is not enough time, labour or resources 

to manage the farm properly. This is wasted energy. 

• In small-scale systems pest and disease problems are less likely to occur and are much easier to 

manage. 

4 The Yield of a System Is Theoretically Unlimited 

Use & Value Diversity 

Diversity in a farm system means that we grow many different crops for food and for income, not just 

one or two. 

 

Different types of vegetables, fruits, grains, tree products, animals and goods can all be produced. 

 

Encouraging predators of pests and pollinators like birds, frogs, spiders, bats, bees, beetles and wasps is 

another important part of diversity. These animals and insects help to do the work for us. 

 

A diverse system: 

• Is more resilient to extreme weather and more flexible with sudden change. 

• Produces food and income more often during the year. 

• Means that if one crop fails or some animals die then other crops or animals still produce or may even 

produce more. 

• Will suffer less from large-scale pest or disease problems. 

• Is more beautiful!  

Use Edges & Value the Marginal 

In nature Edge Effect is when 2 different ecosystems meet and a new 3rd ecosystem is created. The 

new ecosystem combines the other 2 ecosystems and is more complex and more productive. 

 

• The edge between the land and the sea 

• The outer edge of a forest 

• The edge of a river (River bank) 
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The edge is the most productive part of the environment because it contains more diversity of plants animals 

and insects, more fertility and more sunlight.  

 

This idea can be copied and used in agriculture and animal systems and even with houses. 

• The edge of a clay fish pond is very productive, both in the water and out of the water. 

• Making terraces or swales on sloped land creates many edges, and improves production. 

A SWALE is a low piece of land, especially one that is moist or muddy/swampy. 

• The soil on the outside edge of an animal house will be full of nutrients from the manure and is 

excellent for growing vegetables or fruit trees. 

• More edges mean more production and more diversity. This idea is working with natural systems, 

not against them. 

Quality is Economy 

Good implementation of the plan, taking time to do the job properly and with good materials will save having to 

do the job again the next year and the year after and the year after…. 

• Something that is well made will save money and time in other ways. 

• Buying quality tools is cheaper in the long run than buying cheap tools. 

Multifunction 

• Choose elements that have multiple uses or products. 

Example: Ducks can provide meat, eggs, manure, feathers, weed maintenance, pest control and money 

from sale. 

• Place elements so that they provide different functions. 

Example: Many plants and trees can be grown as a living fence & for growing vines. 

• Re-use and recycle elements within the system so that they provide multiple inputs. 

Example: Household water can be reused in a pond to grow plants. The plants clean the water and can be 

harvested for mulch. The water can then be re-used for vegetable gardens or animals. 
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5 Make the Least Change for the Greatest Possible Effect 

Creatively Use & Respond to Change 

If we use our brain first we can make a project much easier and we can plan for the long term. 

• Reduce labour time 

• Reduce energy expended 

• Reduce outside resources needed 

• Importantly, reduce costs 

• Save work time in the future by doing a good job now 

• Make the system do the work for you 

Asking an expert about your project will provide you with a lot of great information to help you make it easier 

and better.  

• Using stoves to reduce firewood use. This 

saves a lot of heavy work collecting wood, 

and saves money too. 

• Using bamboo pipes to bring water to the 

house instead of collecting it each day. 

• Don’t just make a normal fence, make a living 

fence. It protects the crops or houses the 

animal as well as providing animal food, mulch, 

compost material, shade, firewood and even 

NITROGEN IN THE SOIL! 

 

 

NITROGEN PROMOTES PLANT GROWTH. It is 

associated with leafy, vegetative growth. It's part of every protein in the plant, so it's required for virtually every 

process -- from growing new leaves to defending against pests. Nitrogen is part of the chlorophyll molecule, 

which gives plants their green color and is involved in creating food for the plant through photosynthesis. Lack 

of nitrogen shows up as general yellowing (chlorosis) of the plant. Because nitrogen can move around in the 

plant, older growth often yellows more than the new growth. 
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Inputs and outputs: List the inputs and outputs of a chicken, using the below illustration.  

 

 

 

 

Activity 4  

PLANTING TREES IN AN ORCHARD (14 POINTS) 

 

Use the tools provided by your facilitator to plant one tree in bare soil. 

 

 

Activity 1, Continued  

LEARNER INSTRUCTIONS: Read the following statements in the below table. The statements are related to 

the different subjects we have covered in this past lesson. Make a  tick in the block if you agree with the 

statement ( = if you disagree).  

 

 The purpose of the Permaculture design was identified and explained.  

 The principle functions of the Permaculture design were identified.  

 Two or more ways to support each principle function were identified. 

 

LEARNER COMMENTS: 
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3 MONITOR & SUPPORT  

3.1 RESOURCES  

Biotic resources are the living portion of the ecosystem, i.e. plants, animals and microbes. The abiotic 

resources refer to the non-living portion, i.e. the chemical and physical factors.  

 

• The abiotic factors support and limit biotic resources.  

• The biotic resources influence each other and will contribute to the abiotic resources during 

decomposition. 

 

Biotic Resources 

BIOTIC RESOURCES PURPOSE & USE 

PLANTS They are the PRODUCERS of the biotic components that shape an ecosystem. 

The producers capture the solar energy, use the nutrients available, and 

produce energy. 

ANIMALS & BIRDS Birds such as owls are CONSUMERS.  

INSECTS Insects fall in the category of DECOMPOSERS. Decomposers break down the 

organic layer providing nutrients for the producers. Earthworms are 

decomposers! 

MICRO-ORGANISMS Micro-organisms are divided into seven types: bacteria, archaea, protozoa, 

algae, fungi, viruses, and multicellular animal parasites (helminths). 

Micro-organisms are beneficial in producing oxygen, decomposing organic 

material, providing nutrients for plants, and maintaining human health 

Micro-organisms are also decomposers. 

HERBIVORES, 

CARNIVORES, AND 

OMNIVORES 

Consumers do not have the ability to produce or capture energy on their own 

and depend on the producers. 

 
Abiotic Resources 
 

ABIOTIC RESOURCES PURPOSE & USE 
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MINERAL AND WATER 

CYCLES 

The Water Cycle (also known as the hydrologic cycle) is the journey water 

takes as it circulates from the land to the sky and back again. 

 

Step 1. The Sun's heat provides energy to EVAPORATE water from the Earth's surface (oceans, 

lakes, etc.). Plants also lose water to the air (this is called TRANSPIRATION).  

Step 2. The water vapour eventually CONDENSES, forming tiny droplets in clouds.  

Step 3. When the clouds meet cool air over land, PRECIPITATION (rain, sleet, or snow) is triggered, 

and water returns to the land (or sea).  

Step 4. Some of the precipitation soaks into the ground. Some of the underground water is trapped 

between rock or clay layers; this is called groundwater.  

Step 5. Most of the water flows downhill as runoff (above ground or underground), eventually 

returning to the seas as slightly salty water. 

 

ABIOTIC RESOURCES, 
continued 

PURPOSE & USE 

WIND Wind is the moving air. 

• Wind carries water vapour; this may undergo condensation and fall 

in the form of rain, hail or snow.  

• Wind speeds up evaporation and assists in pollination of plants and 

the dispersal of their seeds. 

• Wind helps in dispersal of insects.  



Learner Guide / Workbook:  INTERPRET AND ILLUSTRATE PERMACULTURE PRINCIPLES 

Page | 22 

 

Training Provider Accreditation Number: AGRI/c prov/0282/10 

NPO Registration Number: 030-972 

 
 

ABIOTIC RESOURCES, 
continued 

PURPOSE & USE 

• Wind erosion leads to dispersal of topsoil. 

 

Windmills and wind turbines enable us to generate electricity – like the 

energy we use to heat our homes. Wind is considered a renewable energy 

source because it does not get used up. 

SUCCESSION Succession refers to the colonization of plant communities following a 

disturbance such as flooding, fire or pollution.  

NUTRIENTS such as nitrogen and phosphorus are often limited in 

successional areas. Species with lower nutrient requirements have a 

greater chance of successfully maintaining a population. 

ENERGY FLOW Each biotic resource needs energy to do work and for proper growth. To get 

this energy, organisms either need to produce their own energy using abiotic 

factors, or interact with other organisms by consuming them.  

CLIMATE  SUNLIGHT is essential for the process of photosynthesis. Heterotrophs, 

such as animals, use light from the sun indirectly by consuming plants or 

other heterotrophs.  

TEMPERATURE varies greatly across various parts of earth and throughout 

the year. Temperature affects the rate of evaporation and transpiration and 

causes seasonal changes in weather. Seasonal variation in vegetation also 

occurs as the germination of seeds requires warm temperatures. Plants and 

animals have special adaptations that make them suited to the temperature 

of their specific environment.  

Temperature affects the rate at which photosynthesis, cellular respiration and 

decomposition take place. The rate of reaction increases with increasing 

temperature and decreases at lower temperatures. 

WATER is one of the most important factors in the ecosystem. It is the main 

component of living cells and is essential for all living organisms. About 80% 

of the human body and 90% of the plant body consists of water.  

ALTITUDE Altitude is the height of the land above sea level. At high altitudes the 

temperature is lower, the wind speed is greater, and the rainfall less. 

Environments at higher altitudes are also more likely to experience snow 

conditions. Altitude plays a role in vegetation zones.  

LATITUDE Latitude is an angle which ranges from 0° at the Equator to 90° (North or 

South) at the poles. Lines of constant latitude, or parallels, run east–west as 

circles parallel to the equator.  

Sun angles are determined by the earth's tilt, latitude and season of the year. 

Land in the northern hemisphere at a latitude of 43 degrees with a slope 

angle of 5% to the south with have the same solar climate as the area 
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ABIOTIC RESOURCES, 
continued 

PURPOSE & USE 

300 miles to the south of it. 

 

The Attributes of Altitude, Latitude and Slopes In Relation To Climate 

An average measure of temperature fall with altitude is: 

• 9.8°C/km in rainless or dry air; or 

• 4-9°C/km in humid and saturated conditions. 

 

As a rough approximation, every 100 m of altitude is equivalent to 1° of latitude, so that at 1000 m on the 

equator, the temperatures are about equivalent to a climate 10° off the equator with the same humidity. At 10° 

latitude off the equator, a plateau at 1850 m has a climate more like that at 30° latitude, with a probability of 

wind chill to below freezing.  

 

• Shade temperatures are lower than at sea level, due to the less effective heat transfer and insulation 

effects of the rarefied air.  

• High mountains reduce the range of foods available. As great as the effect of altitude is, the effect of 

slope is even more pronounced. Slopes of 5° towards the poles "reduce soil temperatures as much as 

168 km distance" towards the poles, so that even a gentle slope away from the sun creates very much 

cooler conditions. 
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DESIGN PRINCIPLE: The yield of a system is theoretically unlimited 

 

3.2 SOIL FERTILITY  

Organic Sources of Soil Nutrients 

The decomposed organic matter, called humus gives topsoil its dark colour.  

• It supplies plants with nutrients and helps the soil retain water. Soils rich in humus are fertile soils.  

 

The specific soil type is determined by the size of particles e.g. 

• Sand has very large sized particles 

• Clay has very small sized particles  

• Loam has a mixture of particle sizes 
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See Solutions, Not Problems 

DESIGN PRINCIPLE: The problem is the solution 

 

• All the tree and plant waste, instead of being burnt and creating pollution can provide valuable organic 

matter and compost for future crops. All manures are a valuable resource too. 

 

METHODS ADVANTAGES 

LEGUMES are inter-planted 

with other crops  

Legumes are plants such as 

beans, peanuts, peas and 

lentils. 

 

In addition to being good sources of nutrition they have the ability to "fix" 

nitrogen.  

Nitrogen is vital for life; it forms parts of our DNA and proteins.  

Our atmosphere is largely nitrogen, but it is in a form, N2 (nitrogen gas), that 

living things can't utilize. Nitrogen "fixing" means it is chemically changed into 

NH3 (ammonia), which living things can use. When legumes are planted with 

other crops that do not have this ability, it can help those crops by supplying 

nitrogen in a usable form.

 

NITRATES 
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METHODS ADVANTAGES 

 

GREEN MANURE is planted 

between crop plantings 

Green manure is a term used to describe specific plant or crop varieties that 

are grown and turned into the soil to improve its overall quality. 

A green manure crop can be cut and them ploughed into the soil or simply 

left in the ground for an extended period prior to tilling garden areas.  

• Examples of green manure crops include grass mixtures and 

legume plants. Some of the most commonly used are: Annual 

ryegrass, Vetch, Clover, Peas, Winter wheat, Alfalfa. 

The growing and turning of green manure cover crops provides additional 

nutrients and organic matter to the soil. When incorporated into the soil, 

these plants break down, eventually releasing important nutrients, such as 

nitrogen, that is necessary for adequate plant growth.  

It also increases soil drainage and water retention capabilities. 

In addition to adding nutrients and organic materials to the soil, green 

manure crops can be grown to scavenge leftover nutrients following the 

harvest season. This helps prevent leaching, soil erosion, and weed growth. 

 

A GUILD is established by 

selecting the appropriate 

species 

A food forest can be as small as 2.5 m x 2.5 m patch, and be as simple as 

your favourite small, self-fertile fruit tree well mulched and surrounded by 

beneficial perennials.  

Guild planting means you can get more, different types of plants into your 

permaculture landscape while each plant plays a role in supporting the other. 
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METHODS ADVANTAGES 

 

Above illustration: The purpose is to design and plant to help meet the fruit 

or nut tree’s needs at the beginning.  

• Combining four or more companion plants around the fruiting tree 

results in higher plant production, reduced pest and disease 

problems, and increased soil fertility. 

The beneficial, symbiotic relationships that plants growing together develop 

help them all to thrive, providing a more abundant and diverse harvest.  

The variety that guild planting encourages is also important in increasing 

biodiversity, which creates a more effective, resilient ecosystem, making your 

permaculture landscape less likely to collapse if it is subject to adverse 

conditions.  

Having a wide variety of plants is more aesthetically pleasing than a single or 

a handful of crops.  

• Onions and carrots are ideal companion plants. Onions have 

shallow roots, straight leaves and deter carrot fly. Carrots, 

meanwhile, have deep roots, feathery leaves and deter onion fly. 

By planting hem together you maximize the chances of both 

flourishing. 

 

Adding COMPOST Compost is broken down organic matter that can be added at the bases of 

fruit trees or amongst vegetable crops to provide extra nutrients. 
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METHODS ADVANTAGES 

Compost is made by soil biota (Soil biota includes bacteria, micro-organisms, 

ants, earthworms and many, many, many more very small organisms, 

insects and small animals) that break down organic matter into a 

concentrated, rich nutrient source. Its main components are carbon and 

nitrogen. 

Plant material is mostly carbon and a small amount of nitrogen; manures are 

mostly nitrogen and a small amount of carbon. 

Compost also contains many other nutrients, minerals, trace elements and 

soil biota. 

Compost not only provides your vegetables and fruit with nutrients but it also 

improves the soil. This is very important for future crops. 

The appropriate form of 

LIQUID NUTRIENTS are 

prepared and applied 

SEEDLINGS will grow stronger and faster if they have enough food 

(nutrients). This will lead to stronger and healthier plants later on. They do 

not need a lot.  

The BEST fertilizer to use is liquid compost because you can use it as often 

as is required and it has a wide variety of nutrients. Dilute it with more water 

than you would for gardens, and use it once every 2 –3 weeks.  

Do not use on new seedlings until they are 1 month old.  

Plants in containers will suffer if too much manure is used in the soil mixture 

or too much liquid fertilizer is used. It is better to give the plants only a small 

amount of fertilizer in the nursery and then more when they are planted into 

the ground.  

 

Compost Is Made and Applied Correctly  

Quick Compost Heap 

Step 1. A compost heap works best if it is made all at once. 

Step 2. The compost heap should be at least 1 metre wide, 1 metre 

long and 1 metre high so that it can become hot enough to break down 

properly.  
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Step 3. You can use many different materials: manures, 

grasses, weeds, water plants, leaves, seaweed, soil, rice 

husks, coffee husks, wood ash, dead animals (mice, rats, fish, 

chicken etc.), urine, feathers, human and animal hair, small 

amounts of torn up paper and cardboard and any other natural 

materials you can find. 

Step 4. Try to mix about 1/3 manures, 1/3 fresh leaves, 

seaweed, water plants, weeds and about 1/3 dry leaves, 

coffee and rice husks. This doesn’t need to be exact. Use your 

intuition. 

Step 5. Use smaller amounts of bird manures (bat, pigeon, chicken and duck) and larger amounts of 

animal manure.  

Step 6. Add materials in layers of 5-10 cm starting with a 10 cm layer of small sticks and small 

branches. Then add layers of manure/dry material/wet material/ manure/dry material/wet material and 

so on. Add soil and small amounts of ash throughout the compost. This technique of layers will allow 

for air to stay in the compost, which is VERY important. The compost must have good air flow to 

decompose properly. 

Step 7. Spearing the heap once a week with a pole is important and will help air flow as well. 

Step 8. Add water twice during compost construction. First add 2-3 

buckets when compost is half made, and then another 2-3 buckets 

when finished. Water is essential for composting process, but not too 

much. The compost should be moist but not wet. 

Step 9. Cover the compost to keep rain, direct sun and animals out 

and to keep the heat in. It can be covered with palm fronds, old 

material, old tarpaulin, banana skins or leaves, or a thick layer of 

leaves. Old tin roofing if available is excellent in the wet season for 

keeping off rain and keeping animals out. 

Step 10. If all the steps are followed then the 

compost will become very hot (about 65 to 68 

degrees Celsius!!!!!!), because of the bacteria 

activity, and cook itself into ready to use natural 

fertilizer and soil improver. It will cool down again 

after 2 to 3 weeks. 

Step 11. The compost now needs to be turned 

inside out because the outer area does not get as 

hot and is not properly composted. Once the 

compost is turned add 2 buckets more water, only 

if needed, and then re-cover. The compost heap 

will reheat and cook for 2 weeks more. 
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It is then ready to place on the garden.  

 

Smart Ideas: 

• Start a new compost heap when one heap is half completed. This 

will ensure a continuous supply of compost. Plan ahead. 

• Do not let the compost touch the trunk of the tree because this can 

cause rotting of the trunk. 

• If the compost smells very sour then there is too much manure used 

and if the plant material is not decomposed then not enough manure 

is being used. 

Slow Compost 

You can make composts out of only 2 or 3 ingredients, but you need to 

balance the amount of manure to plant material. A good mix is about 1/3 

manures and 2/3 plant materials. These composts will take more time before they are ready to use. You can 

also make composts just from different plant materials.  

 

This takes 2 to 3 months to be ready.  

 

These are not as nutrient rich but are still very good for improving soil.  

Using Compost 

• Use about 2 big handfuls for each seedling and 4 big handfuls for each mature vegetable. A layer of 3-

5cm on a whole garden area and around fruit trees is good. 

• Put compost on plots 2 weeks before planting seedlings or direct seeding of corn, beans, pumpkins 

and so on, to allow nutrients and compost to infiltrate the soil. Wait 2 weeks after planting seedlings 

before adding more compost. 

  

• The best place to put the compost to feed a tree is directly under the outside leaves, not around the 

trunk of the tree. Under the outside leaves is where the trees roots feed from most. This is the same 

for ALL fertilizer use. 

• Put a mulch layer on top of the compost layer to protect the 

compost and improve the results. 

Compost Baskets and Trenches 
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Step 1. Dig holes in the middle of the garden plot, at least 1 large hand length deep, 3 hand lengths 

wide and 1 metre (about 1 large step apart). Or dig one long trench down the centre of the plot at least 

1 hand length deep and 2 hand lengths wide. 

Step 2. Put bamboo stakes around the edge of the holes or trench. The stakes should be about 1 

hand length apart and 2 hand lengths higher than the ground after placement. 

Step 3. Weave flexible bamboo or grasses through the stakes to make a basket or fence. 

Step 4. Put in the holes or trenches:  

a. First -small layer (5cm) of thin branches or dried grass stems to provide air. 

b. Second - Different manures. 

c. Third – grasses, weeds and leaves and 

washed seaweed. 

d. Fourth – you can add ash (from wood fires 

only) as well, at 1 handful per basket or 1 

metre of trench. 

Step 5. There is no need to turn the compost. As the 

old materials decompose just keep adding new 

materials, in the same layers as before.  

Step 6. Plant vegetable seeds or seedlings when the 

materials at the bottom are nearly decomposed. To 

be able to plant at the beginning of wet season, make 

the compost baskets or trenches 1 month before 

planting time. Plant the vegetable seedlings or seeds 

1 hand width away from the basket or trench. 

Step 7. Water the plants for 2 weeks after planting. Then you can water directly into the compost 

baskets or trenches, not on the plants. The plants roots will then grow into the baskets or trench. This 

will improve plant growth and save water. 

Step 8. When the crop is harvested, the compost from the baskets or trenches can be dug out and 

placed on the garden plot to add important humus to soil. Then new ingredients can be added for the 

next crop. 

 

Smart Ideas: 

• To allow for continuous cropping, fill the baskets or 

trenches at different times. Each plot could be filled 2 

weeks to 1 month apart. 

• The basket or trench support poles can be extended 

much higher and used to grow beans, cucumbers and 

other climbing vegetables. 

• Swales can be used as compost trenches for sloped 
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land cultivation. 

 

Banana Pit / Pit Composting 

The Banana pit/Compost pit is an excellent way to feed vegetables and trees. 

 

Bananas and papayas especially like the compost pits. 

Leaves, weeds, manure, rice and coffee husks, paper can 

all be added. Urine, diluted with water is also 

recommended. 

 

The compost that collects in the bottom of the pit can be dug out each year and used on other vegetables and 

trees. 

 

Benefits:  

• A good way to deal with problem weeds and weed seeds. 

• Can be easily made into a toilet or washroom.  

• Can be used to collect and utilize excess water. 

• Stores more water in the soil and in the compost material so that the wet season is extended and full 

benefit is gained from any dry season rains and dry season watering. 

 

Smart idea to reduce mosquito and pest insect problems: 

• Soak a big handful of neem leaves in a bucket of water for 2 days, and then pour some liquid, with the 

neem leaves, in each pit. Repeat every 3 months. 

 

Direct Composting 

Composts of manures, washed seaweed, plant materials and rice/coffee waste can be made on top of garden 

beds or on land where you are going to make garden plots. 

 

The soil underneath will benefit from leached nutrients and increased soil biota. The compost can simply be 

spread out when it is ready. 

Liquid Fertilizer 

Step 1. Cut lid off oil drum using an axe and hammer. Be sure to hit down any 

sharp edges.  
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Step 2. Clean inside of drum thoroughly with detergent and water and then leave in the sun for 2-3 

days.  

• This is to make sure all the old oil or petrol is removed. 

Step 3. Fill container 1/3 full with manure.  

Fresh manure has more nutrients than dry manure.  

• Mix different types of manures for a better result as different manures have different nutrients.  

• Bird manure (pigeon, bat, chicken, and duck) is strongest, and then pig, goat, cow and horse 

manure.  

Step 4. Fill the next 1/3 with grass, plant materials, weeds, leaves and 

seaweed.  

• Weeds with long and thick tap roots (the main long centre root) bring up 

minerals from the ground and store some of them in the plant.  

• These weeds are good to add to liquid composts. 

• Running weeds, like couch and kikuyu, and problem weed seeds can 

be easily killed and turned into useful fertilizer.  

 

Seaweed has valuable minerals and nutrients that are important for 

plants and that are sometimes lacking from soils, manures and 

plants.  

 

The seaweed MUST be washed well first to remove the salt 

because the salt will badly affect soil quality and plant growth.  

 

Only collect fresh seaweed because dry seaweed stores the 

salt as it dries.  

 

 
Step 5. Add 2 or 3 shovels of healthy, living soil. This soil contains a lot of 

soil biota that will speed up the process of turning the ingredients into liquid 

fertilizer and help make the nutrients ready for the plants to use. 

Step 6. Fill the container with water. 

Step 7. Other ingredients that can be added are: 

a. 1/2 to 1 shovel of ash, to add minerals and potassium. 

POTASSIUM HELPS REGULATE plant metabolism and affects water pressure 

regulation inside and outside of plant cells. It is important for good root 

development. For these reasons, potassium is critical to plant stress tolerance. 

b. 1 or 2 shovels of soil from fishponds.  
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Step 8. The final ingredient that can be added is a dead animal! It is not essential but will help a lot. 

Rats, mice, fish heads, chicken carcass and innards or other small amounts of animal carcass can all 

be used.  

Step 9. Cover the container to keep animals out and stop rain from diluting the fertilizer. 

Step 10. Stir the container with a long stick for 5 to 10 minutes every day for 2 weeks. This MUST be 

done to add oxygen to the fertilizer. Oxygen will help to make fertilizer nutrients ready for plants to 

use. Stirring to add oxygen will also importantly stop the smell!!! 

Step 11. Mix with water and use. Mix 1 part of liquid fertilizer with 20 parts of water. (1 : 20) This must 

be followed because if the fertilizer is not diluted properly then plant leaves and roots could be burned 

from too much nutrient at once.  

Step 12. You can use the fertilizer every 2 weeks to 1 month for vegetables and small plants and trees, 

giving them the same amount as when watering. Once every month to 2 months is good for 

established fruit trees. 

Step 13. As the fertilizer is being used you can add more ingredients, as they are needed. Try to keep 

balance of 1/3 manure, 1/3 plant materials and seaweed and 1/3 water. Don’t forget to continue 

stirring! 

Diluted Urine 

 

 

Urine is very high in Nitrogen. If it is diluted in water (10-20% urine to 80-90% water) it makes an excellent 

fertilizer for fruit trees. Citrus trees especially respond well. It can also be added to banana/compost pits and 

compost heaps. 

 

It is not recommended for use on vegetable gardens. 

 

Mature fruit trees will benefit from direct urination, but not in the same spot each time. 

Again, citrus trees will benefit most. This is what we call direct nutrient recycling! 
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3.3 WIND  

Properties of Wind Movement 

Wind is the movement of air molecules in the atmosphere.  

The air in the atmosphere cannot remain still and is continuously circulating on Earth because of the 

temperature and pressure variations on it.  

• The resulting air current, is what is designated as wind.  

 

The wind is characterised by its speed and its direction. 

 

If the wind blows cold, use both its strength and its coolness to advantage: 

• Funnelling wind to a wind generator, or directing cold winter wind to a cool cupboard in a heated 

house 

Windbreaks 

A windbreak is 3 or 4 rows of trees planted together that will slow and redirect strong winds while still 

allowing light winds to flow. 

 

We can control the wind behaviour on site by 

excluding, reducing, or increasing its force, using 

windbreak and wind tunnels to do so. 

 

IN A NURSERY LOCATION some gentle wind is 

good for the plants but exposure to strong winds 

will slow growth. Windbreak protection from 

strong winds may be needed to prevent damage. 

 

Windbreaks may reduce strong wind 

problems, provide shelter and increase 

production in the sheltered area.  

• Windbreaks can ALSO provide nuts, oils, 

fruit, bamboo poles, medicine, mulch and habitat for birds that will help to reduce pest problems. 

 

VEGETABLES, ESPECIALLY SEEDLINGS need to be 

protected from strong winds that will dry the soil and take 

moisture from the plants. Windbreaks and living fences will 



Learner Guide / Workbook:  INTERPRET AND ILLUSTRATE PERMACULTURE PRINCIPLES 

Page | 36 

 

Training Provider Accreditation Number: AGRI/c prov/0282/10 

NPO Registration Number: 030-972 

 
 

reduce water needs, and the plants that are protected will grow much faster.  

 

Older trees best indicate the local wind direction and intensity, and from these indicators we can place 

windbreak to reduce heat loss in homes, to avoid damage in catastrophic winds, and to steer the winds to 

well-placed wind machines. 

 

CONIFERS & CASUARINAS BROADLEAVES & SHRUBS 

 

 
 

NO EFFECT. No deformations of branches. 

 
 

BRUSHING. Branches or needles bent away from prevailing winds. Crown slightly deformed. 

 
 

SLIGHT FLAGGING. Small branches bent. Tree markedly asymmetric. 

 
 

MODERATE FLAGGING. Larger branches bent away from the wind. 

 
 

STRONG FLAGGING. All branches swept to leeward. Tree a “banner”. 

 
 

PARTIAL THROW. Trunk bent to leeward but vertical near ground. 

       
 

COMPLETE THROW. Trunk now quite bent to leeward. 
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CONIFERS & CASUARINAS BROADLEAVES & SHRUBS 

CARPETING. Tree a creeping shrub-like layer of prostrate growth. 

 

Wind, sun and rain are all elements that we incorporate into our designs when applying the Relative Location 

principle. Once we determine the direction of the wind we can plant insect repellent plants such as wormwood 

upwind of our garden beds.  

• As the wind blows through, it picks up the scent of the 

wormwood plants, which insects dislike, and carries it over 

the scent of the garden bed plants, which may include 

various vegetables which pests might like to eat. Any 

pests downwind will not be able to distinguish the scent of 

the vegetables now that it is masked by the more potent 

and repellent wormwood scent, and therefore will not 

follow the scent trail upwind back to the vegetables.  

 

Activity 5 

 

FIND THE PREVAILING WIND DIRECTIONS OUTSIDE YOUR TRAINING VENUE 

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. 

 

Mark the cardinal directions for everyone 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. 

What are the signs of wind that you observe? 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The diagram below shows a simple instrument for finding the wind direction. Work in groups to make one of 

these instruments from the information in the diagram. 
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CONTINUE WITH THE REST OF THIS ACTIVITY AT HOME. YOU WILL NEED TO SUBMIT YOUR 

FINDINGS TO YOUR ASSESSOR. 

Repeat the same steps above at your own home environment. Use the instrument you have made to place it 

outside near the marked cardinal points so that you can see the prevailing wind direction. After looking at your 

instrument, record the wind direction every day for a week in the table below. 

 

DAY OF WEEK MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 

WIND 

DIRECTION 

     

 

3.4 GEOGRAPHIC PLACEMENT  

DESIGN PRINCIPLE: Make the least chance for the greatest possible effect 

Working with nature and natural patterns will: 

• Reduce labour and resources needed. 

• Maximize the productivity of sloping land. 

• Greatly improve the long-term sustainability of your land. 

Sun 

Use the areas of maximum sun exposure first and for the most important crops. For reforestation work it is 

also important to establish the best areas first. Areas of semi shade are better suited for animals. Some crops, 

like coffee and vanilla grow better in semi shade.  
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Wind 

• If there is a prevailing wind, then the tall trees will all grow leaning in the opposite direction. 

• If the wind is often strong the trees will be smaller and stunted. 

 

Plant wind breaks in appropriate areas to protect crops, animals, and aquaculture and house area. Only plant 

tough trees in very exposed areas because the wind and sun will dry out and damage or kill many trees. 

 

 
Orchard Design 
Abiotic Resource - Climate: Cool and humid 

•  The orchard consists of fruit trees, e.g. plum, peach, apple, and/or pear. 

•  Planting of semi-deciduous to deciduous trees that grow approximately 15 to 25 m tall with 

open, rounded to spreading or flattish crowns, and sparsely foliated.  

An example may be indigenous trees such as Acacia Xanthophloea, i.e. the Fever Tree (Koorsboom).  

•  Inter-planting of small spreading evergreen trees that grow 3 – 4 m high. 

•  Planting of flowers and/or bulbs 

•  Planting of crop, e.g. corn, beans, potatoes… 

•  Planting a hedgerow, e.g. with chestnuts, or walnuts 

•  Inter-planting in the hedgerow of hazel trees that bear edible oval nuts 
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Water Flow 

Natural water courses and springs are important to protect by planting trees and vegetation to prevent erosion. 

Water usage and collection points can be established and irrigation (metal/bamboo pipes, rocked trench) can 

be established to channel water. 

Placement of Fishponds 

Fishponds need a continual supply of water. Therefore they need to be located near: 

• An irrigation channel. 

• A river or creek that runs all year.  

• A spring. 

• Pumped water, house water, or any other continual unpolluted water source. 

 

Gently sloped land will make it easier for draining and cleaning fishponds and for running water into and out of 

the ponds. This is especially relevant if you want more than one pond in an aquaculture system. Flat land is 

still good but requires a little bit more work for maintenance and water supply. Steep sloped land is more 

difficult to work with and requires more maintenance. 
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Placement of Nurseries 

A NURSERY requires an adequate supply of water, potting sleeves and shelter and would be ideally placed 

next to a water flow, with windbreaks installed to provide shelter against strong winds and to provide shade. 

• The outputs of a component refer to the products or characteristics of a component.  

For example, a nursery provides seedlings, water run-off and characteristically it is a relatively warm, 

humid environment. 

Flooding 

Observe where the water comes from and protect these areas from erosion and landslides. The best way to 

reduce flooding and to reduce the amount of water run-off is to use swales, terraces and reforestation to 

STORE as much water in the land as possible. 

Slopes 

As with flooding, catching and storing water in the ground will improve sloped agriculture production and 

protect the soil. Different techniques such as swales and terracing can be used. Gravity can be used to irrigate 

both naturally using swales or with piping, bamboo or hoses. Gravity can also be used to run water into 

aquaculture systems or water catchments.  
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Fire 

Planting a firebreak, 2 or 3 rows of fire resistant trees in long lines with a cleared gap on either side (like a wall 

or fence), will help to reduce or stop a fire from spreading. Bananas, Papayas, Fig, Cactus, etc. This should be 

planted in the area that the fire comes from. A firebreak can also be multifunctional in that it also provides 

food, wood and other resources. 

 

Firebreaks are very important to help protect buildings and animal housing, orchards, vegetable plots and 

other intensive agriculture areas. 

Soil Types 

Test your soil types to find out what soils you have. You can also test the PH of the soil (acidity or alkalinity) 

using a PH tester. Try to use the best soil areas for your most important crops but remember not to plant high 

maintenance crops too far away as this will cost time and labour. All soils can be improved and turned into 

productive, healthy soils if good management is used. Use tough trees for rocky and salty areas, and water 

loving plants for swampy areas and think of long-term ideas that can make these areas productive. 
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Activity 6  

THINK ABOUT THE CLIMATE OF WHERE YOU LIVE 

Every type of plant has a climate in which it grows best.  

 

For each row in the table, tick the box which best describes the climate of where you live. 

Read the boxes and then write down in which climatic region you think you are situated. 

 

The climate of my area: 

WIND  Windy all year 
 Windy in 

summer 
 Windy in winter  No wind 

TIME OF RAIN 
 Rain in 

summer 
 Rain in winter  Rain all year  Never rains 

AMOUNT OF RAIN 

 Always plenty 

of rain to grow 

crops 

 Usually enough 

rain to grow 

crops 

 Some years 

there is enough 

rain to grow 

crops 

 Not enough 

rain to grow 

crops 

WINTER COLD  Very cold  Cold  Cool  Warm 

SUMMER HEAT  Very hot  Hot   Warm   Cool  

 

Write down the names of the different plants growing in your region/area? 

 

 

 

 

 

 

 

 

 

 

 

Write down the list of animals and birds (consumers) found in your region/area? 
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Write down the names of the different types of insects (decomposers) found in your region/area? 
 
 
 

 

 

 

 

What are the different micro-organisms found in your region/area? 

 

 

 

 

 

THINK ABOUT WHAT PERMACULTURE CAN DO FOR US 

Permaculture can change School A into School B
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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 in your community. 

c) List the problems that you think will stop you from changing your community into one like School B. 

2. For every problem you listed above, write below how you can possibly change that problem into a solution. 
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Activity 7 
THINK ABOUT PLANTING WINDBREAKS  

List at least five different functions of windbreaks in a permaculture design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THINK ABOUT SOIL FERTILITY 

Explain the role of plants in soil fertility. 

 

 

 

 

 

 

 

 

 

 

Explain the different ways how green manures conserve and improve the soil. 
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Activity 8  

 

IDENTIFY THE WATER RETAINING PROPERTIES OF THREE SOIL TYPES AND THE RATE AT WHICH 

THE WATER FLOWS THROUGH THE SOIL SAMPLES. 

 

If you moist soil between your fingers, clay soil feels sticky, sandy soil feels gritty and loam soil feels soapy. 

The water retention capacity of soils is the ability of soil to retain different amounts of water. Clay soil retains a 

large amount of water. Sandy soil retains very little water. Loam soil retains a moderate amount of water. 

 

Step 1. Set up the three different measuring cylinders each with a funnel and filter paper in the funnel. 

Step 2. Label each of the measuring cylinders either loam, sand, clay 

Step 3. Add the same amount of soil sample to the labelled measuring cylinder. 

Step 4. Carefully pour the same amount of water into each funnel. 

Step 5. Allow the water to pass through the water sample. 

 

Results 

Write down your results 

 

 

 

 

 

 

 

 

 

 

Observations 
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Which sample of water retained the most water? 

 

 

 

Which sample of water retained the least water? 

 

 

 

Conclusions 

 

 

 

 

 

 

 

 

 

 

 

 

Explain your observations and which soil would you recommend for your plants. 
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Activity 1, Continued  

LEARNER INSTRUCTIONS: Read the following statements in the below table. The statements are related to 

the different subjects we have covered in this past lesson. Make a  tick in the block if you agree with the 

statement ( = if you disagree).  

 

 Biotic resources were identified and explained.  

 Abiotic resources were identified and explained.  

 The role of plants in soil fertility was explained and demonstrated in at least to contexts.  

 The role of animals in soil fertility was explained and demonstrated.  

 Wind direction and the areas vulnerable to wind damage were identified.  

 The geographic placement of a site was explained.  

 

LEARNER COMMENTS: 
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4 ECOLOGICAL PROCESSES & CYCLES  

4.1 MICRO-ORGANISMS IN SOIL  

Micro-organisms in soil are important because they affect soil structure and fertility.  

Soil micro-organisms can be classified as bacteria, actinomycetes, fungi, algae and protozoa. 

• Protozoa and nematodes consume other microbes in the soil and release the nitrogen as ammonia, 

which becomes available to other micro-organisms or is absorbed by plant roots. 

 

Soil micro-organisms exist in large numbers in the soil as long as there is a carbon source for energy.  

 

ROLE OF MICRO-ORGANISMS DESCRIPTION 

Releasing nutrients from organic 

matter 

Soil micro-organisms are responsible for most of the nutrient release 

from organic matter. 

When micro-organisms decompose organic matter, they use the 

carbon and nutrients in the organic matter for their own growth. 

They release excess nutrients into the soil where they can be taken 

up by plants. If the organic matter has a low nutrient content, 

micro-organisms will take nutrients from the soil to meet their 

requirements. 

Degrading pesticides The degradation of agricultural pesticides in soil is primarily performed 

by micro-organisms. Some micro-organisms in soil produce enzymes 

that can break down agricultural pesticides or other toxic substances 

added to soil.  

Controlling pathogens Some micro-organisms and soil animals infect plants and decrease 

plant yield. However many organisms in the soil control the spread of 

pathogens.  

 

4.2 SOIL HEALTH  

Soil animals perform several functions in soil that make them a vital part of all ecosystems, including 

agriculture. Soil animals are involved in: 
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• Decomposing organic matter and mineralising nutrients, 

• Controlling populations of pathogens, 

• Improving and maintaining soil structure and 

• Mixing organic matter through the soil. 

 

Soil animals contribute directly to nutrient cycling in soil when they release mineralised nutrients in their 

excreta. However, most of their contributions are indirect by: 

• Grazing on the microbial biomass, which can increase the rate at which they decompose organic 

matter 

• Fragmenting organic matter and increasing the surface area for micro-organisms to decompose, 

• Controlling the grazing pressure of nematodes on micro-organisms, 

• Mixing soil and organic matter and 

• Introducing micro-organisms onto fresh organic matter. 

 

Soil animals have an important role in the formation of soil structure. Soil animals improve soil structure by 

forming channels and pores, concentrating fine soil particles together into aggregates and by fragmenting and 

mixing organic matter through soil. 

 

Different species require different conditions to grow and survive but all soil animals, require sufficient carbon, 

nutrients, water, oxygen and an optimum pH and temperature. The optimum pH and temperature varies 

between species. Some organisms do not survive dry or very cold conditions, but they may leave eggs in the 

soil that hatch when conditions become more favourable. Other soil animals remain in the soil in an inactive 

state and become active again when conditions become favourable. Larger soil animals such as earthworms 

may live deeper in the soil when there are unfavourable conditions near the soil surface. 

 

SOIL ANIMALS ROLE IN SOIL HEALTH 

Earthworms The earthworm lives by consuming plant litter (wastes), which it converts into humus that 

improves the soil environment for itself, for soil micro-organisms, and for the plants.  

 

Earthworms "plough" and mix up the soil. Their tunnelling loosens the soil so water and 

nutrients can go downward. The nutrients in worm castings enrich the soil. The slime they 

secrete contains nitrogen, an important nutrient for plants. 

Ants They make some awesome tunnels…with areas called chambers that act as living rooms 

and kitchens. Workers in ant colonies are constantly building their nests to accommodate 

their growing numbers. While they do this, they make pores in the soil that help plants get 

air and water for growing. 
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Mites Mites are very small animals, usually less than half a millimetre long. They are related to 

spiders, so they have 8 legs and also pincers (chelicerae) that are bound to look scary to 

the other animals in soil. Some mites only eat bacteria or fungi, while others are 

carnivores and eat other mites or nematodes. 

• Mites can introduce microbes to fresh residues so that decomposition proceeds.  

• Their grazing on microbes can stimulate microbial activity, just as sheep grazing 

can stimulate pasture growth.  

• The movement of mites in the soil may also mix the soil up so that microbes can 

have greater access to residue. 

 

4.3 RECYCLE ORGANIC WASTE  

The Importance of Worms in Healthy Soils 

Many worms in your soil show that your soil is healthy. Worms eat and then cast out soil. As the soil passes 

through their body, the humus in the soil is changed to nutrients and the soil is improved. 

 

They continuously: 

• Turn humus into nutrients that plants can use 

• Dig and add air to the soil 

• Improve soil structure and water drainage 

• Bring up nutrients from deep in the soil to supply plant 

roots with food 

 

 

Worm Farms from Organic Waste 

Organic waste, or green waste, is organic material such as food, garden and lawn clippings. 

 

You will need: 

• An old bucket. 

• Coconut husk fibre. 

• Fresh cow or horse manure that has been 

soaked in water. 

• Vegetable scraps from the kitchen. 

• A flat piece of wood or metal and a large rock. 
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How to make a worm farm 

• Make about 10 large coin sized holes in the bottom and sides of the bucket. 

• Dig a hole in one of your garden beds so that the bucket can fit in the hole with about a hand width of 

the bucket above the soil. 

• Fill the bucket with the coconut 

husk fibre, then vegetable scraps, 

then manure. Use about the 

same amount of each. 

• Cover the bucket with the piece 

of wood or lid so that animals 

can’t enter and put the large rock 

on top. 

 

The worms will come and eat the 

materials in the bucket and move back 

into the soil too. 

 

Make sure the ingredients in the bucket are moist, especially in the dry season, and add more when needed. 

 

Once every few months you can clean out the bucket, which will have nutrient rich compost in the bottom, and 

add new materials. 

 

Worm farms can be used for big or small gardens and even for rice paddies. The result will be many more 

worms, better soil and healthier plants! 
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4.4 SOURCES OF MULCH  
Mulch is material such as decaying leaves, bark, or compost spread around or over a plant to enrich or 

insulate the soil. 

Harvesting Mulch 

In natural forests, leaves, rotting trees and materials, animal manures and even dead animals all make a cover 

of mulch on the ground, LIKE A SKIN. This skin is continually being added to and continuously decomposing. 

Properties 

The mulch (skin) provides nutrients and humus to the soil and thus to the plants and trees, as it decomposes. 

It also provides continuous food supply for soil biota. By copying nature, and growing, making and using mulch 

you will provide a skin for the soil. This skin is important natural protection for the soil, from drying from the sun 

and erosion from the rain. It provides food for the soil biota (animals) in your garden.  

Purpose 

• A thick layer of mulch greatly reduces the amount of weeds that can grow. Lack of light prevents weed 

growth. Therefore a lot less time is needed for removing weeds and maintenance. Also, weeds that do 

grow are easier to remove. This helps a lot in larger vegetable areas, for fruit trees and plant 

nurseries. 

• Mulch provides valuable organic matter and nutrients for the soil. 

• Mulch will become humus and will improve soil structure and aeration. Soil biota numbers will 

increase. 

• To increase the water storage capacity in the soil. 

• Soil temperatures will be moderated.  

• More moderate temperatures mean happier plants and better growth.  

• To balance soil PH levels. 

• Soil will become easier and easier to dig and manage each season. 

• Erosion will be reduced. 

• Yields will increase. 

How to Mulch 

• Mulch continuously, and as thickly as possible. 5-10cm is great! For fruit trees up to 20cm is even 

better! 

• For seeds and seedlings it is easier to mulch first and then plant. 

• Mulch the whole plot not just around the vegetables or plants. 
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• Use finer (smaller size) mulch for vegetable beds and coarser (larger size) mulch for large crops and 

trees. 

• For trees, underneath the outside leaves is the most important area to mulch. Continuous mulching 

will improve tree health, and productivity. 

• For vegetables, plants and trees DO NOT let mulch touch the stem or trunk. This is very important in 

the wet season to prevent rot and mould. 

• Use rocks, thick branches, and whatever you can find to make garden borders. This will help to hold 

the mulch, give room for soil to build up and prevent erosion. 

• Mulching the paths as well will help save water. 

• If you have compost and mulch, put the compost under the mulch to maximize the benefit of the 

compost. 

• When you use weeds, separate seeding weeds and give these to animals or put in 

liquid compost. This will reduce future weed growth. 

• GROW YOUR OWN MULCH! All legumes, grasses and many other trees and 

plants can be grown to produce mulch. Remember to think multifunctional. Mulch 

plants can also be animal fodder plants, windbreaks, fences, erosion control, soil 

improvers (legumes), food production trees, timber production trees and more. 

• Rice and coffee waste need to be composted or dried before using as mulch. They 

should be put in a big pile for 1 month or more before use or composted with manures and other plant 

materials. 

 

DESIGN PRINCIPLE: Everything gardens 

A Mollisonian principle is that "everything makes its own garden", or everything has an effect on its 

environment.  

When we examine how plants and animals change ecosystems, we may find many allies in our efforts to 

sustain ourselves and other species.   
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Activity 9  

Explain the role of the following animals in soil fertility and health.  

The earthworm: 

 

 

 

 

 

 

 

 
Ants: 

 

 

 

 

 

 

 

 

 

 

 

Mites 
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Give at least two examples of micro-organisms that can be observed in soil. 

 

 

 

 

 

 

 

 

 

 

Explain the role of micro-organisms in soil health. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Describe the different sources of mulch. 
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Activity 10 

 
IMPROVING THE SOIL - WORM FARM 
 
Worm farms are 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 a 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.  
 
You will need: 

1. A container for the worm farm. There must be holes in the base of the container to let water drain out. 

2. Two or more bricks to raise the container off the ground so that water can drain out easily. 

3. 20 compost worms. 

LEARNING TIP: The amount of 20 worms is not sufficient, and only for the purpose of demonstrating 

how to construct a worm farm. In reality you must use at least 2,000 compost worms. These worms 

will breed and multiply to about 8,000 worms in 6 months.  

4. 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. 

5. 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. 

6. Grit – a mixture of soil and sand, needed by earthworms for digestion. 

 

Leave the container closed for a while. At your next break, take off the cover. What do you observe? 
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All living things can respond to their environment in various ways; animals, including humans, have 

specialised sense organs. What are the five senses of people? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Describe the sense(s) of earthworms. 
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Activity 1, Continued  

LEARNER INSTRUCTIONS: Read the following statements in the below table. The statements are related to 

the different subjects we have covered in this past lesson. Make a  tick in the block if you agree with the 

statement ( = if you disagree).  

 

 The role of micro-organisms in soil health was explained.  

 At least three species, one of which should be earthworms, were identified in soil and their role in soil 

health explained.  

 Organic waste was recycled appropriately for the specific context. This can include a worm farm, 

compost heap or as food for domestic animals or fowls.  

 Trees were planted correctly.  

 Sources of mulch were identified, harvested and applied.  

 Bare soil was identified and mulched with available and appropriate material. 

 

LEARNER COMMENTS: 
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Course Conclusion 

This Interactive course is now complete. It has been a great learning adventure for all of us. 

 

Thank you all for participating and making this learning intervention a model for interactive learning. We hope 

this course inspired and encouraged you toward further studies and personal development. 

 

Our parting words are taken from Professor Jim Williams: LEARNING NEVER STOPS, even when class is 

"over." 

 

 


